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   Foreword I   

 In the fi rst half of the previous century, 
radiographic cephalometry moved the 
focus of orthodontists from malocclusions 
towards underlying skeletal disharmonies. 
Linear and angular measurements were not 
only used to study the dento-alveolar 
 structures in relation to the jaws but also 
the jaws in relation to the rest of the cranio- 
facial complex. Data collected from longi-
tudinal growth studies were used to better 
understand complex facial changes and 
establish reference values for “ normality”. 
For many decades, these cephalometric 
values and proportions were the bases for a 
better diagnosis of cranio-facial malforma-
tions, the planning of orthognathic surgery 
and the long-term evaluation of treatment 
outcome. However, cephalometric analyses 
are limited to 2 dimensions. 

 With the introduction of the cone- beam 
CT, reduction of the costs for the hard-
ware and reduction of the radiation dose, 
3D imaging became available for a grow-
ing group of clinicians and a standard 
tool for diagnosis and treatment planning 
in several disciplines. Colour maps gener-
ated aft er registration of 2 consecutive 
CBCTs on stable structures in the ante-
rior cranial base give us new tools to 
assess in  detail hard and soft  tissue 
changes over time. Th is is a revolution for 
future research to study growth modifi ca-
tions induced by  dento-facial orthopae-
dic  appliances,  treatment outcome and 

long-term stability aft er orthognathic 
surgery. Th e correction of cranio-facial 
malformations and  asymmetries by sur-
gical repositioning of both jaws, and 
complex rotations in 3 planes, can now 
virtually be simulated with high accuracy. 
Intermediate wafers made by CAD/CAM 
or 3D printing are the link between the 
virtual simulation and the surgeon in the 
operating room. 

 Gwen Swennen has written a masterpiece 
helping us to better explore all new 
 potentials of 3D imaging for the planning 
of orthognathic surgery. With splendid 
illustrations and step-by-step procedures, 
this is the perfect guide for all clinicians, 
young and old, to improve their skills in 
extracting and implementing all these data 
for further improvement of the quality of 
patient care. Th is atlas and manual is the 
result of many years of enthusiastic 
research by the author. His input for the 
development of adapted soft ware makes 
this technology available to all of us. We 
are grateful to the author willing to share 
his expertise with us.  

    Professor Hugo     De     Clerck,     DDS, PhD      
 Orthodontic Private Practice, 
  Brussels,   Belgium   
    Adjunct Professor, Department of 
Orthodontics, 
  Chapel Hill   NC,   USA     
 August 2016 
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   Foreword II   

 I fi rst met Gwen Swennen in May 2009, at 
the Spanish Association of Oral and Max-
illofacial Surgery meeting in Bilbao. At 
that moment, I was still conventionally 
planning my surgeries with good results 
and was deeply convinced that computers 
would just unnecessarily complicate my 
routine work, besides being eventually 
time consuming. It was in that precise 
occasion that I had the opportunity to 
attend Gwen’s lecture on 3D virtual plan-
ning which was utterly enlightening. Th e 
speaker’s clear and rigorous demonstra-
tion of the concept’s sequence, the high 
quality of the images proposed, and the 
compelling logic of the processes forced 
me to a critical revision of my own every-
day activities. Th at young and clever sur-
geon had literally enchanted me, thanks to 
his technical knowledge and his passionate 
application of 3D virtual planning of 
orthognathic surgery. 

 We became good friends and, since then, 
we have been taking advantage of con-
gresses and meetings around the world to 
meet, to reinforce our mutual consider-
ation and respect, while sharing profes-
sional and private experiences with a touch 
of irony and  joie de vivre . All occasions 
were perfect to spend some spare time 
with Gwen and Valérie, his precious wife, 
in Bruges or in Knokke. 

 It was in 2011 that, aft er passionately 
devouring all Gwen Swennen’s articles and 
publications, I fi nally decided to convert to 
3D virtual planning. I attended one of his 
courses in Bruges which defi nitely con-
vinced me, and from that moment I dived 
into 3D virtual planning. I was helped by 
two valid surgeons and friends in this quest: 
Prof. Dr. Federico Hernandez Alfaro and, 
above all, Dr. Simonas Gribauskas. More-
over, I witnessed Dr. Bill Arnett, to whom I 
have tremendous respect, also making the 

same change. My personal shift  to 3D vir-
tual planning happened, and today, aft er 3 
years of its  routine clinical application, I 
have become absolutely convinced. 

 Anyway, aft er this personal digression, let 
us focus on Gwen Swennen’s book. It was 
in Melbourne, last October, during the 
ICOMS 2015 congress that I assisted to the 
fi rst presentation of his “integrated” work. 
Once more, Gwen surprised me with the 
lucidity and clarity with which he system-
atized his pioneering work. 

 First, it is an atlas, a manual notwith-
standing its impressive dimension. Th e 
author’s experience is so deep that the 
manuscript focuses on all aspects of 3D 
virtual planning of orthognathic surgery. 
Th e division in thematic chapters is prone 
to a rapid consultation on specifi c topics. 
All subjects are exemplifi ed with illustra-
tions and easily understandable to a gen-
eral public. Diagnosis, transition from 
clinical practice to digital representation, 
orthodontical and surgical planning, and 
risk evaluation are clearly analyzed. 
Moreover, tricks but also potential pit-
falls, risks, mistakes, and their prevention 
are included in the treatise. Finally, a 
great variety of cases are shown as exam-
ples in Chap.   6    . 

 In short, all clinical relevant topics are 
critically analyzed by the author, who has 
been rationally applying his knowledge to 
his everyday clinical routine practice, 
going from fi rst intuitions to actual sim-
plifi cation and moreover evaluation of 
potential future applications. Prof. Gwen 
Swennen with his well-known and recog-
nized generosity is off ering the reader his 
fatigue, his knowledge, and his vast clini-
cal experience toward this subject. I am 
defi nitely suggesting his book to anyone 
who approaches 3D virtual planning in 
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orthognathic surgery, ensuring that he 
will fi nd in this work a theological 
“summa” on the subject. 

 Moreover, even those surgeons who still 
rely on conventional planning technique 
are advised to read Gwen Swennen’s book 
since they may fi nd in these pages, that 
sort of fl ash of inspiration which leads to 
a  substantial change, besides benefi ting 

from practical information to improve 
their own clinical practice in maxillofacial 
deformity  surgery. 

 Professor Mirco Raff aini, MD 
 Maxillofacial Surgery, University of 
Florence, Florence, Italy 
 Founder and Director, Face Surgery 
Center, Parma, Italy 
 August 2016  
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  Pref ace    

   … Existing paradigms are held by a 
scientifi c community. They explain 
observations, are the basis for 
communication and guide future 
research … 
 … Observations that don’t fi t the 
paradigm are ignored, or are explained 
in ways that fi t the paradigm … 
 … A crisis occurs when the existing 
paradigms no longer explains the 
observations and new theories arise. 
 A revolution occurs and new 
paradigms are accepted … 
 … Once a paradigm shift has occurred, 
 a veritable explosion of new ideas 
and information leads to rapid 
advances in the fi eld … 

  Thomas S. Kuhn: 
The Structure of Scientifi c Revolutions. 
The University of Chicago Press. 1996  

   When I refl ect on this new project, I realise 
that I was already playing with the idea 
and preliminary outline of this book in my 
mind since 2009. Th is would defi nitely 
have been too early, and the book would 
most probably have been outdated already. 
 Th e idea of our “Colour Atlas and Manual 
on Th ree-Dimensional Cephalometry 
(2005)” was an attempt to bridge conven-
tional cephalometry with the 3D virtual 
approach and 3D cephalometry. It is amaz-
ing that aft er more than 10 years the concept 
of this latter atlas is currently more than 
actual for both orthodontists and surgeons. 

 With this new book, I hope to off er a com-
prehensive, systematic, standardised and 
above all individualised approach towards 
3D virtual planning of orthognathic surgery 

in the daily clinical routine. Th is book is 
based on my personal experience having 
being involved in more than 2700 clinical 
cases on virtual planning since almost 20 
years. Moreover, I was fortunate to be 
 continuously triggered over all these years 
by my colleagues, residents, fellows, sur-
geons and orthodontists all over the world 
during scientifi c meetings, courses and 
workshops. 

 Th e concept towards “step-by-step” indi-
vidualised and integrated 3D virtual 
treatment planning of orthognathic sur-
gery outlined in this book aims to make 
once again the bridge between conven-
tional and 3D virtual treatment plan-
ning:

    1.    (3D-VPS 1 ) “3D Cephalometry of 
the Patient’s Hard Tissues and Teeth 
(Sect.   2.2.2    )” can be compared to 
conventional cephalometric tracing.   

   2.    (3D-VPS 2 ) “3D Cephalometry of the 
Patient’s Soft  Tissues (Sect.   2.2.3    )“can be 
compared with direct or indirect anthro-
pometric assessment of the patient.   

   3.    (3D-VPS 3 ) “3D Virtual Osteotomies 
(Sect.   3.2    )” can be compared to some 
extent with conventional 
“orthognathic model surgery”.   

   4.    (3D-VPS 4 ) “3D Virtual Occlusal 
Defi nition (Sect.   3.3    )” can be 
compared with conventional occlusal 
defi nition on plaster dental models.   

   5.    (3D-VPS 5 ) “10 Step-by-Step Individu-
alised 3D Virtual Treatment Planning 
(Sect.   3.5    )” fi nally attempts to provide 
the clinician a manner to integrate 3D 
virtual planning in daily clinical rou-
tine based on the concepts of conven-
tional treatment planning.     

http://dx.doi.org/10.1007/978-3-662-47389-4_2
http://dx.doi.org/10.1007/978-3-662-47389-4_2
http://dx.doi.org/10.1007/978-3-662-47389-4_3
http://dx.doi.org/10.1007/978-3-662-47389-4_3
http://dx.doi.org/10.1007/978-3-662-47389-4_3
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 Th e underlying philosophy of this colour 
atlas and manual is not to dogmatise but to 
push forward “the paradigm shift ” that 
truly occurred in treatment planning of 
orthognathic surgery and especially stim-
ulate further development and innovation 
in “3D Virtual Treatment Planning of 

Orthognathic and Orthofacial Surgery” to 
further improve patient care.  

    Professor Gwen     R.  J.     Swennen  ,   MD, DMD, 
PhD, MSc, FEBOMFS    
 Bruges, Belgium 
  August 2016 
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  Introd uction   

 “3D Virtual Treatment Planning of 
Orthognathic Surgery” off ers a “step-by- 
step” guide towards three-dimensional 
(3D) diagnosis, treatment planning and 
evaluation of maxillofacial deformity to 
orthodontists and orthognathic and ortho-
facial surgeons. Vertical cone-beam CT 
imaging has defi nitely revolutionised the 
treatment planning of orthognathic sur-
gery. Moreover, it allows unprecedented 
evaluation of treatment outcome in 
patients with maxillofacial deformity. Th is 
colour atlas and manual attempts to pro-
vide clinicians a comprehensive, system-
atic, standardised and above all 
individualised “step-by-step” approach 
towards 3D virtual diagnosis, treatment 
planning and outcome assessment of 
orthognathic surgery. In Chap.   1    , the 3D 
imaging workfl ow is explained along with 
how it can be integrated in the daily clini-
cal routine. Systematic CBCT virtual diag-
nosis of the patient’s deformity, anatomy 
and pathology (including 3D airway and 
TMJ) is described in a comprehensive way 
in Chap.   2    . Moreover, 3D cephalometric 
analysis of the patient’s soft  and hard 
 tissues and teeth and the potential of 3D 

mirroring and colour distance maps for 
enhanced patient diagnostics are elabo-
rated. Chapter   3     focuses on the “Virtual 
Natural Head Position ( v -NHP) and Plan-
ning Head Position (PHP)”; “3D Virtual 
Osteotomies and 3D Virtual Occlusal Def-
inition”; “the Principles of ‘Roll’, ‘Yaw’ and 
‘Pitch’ in the 3D Virtual Scene”; and fi nally 
“10-Step-by-Step Individualised 3D Vir-
tual Treatment Planning”. In Chap.   4    , the 
transfer of the 3D virtual treatment plan 
towards the patient in the operation the-
atre is explained. Chapter   5     shows the 
unprecedented potential towards 3D vir-
tual evaluation of treatment outcome of 
orthognathic surgery. Finally, aft er having 
provided this essential background infor-
mation to the reader, Chap.   6     illustrates the 
application of the 3D virtual approach in 
diff erent types of maxillofacial deformity. 
Based on almost 20 years of personal expe-
rience, the author discusses and shares 
with the reader the clinical relevant poten-
tial but also the current limits and actual 
pitfalls of 3D virtual diagnosis, treatment 
planning and evaluation of treatment out-
come of orthognathic surgery throughout 
this book. 

  List of Videos  
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1-2 
: Chapter 2 
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: Chapter 3 
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1
1.1         Image Acquisition for 3D 

Virtual Treatment Planning 
of Orthognathic Surgery 

1.1.1                Image Acquisition and Virtual 
Rendering of the 
Patient’s Head 

 For proper orthognathic and orthofacial surgery 
planning, the patient’s head needs to be scanned 
without deformation of the facial soft  tissue mask, 
with the mandible in “centric relation (CR)” and ide-
ally in its individual “natural head position (NHP)”:
    1.    “Without deformation of the facial soft  tissue 

mask ”  implements that the patient is scanned in a 
vertical seated or standing position, without 
 distortion of the facial mask especially lip 
 morphology and posture. With the advent of 
“cone-beam CT imaging (CBCT)” in a seated or 
standing position, this has become feasible. 
 Multi-slice CT (MSCT) scanning, which is 
 performed in a horizontal position and also 
CBCT apparatus that scan the patient in a supine 
position, inherently falsify the 3D facial soft  tissue 
mask of the patient due to the eff ects of gravity. 
On the other hand, careful attention should be 
paid that wax-bite wafers or registration devices 
do not disturb lip position neither lip morphology 
(. Figs.  1.1  and  1.2 ).   

   2.    To ensure that the patient is scanned with the 
mandible “in CR”, the patient needs to be 
scanned with a wax-bite wafer. Th is wax-bite 
wafer is not diff erent than the one used in 
conventional orthognathic surgery planning. 
It is, however, important that this wax-bite 
wafer is meticulously trimmed in order to 
avoid deformation of the facial soft  tissue 
mask by interference with the cheeks or lips 
(. Fig.  1.3 ). A CBCT scout view is made 
prior to scanning of the patient to assure that 
the wax-bite wafer is adequately in place and 
that the patient’s mandible is in CR 
(. Fig.  1.4 ).   

  3.    Based on the author’s personal experience, the 
patient’s head position during image acquisi-
tion never corresponds to its true clinical 
“NHP”. Th erefore, a “step-by-step” approach is 
described to virtually modify the patient’s 
head position towards its individual clinical 
NHP (7 see also Sect.   3.1    ), prior to start 3D 
virtual treatment planning.      

   Accurate “3D virtual treatment planning of 
orthognathic surgery” starts with proper 
image acquisition. 

 G.R.J. Swennen and M. Gaboury

http://dx.doi.org/10.1007/978-3-662-47389-4_3
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 z   Image Acquisition and Virtual Rendering of the Patient’s Head 

 To illustrate the workfl ow towards (1) image 
acquisition of the patient’s head, (2) additional 
image acquisition of the patient’s dentition and 
occlusion and fi nally (3) additional image acquisi-
tion of the texture of the patient’s head, volunteer 
M.G. will be used throughout this chapter. 

 On the other hand, the routine clinical 
imaging workflow for 3D virtual treatment 
planning of orthognathic surgery will be dem-
onstrated on  Case 1  (Patient V.E.W.) which will 
be used throughout this book (7 Chaps.   2    ,   3    ,   4    ,   5     
and   6    ).    

   Stabilisation of the patient’s head is crucial 
during CBCT scanning. 
 Do not use chin supports neither frontal 
bands that cover the forehead. 

 .   Fig. 1.1    Full face CBCT scanning of the patient, with a 
wax-bite wafer in CR, needs to be performed in a vertical 
position (seated or standing) without distortion of the 
facial soft tissue mask. To avoid movement artefacts, it is 
crucial that the patient is stabilised by a headrest in the 
back and a frontal headband. Note that although 
attempted to scan volunteer M.G. is its individual NHP, in a 
seated position with the use of laser lines, the shoulders 
were still distorted which caused a small “Yaw” rotation 
(7 see also Sect.   3.4    ) to the left (i-CAT, Imaging Sciences 
International Inc., volunteer M.G.)       

 

Chapter 1 · Imaging Workfl ow for 3D Virtual Treatment Planning of Orthognathic Surgery

http://dx.doi.org/10.1007/978-3-662-47389-4_2
http://dx.doi.org/10.1007/978-3-662-47389-4_3
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1
  Image Acquisition and Virtual Rendering of the Patient’s Head 

a b c

 .   Fig. 1.2    A wax-bite wafer (Delar Corp., Lake Oswego, USA) was taken in CR as in conventional treatment planning 
to ensure adequate CR during CBCT scanning ( b ). Note the signifi cant distortion of the lips and the cheeks when the 
wax-bite wafer is not trimmed ( a ,  c ) (volunteer M.G.)       

a b c

 .   Fig. 1.3    A wax-bite wafer (Delar Corp., Lake Oswego, USA) was taken in CR as in conventional treatment planning 
to ensure adequate CR during CBCT scanning. The wax-bite wafer was meticulously trimmed to remove all parts that 
could interfere with the lips and cheeks during CBCT scanning ( b ). Note that there is no distortion of the lips neither of 
the cheeks ( a ,  c ) (7 see also Sect.  1.1.3 ) (volunteer M.G.)       
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        Image Acquisition and Virtual Rendering of the Patient’s Head 

 z        Virtual Rendering of the Patient’s Head in a 
“3D Virtual Scene Approach” 

 An appropriate “3D virtual visualisation paradigm” 
(Swennen and Schutyser  2007 ) is needed to visual-
ise the DICOM CBCT data, but also additional 

image data (7 see also Sects.  1.1.2 . and  1.1.3 ) that 
can be acquired from other 3D imaging sources. 

 A ”3D Virtual Scene Approach“ is therefore 
adopted in which the “3D virtual space” is consid-
ered as a “3D virtual scene” with “medical image 
data” as “actors” (Schutyser  2005 ). Th is “3D virtual 
scene” is viewed with a virtual camera and the 
resulting views are shown on the computer screen. 
Th e virtual camera can be moved around in the “3D 
virtual scene” to image and inspect the  structures of 
interest from various angles and positions. 

 Besides visualising the patient’s image data 
with the virtual camera, the “3D virtual visualisa-
tion paradigm” and the “3D Virtual Scene 
Approach“ allow other actions and interactions in 
the “3D  virtual scene” such as indicating 3D 
 cephalometric landmarks of the patient’s hard tis-
sues and teeth (3D-VPS 1 ) (7 see also Sect.   2.2.2    ), 
indicating 3D cephalometric landmarks of the 
patient’s soft  tissues (3D-VPS 2 ) (7 see also Sect. 
  2.2.3    ), performing 3D virtual osteotomies (3D-
VPS 3 ) (7 see also Sect.   3.2    ), indicating 3D virtual 
occlusal defi nition (3D-VPS 4 ) (7 see also Sect. 
  3.3    ) and moving bone fragments with additional 
soft  tissue simulation, towards the “step-by-step” 
individualised 3D virtual treatment planning 
(3D-VPS 5 ) of orthognathic surgery 
(7 see also Sect.   3.5    ). 

 Aft er proper image acquisition of the patient’s 
head, CBCT imaging results in a 3D volume of 
DICOM (Digital Imaging and Communications 
in Medicine) data, consisting of a collection of 
“cube-like blocks” called “voxels”. Each voxel has a 
certain height, width and depth. A typical voxel 
size of a CBCT scan of the patient’s head is [ v  x ,  v  y , 
 v  z ] = [0.4 mm, 0.4 mm, 0.4 mm].  

 .   Fig. 1.4    CBCT profi le scout view, to ensure that the 
wax-bite wafer is adequately in place and that the patient’s 
mandible is in CR prior to CBCT scanning (i-CAT, Imaging 
Sciences International Inc., volunteer M.G.)       

 Always 
 Take a scout view prior to CBCT scanning 
of the patient to verify:
    1.    Adequate CR   
   2.    Adequate positioning of the wax-bite 

wafer     
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1
  Virtual Rendering of the Patient’s Head 
 Th e CBCT DICOM data can be “rendered” to gen-
erate a 3D virtual image of the patient’s head by (1) 
“surface rendering” or (2) “volume rendering”.
    1.    “Surface rendering” is an indirect way for 

reconstruction of 3D structures by segmen-
tation (. Figs.  1.5  and  1.6 ) based on the 
 grayscales of the image data towards sur-
faces that are drawn on the computer screen 
given a viewing direction of the virtual cam-
era (. Fig.  1.7 ). “Surface rendering” has the 
advantage that it allows additional actions 
and interactions in the “3D virtual scene” 
such as indicating 3D cephalometric land-
marks, performing 3D virtual osteotomies, 
3D virtual occlusal defi nition, moving bone 
fragments with additional soft  tissue simu-
lation and 3D superimposition of datasets. 
Moreover, axial, coronal, sagittal and multi-
planar reslices can be calculated and added 
to the “3D virtual scene”. Finally, “surface 
rendering” allows to integrate the results 
from surface scanning hardware for addi-
tional image acquisition of the patient’s den-
tition and occlusion (7 see also Sect.  1.1.2 ) 

or  texture of the patient’s head (7 see also 
Sect.  1.1.3 ) in a straightforward way.   

  2.    “Volume rendering” is a more direct way for 
reconstruction of 3D structures by rendering a 
volume of voxels. Towards each voxel, a colour 
and opacity is assigned based on shading algo-
rithms. According to the viewing direction of 
the virtual camera in the “3D virtual scene”, a 
projection image is computed and presented on 
the computer screen. Compared to “surface 
rendering”, “volume rendering” has the advan-
tage that the transitions between several tissues 
(e.g. teeth and bone) are smooth which results 
in more detailed anatomy of the teeth and 
interdental spaces (. Figs.  1.8  and  1.9 ). It how-
ever does not allow actions and interactions 
such as indicating 3D cephalometric land-
marks, performing 3D virtual osteotomies, 3D 
virtual occlusal defi nition, moving bone frag-
ments with additional soft  tissue simulation 
and 3D superimposition of datasets.     

 For optimal 3D virtual treatment planning of 
orthognathic surgery, both “surface rendering” 
and “volume rendering” are combined.  

a b

 .   Fig. 1.5    “Surface rendering” (Maxilim v. 2.3.0.3) of the hard ( a ,  b ) and soft ( c ,  d ) tissues of the head of volunteer M.G. 
after CBCT image acquisition. For the hard tissue rendering, the isovalue was set at 412, while for soft tissue rendering, it 
was set at -560 (i-CAT TM , Imaging Sciences International, Inc., Hatfi eld, USA, “extended fi eld” modus; FOV, 17 cm 
diameter – 22 cm height; scan time 2 × 20 s; voxel size 0.4 mm at 120 kV according to DICOM fi eld, 0018,0060 KVP, and 
48 mA according to DICOM fi eld, 0018,1151 XRayTubeCurrent) (volunteer M.G.)       
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  Virtual Rendering of the Patient’s Head 

 . Fig. 1.5 (continued)

c d

    During the “surface rendering” process, the 
“threshold” is adjusted to optimise the visualisa-
tion of the 3D hard (. Fig.  1.5a  and  1.6 ) and soft  
tissue (. Fig.  1.5c ) surface representations of the 
patient’s head. 

 “Th resholding” is the process of creating a 
“black-and-white image” out of a “grayscale 

image” consisting of setting exactly those pixels to 
white whose value is above a given threshold 
while setting the other pixels to black. Finally, a 
colour can be assigned to the reconstructed 3D 
hard (. Figs.  1.5b ,  1.6  and  1.7 ) and soft  tissue 
(. Figs.  1.5d  and  1.7 ) surface representations.  
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  Virtual Rendering of the Patient’s Head 

 .   Fig. 1.6    “Surface rendering” (IPS CaseDesigner ALPHA version) of the hard tissues of the head of volunteer M.G. 
after CBCT image acquisition. The threshold is adjusted to optimise the visualisation of the hard tissues (i-CAT TM , 
Imaging Sciences International, Inc., Hatfi eld, USA, “extended fi eld” modus; FOV, 17 cm diameter – 22 cm height; scan 
time 2 × 20 s; voxel size 0.4 mm at 120 kV according to DICOM fi eld, 0018,0060 KVP, and 48 mA according to DICOM fi eld, 
0018,1151 XRayTubeCurrent) (volunteer M.G.)       
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a

d

g h i

e

b c

f

 .   Fig. 1.7    3D “surface-rendered” (Maxilim v. 2.3.0.3) soft and hard tissues representations of the head of volunteer 
M.G., as acquired during CBCT image acquisition (i-CAT TM , Imaging Sciences International, Inc., Hatfi eld, USA). Volunteer 
M.G. was vertically scanned with a wax-bite wafer in place in a natural seated position using a standardised CBCT 
scanning protocol (“extended fi eld” modus; FOV, 17 cm diameter – 22 cm height; scan time 2 × 20 s; voxel size 0.4 mm at 
120 kV according to DICOM fi eld, 0018,0060 KVP, and 48 mA according to DICOM fi eld, 0018,1151 XRayTubeCurrent) 
(volunteer M.G.). Right profi le ( a ,  d ,  g ), frontal ( b ,  e ,  h ) and left profi le ( c ,  f ,  i ) views. Note the incorrect position and 
orientation of the head (“Yaw” rotation to the left, 7 see also Sects.   3.1     and   3.4    ) although it was attempted to scan 
volunteer M.G. in his correct NHP. Also note the presence of artefacts at the dentition level although volunteer M.G. 
does not have orthodontic brackets neither dental reconstitution materials       

      Virtual Rendering of the Patient’s Head 
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a

d
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e
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f

 .   Fig. 1.8    3D “volume-rendered” (IPS CaseDesigner ALPHA version) soft and hard tissues representations of the head 
of volunteer M.G., as acquired during CBCT image acquisition (i-CAT TM , Imaging Sciences International, Inc., Hatfi eld, 
USA). Volunteer M.G. was vertically scanned with a wax-bite wafer in place in a natural seated position using a 
standardised CBCT scanning protocol (“extended fi eld” modus; FOV, 17 cm diameter – 22 cm height; scan time 2 × 20 s; 
voxel size 0.4 mm at 120 kV according to DICOM fi eld, 0018,0060 KVP, and 48 mA according to DICOM fi eld, 0018,1151 
XRayTubeCurrent) (volunteer M.G.). Right profi le ( a ,  d ,  g ), frontal ( b ,  e ,  h ) and left profi le ( c ,  f ,  i ) views. Note that “volume 
rendering” produces less artefacts at the dentition level       

      Virtual Rendering of the Patient’s Head 
 During the “volume rendering” process, a colour and opacity are assigned towards each voxel 
(. Figs.  1.8  and  1.9 ) based on shading algorithms.
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a

b c

 .   Fig. 1.9    3D “volume-rendered” (IPS CaseDesigner ALPHA version) hard tissue representations of the head of 
volunteer M.G., as acquired during CBCT image acquisition (i-CAT TM , Imaging Sciences International, Inc., Hatfield, 
USA). Volunteer M.G. was vertically scanned with a wax-bite wafer in place in a natural seated position using a 
standardised CBCT scanning protocol (“extended field” modus; FOV, 17 cm diameter – 22 cm height; scan time 
2 × 20 s; voxel size 0.4 mm at 120 kV according to DICOM field, 0018,0060 KVP, and 48 mA according to DICOM 
field, 0018,1151 XRayTubeCurrent) (volunteer M.G.). Frontal ( a ), right profile ( b ) and left ( c ) views. Note that 
“volume rendering” produces less artefacts and gives more detailed information towards the roots of the teeth 
and interdental space       

     Virtual Rendering of the Patient’s Head       

 Attention 
 Towards 3D virtual diagnosis, 3D virtual 
treatment planning and 3D outcome 
 evaluation, both “surface rendering” and 
“volume  rendering” are necessary and need 
to be combined. 
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1.1.2          Additional Image Acquisition 

of the Patient’s Dentition 
and Occlusion 

 For proper “3D virtual treatment planning of orthog-
nathic surgery”, additional image acquisition of the 
patient’s dentition is necessary, since isolated CBCT 
scanning of the patient’s head (7 see Sect.  1.1.1 ) 
does not provide accurate occlusal and intercuspi-
dation data, necessary for 3D virtual occlusal defi ni-
tion (7 see also Sect.   3.3    ) and 3D CAD/CAM splint 
manufacturing (7 see also Sect.   4.1.1    ). 

 Additional image acquisition of the patient’s 
dentition in order to obtain accurate occlusal and 
intercuspidation data can be performed by:

    1.    Direct scanning of the impressions of the patient’s 
dental arches   

   2.    Indirect scanning of the plaster dental models 
of the patient   

  3.    Intra-oral scanning of the patient’s dentition      

   “Single CBCT scanning of the patient’s 
head” does not provide accurate occlusal 
and intercuspidation data which are man-
datory for  proper 3D virtual orthognathic 
surgery  planning. 

 G.R.J. Swennen and M. Gaboury
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1.        Direct scanning of the impressions of the 
patient’s dental arches     

 Direct scanning of the impression(s) of the 
patient’s dental arches can be performed with the 
same CBCT apparatus that is used for scanning of 
the patient’s head. Either an “all-in-one” impres-
sion or separate impressions of the upper and 
lower  dental arches can be CBCT scanned. Laser 

surface scanning is not recommended for scan-
ning of impressions since undercuts are not 
imaged correctly due to the fact that the laser light 
is following a straight path. 

 Direct CBCT scanning of the impression(s) of 
the patient’s dental arches provides additional 
accurate occlusal and intercuspidation data data 
(. Figs.  1.10  and  1.11 ). 

a

dc

b

 .   Fig. 1.10    Clinical photographs of the “all-in-one” impression of the upper and lower dental arches ( a ,  c ,  e ) and 
3D “surface-rendered” representations ( b ,  d ,  f ). The Triple Tray® AlgiNot TM  impression (7 see also Sect.  1.2.2 ) was 
scanned using a high-resolution standardised CBCT scanning protocol (i-CAT TM , Imaging Sciences International, Inc., 
Hatfield, USA, “high-resolution” modus; FOV, 17 cm diameter – 6 cm height; scan time 40 s; voxel size 0.2 mm, at 
120 kV according to DICOM field, 0018,0060 KVP, and 47 mA according to DICOM field, 0018,1151 XRayTubeCurrent) 
(Maxilim v. 2.3.0.3., volunteer M.G.). Note that the plastic Triple Tray® is no longer visible on the 3D surface 
representations because of its radiolucent nature       

 

Chapter 1 · Imaging Workfl ow for 3D Virtual Treatment Planning of Orthognathic Surgery



14

1

a b

 .   Fig. 1.11    To scan the Triple Tray® AlgiNot TM  impression, it was put on a commercially available sponge ( a ) to 
avoid segmentation problems with the CBCT apparatus table. The Triple Tray® AlgiNot TM  impression was scanned 
using a high-resolution standardised CBCT scanning  protocol (i-CAT TM , Imaging Sciences International, Inc., Hatfield, 
USA, “high- resolution” modus; FOV, 17 cm diameter – 6 cm height; scan time 40 s; voxel size 0.2 mm, at 120 kV 
according to DICOM field, 0018,0060 KVP, and 47 mA according to DICOM field, 0018,1151 XRayTubeCurrent). 3D 
“surface-rendered” representation ( b ) (Maxilim v. 2.3.0.3.) (volunteer M.G.)       

  Direct Scanning of the Impressions of the Patient’s Dental Arches 

 . Fig. 1.10 (continued)

fe
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a c d

e f

b

 .   Fig. 1.13    Additional image acquisition of the  occlusion by indirect high-resolution standardised CBCT scanning of 
the upper and lower plaster dental models, in fi nal occlusion ( a ,  c ,  e ) (i-CAT TM , Imaging Sciences International, Inc., 
Hatfi eld, USA, “high-resolution” modus; FOV, 17 cm diameter – 8 cm height; scan time 40 s; voxel size 0.2 mm, at 120 kV 
according to DICOM fi eld, 0018,0060 KVP, and 47 mA according to DICOM fi eld, 0018,1151 XRayTubeCurrent) and their 
3D “surface-rendered” representations ( b ,  d ,  f ) (Maxilim v. 2.3.0.3.) (volunteer M.G.)       

a c db

 .   Fig. 1.12    Additional image acquisition of the dentition by indirect high-resolution standardised CBCT scanning of 
the upper and lower plaster dental models ( a ,  c ) (i-CAT TM , Imaging Sciences International, Inc., Hatfi eld, USA, 
“high-resolution” modus; FOV, 17 cm diameter – 6 cm height; scan time 40 s; voxel size 0.2 mm, at 120 kV according to 
DICOM fi eld, 0018,0060 KVP, and 47 mA according to DICOM fi eld, 0018,1151 XRayTubeCurrent) and their 3D 
“surface-rendered” representations ( b ,  d ) (Maxilim v. 2.3.0.3.) (volunteer M.G.)       

2.             Indirect scanning of the plaster dental 
models of the patient     

 Additional accurate occlusal and intercuspida-
tion data can also be obtained “indirectly” by 
scanning of the plaster dental models of the 

patient. This can be performed with the 
same CBCT apparatus (. Fig.  1.12 ) that is used 
for scanning of the patient’s head or by laser 
surface scanning. Moreover, the actual occlu-
sion of the patient can be scanned (. Fig.  1.13 ).
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3.         Intra-oral scanning of the patient’s 

dentition    
  Intra-oral scanning allows scanning of the 
patient’s upper and lower dental arches with an 
accuracy of a few microns (7 Fig.  1.14a, c ). Th e 

 scanning process is currently still rather slow 
compared to direct scanning of impressions or 
indirect scanning of plaster dental models. More-

a c d

e f

b

 .   Fig. 1.15    Additional image acquisition of the  occlusion with direct intra-oral optical scanning (3M TM  Lava TM  Chair-
side Oral Scanner). 3D “surface-rendered”  representations ( a ,  c ,  e ) (Maxilim v. 2.3.0.3.). The STL fi les were 3D printed ( b ,  d , 
 f ) for educational purposes (volunteer M.G.)       

a c db

 .   Fig. 1.14    Additional image acquisition of the patient’s dentition with direct intra-oral optical scanning (3M TM  Lava TM  Chair-
side Oral Scanner) of the upper and lower dental arches. 3D “surface-rendered” representations of the upper ( a ) and ( c ) lower 
arches (Maxilim v. 2.3.0.3.). The STL fi les were 3D printed ( b ,  d ) for educational purposes (volunteer M.G.)       
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over, the actual occlusion of the patient can be 
scanned (7 Fig.  1.15a, c, e ).

1.1.3              Additional Image Acquisition 
of the Texture 
of the Patient’s Head 

 For proper “3D virtual treatment planning of 
orthognathic surgery”, additional image acquisition 
of the texture of the patient’s head in order to aug-
ment (7 see also Sect.  1.2 ) the CBCT 3D facial soft  
tissue mask of the patient with texture and colour is 
not essential and currently still error prone. 

 Additional image acquisition of the texture of 
the patient’s head can be performed by:
    1.    Standardised clinical 2D photographs of the 

patient’s head in rest in NHP (7 Fig.  1.16a, b, c, 
g, h, i, m )   

  2.    3D photographs made by 3D surface imaging 
systems based on active stereo photogrammetry 
(7 Fig.  1.16d, e, f, j, k, l, n )     

 Towards 3D virtual evaluation of orthogna-
thic surgery, 3D photographs off er an important 
clinical relevant potential and benefi t towards 

longitudinal non-ionising treatment outcome 
analysis (7 see also Sect.   5.2.2    ). 

 Additional dynamic 4D image acquisition of 
the texture of the patient’s head and the  underlying 
3D facial soft  tissue mask is promising. From a 
computational point of view, it is currently too 
time consuming to implement in the clinical daily 
routine and therefore actually dedicated for 
research purposes.  

 Attention 
 Additional image acquisition of the texture 
of the patient’s head in order to augment the 
3D facial soft  tissue mask is not essential for 
proper 3D virtual treatment planning, how-
ever, certainly of interest in “Step 9” of 
3D-VPS 5  “Patient Communication of the 
Individualised 3D Virtual Treatment Plan”. 
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  Additional Image Acquisition of the Texture of the Patient’s Head 

 .   Fig. 1.16    Additional image acquisition of the texture of the head. Standardised 2D clinical photographs ( a ,  b ,  c ,  g , 
 h ,  i ,  m ) and 3D photographs of the head ( d ,  e ,  f ,  j ,  k ,  l ,  n ) (Planmeca ProMax® 3D Max, ProFace TM , Planmeca Oy,  Helsinki, 
Finland) (volunteer M.G.). Note that 2D clinical photographs still have a higher image quality than 3D photographs         

a

d

c

e f

b 
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      Additional Image Acquisition of the Texture of the Patient’s Head       

 . Fig. 1.16 (continued)

m n

g ih

j lk
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1.2      Processing of Acquired Image 

Data Towards a 3D Virtual 
Augmented Model 
of the Patient’s Head 

1.2.1     Principles of Rigid Registration 

 Single CBCT image acquisition of the patient’s head 
(7 Sect.  1.1.1 ) does not provide a 3D virtual patient 
model appropriate for 3D virtual  treatment  planning 
of orthognathic surgery since it lacks suffi  cient accu-
racy at the occlusal and intercuspidation level. 

 Th erefore, additional image acquisition of the 
patient’s dentition (7 Sect.  1.1.2 ) is necessary to 
provide accurate occlusal and intercuspidation data. 

 Moreover, additional image acquisition of 
the texture of the patient’s head (7 Sect.  1.1.3 ) 
can be performed but is not essential for proper 
3D virtual planning of orthognathic surgery. 

 In order to process the acquired image data 
towards a “3D virtual augmented model (AUM)” 
of the patient’s head appropriate for 3D virtual 
treatment planning of orthognathic surgery, accu-
rate “rigid registration” is necessary. 

 Registration techniques are based on similar-
ity measures between two (e.g. pre- and post- 
treatment) or more (e.g. pretreatment, 3D virtual 
treatment plan and post-treatment) datasets 
(Swennen and Schutyser  2007 ). 

 With “rigid registration”, a rotation and trans-
lation is searched which aligns both or more data-
sets and therefore increases the similarity of both 
or more datasets. 

 Traditionally, diff erent types of “rigid registra-
tion” exist: (1) point-based, (2) surface-based and 
(3) voxel-based rigid registration.
    1.    “Point-based rigid registration” only uses corre-

sponding points to compute the rotation and 
translation between datasets. Th e residual dis-
tance between the point pairs aft er registration is 
minimised.   

   2.    “Surface-based rigid registration” uses sur-
face information of two datasets to compute 
the rotation and translation between datasets. 

Corresponding points and shapes are searched 
and the distance aft er rotation and translation 
is minimised.   

  3.    “Voxel-based rigid registration” uses the grey 
value information of two datasets to compute 
the rotation and translation between datasets 
by maximising the mutual information between 
both datasets.     

 A new and innovative rigid registration 
algorithm, “surface to image registration 
(STI)” (Nobel Biocare c/o Medicim NV, 
Mechelen, Belgium) also called “CBCT to 
image registration” or “smart fusion”, was eval-
uated and validated in 2013 by Swennen and 
colleagues to obtain a 3D virtual AUM of the 
patient’s head appropriate for orthognathic 
surgery planning (7 see also Sects.  1.2.2  and 
 1.2.3 ). 

 “Surface to image registration (STI)” uses a 
combined surface to voxel approach and registers 
the image intensities of the surfaces “gradient 
based” to the corresponding voxels. 

    To integrate accurate occlusal and intercuspi-
dation data into the 3D patient model, “rigid 
 registration” with or without markers, based on 
points, surfaces, voxels or a combination, cur-
rently still  needs to be performed  of:
    1.    Th e CBCT imaging acquisition data of the patient’s 

head (7 Sect.  1.1.1 )   
  2.    Additional image acquisition data of the 

patient’s dentition and occlusal surfaces 
(7 Sect.  1.1.2 )
    (a)    Without the use of plaster dental models   
  (b)    With the use of plaster dental models    

      Although diff erent attempts have been reported 
by diff erent research groups, only few methods 
have been properly validated and consequently 
applied in suffi  cient consecutive clinical patient 
series in order to provide evidence-based data. 
Moreover, all existing protocols at the moment 
still have their limitations and drawbacks 
towards the daily clinical application.   

 G.R.J. Swennen and M. Gaboury



21 1

1.2.2                Without the Use of Plaster 
Dental Models 

 In 2009, Swennen and colleagues introduced and 
validated the “Triple CBCT Scan Protocol” in 
order to obtain an AUM of the patient appropriate 
for 3D virtual orthognathic surgery planning 
without the use of plaster dental models.
    1.    “CBCT scan N°1”: Full face scan of the patient in 

a vertical natural seated position in CR with a 
wax-bite in place without deformation of the 
facial soft  tissue mask (7 see also Sect.  1.1.1 ) 
(. Fig.  1.17 )   

   2.    “CBCT scan N°2”: Limited low-dose scan of 
the patient with a Triple Tray® AlgiNot TM  all-
in-one impression in place (. Fig.  1.18 )   

  3.    “CBCT scan N°3”: High-resolution scan of the 
Triple Tray® AlgiNot TM  all-in-one impression 
(. Fig.  1.19 )     

 Following sequential semi-automatical triple 
“voxel-based rigid registration”, the patient’s head is 
augmented with accurate occlusal and intercuspi-
dation data (. Fig.  1.20 ). Th e “Triple CBCT Scan 
Protocol” has meanwhile been used in daily clinical 
routine in the author’s department in more than 
2250 cases. Although accurate, it requires an 
important learning curve towards the imaging 
workfl ow for both image acquisitions as processing 
of the acquired image data towards a 3D virtual 
AUM of the patient. Moreover, the protocol 
requires two CBCT scans of the patient, which 
inherently increases the amount of radiation. 

 In 2013, Swennen and colleagues evaluated 
and validated “CBCT to image registration (also 
called Smart Fusion)” in order to obtain an AUM 
of the patient appropriate for 3D virtual orthog-
nathic surgery planning without the use of plaster 
dental models. 

 Following “surface to image registration 
(STI)”, the patient’s head is augmented with 
accurate occlusal and intercuspidation data. 
Although the “CBCT to image registration pro-
tocol” has been validated on 30 orthognathic 
patients without the use of plaster dental mod-
els, it still needs to be integrated in the daily 
clinical workflow. Compared to the “Triple 
CBCT Scan Protocol”, the imaging workflow 
for both image acquisitions as processing of the 
acquired image data towards a 3D virtual AUM 
of the patient is less time consuming and more 
user-friendly. Moreover, it requires only one 
CBCT patient scan in CR without deformation 
of the patient’s facial soft  tissue mask (7 see also 
Sect.  1.1.1 ). 

 In 2013, Hernandez-Alfaro and Guijarro- 
Martinez evaluated intra-oral scanning of the 
patient’s dentition to augment the patient’s head 
with accurate occlusal and intercuspidation data 
in an in vitro ( n  = 3) and in vivo study ( n  = 6) 
based on “surface-based rigid registration”. 
Intra- oral scanning of the dental arches of the 
patient in order to create an AUM is promising 
but still needs further validation towards accu-
racy in large prospective and consecutive patient 
series.  

Chapter 1 · Imaging Workfl ow for 3D Virtual Treatment Planning of Orthognathic Surgery



22

1

a b

 .   Fig. 1.18    “Low-dose” CBCT scan N°2 of the “Triple CBCT Scan Protocol”. Volunteer M.G. was vertically scanned in a 
seated position with the Triple Tray® AlgiNot TM  impression in place ( a ) using a standardised CBCT scanning protocol 
(“i-CAT TM , Imaging Sciences International, Inc., Hatfi eld, USA: FOV, 17 cm diameter – 8 cm height; scan time 1 × 10 s; 
voxel size 0.4 mm at 120 kV according to DICOM fi eld, 0018,0060 KVP, and 48 mA according to DICOM fi eld, 0018,1151 
XRayTubeCurrent). 3D “surface-rendered” (Maxilim v. 2.3.0.3) hard tissues surface representation ( b ) (volunteer M.G.). 
Note the signifi cant distortion of both the lips and the cheeks       

a b

 .   Fig. 1.17    CBCT scan N°1 in CR of the “Triple CBCT Scan Protocol”. Volunteer M.G. was vertically scanned with a 
wax-bite wafer in place in a natural seated position ( a ) using a standardised CBCT scanning protocol (“i-CAT TM , Imaging 
Sciences International, Inc., Hatfi eld, USA: extended fi eld” modus; FOV, 17 cm diameter – 22 cm height; scan time 
2 × 20 s; voxel size 0.4 mm at 120 kV according to DICOM fi eld, 0018,0060 KVP, and 48 mA according to DICOM fi eld, 
0018,1151 XRayTubeCurrent). 3D “surface-rendered” (Maxilim v. 2.3.0.3) hard tissues surface representation 
( b ) (volunteer M.G.). Note that there is no distortion of the lips neither of the cheeks       

  3D Virtual Augmented Model (AUM) of the Patient’s Head “without the Use of Plaster 
Dental Models” 
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       3D Virtual Augmented Model (AUM) of the Patient’s Head “without the Use of Plaster 
Dental Models”      

 Rigid Registration 
 of the CBCT scan of the patient’s head 
(7 Sect.  1.1.1 ) and additional image 
 acquisition of the patient’s dentition 
(7 Sect.  1.1.2 ) are mandatory for proper 3D 
virtual orthognathic surgery planning. 

a b

 .   Fig. 1.19    “High-resolution” CBCT scan N°3 of the “Triple CBCT Scan Protocol”. The Triple Tray® AlgiNot TM  impression is 
scanned with the same CBCT apparatus ( a ) with high resolution using a standardised CBCT scanning protocol (“i-CAT TM , 
Imaging Sciences International, Inc., Hatfi eld, USA: “high-resolution” modus; FOV, 17 cm diameter – 6 cm height; scan time 
40 s; voxel size 0.2 mm at 120 kV according to DICOM fi eld, 0018,0060 KVP, and 48 mA according to DICOM fi eld, 0018,1151 
XRayTubeCurrent). 3D “surface-rendered” (Maxilim v. 2.3.0.3) surface representation ( b ) (volunteer M.G.). Note that the 
impression is placed on a  commercially available sponge instead of directly on the table of the CBCT apparatus to avoid 
segmentation problems       
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1
  3D Virtual Augmented Model (AUM) of the Patient’s Head “without the Use of Plaster 
Dental Models” 

a c

d

g h i

e f

b

 .   Fig. 1.20    Pre-surgical 3D “surface-rendered” AUM of the head following the “Triple Scan Protocol”. Right profi le ( a ,  d ,  g ), 
frontal ( b ,  e ,  h ) and left profi le ( c ,  f ,  i ) views (i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3., volunteer M.G.). 
Note the integration of accurate occlusal and intercuspidation data compared to Fig.  1.7 . Also note the incorrect position 
and orientation of the patient’s head although it was attempted to scan the patient in his correct NHP       
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     3D Virtual Augmented Model (AUM) of the Patient’s Head “without the Use of Plaster 
Dental Models” 

a cb

 .   Fig. 1.21    Pre-surgical 3D “surface-rendered” AUM of the head following CBCT image acquisition (i-CAT, Imaging Sci-
ences International Inc.) according to the “Triple Scan Protocol” with additional “surface-based rigid registration” of the 3D 
photograph (Planmeca ProMax® 3D Max,  ProFace TM , Planmeca Oy, Helsinki, Finland): right profi le ( a ), frontal ( b ) and left 
profi le ( c ) views (Maxilim v. 2.3.0.3., volunteer M.G.). Note the incorrect position and orientation of the head although it 
was attempted to scan volunteer M.G. in his correct NHP       

    Additional image acquisition (Sect.  1.1.3 ) and 
rigid registration of the texture of the patient’s 
head is not essential for proper 3D virtual plan-
ning of orthognathic surgery (. Fig.  1.21 ). 
Moreover, it is not recommended since it is still 
too error prone, too time consuming in the daily 
clinical routine and above can falsify the patient’s 
3D facial soft  tissue mask. 

 It is therefore advised to use the CBCT 3D 
facial soft  tissue mask for the following 3D virtual 
planning steps:
    1.    (3D-VPS 2 ) Defi nition of 3D cephalometric 

landmarks of the patient’s soft tissues 
(7 see also Sect.   2.2.3    ).   

  2.    (3D-VPS 5 ) “Step-by-step” individualised 3D 
virtual treatment planning of orthognathic 
surgery (7 see also Sect.   3.5    ).     

 However, additional image acquisition and 
rigid registration of the texture of the patient’s 
head is certainly of interest in “Step 9 of 3D-VPS 5  – 
Patient Communication of the Individualised 3D 
Virtual Treatment Plan”.   
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1.2.3       With the Use of Plaster Dental 

Models 

 In 2003, Gateno and colleagues were the first to 
describe a new technique to create a computer-
ised composite patient model by integration of 
plaster dental models using sphere-type fidu-
cial markers using “surface-based rigid regis-
tration”. Although accurate, the major drawback 
of this protocol is the distortion of lip mor-
phology and posture in the 3D AUM of the 
patient. 

 “CBCT to image registration” introduced and 
validated by Swennen and colleagues in 2013 to 
obtain an AUM of the patient appropriate for 3D vir-
tual orthognathic surgery planning “without the use 

of plaster dental models” (7 see also Sect.  1.2.2 ) can 
also be used “with the use of plaster dental models”:
    1.    “CBCT Scan N°1“: Full face scan of the patient in a 

vertical natural seated position in CR with a wax-
bite in place without deformation of the facial soft  
tissue mask (7 see also Sect.  1.1.1 ) (. Fig.  1.22 )   

  2.    “CBCT scan N°2“: High-resolution scan of the 
plaster dental models (7 see also Sect.  1.1.1 ) 
(. Fig.  1.23 )    

  Following “surface to image rigid registration”, 
the patient’s head is augmented with accurate 
occlusal and intercuspidation data. Th e advantage 
compared to the above-mentioned protocol is 
that there is no distortion of lip morphology and 
posture (. Fig.  1.24 ).

a b

 .   Fig. 1.22    CBCT scan N°1 in CR. Volunteer M.G. was vertically scanned with a wax-bite wafer in place in a natural 
seated position ( a ) using a standardised CBCT scanning protocol (“i-CAT TM , Imaging Sciences International, Inc., 
Hatfi eld, USA: extended fi eld” modus; FOV, 17 cm diameter – 22 cm height; scan time 2 × 20 s; voxel size 0.4 mm at 
120 kV according to DICOM fi eld, 0018,0060 KVP, and 48 mA according to DICOM fi eld, 0018,1151 TubeCurrent. 3D. 3D 
“surface-rendered” (IPS CaseDesigner ALPHA version) hard tissues surface representation ( b ) (volunteer M.G.). Note that 
CBCT N°1 is the same as CBCT scan N°1 of the “Triple CBCT Scan Protocol” (. Fig.  1.17a )       
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 z     3D Virtual Augmented Model (AUM) of the Patient’s Head “with the Use of Plaster 
Dental Models” 

a b

 .   Fig. 1.23    “High-resolution” CBCT scan N°2 of the plaster dental models of the patient with the same CBCT 
apparatus ( a ) with high resolution using a standardised CBCT scanning protocol (“i-CAT TM , Imaging Sciences 
International, Inc., Hatfi eld, USA: “high-resolution” modus; FOV, 17 cm diameter – 6 cm height; scan time 40 s; voxel size 
0.2 mm at 120 kV according to DICOM fi eld, 0018,0060 KVP, and 48 mA according to DICOM fi eld, 0018,1151 
TubeCurrent. 3D “surface-rendered” (IPS CaseDesigner ALPHA version) surface representation ( b ) (volunteer M.G.). Note 
that the plaster dental models are separated by a commercially available sponge in order to avoid segmentation 
problems (volunteer M.G.)       
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      3D Virtual Augmented Model (AUM) of the Patient’s Head “with the Use of Plaster 
Dental Models” 

 .   Fig. 1.24    Pre-surgical 3D “surface-rendered” AUM of the head following “CBCT to image registration” ( a ,  b ,  c ,  d ,  e ,  f ). 
Note the integration of accurate occlusal and intercuspidation data compared to Figs.  1.7  and  1.8 . Additionally, 3D 
“volume-rendered” soft tissues are added: right profi le ( g ,  j ), frontal ( h ,  k ) and left profi le ( i ,  l ) views (i-CAT, Imaging 
Sciences International Inc., IPS CaseDesigner ALPHA version) (volunteer M.G.). Note that there is no distortion of lip 
morphology neither posture       

a b c

d e f

g h i

j k l
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 z       “Step-by-Step” Quality Control of the 3D 
Virtual Augmented Model (AUM) of the 
Patient’s Head 

 Whether the “3D virtual AUM of the patient’s 
head” has been made “without the use of plaster 
dental models”, “with the use of plaster dental 
models” or “which rigid registration process has 
been used”, it is always imperative that the clini-
cian verifi es the patient’s AUM at this stage before 
initiating further planning steps. 

 Th erefore, a “Step-by-Step Quality Control 
Checklist” is provided (see also Addendum 1).  

 Th e “step-by-step” quality control of the 3D vir-
tual augmented model of the patient’s head is illus-
trated on volunteer M.G. but also on Case 1 (patient 
V.E.W.) which will be used throughout this book 
(7 Chaps.   2    ,   3    ,   4    ,   5     and   6    ).  

 z    Step 1 : Verifi cation of the Overall AUM of 
the Patient by the Clinician 

 In this step, the clinician needs to verify (1) the 
accuracy of registration of the upper and lower 
dental arch and (2) the quality of the 3D render-
ing of the bone and the soft  tissues.   

 z   Accuracy of Registration of the Upper and 
Lower Dental Arch 

 Th is is verifi ed by evaluation of multiplanar 
orthogonal slices at molar, canine and incisal 
level  and  correlation with standardised clinical 
 photographs (. Figs.  1.25 ,  1.26 ,  1.27 ,  1.28 ,  1.29 , 
 1.30 ,  1.31 ).     

    Step 1: Verifi cation of the overall AUM   of the 
patient by the clinician :
•    Accuracy of registration of the upper 

dental arch  
•   Accuracy of registration of the lower 

dental arch  
•   Quality of the 3D rendering of the 

bone  
•   Quality of the 3D rendering of the soft  

tissues     
   Step 2: Verifi cation of the condyle (CR) posi-

tion in the AUM of the patient by the clini-
cian: 
•    Right condyle well seated in CR  
•   Left  condyle well seated in CR     

   Step 3: Verifi cation of the overall soft  tissue 
quality of the AUM of the patient by the 
clinician: 
•    Absence of eyebrow distortion (> fi x-

ation band during CBCT scanning)  
•   Absence of lip distortion (> wax bite)  
•   Lips in repose  
•   Mentalis muscle relaxed  
•   Absence of chin distortion (> chin 

support during CBCT scanning)      

 Attention 
 It is the responsibility of the clinician to 
verify the patient’s AUM before initiating 
further 3D virtual planning steps (3D-
VPS 1-5 ). 
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1
     Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch  

a b

c d

 .   Fig. 1.25    “Step 1” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head: accuracy of 
registration of the occlusal and intercuspidation surfaces of the upper dental arch. Perpendicular multiplanar 
orthogonal reslices are used to verify the accuracy of the registration at the upper dental midline and molar region: 
sagittal ( a – d ) and coronal ( e ,  f ) reslices (i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3., volunteer M.G.). 
Note that triple voxel-based registration according to the “Triple Scan Protocol” (7 see also Sect.  1.2.2 ) was used to 
register the CBCT scanned all-in-one impression of the dental arches with the CBCT scan of the patient’s head           
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e f

 . Fig. 1.25 (continued)

Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch
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1
  Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch 

a

d

b

c

 .   Fig. 1.26    “Step 1” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head: accuracy of 
registration of the occlusal and intercuspidation surfaces of the lower dental arch. Perpendicular multiplanar 
orthogonal reslices are used to verify the accuracy of the registration at the lower dental midline and molar region: 
sagittal ( a – d ) and coronal ( e ,  f ) reslices (i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3., volunteer M.G.). 
Note that triple voxel-based registration according to the “Triple Scan Protocol” (7 see also Sect.  1.2.2 ) was used to 
register the CBCT scanned all-in-one impression of the dental arches with the CBCT scan of the patient’s head           
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e f

 . Fig. 1.26 (continued)

Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch
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      Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch 

a

c d

b

 .   Fig. 1.27    “Step 1” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head: accuracy of 
registration of the occlusal and intercuspidation surfaces of the upper and lower dental arches. Reslices perpendicular 
to the occlusal curve ( a ,  c ) are semi-automatically reconstructed and dynamically visualised ( b ,  d ) towards the clinician 
in a more user-friendly way (IPS CaseDesigner ALPHA version) to verify simultaneously the accuracy of registration of 
both the upper and lower dental arches (i-CAT, Imaging Sciences International Inc., volunteer M.G.). Note that “CBCT 
to image registration” was used to register the CBCT scanned plaster dental models with the CBCT scan of the 
patient’s head (7 see also Sect.  1.2.3 )       

 

 G.R.J. Swennen and M. Gaboury



35 1

a b

 .   Fig. 1.28    “Step 1” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head: correlation and 
comparison of the dental midlines between the AUM of the patient ( a ) and the standardised clinical frontal  photograph 
( b ) (i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3., volunteer M.G.). Note that ideally cheek retractors are 
used ( b )       

      Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch
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a b

c d

 .   Fig. 1.29    “Step 1” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head: accuracy of 
registration of the occlusal and intercuspidation surfaces of the upper dental arch. Perpendicular multiplanar 
orthogonal reslices are used to verify the accuracy of the registration at the upper dental midline and molar region: 
sagittal ( a – d ) and coronal ( e ,  f ) reslices (i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3., patient V.E.W.). 
Note that triple voxel-based registration according to the “Triple Scan Protocol” (7 see also Sect.  1.2.2 ) was used to 
register the CBCT scanned all-in-one impression of the dental arches with the CBCT scan of the patient’s head           

Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch
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e f

 . Fig. 1.29 (continued)

Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch
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Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch  

a b

c d

 .   Fig. 1.30    “Step 1” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head: accuracy of 
registration of the occlusal and intercuspidation surfaces of the lower dental arch. Perpendicular multiplanar orthogonal 
reslices are used to verify the accuracy of the registration at the lower dental midline and molar region: sagittal ( a – d ) and 
coronal ( e ,  f ) reslices (i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3., patient V.E.W.). Note that the AUM was 
made following triple voxel-based registration according to the “Triple Scan Protocol” (7 see also Sect.  1.2.2 )           
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 . Fig. 1.30 (continued)

Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch
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 Verifi cation of the Accuracy of Registration of the Upper and Lower Dental Arch 

a b

 .   Fig. 1.31    “Step 1” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head: correlation 
and comparison of the dental midlines between the AUM of the patient ( a ) and the standardised clinical frontal photo-
graph ( b ) (i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3., patient V.E.W.). Note that triple  voxel-based regis-
tration according to the “Triple Scan Protocol” (7 see also Sect.  1.2.2 ) was used to register the CBCT scanned all-in-one 
impression of the dental arches with the CBCT scan of the patient’s head. Note that ideally cheek retractors are used (see 
. Fig.  1.28b )       

 Trick 
 Aligning both the AUM of the patient and 
the standardised clinical frontal  photograph 
based on the exocanthion and pupil land-
marks followed by dropping a  perpendicular 
line in the centre of the nasal root allows a 
clinical correlation of the upper dental mid-
line position … it is crucial that no “Yaw” 
rotation of the patient’s head (3D  virtual vs 
2D clinical) is present…  
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 z   Quality of the 3D Rendering of the Bone 
and the Soft Tissues 

 Th e quality of the 3D “surface-rendered” soft  
(. Figs.  1.32a  and  1.33a ) and hard tissue 

(. Figs.  1.32b  and  1.33b ) surface representations 
of the patient’s AUM needs to be verifi ed by the 
clinician prior to all further “3D virtual planning 
steps (3D-VPS 1- 5 )”.

a b
 .   Fig. 1.32    “Step 1” of 

the “Step-by-Step Quality 
Control Checklist” of the 
AUM of the patient’s head: 
overall appreciation of the 
quality of the rendering of 
the soft ( a ) and hard tissue 
( b ) prior to 3D virtual 
planning of orthognathic 
surgery (i-CAT, Imaging 
Sciences International Inc., 
Maxilim v. 2.3.0.3., 
volunteer M.G.)       

a b

 .   Fig. 1.33    “Step 1” of 
the “Step-by-Step Quality 
Control Checklist” of the 
AUM of the patient’s head: 
overall appreciation of the 
quality of the rendering of 
the soft ( a ) and hard tissue 
( b ) prior to 3D virtual 
planning of orthognathic 
surgery (i-CAT, Imaging 
Sciences International Inc., 
Maxilim v. 2.3.0.3., patient 
V.E.W.)       
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 z        Step 2 : Verifi cation of the Condyle (CR) 

Position in the AUM of the Patient by the 
Clinician 

 In this step, the clinician needs to verify if both 
condyles are well seated in CR. 

 As mentioned in Sect.  1.1.1 , it is advised to 
always perform a CBCT scout view, prior to CBCT 
scanning of the patient’s head. A CBCT scout view, 
however, remains a 2D representation and there-

fore does not absolutely exclude inappropriate 
seating of both condyles. Moreover, in the clinical 
daily routine, it unfortunately occurs that the 
CBCT scout view was performed inappropriately 
by the nursing imaging staff  or even forgotten. 

 Th e CR position of both condyles in the 
patient’s AUM is easily verifi ed by evaluation of 
the sagittal and coronal slices (. Fig.  1.34  and 
 1.35 ).

a b c

 .   Fig. 1.34    “Step 2” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head: the seating of 
both condyles in the glenoid fossa is evaluated with multiplanar orthogonal reslices in the sagittal ( a ,  c ) and coronal 
planes ( b ). Enhanced TMJ imaging and evaluation will be elaborated on in Sect.   2.1.4     (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3., volunteer M.G.). Note appropriate seating of both condyles in CR       

a b c

 .   Fig. 1.35    “Step 2” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head: the seating of 
both condyles in the glenoid fossa is evaluated with multiplanar orthogonal reslices in the sagittal ( a ,  c ) and coronal 
planes ( b ). Enhanced TMJ imaging and evaluation will be elaborated on in Sect.   2.1.4     (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3., patient V.E.W.). Note appropriate seating of both condyles in CR       
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 z        Step 3 : Verifi cation of the Overall Soft Tissue 
Quality of the AUM of the Patient by the 
Clinician 

 In this step, the clinician needs to verify the over-
all soft  tissue quality of the AUM of the patient: 
(1) absence of eyebrow distortion (due to the fi xa-
tion band during CBCT scanning); (2) absence of 
lip distortion (due to the wax-bite wafer or regis-
tration devices); (3) lips in repose; (4) mentalis 
muscle relaxed and (5) absence of chin distortion 
(due to a chin support during CBCT scanning) 
(. Figs.  1.36 ,  1.37 ,  1.38 ,  and 1.39 ). 

 As mentioned in Sect.  1.1.1 , the patient needs 
to be scanned without deformation of the facial 

soft  tissue mask and with relaxed lips. Th e clini-
cian, however, is usually not present at the time of 
image acquisition. 

 Therefore, it is crucial that the nursing 
imaging staff is well trained and aware of all 
potential pitfalls during CBCT image acquisi-
tion as in conventional treatment planning. 
Unfortunately,  distortion of an aesthetic unit 
of the facial mask of the patient can occur in 
the daily clinical routine. In such a case, the 
clinician needs to be aware since this will have 
its implications on soft tissue simulation and 
patient communication.

a b

 .   Fig. 1.36    “Step 3” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head. The frontal 3D 
“surface-rendered” soft tissue representation ( a ) is correlated to the frontal standardised clinical photograph 
( b ) (i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3., volunteer M.G.). Note the distortion of the 
fronto-temporal soft tissues caused by the head fi xation band that was placed too low on the forehead during CBCT 
scanning       
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     Verifi cation of the Overall Soft Tissue Quality of the AUM of the Patient by the Clinician 

a b

 .   Fig. 1.37    “Step 3” of the “Step-by-Step Quality Control Checklist” of the AUM of the patient’s head. The right  profi le 
3D “surface-rendered” surface representation ( a ) is correlated to the right profi le standardised clinical  photograph ( b ) 
(i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3., volunteer M.G.). Note the absence of lip and chin 
distortion, as well as absence of lip and mentalis muscle contraction       

a b

 .   Fig. 1.38    “Step 3” of the 
“Step-by-Step Quality 
Control Checklist” of the 
AUM of the patient’s head. 
The frontal 3D 
“surface-rendered” soft 
tissue representation ( a ) is 
correlated to the frontal 
standardised clinical 
photograph ( b ) (i-CAT, 
Imaging Sciences 
International Inc., Maxilim v. 
2.3.0.3., patient V.E.W.). Note 
that there is no distortion of 
the fronto-temporal soft 
tissues due to proper 
position of the head fi xation 
band during CBCT scanning       
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       Verifi cation of the Overall Soft Tissue Quality of the AUM of the Patient by the Clinician        

a b
 .   Fig. 1.39    “Step 3” of 

the “Step-by-Step Quality 
Control Checklist” of the 
AUM of the patient’s head. 
The right profi le 3D 
“surface-rendered” surface 
representation ( a ) is 
correlated to the right 
profi le standardised clinical 
photograph ( b ) (i-CAT, 
Imaging Sciences 
International Inc., Maxilim 
v. 2.3.0.3., patient V.E.W.). 
Note the absence of lip and 
chin distortion, as well as 
absence of lip and mentalis 
muscle contraction       

 Attention    
 A prerequisite for proper 3D virtual soft   tissue 
simulation consists of adequate image acqui-
sition of the patient’s head (7 Sect.  1.1.1 .) 
without deformation of the facial soft  tissue 
mask especially lip morphology and  posture. 
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1.3     Virtual Mandibular 

Autorotation 

 Th e relevance and potential of predicting “man-
dibular autorotation” in orthognathic surgery have 
already been discussed in the late 1970s by Bell and 
Jacobs ( 1979 ) and in the beginning of the 1980s by 
Epker and Fish ( 1980 ), Sperry and colleagues 
( 1982 ) and Wessberg and colleagues ( 1982 ). 
Relative mandibular defi ciency can be treated by 
isolate Le Fort I surgery to reposition the maxilla 
superiorly to allow forward and upward movement 
of the retropositioned mandible by autororation 
Bell and Jacobs  1979 ). It was initially presumed that 
during superior repositioning of the maxilla, the 
mandible autorotates forward and upwards at 
pogonion with the condyle being the centre of 
mandibular autorotation (Epker and Fish  1980 ). 
Evidence with lateral head fi lms taken in centric 
occlusion (CO) showed that the centre of mandib-
ular rotation was rather in the mastoid region 
(Sperry and colleagues  1982 ). All attempts in the 
past to calculate the “centre of mandibular autoro-
tation” and “the arc of mandibular autorotation” 
were inherently biassed because of 2D image acqui-
sition based on lateral cephalograms. 

 Th e “3D virtual visualisation paradigm” and 
“3D Virtual Scene Approach” have the potential 
to visualise and calculate the “centre of mandibu-
lar autorotation” and “the arc of mandibular auto-
rotation” in the 3D virtual scene. 

 In 2013, Swennen and colleagues evaluated 
the potential of 3D image acquisition by means of 
the “CBCT triple scan protocol” (7 see also 

Sect.  1.2.2 ) to calculate the “individual 3D virtual 
mandibular autorotation” in 50 consecutive pro-
spective orthognathic cases.
    1.    “CBCT scan N° 1“ was performed in CR following 

the “CBCT triple scan protocol” (. Fig.  1.40 ).   
  2.    “CBCT scan N° 2“ was performed with a 

forced opening of the bite due to the thickness 
of the Triple Tray® AlgiNot TM  all-in-one 
impression (. Fig.  1.41 ).    

  In order to evaluate the mandibular displace-
ment, “voxel-based registration” (7 see also Sect. 
  5.1.1    ) of CBCT scan N°2 on CBCT scan N°1 was 
performed based on the maxillary anatomy. In 
only 25 % of the cases, no condylar dislocations or 
translations did occur. Th is fi nding could be 
explained by the fact that CBCT scan N° 2 was not 
performed in CR in the original “CBCT triple 
scan protocol”. 

 By modifi cation of the “CBCT triple scan pro-
tocol” and performing CBCT scan N°2 also in 
CR, the “individual 3D virtual mandibular auto-
rotation” can be visualised in the 3D virtual scene 
(. Figs.  1.42 ,  1.43  and  1.44 ).  

Th e “3D Virtual Visualisation Paradigm” and 
the “3D Virtual Scene Approach” have the 
potential to visualise the “individual 3D vir-
tual mandibular autorotation” and to calculate 
the “centre and arc of mandibular autorota-
tion” … from a computational point of view 
this is currently still highly demanding…

 G.R.J. Swennen and M. Gaboury
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 z   Case 7: Class III, Midfacial Hypoplasia (Patient B.B.) 
 To illustrate the concept of visualisation of 3D virtual mandibular autorotation, patient B.B. is used 
(7 see also Chap.   6    ).

a

b c

 .   Fig. 1.40    CBCT scan N°1 in CR of the “Triple CBCT Scan Protocol” (7 see also Sect.  1.2.2 ). 3D “surface-rendered” 
(Maxilim v. 2.3.0.3) frontal ( a ), right profi le ( b ) and left ( c ) hard tissues surface representations. Patient B.B. was vertically 
scanned with a wax-bite wafer in place in a natural seated position using a standardised CBCT scanning protocol 
(“i-CAT TM , Imaging Sciences International, Inc., Hatfi eld, USA, extended fi eld” modus; FOV, 17 cm diameter – 22 cm 
height; scan time 2 × 20 s; voxel size 0.4 mm at 120 kV according to DICOM fi eld, 0018,0060 KVP, and 48 mA according to 
DICOM fi eld, 0018,1151 XRayTubeCurrent) (patient B.B.)       
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 z      Visualisation of 3D Virtual Mandibular Autorotation 

a

b c

 .   Fig. 1.41    CBCT scan N°2 in CR of the “Triple CBCT Scan Protocol” (7 see also Sect.  1.2.2 ) with forced opening of the 
bite due to the Triple Tray® AlgiNot TM  impression in place. 3D “surface-rendered” (Maxilim v. 2.3.0.3) frontal ( a ), right 
profi le ( b ) and left ( c ) hard tissues surface representations (“i-CAT TM , Imaging Sciences International, Inc., Hatfi eld, USA; 
FOV, 17 cm diameter – 8 cm height; scan time 1 × 10 s; voxel size 0.4 mm at 120 kV according to DICOM fi eld, 0018,0060 
KVP, and 48 mA according to DICOM fi eld, 0018,1151 XRayTubeCurrent) (patient B.B.)       
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      Visualisation of 3D Virtual Mandibular Autorotation 

a

b c

 .   Fig. 1.42    Voxel-based registration of CBCT scan N°2 on CBCT scan N°1 based on the maxillary anatomy. Note the 
individual CW mandibular autorotation of patient B.B. 3D “surface-rendered” frontal ( a ), right profi le ( b ) and left ( c ) hard 
tissues surface representations (“i-CAT TM , Imaging Sciences International, Inc., Hatfi eld, USA, Maxilim v. 2.3.0.3) (patient B.B.)       
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1
      Visualisation of 3D Virtual Mandibular Autorotation 

a

b c

 .   Fig. 1.43    Voxel-based registration of CBCT scan N°2 on CBCT scan N°1 based on the maxillary anatomy. Note the 
individual CW mandibular autorotation of patient B.B. 3D “surface-rendered” frontal ( a ), right profi le ( b ) and left ( c ) hard 
tissues surface representations (“i-CAT TM , Imaging Sciences International, Inc., Hatfi eld, USA, Maxilim v. 2.3.0.3) (patient 
B.B.). Note the arc of CW mandibular autorotation       
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      Visualisation of 3D Virtual Mandibular Autorotation 

a

b c

 .   Fig. 1.44    Voxel-based registration of CBCT scan N°2 on CBCT scan N°1 based on the maxillary anatomy visualises 
the individual CW mandibular autorotation of patient B.B. 3D “surface-rendered” frontal ( a ), right profi le ( b ) and left ( c ) 
hard tissues surface representations (“i-CAT TM , Imaging Sciences International, Inc., Hatfi eld, USA, Maxilim v. 2.3.0.3) 
(patient B.B.). Note the forced opening of the bite       
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2.1        Systematic Virtual Diagnosis 
of the Patient’s Deformity, 
Anatomy and Pathology 

 Th e “3D Virtual Visualisation Paradigm” 
(Swennen and Schutyser  2007 ) (7 see also Sect. 
  1.1.1    ) off ers the clinician (both orthodontists and 
surgeons) a new tool towards virtual diagnosis of 
the patient’s deformity, anatomy and pathology in 
the daily clinical routine. 

 In this section, a standardised “step-by-step” 
approach towards “systematic virtual diagnosis of 
the patient’s deformity, anatomy and pathology” 
is described based on the “3D Virtual Visualisation 
Paradigm”:

    1.    Dento-maxillo-facial deformity and bite   
   2.    Individual anatomy and pathology   
   3.    Airway   
   4.    TMJ     

 Th e “3D Virtual Scene Approach” allows to 
visualise 3D virtual images of the patient’s head by 
both “surface rendering” and “volume rendering” 
from the individual DICOM CBCT data of the 
patient. Th e 3D soft  and hard tissue representa-
tions will especially be used to evaluate the “dento-
maxillo-facial deformity and bite” of the patient. 
In the “3D Virtual Scene Approach”, additional 
axial, sagittal and coronal reslices can be added 
which are especially valuable for in-depth diag-
nosis of the “individual anatomy and pathology” 
of the patient. Finally, multiplanar reslices can be 
added and more enhanced 3D virtual diagnostics 
can be performed of the “airway” and “TMJ”. 

 Th is initial overall radiological CBCT assess-
ment takes place before “3D cephalometric analy-
sis of the patient (7 see Sect.  2.2 )” and always 
needs to be related towards the clinical examina-
tion of the patient. 

2.1.1       Dento-maxillo-facial 
Deformity and Bite 

 Aft er appropriate CBCT image acquisition and 
consecutive 3D rendering (7 see also Sect.   1.1.1    ), 
the 3D soft  and hard tissue surface representa-
tions of the patient’s head can be systematically 
evaluated in the “3D virtual scene” towards the 
patient’s individual dento-maxillo-facial defor-
mity and bite. 

 This initial step makes the crucial bridge 
between conventional and 3D virtual planning 
of orthognathic surgery. Once an appropriate 
full- face CBCT scan of the patient has been 
taken, no additional lateral or frontal cephalo-
grams, neither orthopanthomographs (OPG’s) 
are necessary anymore. Moreover, all these con-
ventional radiological examinations can be vir-
tually computed from the CBCT data set if 
desired. 

 z   Case 1 
 Patient V.E.W. is used to demonstrate the system-
atic approach towards individualised patient’s 
anatomy assessment, while patient’s specifi c 
pathology is demonstrated by other clinical cases 
(7 see also Chap.   6    ).  

 G.R.J. Swennen and M. Gaboury
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 z   3D Virtual Patient: Systematic Virtual 
Evaluation of the Patient’s Deformity 
and Bite 

 In order to evaluate the patient’s deformity and 
bite, the following views are systematically anal-
ysed on the 3D hard and soft  tissue surface repre-
sentations of the patient’s head:

    1.    Frontal view (. Fig.  2.1 )   
   2.    Profi le view right/left  (. Figs.  2.2  and  2.3 )   
   3.    Base view (. Fig.  2.4 )   
   4.    Cranial view (. Fig.  2.5 )   
   5.    Posterior view (. Fig.  2.6 )     

 In the “3D Virtual Scene Approach”, “volume 
rendering” is more valuable than “surface render-
ing” for appropriate evaluation of the patient’s 
deformity and bite since it allows a more detailed 
visualisation of the patient’s occlusion and 
 dentition (. Figs.  2.7 ,  2.8  and  2.9 ).    

a b c

 .   Fig. 2.1    Frontal views of 3D “volume-rendered” hard (a) and soft tissue (b, c) surface representations of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.). Note the “long-face” 
pattern, chin deviation to the right, asymmetric gonial angles and increased interlabial distance with lip incompetency       

   3D volume rendering is more appropriate 
for virtual evaluation of the patient’s defor-
mity and bite. 
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  3D Virtual Patient: Systematic Virtual Evaluation of the Patient’s Deformity and Bite 

a b c

 .   Fig. 2.2    Right profi le views of 3D “volume-rendered” hard (a) and soft tissue (b, c) surface representations of the 
patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.). Note the 
Angle “class II” relationship, the increased sagittal overjet, retruded mandible and chin, dorsal nasal hump, atonic upper 
and lower lips with increased interlabial distance and lip incompetency       

a b c

 .   Fig. 2.3    Left profi le views of 3D “volume-rendered” hard (a) and soft tissue (b, c) surface representations of the 
patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.). Note the 
Angle “class II” relationship, the increased sagittal overjet, retruded mandible and chin, dorsal nasal hump, atonic upper 
and lower lips with increased interlabial distance and lip incompetency       
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       3D Virtual Patient: Systematic Virtual Evaluation of the Patient’s Deformity and Bite 

a b c

 .   Fig. 2.4    Base views of 3D “volume-rendered” hard (a) and soft tissue (b, c) surface representations of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.). Note the retruded 
mandible, increased sagittal overjet, chin deviation to the right and “Yaw” rotation (7 see also Sect.   3.4    ) of the mandible       

a b c

 .   Fig. 2.5    Cranial views of 3D “volume-rendered” hard (a) and soft tissue (b, c) surface representations of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.). Note the symmetric 
projection of the frontal and zygomatic bones, while the nasal tip is slightly deviated to the right       

a b c

 .   Fig. 2.6    Posterior views of 3D “volume-rendered” hard (a) and soft tissue (b, c) surface representations of the 
patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.). Note the 
overall symmetric cranial base but discrepancy in vertical ramus height with asymmetric gonial angles       
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        3D Virtual Patient: Systematic Virtual Evaluation of the Patient’s Deformity and Bite 

a

d e

b c

 .   Fig. 2.7    Base ( a ), frontal ( b ), cranial ( c ), profi le right ( d ) and left ( e ) views of 3D “volume-rendered” hard tissue 
surface representations of the patient’s head based on a diff erent shading algorithm (i-CAT, Imaging Sciences 
International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.). Note the visualisation of the dental roots and more 
clear presence of two impacted upper wisdom teeth       

 Attention 
 Th e 3D “volume-rendered” surface rep-
resentations, despite providing additional 
radiological information, cannot be used 
for the creation of a 3D Virtual Augmented 
Model of the patient’s head (7 see also 
Sect.   1.2    ). 
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       3D Virtual Patient: Systematic Virtual Evaluation of the Patient’s Deformity and Bite        

a b c

 .   Fig. 2.8    Detailed profi le right ( a ), frontal ( b ) and profi le left ( c ) views of 3D “volume-rendered” hard tissue surface 
representations of the patient’s dental occlusion and teeth based on a diff erent shading algorithm (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.). Note the Angle “class II” molar and canine 
relationship, the inferior midline deviation to the right, the adequate transverse relationship, the increased sagittal overjet 
and the decreased overbite. Also note the missing upper and lower premolars and impacted upper wisdom teeth       

a b c

 .   Fig. 2.9    Detailed profi le right ( a ), frontal ( b ) and profi le left ( c ) views of 3D “volume-rendered” hard tissue surface 
representations of the patient’s dental occlusion and teeth based on a diff erent shading algorithm (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.). Note the more clear visualisation of the 
roots of the teeth. This is especially of interest if additional micro-screws are indicated for skeletal anchorage or if 
segmentation of the jaws is necessary. Also note appropriate dental root angulation, adequate pre-surgical orthodontic 
preparation and decompensation with accurate levelling of the Spee’s curve. Upper and lower dental arch coordination 
is not evaluated at this stage and will be assessed during “3D virtual occlusal defi nition (7 see also Sect.   3.3    )”       

   3D Volume rendering using diff erent shad-
ing algorithms is benefi cial to improve both 
occlusal and dental assessment. 
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2.1.2        Individual Anatomy 
and Pathology 

 Aft er standardised and individualised virtual 
evaluation of the 3D hard and soft  tissue surface 
representations of the patient’s head, the “3D 
Virtual Scene Approach” allows to add axial, sag-
ittal and coronal orthogonal reslices to the “3D 
virtual scene”. Moreover, additional multiplanar 

reslices can be reconstructed and added for 
enhanced diagnostics (. Fig.  2.10 ). 

 In this section, a systematic “step-by-step” 
evaluation of the patient’s individual anatomy and 
pathology is outlined, based on: 

     1.    Baseline  axial  reslices   
   2.    Reconstructed  coronal  reslices   
   3.    Reconstructed  sagittal  reslices    

 .   Fig. 2.10    3D “volume-rendered” hard tissue surface representation with axial, sagittal and coronal reconstructed 
orthogonal reslices (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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  Axial Slices: Upper Face Contour 

 z     Axial Slices: Systematic Virtual Evaluation of 
the Patient’s Anatomy and Pathology 

 Th e following clinical features relevant to com-
bined orthodontic-surgical treatment planning 
are systematically analysed on the baseline axial 
slices by scrolling through the individual patient’s 
DICOM data set. 

 A standardised checklist for systematic virtual 
evaluation of the patient’s individual anatomy and 
pathology, based on the axial slices, is hereby pro-
vided: 

     1.    Upper face contour (. Fig.  2.11 )   
   2.    Frontal sinuses (. Fig.  2.12 )   
   3.    Orbits and bulbus position (. Fig.  2.13 )   
   4.    Ethmoid sinuses (. Fig.  2.14 )   
   5.    Midface contour (. Fig.  2.15 )   
   6.    Maxillary sinuses (. Figs.  2.16  and  2.17 )   
   7.    Nasal septum (. Fig.  2.18 )   
   8.    Nasal turbinates (. Fig.  2.19 )   
   9.    Condylar morphology (. Fig.  2.20 )   

   10.    Mandibular vertical ramus thickness above 
the lingula (. Figs.  2.21 ,  2.22  and  2.23 )   

   11.    Maxillary dento-alveolar width (. Fig.  2.24 )   
   12.    Mandibular dento-alveolar width (. Fig.  2.25 )   
   13.    Lower face contour (. Fig.  2.26 )   
   14.    Airway (. Fig.  2.27 )   
   15.    Patient’s specifi c pathology     

 It needs to be emphasised that standardised 
virtual evaluation of the axial slices is of major 
clinical importance and needs to be performed 
dynamically by the clinician (orthodontist and/or 
surgeon). Moreover, by using the hereby proposed 
systematic approach, it is not time consuming.  

 z   Case 1 
 (Patient V.E.W.) is used to demonstrate the sys-
tematic approach towards individualised patient’s 
anatomy assessment, while patient’s specifi c 
pathology is demonstrated by other clinical cases 
(7 see also Chap.   6    ).  

a b

 .   Fig. 2.11    Axial slices through the forehead allow to evaluate the upper face contour at the soft and bony tissue 
level ( a ). In this case, the patient is displaying normal anatomy. The clinician should look for soft tissue irregularities, 
frontal bossing, exostosis and diverse pathologies like osteomas. ( b ) visualises the level of the axial reconstructed reslice 
on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA 
version) (patient V.E.W.)       
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a b

 .   Fig. 2.12    Axial slice through the frontal sinus ( arrow ) ( a ). The clinician should look for signs of sinusitis, drainage 
obstruction and diverse pathologies. ( b ) visualises the level of the axial reconstructed reslice on the 3D 
“volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient 
V.E.W.)       

      Axial Slices: Frontal Sinuses 

a b

 .   Fig. 2.13    Axial slice at the level of the greater axis of the bulbus ( a ). The anteroposterior position (enophthalmos or 
exophthalmos) of the globes can be evaluated by adding a horizontal line tangential to the anterior surface of the 
cornea ( blue line ). ( b ) visualises the level of the axial reconstructed reslice on the 3D “volume-rendered” patient model 
(i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

      Axial Slices: Orbits and Bulbus Position 
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      Axial Slices: Ethmoid Sinuses 

a b

 .   Fig. 2.14    Axial slice through the ethmoidal sinus ( a ). A blue circle delineates the region to be examined. In this 
case, early signs of mucosal thickening are seen in the ethmoidal air cells. ( b ) visualises the level of the axial 
reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.15    Axial slice at the level of the most projecting point of the malar prominence ( a ). Both soft and bony 
tissues can be evaluated for asymmetry and malar hypoplasia. In this case, the patient is displaying normal malar and 
zygomatic arch anatomy. ( b ) visualises the level of the axial reconstructed reslice on the 3D “volume-rendered” patient 
model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

      Axial Slices: Midfacial Contour 
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 .   Fig. 2.16    Axial slice through the maxillary sinuses ( a ). The left maxillary sinus is delineated with a  blue circle , while 
the  arrow  demonstrates the right nasolacrimal duct. ( b ) visualises the level of the axial reconstructed reslice on the 3D 
“volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient 
V.E.W.)       

      Axial Slices: Maxillary Sinuses 

a b

 .   Fig. 2.17    Another axial slice through the maxillary sinuses, at a more inferior level ( a ). The  arrow  demonstrates a 
small mucous retention cyst of the left maxillary sinus. ( b ) visualises the level of the axial reconstructed reslice on the 3D 
“volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient 
V.E.W.)       
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a b

 .   Fig. 2.18    Axial slice at the level of the bony nasal septum ( arrow ), which is formed by the septal crest of the maxilla, 
the vomer and the perpendicular plate of the ethmoidal bone ( a ). The anterior cartilaginous septum is more diffi  cult to 
visualise with MSCT and CBCT imaging. In this case, a slight septal deviation is observed. ( b ) demonstrates the virtual 
orientation of the patient for orthogonal axial slice reconstruction (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.19    Axial slice through the inferior nasal turbinates ( arrow ) ( a ). Especially in cases of maxillary impaction, the 
presence of inferior nasal turbinate hypertrophy should be evaluated. In this case, the inferior nasal turbinates are 
normal. ( b ) visualises the level of the axial reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

      Axial Slices: Nasal Septum 

      Axial Slices: Nasal Turbinates 
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 .   Fig. 2.20    Axial slice at the level of the mandibular condyles, delineated with blue circles ( a ). Note a discrete 
asymmetry at the cranial base, despite proper axial reslice reconstruction. An intact cortical layer is seen, without any 
signifi cant pathology. Enhanced TMJ imaging and evaluation will be discussed in (7 Sect.  2.1.4 ). ( b ) visualises the level 
of the axial reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, 
IPS CaseDesigner ALPHA version version) (patient V.E.W.)       

      Axial Slices: Condylar Morphology 

a b

 .   Fig. 2.21    Axial slice at the level of the mandibular lingula (arrows) ( a ). On the left side, the concavity posterior to 
the lingual is noticed, while on the right side, the opening of the mandibular foramen can be observed. ( b ) visualises 
the level of the axial reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences 
International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

      Axial Slices: Mandibular Vertical Ramus Thickness Above the Lingula 
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a b

 .   Fig. 2.22    Another axial slice, just superior to the lingula ( a ). The width of the mandibular vertical ramus can be 
measured at both sides, where the horizontal corticotomy of the bilateral sagittal split osteotomy (BSSO) will be made. 
( b ) visualises the level of the axial reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.23    3D “surface-rendered” representation of the mandible with a virtual bilateral sagittal split osteotomy 
(7 see also Sect.   3.2.2    ) (BSSO) ( a ). The individual anatomy of the vertical mandibular ramus at the level of the 
horizontal corticotomy can be evaluated on an additional multiplanar reslice ( b ) (i-CAT, Imaging Sciences International 
Inc, Maxilim v. 2.3.0.3.) (patient V.E.W.)       

       Axial Slices: Mandibular Vertical Ramus Thickness Above the Lingula 
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 .   Fig. 2.24    Axial slice through the maxillary dento-alveolar process ( a ). The width of the maxillary dento-alveolar 
process can be evaluated from an orthodontic and eventual preprosthetic implant point of view. In cases of agenesis or 
tooth loss, the width of the dento-alveolar crest can be evaluated and measured. The position of maxillary teeth within 
the dento-alveolar bone and presence of buccal bony fenestrations can be assessed. ( b ) visualises the level of the axial 
reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version) (patient V.E.W.)       

      Axial Slices: Maxillary Dento-Alveolar Width 

      Axial Slices: Mandibular Dento-Alveolar Width 

a b

 .   Fig. 2.25    Axial slice through the mandibular dento-alveolar process ( a ). The width of the mandibular 
dento-alveolar process can be evaluated from an orthodontic and eventual preprosthetic implant point of view. In cases 
of agenesis or tooth loss, the width of the dento-alveolar crest can be evaluated and measured. The position of 
mandibular teeth within the dento-alveolar bone and presence of buccal bony fenestrations can be assessed. ( b ) 
visualises the level of the axial reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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a b

 .   Fig. 2.26    An axial slice through the inferior third of the face ( a ). In this case, a discrete soft tissue and bony 
asymmetry is visible. ( b ) visualises the level of the axial reconstructed reslice on the 3D “volume-rendered” patient 
model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.27    Axial slice at the level of the tongue base demonstrates the oropharyngeal airway, delineated in blue ( a ). 
Enhanced 3D airway imaging and evaluation will be discussed in (7 Sect.  2.1.3 ). ( b ) visualises the level of the axial 
reconstructed reslice on the 3D “volume-rendered” patient model, where the airway is outlined with a blue circle (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

      Axial Slices: Lower Face Contour 

      Axial Slices: Airway 
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 .   Fig. 2.28    Coronal slice at the level of the anterior nasal airway, outlined by a blue circle ( a ). The nasal airway is evalu-
ated from anterior to posterior for possible obstruction caused by a septal deviation, inferior nasal turbinate 
hypertrophy or nasal bony pyramid asymmetry. ( b ) visualises the level of the coronal reconstructed reslice on the 3D 
“volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient 
V.E.W.). Note the visualisation of the upper and lower lateral cartilages on the “volume-rendered” 3D image       

 z       Coronal Slices: Systematic Virtual 
Evaluation of the Patient’s Anatomy and 
Pathology 

 Th e following clinical features relevant to com-
bined orthodontic-surgical treatment planning 
are systematically analysed on the coronal slices 
by scrolling through the individual patient’s 
DICOM data set. 

 A standardised checklist for systematic virtual 
evaluation of the patient’s individual anatomy and 
pathology, based on the coronal slices, is hereby 
provided: 

     1.    Nasal airway (. Fig.  2.28 )   
   2.    Maxillary and mandibular interdental space 

in the frontal region (. Fig.  2.29 )   
   3.    Frontal sinuses (. Fig.  2.30 )   
   4.    Orbits and bulbus position (. Fig.  2.31 )   
   5.    Maxillary sinuses (. Fig.  2.32 )   
   6.    Nasal septum (. Fig.  2.33 )   
   7.    Nasal turbinates (. Fig.  2.34 )   
   8.    Ethmoidal sinuses (. Fig.  2.35 )   
   9.    Upper and lower molar/premolar inclination 

in regard to the alveolar ridge (. Fig.  2.36 )   

   10.    Tranversal occlusal relationship (. Fig.  2.37 )   
   11.    Course of the inferior alveolar nerve (IAN) 

(. Figs.  2.38 ,  2.39  and  2.40 )   
   12.    Condylar morphology (. Fig.  2.41 )   
   13.    Posterior airway (. Fig.  2.42 )   
   14.    Cervical spine (. Fig.  2.43 )   
   15.    Patient’s specifi c pathology     

 It needs to be emphasised that standardised 
virtual evaluation of the coronal slices is of 
major clinical importance and needs to be per-
formed dynamically by the clinician (orthodon-
tist and/or surgeon). Moreover, by using the 
hereby proposed systematic approach, it is not 
time consuming.  

 z   Case 1 
 Patient V.E.W. is used to demonstrate the system-
atic approach towards individualised patient’s 
anatomy assessment, while patient’s specifi c 
pathology is demonstrated by other clinical cases 
(7 see also Chap.   6    ).  

  Coronal Slices: Nasal Airway 

 

 G.R.J. Swennen and M. Gaboury

http://dx.doi.org/10.1007/978-3-662-47389-4_6


71 2
Chapter 2 · 3D Virtual Diagnosis of the Orthognathic Patient

      Coronal Slices: Maxillary and Mandibular Interdental Space in the Frontal Region 

a b

 .   Fig. 2.30    Coronal slice through the frontal sinus (arrow) ( a ). In this case, the sinus is well aerated without any signifi -
cant pathology. ( b ) visualises the level of the coronal reconstructed reslice on the 3D “volume-rendered” patient model 
(i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.). Note the visible outline of 
the frontal sinus by transparency on the “volume-rendered” 3D image       

a b

 .   Fig. 2.29    Coronal slice at the level of the upper dental midline ( a ). Note the adequate interdental space for 
segmental maxillary surgery between the upper central incisors. ( b ) visualises the level of the coronal reconstructed 
reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA 
version) (patient V.E.W.)       

      Coronal Slices: Frontal Sinuses 
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 .   Fig. 2.31    Coronal slice through the greater axis of the globes ( a ). A horizontal plane (orange line) is added at the 
bi-pupillary level to evaluate bulbous position (vertical dystopia). In this case, the patient displays normal bulbus 
anatomy. ( b ) visualises the level of the coronal reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.32    Coronal slice through the maxillary sinuses ( a ). The  arrow  demonstrates the opening of the right maxillary 
sinus in the middle nasal meatus, while the  circle  delineates a small mucus retention cyst, as seen on the previous axial 
slices (. Fig.  2.17 ). ( b ) visualises the level of the coronal reconstructed reslice on the 3D “volume-rendered” patient 
model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

      Coronal Slices: Orbits and Bulbus Position 

      Coronal Slices: Maxillary Sinuses 
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      Coronal Slices: Nasal Septum 

a b

 .   Fig. 2.34    A more posterior coronal slice, to demonstrate the inferior nasal turbinates (arrow) ( a ). Note the absence of 
posterior nasal septal deviation. ( b ) visualises the level of the coronal reconstructed reslice on the 3D “volume-rendered” 
patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.33    Coronal slice at the level of the bony septum, demonstrating a mild deviation of the posterior bony nasal 
septum to the right (blue line) ( a ). ( b ) visualises the level of the coronal reconstructed reslice on the 3D “volume-rendered” 
patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

      Coronal Slices: Nasal Turbinates 

 

 



74

2
a b

 .   Fig. 2.35    Coronal slice through the etmoid sinus, outlined by a blue circle ( a ). Note the discrete opacifi cation of the 
ethmoidal air cells. ( b ) visualises the level of the coronal reconstructed reslice on the 3D “volume-rendered” patient 
model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.36    Coronal slice through the posterior alveolar process, at the second upper molar level ( a ). The evaluation 
of the upper (blue lines) and lower Wilson’s curve is of paramount importance in maxillary transverse insuffi  ciency cases. 
( b ) visualises the level of the coronal reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

      Coronal Slices: Ethmoidal Sinuses 

      Coronal Slices: Upper and Lower Molar/Premolar Inclination in Regard to the Alveolar Ridge 
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a b

 .   Fig. 2.37    Coronal slice at the level of the fi rst molars (blue circles) ( a ). Note the relatively adequate transverse 
relationship between the upper and lower dental arches. The true transverse relation of the upper and lower dentition 
must however be evaluated in Angle “class I” relationship. The upper and lower arch coordination is not evaluated at this 
stage and will be assessed during “3D virtual occlusal defi nition (7 see also Sect.   3.3    )”. ( b ) visualises the level of the 
coronal reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, 
IPS CaseDesigner ALPHA version) (patient V.E.W.)       

      Coronal Slices: Transversal Occlusal Relationship 

      Coronal Slices: Course of the Inferior Alveolar Nerve (IAN) 

a b c

 .   Fig. 2.38    Multiple coronal slices, at the gonial angle notch ( a ), distally to the second lower molar ( b ) and between 
the fi rst and second lower molar ( c ) show the location of the IAN in the mandible, outlined in blue (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

 

 

http://dx.doi.org/10.1007/978-3-662-47389-4_3


76

2

       Coronal Slices: Course of the Inferior Alveolar Nerve (IAN) 

 .   Fig. 2.39    More enhanced diagnostic features show the bilateral course of the IAN visualised on the 
“volume-rendered” patient model in dynamic relation towards the axial, sagittal and coronal reconstructed slices (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

 .   Fig. 2.40    3D “surface-rendered” representation of the 
mandible with a virtual bilateral sagittal split osteotomy 
(7 see also Sect.   3.2.2    ) (BSSO). Multiplanar reslices can be 
reconstructed at diff erent levels (such at the gonial angle 
notch, distally to the second lower molar and between 
the fi rst and second lower molar) to identify the position 
of the IAN at the level of the BSSO (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3.) (patient 
V.E.W.)       
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      Coronal Slices: Posterior Airway 

      Coronal Slices: Condylar Morphology 

a b

 .   Fig. 2.41    Coronal slice at the level of the mandibular condyles ( a ). Note the proper position of the condyles in the 
glenoid fossa. Advanced TMJ 3D imaging and evaluation will be discussed in (7 Sect.  2.1.4 ). ( b ) visualises the level of 
the coronal reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, 
IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.42    Coronal slice through the nasopharyngeal and oropharyngeal airway, outlined in blue, at the level of the 
tongue base ( a ). Enhanced 3D airway imaging and evaluation will be discussed in (7 Sect.  2.1.3 ). ( b ) visualises the level 
of the coronal reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences International 
Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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      Coronal Slices: Cervical Spine 

a b

 .   Fig. 2.43    Coronal slice through the cervical spine ( a ). Orthognathic patients can display a cervical scoliosis or even 
cervical spine anomalies in case of trauma or associated syndromes. In this case, no abnormalities can be diagnosed. ( b ) 
visualises the level of the coronal reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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  Sagittal Slices: Right Condylar Morphology and Seating 

a b

 .   Fig. 2.44    Sagittal slice through the right mandibular condyle ( a ). Note adequate seating of the right condyle in the 
glenoid fossa and absence of signifi cant pathology. Enhanced TMJ 3D imaging and evaluation will be discussed in (7 

Sect.  2.1.4 ). ( b ) visualises the level of the sagittal reconstructed reslice on the 3D “volume-rendered” patient model 
(i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

 z       Sagittal Slices: Systematic Virtual 
Evaluation of the Patient’s Anatomy and 
Pathology 

 Th e following clinical features relevant to com-
bined orthodontic-surgical treatment planning 
are systematically analysed on the baseline sagit-
tal slices by scrolling through the individual 
patient’s DICOM data set. 

 A standardised checklist for systematic virtual 
evaluation of the patient’s individual anatomy and 
pathology, based on the sagittal slices, is hereby 
provided: 

     1.    Right condylar morphology and seating 
(. Fig.  2.44 )   

   2.    Right vertical level of entrance (lingula) of 
the inferior alveolar nerve (IAN) 
(. Figs.  2.45  and  2.46 )   

   3.    Right maxillary sinus (. Fig.  2.47 )   
   4.    Right orbit and bulbus position (. Fig.  2.48 )   
   5.    Right sagittal occlusal relationship 

(. Fig.  2.49 )   
   6.    Ethmoidal sinuses (. Fig.  2.50 )   
   7.    Frontal sinuses (. Fig.  2.51 )   
   8.    Incisal inclination in regard to the alveolar 

ridge (. Fig.  2.52 )   

   9.    Airway and cranio-cervical inclination 
(. Fig.  2.53 )   

   10.    Left  sagittal occlusal relationship (. Fig.  2.54 )   
   11.    Left  orbit and bulbus position (. Fig.  2.55 )   
   12.    Left  maxillary sinus (. Fig.  2.56 )   
   13.    Left  vertical level of entrance (lingula) of the 

inferior alveolar nerve (IAN) (. Figs.  2.57  
and  2.58 )   

   14.    Left  condylar morphology and seating 
(. Fig.  2.59 )   

   15.    Patient’s specifi c pathology     

 It needs to be emphasised that standardised 
virtual evaluation of the sagittal slices is of major 
clinical importance and needs to be performed 
dynamically by the clinician (orthodontist and/or 
surgeon). Moreover, by using the hereby proposed 
systematic approach, it is not time consuming.  

 z   Case 1 
 Patient V.E.W. is used to demonstrate the system-
atic approach towards individualised patient’s 
anatomy assessment, while patient’s specifi c 
pathology is demonstrated by other clinical cases 
(7 see also Chap.   6    ).  
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      Sagittal Slices: Right Vertical Level of Entrance (Lingula) of the Inferior Alveolar Nerve (IAN) 

a b

 .   Fig. 2.45    Sagittal slice through the opening of the right mandibular foramen (blue circle) ( a ). The vertical and 
sagittal level of entrance of the right IAN at the lingula provides important anatomical information towards 
identifi cation of this important landmark during surgery. ( b ) visualises the level of the sagittal reconstructed reslice on 
the 3D “volume-rendered” patient model, where the location of the mandibular foramen is outlined in blue. (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

       

 .   Fig. 2.46    3D “surface-rendered” representation of the 
mandible with a virtual bilateral sagittal split osteotomy 
(7 see also Sect.   3.2.2    ) (BSSO). The individual anatomy of 
the right mandibular vertical ramus at the level of the 
horizontal corticotomy of the virtually planned BSSO can 
be evaluated. Moreover, the vertical distance between the 
lingula and the lower occlusal plane (blue lines) can be 
measured to facilitate identifi cation of this important 
landmark during actual surgery. Especially in patients 
with abnormal anatomy of the vertical mandibular ramus 
such as post-traumatic and congenital cases, this can be 
helpful (i-CAT, Imaging Sciences International Inc, Maxilim 
v. 2.3.0.3.) (patient V.E.W.)       
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      Sagittal Slices: Right Maxillary Sinus 

      Sagittal Slices: Right Orbit and Bulbus Position 

a b

 .   Fig. 2.47    Sagittal slice through the right maxillary sinus ( a ). Note the mesio-angulated upper right wisdom tooth 
( arrow ). No abnormalities of the right maxillary sinus can be diagnosed in this patient. ( b ) visualises the level of the 
sagittal reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, 
IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.48    Sagittal slice through the right orbital cavity and bulbus ( a ). In this case, no signifi cant pathology can be 
observed. ( b ) visualises the level of the sagittal reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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      Sagittal Slices: Right Sagittal Occlusal Relationship 

      Sagittal Slices: Ethmoidal Sinuses 

a b

 .   Fig. 2.49    Sagittal slice at the level of the right fi rst upper and lower molars (blue circle) ( a ). Note a molar Angle “Class II” 
malocclusion in this patient. ( b ) visualises the level of the sagittal reconstructed reslice on the 3D “volume-rendered” patient 
model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.50    Sagittal slice at the level of the right ethmoidal air cells, outlined with a blue circle ( a ). Note the absence of 
pathology in this particular orthogonal slice in this patient. ( b ) visualises the level of the sagittal reconstructed reslice 
on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA 
version) (patient V.E.W.)       
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      Sagittal Slices: Frontal Sinuses 

      Sagittal Slices: Incisal Inclination in Regard to the Alveolar Ridge 

a b

 .   Fig. 2.51    Sagittal slice through the frontal sinus ( right arrow ) ( a ). The sphenoidal sinus is also visualised ( left arrow ). 
Both sinuses are well aerated. ( b ) visualises the level of the sagittal reconstructed reslice on the 3D “volume-rendered” 
patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.52    Sagittal slice at the level of the right upper central incisor (blue circle) ( a ). Note the increased sagittal 
overjet of 6.9 mm. ( b ) visualises the level of the sagittal reconstructed reslice on the 3D “volume-rendered” patient 
model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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      Sagittal Slices: Airway and Cranio-cervical Inclination 

      Sagittal Slices: Left Sagittal Occlusal Relationship 

a b

 .   Fig. 2.53    Sagittal slice through the posterior upper airway ( a ). The nasopharyngeal, oropharyngeal and 
hypopharyngeal subregions of the upper airway delineated according to the radiological limits published by 
Guijarro-Martinez and Swennen ( 2013 ). Enhanced 3D airway imaging, evaluation and cranio-cervical inclination will be 
discussed in (7 Sect.  2.1.3. ) ( b ) visualises the level of the sagittal reconstructed reslice on the 3D “volume-rendered” 
patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.54    Sagittal slice at the level of the left fi rst upper and lower molars (blue circle) ( a ). Note a molar Angle “Class II” 
malocclusion in this patient. ( b ) visualises the level of the sagittal reconstructed reslice on the 3D “volume-rendered” 
patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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      Sagittal Slices: Left Orbit and Bulbus Position 

      Sagittal Slices: Left Maxillary Sinus 

a b

 .   Fig. 2.55    Sagittal slice through the left orbital cavity and bulbus ( a ). In this case, no signifi cant pathology can be 
observed. ( b ) visualises the level of the sagittal reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

a b

 .   Fig. 2.56    Sagittal slice through the left maxillary sinus ( a ). The left pterygomaxillary (PTM) fi ssure is outlined in light 
blue for educational purposes. A small mucous retention cyst can be diagnosed in the left maxillary sinus. ( b ) visualises 
the level of the sagittal reconstructed reslice on the 3D “volume-rendered” patient model (i-CAT, Imaging Sciences 
International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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      Sagittal Slices: Left Vertical Level of Entrance (Lingula) of the Inferior Alveolar Nerve (IAN) 

       

a b

 .   Fig. 2.57    Sagittal slice through the opening of the right mandibular foramen (blue circle) ( a ). The vertical and 
sagittal level of entrance of the left IAN at the lingula provides important anatomical information towards identifi cation 
of this important landmark during surgery. ( b ) visualises the level of the sagittal reconstructed reslice on the 3D 
“volume-rendered” patient model (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient 
V.E.W.)       

 .   Fig. 2.58    3D “surface-rendered” representation of the 
mandible with a virtual bilateral sagittal split osteotomy 
(7 see also Sect.   3.2.2    ) (BSSO). The individual anatomy of 
the left mandibular vertical ramus at the level of the 
horizontal corticotomy of the virtually planned BSSO can 
be evaluated. Moreover, the vertical distance between the 
lingula and the lower occlusal plane (blue lines) can be 
measured to facilitate identifi cation of this important 
landmark during actual surgery. Especially in patients 
with abnormal anatomy of the vertical mandibular ramus 
such as post-traumatic and congenital cases, this can be 
helpful (i-CAT, Imaging Sciences International Inc, Maxilim 
v. 2.3.0.3.) (patient V.E.W.)       
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      Sagittal Slices: Left Condylar Morphology and Seating 

a b

 .   Fig. 2.59    Sagittal slice through the left mandibular condyle ( a ). Note adequate seating of the left condyle in the 
glenoid fossa and absence of signifi cant pathology. Enhanced TMJ 3D imaging and evaluation will be discussed in 
(7 Sect.  2.1.4 ). ( b ) visualises the level of the sagittal reconstructed reslice on the 3D “volume-rendered” patient model 
(i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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2.1.3               Airway 

 Aft er standardised “step-by-step” systematic vir-
tual evaluation of the patient’s individual “defor-
mity and bite (7 Sect.  2.1.1 )” and “anatomy 
and pathology (7 Sect.  2.1.2 )”, the “3D Virtual 
Visualisation Paradigm” allows more enhanced 
diagnostics of the patient’s upper airway in the 
“3D virtual scene”. 

 A systematic review (SR) of the literature 
(Guijarro-Martínez and Swennen  2011 ) showed 
that 3D analysis of the upper airway using 
CBCT could be performed in an accurate and 
reliable manner but also identifi ed some impor-
tant issues that still need to be taken into 
account:

    1.    Th e impact of the respiration phase   
   2.    Th e infl uence of the tongue position   
   3.    Th e morphology and position of the 

mandible   
   4.    Th e need for standardisation towards 

longitudinal and cross-sectional 3D CBCT 
upper airway evaluation   

   5.    Th e importance of 3D CBCT defi nition of the 
anatomical boundaries of the upper 
pharyngeal airway and its subregions    

  In 2013, Guijarro-Martinez and Swennen 
validated a systematised protocol to defi ne in an 
accurate and reliable way the upper pharyngeal 
airway and its subregions: the “nasopharyngeal”, 
“oropharyngeal” and “hypopharyngeal“ airway 
(. Figs.  2.68 ,  2.69  and  2.70 ).

Th e standardised protocol consists of:

    1.    Standardised CBCT scanning of the patient’s 
head in NHP (7 see also Sect.   1.1.1    )
    (a)    Th e patient is scanned in a vertical seated or 

standing position and instructed to avoid 
any movement during CBCT scanning.   

   (b)    Th e patient is instructed to avoid 
deglutition and to breath lightly during 
CBCT scanning, with the tongue in a 
relaxed position.   

   (c)    Th e patient is CBCT scanned with the 
mandible in a reproducible position 
which can be “centric occlusion (CO)” 
with maximal intercuspidation or “centric 
relation (CR)”. In case a wax-bite wafer is 
used, it should be trimmed in order to 
avoid distortion of the position of the 
tongue.    

      2.    Verifi cation of the patient’s head position by 
measuring the “cranio-cervical inclination” in 
the sagittal plane   

   3.    Virtual reorientation of the patient’s head with 
the set-up of an “Upper Airway 3D 
Coordinate System”   

   4.    Segmentation of the upper pharyngeal airway 
by “thresholding” (between 70 and 75 
depending on the individual CBCT apparatus 
scanning parameters) (7 see also Sect.   1.2.1    )   

   5.    3D CBCT defi nition of the anatomical 
boundaries of the upper pharyngeal airway 
and its subregions using 3D cephalometric 
hard tissue landmarks and planes (7 see also 
Sect.  2.2 )     

 G.R.J. Swennen and M. Gaboury

http://dx.doi.org/10.1007/978-3-662-47389-4_1
http://dx.doi.org/10.1007/978-3-662-47389-4_1


89 2
Chapter 2 · 3D Virtual Diagnosis of the Orthognathic Patient

 z   Verifi cation of the Patient’s Head Position 
 In order to evaluate the homogenity of head incli-
nation towards longitudinal and cross-sectional 
3D CBCT upper airway evaluation, the patient’s 
head position can be verifi ed in the sagittal plane 
by measuring the “cranio-cervical inclination” 
(. Fig.  2.60 ). Th e “cranial base angle” (. Fig.  2.61 ) 
measures the basicranial fl exure and allows to 
distinct between dolichocephalic (so-called long- 
face) and brachycephalic (so-called short-face) 
head forms. 

 Th e cranio-cervical inclination is measured as 
the angle between the line formed by connecting 
C2od (tangent point at the most superior- 
posterior point of the odontoid process of C2) 

and C2ip (the most inferior-posterior point of the 
body of C2) and the SN line ( Sella - Nasion ). 

 Th e cranial base angle is measured between 
Nasion, Sella and Basion as described by Enlow.

    Th e cranio-cervical inclination and cranial 
base angle are “angular projective measurements” 
(7 see also Sect.  2.2 ).  

   Homogenity in the patient’s head orienta-
tion is mandatory for precise and reproduc-
ible cross- sectional and longitudinal 3D 
CBCT upper airway analysis. 

 .   Fig. 2.61    Sagittal slice illustrating the “cranial base 
angle” (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version) (patient V.E.W.)       

 .   Fig. 2.60    Sagittal slice illustrating the “cranio-cervical 
inclination” (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version) (patient V.E.W.)       
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 z    Virtual Reorientation and Set-Up of an 
“Upper Airway 3D Coordinate System” 

 Once the patient’s head position during CBCT 
scanning has been verifi ed by measuring the 
cranio- cervical inclination, “virtual head reorien-
tation” with the set-up of an “Upper Airway 3D 
Coordinate System” is essential for accurate and 
reproducible analysis of the total upper pharyn-
geal airway and its subregions. 

 Th e patient’s head is reoriented towards the 
Frankfort horizontal (FH) in the frontal and right 
profi le plane (. Fig.  2.62 ) (7 see also Sect.  2.2 )

   Th e “Upper Airway 3D Coordinate System” is 
based on the geometric position of the patient’s 
head aft er virtual reorientation with the axial (x) 
plane passing through  Orbitale inferior  ( Or(i)   r  ), 
 Orbitale inferior  ( Or(i)   l  ) and  Porion  ( Po   r  ). Th e cor-
onal (y) plane is set-up perpendicular to the axial 
(x) plane, through C2od (. Fig.  2.63 ), while the 
sagittal (z) plane is defi ned perpendicular on the 
axial and coronal planes through ANS 
(. Fig.  2.64 ).  

 .   Fig. 2.62    The 3D “volume-rendered” hard tissue surface representation of the patient is reoriented to the FH plane 
in the frontal view using the right and left  Orbitale inferior  ( Or ( i )) and in the right profi le view using the right  Porion  ( Po  

 r 
 ) 

and  Orbitale inferior  ( Or ( i ) 
 r 
 ) 3D hard tissue cephalometric landmarks (7 see also Sect.  2.2 ) (i-CAT, Imaging Sciences 

International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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  Virtual Reorientation and Set-Up of an “Upper Airway 3D Coordinate System” 

 .   Fig. 2.63    Visualisation of the axial, coronal and sagittal 3D planes of the “Upper Airway 3D Coordinate System” on 
the 3D “volume-rendered” hard tissue surface representation in the right profi le view (i-CAT, Imaging Sciences 
International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

 .   Fig. 2.64    Visualisation of the axial, coronal and sagittal 3D planes of the “Upper Airway 3D Coordinate System” on 
the 3D “volume -rendered” hard tissue surface representation in the frontal view (i-CAT, Imaging Sciences International 
Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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a b

 .   Fig. 2.65    The nasopharyngeal subregion of the upper (pharyngeal) airway, delineated on a sagittal view ( a ). Note 
the defi nition of the inferior limit of this subregion, by a 3D plane (orange line) parallel to the x-plane through PNS ( b ) 
(i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version) (patient V.E.W.)       

 z        3D Nasopharyngeal Upper Airway 
Subregion 

 Th e anatomical and technical 3D boundaries of 
the “nasopharyngeal airway” as a subregion of 
the upper pharyngeal airway have been described 
and validated by Guijarro-Martinez and Swennen 
( 2013 )” as follows (. Fig.  2.65 ):

   Anterior limit:  Coronal plane perpendicular to FH 
(x-plane) passing through PNS  

  Posterior limit:  Soft tissue contour of the pharyngeal 
wall, technically defi ned by a coronal 
plane perpendicular to FH (x-plane) 
passing through C2sp  

  Upper limit:  Soft tissue contour of the pharyngeal 
wall, technically defi ned by an axial 
plane parallel to FH (x-plane) through 
the root of the clivus  

  Lower limit:  Plane parallel to FH (x-plane), passing 
through PNS and extended to the 
posterior wall of the pharynx  

  Lateral limit:  Soft tissue contour of the pharyngeal 
lateral walls, technically defi ned by 
sagittal planes perpendicular to FH 
(x-plane), passing the lateral walls of the 
maxillary sinus    
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 z       3D Oropharyngeal Upper Airway Subregion 
 Th e anatomical 3D boundaries of the “oropharyn-
geal airway” as a subregion of the upper (pharyn-
geal) airway have been described and validated by 
Guijarro-Martinez and Swennen ( 2013 ) aft er 
 setting up an “Upper Airway 3D Coordinate 
System” as follows (. Fig.  2.66 ):

   Anterior limit:  Coronal plane perpendicular to FH 
(x-plane) passing through PNS  

  Posterior limit:  Soft tissue contour of the pharyngeal 
wall, technically defi ned by a coronal 

plane perpendicular to FH (x-plane) 
passing through C2sp  

  Upper limit:  Plane parallel to FH (x-plane) passing 
through PNS and extended to the 
posterior wall of the pharynx  

  Lower limit:  Plane parallel to FH (x-plane) passing 
through C3ai  

  Lateral limit:  Soft tissue contour of the pharyngeal 
lateral walls, technically defi ned by 
sagittal planes perpendicular to FH 
(x-plane), passing the lateral walls of the 
maxillary sinus    

a b

 .   Fig. 2.66    The oropharyngeal subregion of the upper (pharyngeal) airway, delineated on a sagittal view ( a ). Note 
the defi nition of the inferior limit of this subregion, by a 3D plane (orange line) parallel to the x-plane through C3ai ( b ) 
(i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version (patient V.E.W.)       
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 z       3D Hypopharyngeal Upper Airway 
Subregion 

 Th e anatomical 3D boundaries of the “hypopha-
ryngeal airway” as a subregion of the upper (pha-
ryngeal) airway have been described and validated 
by Guijarro-Martinez and Swennen ( 2013 ) aft er 
setting up an “Upper Airway 3D Coordinate 
System” as follows (. Fig.  2.67 ):

   Anterior limit:  Coronal plane perpendicular to FH 
(x-plane) passing through PNS  

  Posterior limit:  Soft tissue contour of the pharyngeal 
wall, technically defi ned by a coronal 

plane perpendicular to FH (x-plane) 
passing through C2sp  

  Upper limit:  Plane parallel to FH (x-plane) passing 
through C3ai  

  Lower limit:  Plane parallel to FH (x-plane) connecting 
the base of the epiglottis to the entrance 
of the oesophagus passing through C4ai  

  Lateral limit:  Soft tissue contour of the pharyngeal 
lateral walls, technically defi ned by 
sagittal planes perpendicular to FH 
(x-plane), passing the lateral walls of the 
maxillary sinus    

a b

 .   Fig. 2.67    The hypopharyngeal subregion of the upper (pharyngeal) airway, delineated on a sagittal view ( a ). Note 
the defi nition of the upper limit of this subregion, by a 3D plane (orange line) parallel to the x-plane through C3ai 
( b ) (i-CAT, Imaging Sciences International Inc,    IPS CaseDesigner ALPHA version) (patient V.E.W.)       
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 z       3D Upper Pharyngeal Airway Subregions 

a b

c d

 .   Fig. 2.68    Visualisation of the total volume of the 3D upper pharyngeal airway (18156,28 mm 3 ) ( a ), the 3D 
nasopharyngeal (7801,96 mm 3 ) ( b ), the 3D oropharyngeal (8675,88 mm 3 ) ( c ) and 3D hypopharygneal (1678,44 mm 3 ) ( d ) 
subvolumes of the upper pharyngeal airway on a sagittal reslice through ANS (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3.) (patient V.E.W.)       
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      3D Upper Pharyngeal Airway Subregions 

a b

c d

 .   Fig. 2.69    Visualisation of the total volume of the 3D upper pharyngeal airway (18156,28 mm 3 ) ( a ), the 3D 
nasopharyngeal (7801,96 mm 3 ) ( b ), the 3D oropharyngeal (8675,88 mm 3 ) ( c ) and 3D hypopharyngeal (1678,44 mm 3 ) ( d ) 
subvolumes of the upper pharyngeal airway on a coronal reslice through C2sp (i-CAT, Imaging Sciences International 
Inc, Maxilim v. 2.3.0.3.) (patient V.E.W.)       
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      3D Upper Pharyngeal Airway Subregions 

a b

c d

 .   Fig. 2.70    Visualisation of the 3D nasopharyngeal (7801,96 mm 3 ), the 3D oropharyngeal (8675,88 mm 3 ) and 3D 
hypopharyngeal (1678,44 mm 3 ) subvolumes of the upper pharyngeal airway on semi-transparent “surface-rendered” 
hard tissue surface representations of the patient’s head: ( a ) frontal view, ( b ) posterior view, ( c ) profi le view right and ( d ) 
profi le view left (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3.) (patient V.E.W.)       
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2.1.4               TMJ 

 Finally, aft er standardised “step-by-step” system-
atic virtual evaluation of the patient’s individual 
“deformity and bite (7 Sect.  2.1.1 )”, “anatomy and 
pathology (7 Sect.  2.1.2 )” and “upper air-
way (7 Sect.  2.1.3 )”, the “3D Virtual Visualisation 
Paradigm” allows more enhanced diagnostics of 
the patient’s TMJ in the “3D virtual scene”. 

 Additional multiplanar reslices can be recon-
structed and added to the “3D virtual scene” for 
evaluation of the condyle-fossa units. Most com-
monly, these multiplanar reslices are calculated 
based on an individual 2D coordinate system 
determined by the long axis of the individual con-
dyles in the axial plane (. Figs.  2.71  and  2.72 ).

 .   Fig. 2.71    Axial view at the level of the condyles demonstrating the individual set-up of a 2D coordinate system for 
generation of multiplanar coronal and sagittal slices, using the CBCT apparatus software (i-CAT, Imaging Sciences 
International Inc, i-CAT Vision TM  software) (patient V.E.W.)       

a b

 .   Fig. 2.72    Multiple reconstructed sagittal views of the right ( a ) and left ( b ) condyle/fossa units using the CBCT 
apparatus software based on an “individual condylar 2D coordinate system” (i-CAT, Imaging Sciences International Inc, 
i-CAT Vision TM  software) (patient V.E.W.)       
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 z      Individual Condylar 3D Coordinate System 
 Multiplanar reslices of the “condyle-fossa unit”, 
reconstructed based on an “individual condylar 
2D coordinate system” (. Figs.  2.71  and  2.72 ), 
certainly already provide more objective and 
comparable information than axial, coronal and 
sagittal reslices (7 see also Sect.  2.1.2 ) recon-
structed from the initial position of the patient’s 
head during CBCT scanning (7 see also Sect. 
  1.1.1    ) or aft er virtual modifi cation of the patient’s 
NHP (7 see also Sect.   3.1    ). 

 For ideal and objective CBCT TMJ assess-
ment, the authors propose the set-up of a new 
“Individual Condylar 3D Coordinate System” 
based on the individual anatomy of the “ramus- 
condyle- fossa unit” to generate multiplanar 
orthogonal reslices (. Fig.  2.73 ).    

 .   Fig. 2.73    An “Individual Condylar 3D Coordinate 
System” based on the individual anatomy of the right 
“ramus-condyle-fossa unit” to generate multiplanar 
reslices that allow adequate and objective evaluation 
(i-CAT, Imaging Sciences International Inc, Maxilim v. 
2.3.0.3.) (patient V.E.W.)        Attention 

 An “Individual Condylar 3D Coordinate 
System” for multiplanar reconstruction 
must be generated based on the individual 
anatomy of each “ramus- condyle- fossa” 
unit. 

 

http://dx.doi.org/10.1007/978-3-662-47389-4_1
http://dx.doi.org/10.1007/978-3-662-47389-4_3
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  Individual Condylar 3D Coordinate System 
 Th e “Individual Condylar 3D Coordinate System” 
is based on the individual angulation of each 
“ramus-condyle unit” in the sagittal plane (y-axis)  
and on the individual angulation of each “condylar 

head” in the axial plane which determines the cor-
onal plane (z-axis). Th e third plane (x-axis) is 
fi nally automatically calculated by the soft ware 
perpendicularly to the sagittal and coronal planes 
(. Figs.  2.74 ,  2.75 ,  2.76  and  2.77 ).

a b

c d

 .   Fig. 2.74    Based on the individual angulation of each “ramus-condyle unit” ( a ), the individual angulation of each 
“condylar head” ( b ), a perpendicular axial plane ( c ) and an ultimate “Individual Condylar 3D Coordinate System” ( d ) is set 
up for multiplanar reconstructions of the individual “ramus-condyle-fossa unit” (i-CAT, Imaging Sciences International 
Inc, Maxilim v. 2.3.0.3.) (patient V.E.W.)       
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 z      Multiplanar Reslices Based on an “Individual Condylar 3D Coordinate System” 

ba c

 .   Fig. 2.75    Coronal slices (a, b, c) of the right ramus-condyle-fossa unit generated from the “Individual Condylar 3D 
Coordinate System” (patient V.E.W., i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3.)       

a b c

 .   Fig. 2.76    Sagittal slices (a, b, c) of the right ramus-condyle-fossa unit generated from the “Individual Condylar 3D 
Coordinate System” (patient V.E.W., i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3.)       

a b c

 .   Fig. 2.77    Axial slices (a, b, c) of the right ramus-condyle-fossa unit generated from the “Individual Condylar 3D 
Coordinate System” (patient V.E.W., i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3.)       
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2.2                  3D Cephalometric Analysis 
of the Patient 

 Aft er systematic virtual diagnosis of the patient’s 
individual deformity, anatomy and pathology 
(7 Sect.  2.1 ), 3D cephalometric analysis of the 
patient is now performed. 

 In 2005, Swennen, Schutyser and Hausamen 
made the bridge between conventional 2D and 
3D cephalometric analysis by introducing an 
innovative concept of “3D cephalometry” using a 
“3D Virtual Scene Approach” that could be used 
for both clinical and research purposes. 

 Towards “integrated 3D virtual treatment 
planning of orthognathic surgery”, “3D cepha-
lometry” is an essential part of:

    1.    3D virtual diagnosis (7 see also Sect.  2.1 )   
   2.    3D virtual treatment planning (7 see also 

Sect.   3.5    )   
   3.    3D virtual treatment planning transfer (7 see 

also Sect.   4.1.2    )   
   4.    3D virtual evaluation of treatment outcome 

(7 see also Sect.   5.2.1    )     

 In this chapter, a standardised “step-by-step” 
approach towards “3D cephalometric analysis” of 
the patient is described which consists of:

    1.    Set-up of a 3D cephalometric reference frame   
   2.    Virtual defi nition of 3D cephalometric hard, 

soft  tissue and teeth landmarks   
   3.    Automated set-up of 3D cephalometric 

planes   
   4.    3D cephalometry of the patient’s hard tissues 

and teeth (3D-VPS 1 ) and soft  tissues 
(3D-VPS 2 )     

 Th e “3D Virtual Visualisation Paradigm” 
allows to virtually defi ne 3D cephalometric land-
marks in the “3D virtual scene” on both bony and 
soft  tissue 3D surface representations of the 
patient’s head, which can be visualised by either 
“surface rendering” or “volume rendering” (7 see 
also Sect.   1.1.1    ). On rare occasion, some 3D ceph-
alometric landmarks are not defi ned on a 3D sur-
face representation but are rather fl oating 
landmarks (e.g. sella, upper and lower incisor 
apex) (7 see also Sect.  2.2.2 ). Additional reslices 
can then be incorporated in the “3D virtual scene” 

for precise and reliable 3D cephalometric land-
mark identifi cation and defi nition. 

 Th e “10 Step-by-Step” Integrated Virtual 
Planning Approach”, described in this atlas 
(7 Sect.   3.5    ), is not based on any particular ceph-
alometric analysis described in the literature but 
necessitates 3D virtual defi nition of some cepha-
lometric landmarks. Th e planning approach is 
essentially based on “clinical decision-making”, 
starting from the individual patient’s “Planning 
Head Position (PHP)” (7 see Sect.   3.1    ). 

 Th e authors do not want to dogmatise but push 
forward clinicians (orthodontists and surgeons) to 
make the bridge between their own clinical rou-
tine conventional 2D cephalometric analysis and 
3D cephalometry, towards an individualised 3D 
virtual treatment planning approach. 

 Th e 3D cephalometric approach outlined in 
this chapter is illustrated on Case 1 Patient V.E.W. 
which is used throughout this book (7 Chaps.   1    , 
  3    ,   4    ,   5    , and   6    ). 

2.2.1        Set-Up of a 3D Cephalometry 
Reference Frame 

 Th e set-up of a “3D Cephalometry Reference 
Frame”, which is an anatomic Cartesian 3D 
 coordinate system, is the basis for 3D cephalo-
metric analysis of the patient’s head. 

 Other types of 3D coordinate systems have 
been outlined and shown in this atlas for 3D 
upper airway and TMJ analysis:

    1.    Upper Airway 3D Coordinate System (7 see 
Sect.  2.1.3 )   

   2.    Individual Condylar 3D Coordinate System 
(7 see Sect.  2.1.4 )     

 In conventional treatment planning of orthog-
nathic surgery, 2D cephalometric reference 
frames have been mostly based on the Frankfort 
horizontal (FH) or cranial base (e.g. Profi tt and 
co-workers  1991 ) or on the true vertical line 
(TVL) related to the natural head position (NHP) 
(Arnett and McLaughlin 2004). 

 In 2005, Swennen introduced and validated   an 
anatomic Cartesian 3D cephalometric reference 
system based on the 2D cephalometric reference 
system described by Profi tt and  co- workers ( 1991 ) 

 G.R.J. Swennen and M. Gaboury
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that at that time truly made the bridge between 
conventional and 3D  cephalometry. 

 Treatment planning of orthognathic surgery, 
however, needs to be based on the individual nat-
ural head position (NHP) of the patient, which is 
determined by the clinician and is independent of 
intracranial reference planes. 

 In Sect.   3.1    , a new concept is introduced and 
outlined “step-by-step” to virtually modify the 
CBCT scanned patient’s head position towards its 
 c -NHP (“clinical natural head position”), which 
results in the  v -NHP (“virtual modifi ed natural 
head position”), or fi nal individual patient’s PHP 
(“Planning Head Position”). 

 A “3D Cephalometry Reference Frame” for 
treatment planning needs to be set up based on 
the “patient’s individual PHP” which is deter-
mined by the clinician. 

 z   Set-Up of the 3D PHP Cephalometric 
Reference Frame 

     Step 1  :  Virtual modifi cation of the patient’s head 
position towards its individual PHP (7 see also 
Sect.   3.1    ) (. Fig.  2.78 )  
   Step 2:  Virtual defi nition of the 3D PHP 
cephalometric landmarks (PHP frontal  and 
PHP profi le ) (. Figs.  2.79  and  2.80 )  
   Step 3:  Automated set-up of the “3D PHP 
Cephalometric Reference Frame” (. Figs.  2.81 , 
 2.82 , and  2.83 ).       

 Moreover, the “3D Virtual Visualisation 
Paradigm” allows to simultaneously set up a 
“cranial- based 3D cephalometric reference frame” 
(e.g. Swennen  2005,           2006 ) in the “3D virtual 
scene” if desired by the clinician (e.g. for research 
purposes). 

http://dx.doi.org/10.1007/978-3-662-47389-4_3
http://dx.doi.org/10.1007/978-3-662-47389-4_3
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  3D PHP Cephalometric Reference Frame 

 z  Step 1: Virtual modifi cation of the patient’s 
head position towards its individual PHP 

 In “Step 1”, the patient’s head position is virtually 
modifi ed towards its individual PHP, which is 
defi ned by the clinician and outlined in detail in 

(7 Sect.   3.1    ). Aft er “Step 1”, the geometric infor-
mation is available for automated generation of a 
3D reference system as an anatomic Cartesian 
coordinate system in the “3D virtual scene” (. 
Fig.  2.78 ).

a b

c d

 .   Fig. 2.78    “Step 1”. Virtual modifi cation of the patient’s head position towards its individual PHP. 3D “surface-rendered” 
soft tissue representations of the patient’s head. Profi le view right ( a ), frontal view ( b ), profi le view right visualising the 
TVP ( c ) and frontal view visualising the TVP ( d ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       
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     3D PHP Cephalometric Reference Frame 

 z  Step 2: Virtual defi nition of the 3D PHP 
cephalometric landmarks 

 In order to virtually position the 3D reference 
frame in the “3D virtual scene” towards the 
patient’s head, the 3D PHP cephalometric land-
marks (PHP frontal  and PHP profi le ) are virtually 
defi ned in “Step 2”. 

 Th e PHP frontal  landmark is identifi ed to posi-
tion the centre of the 3D reference frame in the 
median (z)- and vertical (y)-axis at the midpoint 
of the nasal root (. Fig.  2.79 ). 

 Th e PHP profi le  landmark is identifi ed to posi-
tion the centre of the 3D reference frame in the 
horizontal (x)-axis at the midpoint of the sella 
turcica (. Fig.  2.80 ).  

 .   Fig. 2.80    “Step 2”. Virtual defi nition of the PHP 
profi le

  
landmark on the midsagittal reslice. 3D “surface-rendered” 
transparent soft tissue representation of the patient’s 
head. Profi le view right (i-CAT, Imaging Sciences 
International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

 .   Fig. 2.79    “Step 2”. Virtual defi nition of the PHP 
frontal 

 
landmark. 3D “surface-rendered” soft tissue 
representation of the patient’s head. Frontal view (i-CAT, 
Imaging Sciences International Inc, Maxilim v. 2.3.0.3., 
patient V.E.W.)       

  



106

2

  3D PHP Cephalometric Reference Frame 

 z  Step 3: Automated set-up of the 3D PHP 
Cephalometric Reference frame    

 .   Fig. 2.81    “Step 3”. Automated set-up of the 3D PHP 
cephalometric reference frame. 3D “surface-rendered” soft 
tissue representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3.) (patient 
V.E.W.)       

 .   Fig. 2.82    “Step 3”. Automated set-up of the 3D PHP 
cephalometric reference frame. 3D “surface-rendered” 
hard tissue representation of the patient’s head (i-CAT, 
Imaging Sciences International Inc, Maxilim v. 2.3.0.3., 
patient V.E.W.)       
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  3D PHP Cephalometric Reference Frame 

a b

c d

 .   Fig. 2.83    “Step 3”. Automated set-up of the 3D PHP cephalometric reference frame ( a – d ). 3D “surface-rendered” 
hard and soft tissue representation of the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., 
patient V.E.W.)       
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2.2.2                 3D Cephalometry 
of the Patient’s Hard Tissues 
and Teeth (3D-VPS 1 ) 

 “3D Cephalometry of the patient’s hard tissues 
and teeth” (3D-VPS 1 ) can be compared with con-
ventional 2D cephalometric tracing. 

 Many diff erent cephalometric analyses have 
been developed and are currently worldwide used 
for diagnosis of dento-maxillo-facial and cranio- 
facial deformity, planning of orthodontic treat-
ment and orthognathic, orthofacial and 
cranio-facial surgery, as well as long-term evalua-
tion of treatment outcome. 

 Th erefore, this section does not intend to pro-
mote a specifi c 3D cephalometric analysis but 
instead provide:

    1.    “Step-by-step” 3D virtual defi nition of com-
mon hard tissues and teeth cephalometric 
landmarks (. Figs.  2.146 ,  2.147 ,  2.148  and 
 2.149 )   

   2.    Principles of setting up 3D cephalometric 
planes   

   3.    Principles of creating 3D cephalometric 
measurements   

   4.    Th e “Bruges Target Facial Mask” 3D 
cephalometric analysis as an example      

 Accurate and reliable identifi cation of 3D 
cephalometric landmarks requires anatomic 
knowledge and experience in landmark defi ni-
tion. Moreover, compared to 2D cephalometry, 
the third dimension needs to be integrated in 
the virtual defi nition of 3D cephalometric 
 landmarks. 

 In this section, 3D cephalometric hard tissue 
and teeth landmarks are illustrated on a cadaver 
skull followed by “step-by-step” guidelines for pre-
cise and reliable 3D virtual landmark defi nition 
illustrated on Case 1 (Patient V.E.W.), which is 
used throughout this book (7 Chaps.   1    ,   3    ,   4    ,   5    , and 
  6    ). 

   Th e clinician (orthodontist or surgeon) can 
make the bridge between “conventional 2D 
planning” and “3D virtual treatment plan-
ning” of orthognathic surgery by modifying 
his clinical routine 2D cephalometric trac-
ing towards 3D cephalometric analysis of 
the patient’s head. 

 G.R.J. Swennen and M. Gaboury
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    3D virtual defi nition of the Nasion (N) landmark 

    Step 1:   Defi ne  Nasion  on the right profi le view 
of the 3D hard tissue surface represen-
tation (. Fig.  2.85a ). Eventually  Nasion  
can also be defi ned on a midsagittal 
reslice (. Fig.  2.85b ).  

   Step 2:   Verify and eventually correct the 
median position of the  Nasion  

 landmark on the frontal view of the 
3D hard tissue surface representation 
(. Fig.  2.86a ).  

   Step 3:   Th e position of the  Nasion  landmark is 
verifi ed on the left  (. Fig.  2.86b ) and 
right 3D profi le views of the 3D hard tis-
sue surface representations.     

 z   Nasion (N) 

  Defi nition of Nasion (N)  

 “Nasion (N)” is the midpoint of the frontonasal 
suture (. Fig.  2.84 ).

a b

 .   Fig. 2.84     Nasion . Profi le right ( a ) and frontal ( b ) views (cadaver skull)       
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  Nasion (N) 

a b

 .   Fig. 2.85     Nasion . Profi le view right ( a ) of the 3D “surface-rendered” representation of the patient’s head and 
midsagittal reslice ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

a b

 .   Fig. 2.86     Nasion . Frontal ( a ) and profi le view left ( b ) of the 3D “surface-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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    3D virtual defi nition of the Sella (S) landmark  

     Step 1:   Defi ne  Sella  on a midsagittal reslice 
(. Fig.  2.88a ).  

   Step 2:   Verify and correct the median position 
of the  Sella  landmark on an axial reslice 
through the hypophyseal fossa 
(. Fig.  2.88b ).  

   Step 3:   Verify and eventually correct the 
median position of the  Sella  landmark 
on the endocranial skull base view of 
the 3D hard tissue surface representa-
tion (. Fig.  2.89 ).     

 z        Sella (S) 

  Defi nition of Sella (S)  

 “Sella (S)” is the centre of the hypophyseal fossa 
(. Fig.  2.87 ).

a b

 .   Fig. 2.87     Sella . Paramedian ( a ) and endocranial skull base ( b ) views (cadaver skull)       
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  Sella (S) 

a b

 .   Fig. 2.88     Sella . Midsaggital ( a ) and axial ( b ) reslices (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3.) 
(patient V.E.W.)       

 .   Fig. 2.89     Sella . Endocranial skull base view of the 3D 
“surface-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, Maxilim v. 
2.3.0.3., patient V.E.W.)       
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 z        Porion (Po 
r
 -Po 

l
 ) 

  Defi nition of Porion (Po)  
 “Porion (Po)” is the most superior point of the 
external acoustic meatus (. Fig.  2.90 ).

a b

 .   Fig. 2.90     Porion  
r
  and  Porion  

l
 . Profi le right ( a ) and left ( b ) views (cadaver skull)       

    3D virtual defi nition of the Porion (Po) 
 landmarks  
 Defi ne  Porion  r  and  Porion  l  on the right 
(. Fig.  2.91a ) and left  (. Fig.  2.91b ) profi le views 
of the 3D hard tissue surface representations.  

a b

 .   Fig. 2.91     Porion  
r
  and  Porion  

l
 . Profi le right ( a ) and left ( b ) views of the 3D “surface-rendered” hard tissue representation 

of the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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 z    Orbitale (Or 
r
 -Or 

l
 ) 

  Defi nition of the Orbitale (Or)  

 “Orbitale (Or)” is the most inferior point of the 
infraorbital rim (. Fig.  2.92 ). 

  3D virtual defi nition of the Orbitale (Or) 
landmarks  

 Defi ne  Orbita  r  and  Orbita  l  on the frontal view of 
the 3D hard tissue surface representation 
(. Fig.  2.93 ).

 .   Fig. 2.92     Orbita  
r
  and  Orbita  

l
 . Frontal view (cadaver 

skull)       
 .   Fig. 2.93     Orbita  

r
  and  Orbita  

l
 . Frontal view of the 3D 

“surface-rendered” hard tissue representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       
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    3D virtual defi nition of the Anterior Nasal 
Spine (ANS) landmark  

     Step 1:   Defi ne  Anterior Nasal Spine  on the right 
profi le view of the 3D hard tissue surface 
representation (. Fig.  2.95a ).  

   Step 2:   Verify and correct the median position 
of the  Anterior Nasal Spine  landmark on 

the frontal view of the 3D hard  tissue 
surface representation (. Fig.  2.95b ).  

   Step 3:   Verify and correct the position of the 
 Anterior Nasal Spine  landmark on the 
left  profi le view of the 3D hard tissue 
surface representation (. Fig.  2.95c ).     

 z       Anterior Nasal Spine (ANS) 

  Defi nition of the Anterior Nasal Spine (ANS)  

 “Anterior Nasal Spine (ANS)” is the most anterior 
midpoint of the anterior nasal spine of the maxilla 
(. Fig.  2.94 ).

a b

 .   Fig. 2.94      Anterior Nasal Spine. Profi le right ( a ) and frontal ( b ) views (cadaver skull)       
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  Anterior Nasal Spine (ANS) 

a b

c

 .   Fig. 2.95     Anterior Nasal Spine . Profi le right ( a ), frontal ( b ) and profi le left ( c ) views of the 3D “surface-rendered” hard 
tissue representation of the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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    3D virtual defi nition of the Posterior Nasal 
Spine (PNS) landmark  

     Step 1:   Defi ne  Posterior Nasal Spine  on the 
exocranial skull base view of the 3D 
hard tissue surface representation 
(. Fig.  2.97 ).  

   Step 2:   Verify and eventually correct the posi-
tion of the  Posterior Nasal Spine  land-
mark on the sagittal reslices 
(. Fig.  2.98 ).     

 z       Posterior Nasal Spine (PNS) 

  Defi nition of the Posterior Nasal Spine (PNS) 
landmark  

 “Posterior Nasal Spine (PNS)” is the most poste-
rior midpoint of the posterior nasal spine of the 
palatine bone (. Fig.  2.96 ).

 .   Fig. 2.96      Posterior Nasal Spine. Exocranial skull base 
view (cadaver skull)       

 .   Fig. 2.97     Posterior Nasal Spine . Exocranial skull base 
view of the 3D “surface-rendered” hard tissue 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.). Note the posterior spina bifi da. In such a case, the 
PNS is defi ned at the most posterior spine       

 .   Fig. 2.98     Posterior Nasal Spine . Sagittal reslice (i-CAT, 
Imaging Sciences International Inc, Maxilim v. 2.3.0.3., 
patient V.E.W.)       
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    3D virtual defi nition of the Upper Incisor (UI) 
landmarks  

     Step 1:   Defi ne both  Upper Incisor   r   and  Upper 
Incisor   l   landmarks on the frontal views 
of the 3D hard tissue surface represen-
tations (. Figs.  2.100a  and  2.101a ).  

   Step 2:   Verify and eventually correct the posi-
tion of the  Upper Incisor   r   and  Upper 
Incisor   l    landmarks on the sagittal reslices 
(. Figs.  2.100b  and  2.101b ).     

 z        Upper Incisor (UI 
r
 -UI 

l
 ) 

  Defi nition of Upper Incisor (UI)  

 “Upper Incisor (UI)” is the most mesial point of 
the tip of the crown of the upper central incisor 
(. Fig.  2.99 ).

a b

 .   Fig. 2.99     Upper Incisor  
 r 
  ( a ) and  Upper Incisor  

 l 
  ( b ). Frontal views (cadaver skull)       
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  Upper Incisor (UI 
r
 -UI 

l
 ) 

a b

 .   Fig. 2.101     Upper Incisor  
 l 
 . Frontal view ( a ) of the 3D “surface-rendered” hard tissue representation of the patient’s 

head and sagittal reslice ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

a b

 .   Fig. 2.100     Upper Incisor  
 r 
 . Frontal view ( a ) of the 3D “surface-rendered” hard tissue representation of the patient’s 

head and sagittal reslice ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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    Virtual defi nition of the   Lower Incisor   (LI) 
landmarks  

     Step 1:   Defi ne both  Lower Incisor   r   and  Lower 
Incisor   l   landmarks on the submental 
views of the 3D hard tissue surface repre-
sentations (. Figs.  2.103a  and  2.104a ).  

   Step 2:   Verify and eventually correct the posi-
tion of the  Lower Incisor   r   and  Lower 
Incisor   l   landmarks on the sagittal 
reslices (. Figs.  2.103b  and  2.104b ).    

 z        Lower Incisor (LI 
r
 -LI 

l
 ) 

  Defi nition of the Lower Incisor (UI) landmark  

 “Lower incisor (LI)” is the most mesial point of 
the tip of the crown of the lower central incisor 
(. Fig.  2.102 ).

a b

 .   Fig. 2.102     Lower Incisor  
 r 
  ( a ) and  Lower Incisor  

 l 
  ( b ). Submental views (cadaver skull)       

 Especially in deep bite cases, it can be help-
ful to hide the maxilla during 3D virtual 
defi nition of the  Lower Incisor  landmarks.  
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  Lower Incisor (LI 
r
 -LI 

l
 ) 

a b

 .   Fig. 2.103     Lower Incisor  
 r 
 . Submental view ( a ) of the 3D “surface-rendered” hard tissue representation of the 

patient’s head and sagittal reslice ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

a b

 .   Fig. 2.104     Lower Incisor  
 l 
 . Submental view ( a ) of the 3D “surface-rendered” hard tissue representation of the patient’s 

head and sagittal reslice ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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  3D virtual defi nition of the Upper Incisor apex 
(UIapex) landmarks  

     Step 1:   Defi ne both  Upper Incisor apex   r   and 
 Upper Incisor apex   l   landmarks on the 
sagittal reslices (. Fig.  2.105a  and 
 2.106a ).  

   Step 2:   Verify and correct the position of the 
 Upper Incisor apex   r   and  Upper Incisor 
apex   l   landmarks on the coronal reslices 
(. Figs.  2.105b  and  2.106b ).   

 z        Upper Incisor apex (UIapex 
r
 -UIapex 

l
 ) 

  Defi nition of Upper Incisor apex (UIapex)  

 “Upper Incisor (UIapex)” is the superior tip of the 
root of the upper central incisor. 

a b

 .   Fig. 2.105     Upper Incisor apex  
 r 
 . Sagittal ( a ) and coronal ( b ) reslices of the patient’s head (i-CAT, Imaging Sciences 

International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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     Upper Incisor apex (UIapex 
r
 -UIapex 

l
 ) 

a b

 .   Fig. 2.106     Upper Incisor apex  
 l 
 . Sagittal ( a ) and coronal ( b ) reslices of the patient’s head (i-CAT, Imaging Sciences 

International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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  3D virtual defi nition of the Lower Incisor apex 
(LIapex) landmarks  

     Step 1:   Defi ne both  Lower Incisor apex   r   and 
 Lower Incisor apex   l   landmarks on the 
sagittal reslices (. Figs.  2.107a  and 
 2.108a ).  

   Step 2:   Verify and correct the position of the 
 Lower Incisor apex   r   and  Lower Incisor 
apex   l    landmarks on the coronal reslices 
(. Figs.  2.107b  and  2.108b ).     

 z       Lower Incisor apex (LIapex 
r
 -LIapex 

l
 ) 

  Defi nition of Lower Incisor apex (LIapex)  

 “Lower Incisor (LIapex)” is the inferior tip of the 
root of the lower central incisor. 

a b

 .   Fig. 2.107     Lower Incisor apex  
 r 
 . Sagittal ( a ) and coronal ( b ) reslices of the patient’s head (i-CAT, Imaging Sciences 

International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

a b

 .   Fig. 2.108     Lower Incisor apex  
 l 
 . Sagittal ( a ) and coronal ( b ) reslices of the patient’s head (i-CAT, Imaging Sciences 

International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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    Virtual defi nition of the   Upper Canine   (UC) 
landmarks  
 Defi ne the  Upper Canine   r   and  Upper Canine   l   land-
marks on the profi le views of the 3D hard tissue sur-
face representation (. Fig.  2.110 ).  

 z               Upper Canine (UC 
r
 -UC 

l
 ) 

  Defi nition of the Upper Canine (UC) landmark  
 “Upper Canine (UC)” is the most inferior point of 
the tip of the crown of the upper canine 
(. Fig.  2.109 ).

a b

 .   Fig. 2.109     Upper Canine  
 r 
  ( a ) and  Upper Canine  

 l 
  ( b ). Profi le views (cadaver skull)       

a b

 .   Fig. 2.110     Upper Canine  
 r 
  ( a ) and  Upper Canine  

 l 
  ( b ). Profi le views of the 3D “surface-rendered” hard tissue 

representation of the patient’s head ( a ) and sagittal reslice ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 
2.3.0.3., patient V.E.W.)       
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    Virtual defi nition of the   Upper Molar Cusp  
 (UMcusp) landmarks  

     Step 1  :   Defi ne the  Upper Molar Cusp   r   and  Upper 
Molar Cusp   l   landmarks on the profi le 
views of the 3D hard tissue surface rep-
resentation (. Figs.  2.112a  and  2.113a ).  

   Step 2:   Verify and eventually correct the  position 
of the  Upper Molar Cusp   r   and  Upper 

Molar Cusp   l   landmarks on the sagittal 
reslices (. Figs.  2.112b  and  2.113b ).  

   Step 2:   Verify and eventually correct the position 
of the  Upper Molar Cusp   r   and  Upper 
Molar Cusp   l   landmarks on the base view 
of the 3D hard tissue surface representa-
tion (. Figs.  2.114  and  2.115 ).     

 z       Upper Molar Cusp (UMcusp 
r
 -UM-cusp 

l
 ) 

  Defi nition of the Upper Molar Cusp (UMcusp) 
landmark  

 “Upper Molar cusp (UMcusp)” is the most infe-
rior point of the mesial cusp of the crown of the 
fi rst upper molar in the profi le plane (. Fig.  2.111 ).

a b

 .   Fig. 2.111     Upper Molar Cusp  
 r 
  ( a ) and  Upper Molar Cusp  

 r 
  ( b ). Profi le views (cadaver skull)       
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  Upper Molar Cusp (UMcusp 
r
 -UM-cusp 

l
 ) 

a b

 .   Fig. 2.112     Upper Molar Cusp  
 r 
 . Profi le view right ( a ) of the 3D “surface-rendered” hard tissue representation of the 

patient’s head and sagittal reslice ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

a b

 .   Fig. 2.113     Upper Molar Cusp  
 l 
 . Profi le view left ( a ) of the 3D “surface-rendered” hard tissue representation of the 

patient’s head and sagittal reslice ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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       Upper Molar Cusp (UMcusp 
r
 -UM-cusp 

l
 ) 

 .   Fig. 2.115     Upper Molar Cusp  
 r 
 ,  Upper Canine  

 r 
 ,  Upper 

Incisor  
 r 
 ,  Upper Incisor  

 l 
 ,  Upper Canine  

 l 
  and  Upper Molar Cusp  

 l 
 . 

Base view of the 3D “surface-rendered” hard tissue 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       

 .   Fig. 2.114     Upper Molar Cusp  
 r 
 . and  Upper Molar Cusp  

 l 
 . 

Base view of the 3D “surface-rendered” hard tissue 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       

 It can be helpful to hide the mandible dur-
ing 3D virtual defi nition of the  Upper Molar 
Cusp  landmarks.
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 z       Lower Molar Cusp (LMcusp 
r
 -LM-cusp 

l)
  

  Defi nition of the Lower Molar Cusp (UMcusp) 
landmark  

 “Lower Molar Cusp (LMcusp)” is the most supe-
rior point of the mesial cusp of the crown of the 
fi rst lower molar in the profi le plane (. Fig.  2.116 ).

a b

 .   Fig. 2.116     Lower Molar Cusp  
 r 
  ( a ) and  Lower Molar Cusp  

 r 
  ( b ). Profi le views (cadaver skull)       

    Virtual defi nition of the   Lower Molar Cusp  
 (LMcusp) landmarks  

     Step 1  :   Defi ne the  Lower Molar Cusp   r   and  Lower 
Molar Cusp   l   landmarks on the profi le 
views of the 3D hard tissue surface rep-
resentation (. Figs.  2.117a  and  2.118a ).  

   Step 2:  Verify and eventually correct the posi-
tion of the  Lower Molar Cusp   r   and  Lower 

Molar Cusp   l   landmarks on the sagittal 
reslices (. Figs.  2.117b  and  2.118b ).  

   Step 3:  Verify and eventually correct the posi-
tion of the  Lower Molar Cusp   r   and  Lower 
Molar Cusp   l   landmarks on the base view 
of the 3D hard tissue surface representa-
tion (. Figs.  2.119  and  2.120 ).     
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 .   Fig. 2.117    ( a )  Lower Molar Cusp  
 r 
 . Profi le view right ( a ) of the 3D “surface-rendered” hard tissue representation of the 

patient’s head and sagittal reslice ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

a b

 .   Fig. 2.118     Lower Molar Cusp  
 l 
 . Profi le view left ( a ) of the 3D “surface-rendered” hard tissue representation of the 

patient’s head and sagittal reslice ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

  Lower Molar Cusp (LMcusp 
r
 -LM-cusp 

l
 ) 
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 .   Fig. 2.119     Lower Molar Cusp  
 r 
 . and  Lower Molar Cusp  

 l 
 . 

Base view left of the 3D “surface-rendered” hard tissue 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       

 .   Fig. 2.120     Lower Molar Cusp  
 r 
 ,  Lower Canine  

 r 
 ,  Lower 

Incisor  
 r 
 , Lower  Incisor  

 l 
 ,  Lower Canine  

 l 
  and  Lower Molar 

Cusp  
 l 
 . Base view of the 3D “surface-rendered” hard tissue 

representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       

       Lower Molar Cusp (LMcusp 
r
 -LM-cusp 

l
 ) 

 It can be helpful to hide the maxilla during 
3D virtual defi nition of the  Lower Molar 
Cusp  Landmarks.
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 z       Menton - Men 

  Defi nition of the Menton (Men) landmark  

 “Menton (Men)” is the most inferior midpoint of 
the chin on the outline of the mandibular 
 symphysis (. Fig.  2.121 ).

a b

 .   Fig. 2.121    Menton. Profi le right ( a ) and base ( b ) views (cadaver skull)       

    Virtual defi nition of the   Menton   (Men) land-
mark  

     Step 1:  Defi ne  Menton  on the right profi le view 
of the 3D hard tissue surface representa-
tion (. Fig.  2.122a ).  

   Step 2:  Verify the midline position of the  Men-
ton  landmark on the base view of the 
3D hard tissue surface representation 
(. Fig.  2.122b ). Note that the  Menton  

landmark is the skeletal midline point of 
the chin and can therefore be out of the 
facial midplane.  

   Step 3:  Verify the midline position of the 
 Menton  landmark on the right and left  
(. Fig.  2.123 ) profi le views of the 3D 
hard tissue surface representation.     

 

 G.R.J. Swennen and M. Gaboury
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  Menton (Men) 

a b

 .   Fig. 2.122     Menton . Profi le right ( a ) and base ( b ) views of the 3D “surface-rendered” hard tissue representation of 
the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

 .   Fig. 2.123     Menton . Profi le left view of the 3D 
“surface-rendered” hard tissue representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       

 

 



134

2

 z        Gonion (Go 
r
 -Go 

l
 ) 

  Defi nition of the   Gonion   (Go) landmark  

  Gonion  (Go) is the point at the mandibular angle, 
defi ned by a perpendicular to the intersection 
point of the tangent lines to the posterior margin 
of the vertical ramus and to the inferior margin of 
the mandibular body (. Fig.  2.124 ).

a b

 .   Fig. 2.124     Gonion  
 r 
  ( a ) and  Gonion  

 r 
  ( b ) profi le views (cadaver skull)       

    Virtual defi nition of the   Gonion   (Go)  landmarks  

     Step 1:  Defi ne the  Gonion  landmarks on the 
right (. Fig.  2.125a ) and left  (. 

Fig.  2.125b ) profi le views of the 3D hard 
tissue surface representations.  

   Step 2:  Verify the correct transversal position of 
the  Gonion  landmarks on the base view 
(. Fig.  2.126 ) of the 3D hard tissue sur-
face representation.     

 

 G.R.J. Swennen and M. Gaboury
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  Gonion (Go 
r
 -Go 

l
 ) 

a b

 .   Fig. 2.125     Gonion  
 r 
  ( a )  Gonion  

 l 
  ( b ). Profi le views of the 3D “surface-rendered” hard tissue representation of the 

patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

 .   Fig. 2.126     Gonion  
 r 
   Gonion  

 l 
  Base view of the 3D 

“surface-rendered” hard tissue representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       
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 z        Frontozygomatic Point (Fz 
r
 -Fz 

l
 ) 

  Defi nition of the Frontozygomatic (Fz) land-
mark  

 “Frontozygomatic (Fz)” is the most medial and 
anterior point of the frontozygomatic suture at 
the level of the lateral orbital rim (. Fig.  2.127 ). 

  Virtual defi nition of the   Frontozygomatic   (Fz) 
landmark  

 Defi ne  Frontozygomatic  r  and  Frontozygomatic  l  
landmarks on the frontal view (. Fig.  2.128 ) of 
the 3D hard tissue surface representation.

 .   Fig. 2.127     Frontozygomatic  
r
  and  Frontozygomatic  

l
 . 

Frontal view (cadaver skull)       
 .   Fig. 2.128     Frontozygomatic  

r
  and  Frontozygomatic  

l
 . 

Frontal view of the 3D “surface-rendered” hard tissue 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       

  

 G.R.J. Swennen and M. Gaboury
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 z       Zygion (Zy(l)-Zy(r)) 

  Defi nition of the   Zygion   (Zy) landmark  

  Zygion  (Zy) is the most lateral point on the outline 
of the bony zygomatic arch (. Fig.  2.129 ).

    Virtual defi nition of the   Zygion   (Zy) landmark  

     Step 1:    Defi ne  Zygion  r  and Zygion l  landmarks 
on the base view (. Fig.  2.130 ) of the 3D 
hard tissue surface representation.  

   Step 2:    Verify the vertical position of the  Zygion  
landmarks on the profi le (. Fig.  2.131 ) 
and frontal (. Fig.  2.132 ) views of the 
3D hard tissue surface representations.      

 .   Fig. 2.129     Zygion  
r
  and  Zygion  

l
 . Base view (cadaver skull)        .   Fig. 2.130     Zygion  

r
  and  Zygion  

l
 . Base view of the 3D 

“surface-rendered” hard tissue representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.)       
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  Zygion Point – Zy 
r
  - Zy 

l
  

a b

 .   Fig. 2.131     Zygion  
r
  ( a ) and  Zygion  

l
  ( b ). Profi le views of the 3D “surface-rendered” hard tissue representation of the 

patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

 .   Fig. 2.132     Zygion  
r
  and  Zygion  

l
 . Frontal view of the 3D 

“surface-rendered” hard tissue representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       
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 z        A-Point 

  Defi nition of the A-Point (A) landmark  

 “A-Point (A)” is the point of maximum concavity 
in the midline of the dento-alveolar process of the 
maxilla (. Fig.  2.133 ).

a b

 .   Fig. 2.133     A-Point . Profi le right ( a ) and frontal ( b ) views (cadaver skull)       

    Virtual defi nition of the   A-Point   (  A  )  landmark  

     Step 1:  Defi ne  A-Point  on the right profi le view 
of the 3D hard tissue surface representa-
tion (. Fig.  2.134a ) and verify on the 
sagittal reslice (. Fig.  2.134b )  

   Step 2:  Verify and eventually correct the mid-
line position of the  A-Point  landmark on 

the  frontal view of the 3D hard tissue 
surface representation (. Fig.  2.134c ).  

   Step 3:  Th e position of the  A-Point  landmark is 
verifi ed on the right and left  
(. Fig.  2.134d )  profi le views of the 3D 
hard tissue surface representations.     
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  A- Point 

a

c

b

d

 .   Fig. 2.134     A-Point . Profi le right ( a ), sagittal reslice ( b ), frontal ( c ) and profi le left ( d ) views of the 3D 
“surface-rendered” hard tissue representation of the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 
2.3.0.3., patient V.E.W.)       

 

 G.R.J. Swennen and M. Gaboury
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 z       B-Point 

  Defi nition of the B-Point (B) landmark  

 “B-Point (B)” is the point of maximum concavity 
in the midline of the dento-alveolar process of the 
mandible (. Fig.  2.135 ).

a b

 .   Fig. 2.135     B-Point . Profi le right ( a ) and frontal ( b ) views (cadaver skull)       

    Virtual defi nition of the   B-Point (B)    landmark  

     Step 1:  Defi ne  B-Point  on the right profi le view 
of the 3D hard tissue surface representa-
tion (. Fig.  2.136a ) and verify on the 
sagittal reslice (. Fig.  2.136b )  

   Step 2:  Verify and eventually correct the mid-
line position of the  B-Point  landmark on 

the frontal view of the 3D hard tissue 
surface representation (. Fig.  2.136c ).  

   Step 3:  Th e position of the  B-Point  landmark is 
verifi ed on the right and left  
(. Fig.  2.136d ) profi le views of the 3D 
hard tissue surface representations.     
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  B- Point 

a b

c d

 .   Fig. 2.136     B-Point . Profi le right ( a ), sagittal reslice ( b ), frontal ( c ) and profi le left ( d ) views of the 3D “surface-rendered” 
hard tissue representation of the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       
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 z       Pogonion (Pog) 

  Defi nition of the Pogonion (Pog) landmark  

 “Pogonion (Pog)” is the most anterior midpoint 
of the chin on the outline of the mandibular sym-
physis (. Fig.  2.137 ).

a b

 .   Fig. 2.137     Pogonion.  Profi le right ( a ) and base ( b ) views (cadaver skull)       

    Virtual defi nition of the   Pogonion   (Pog) land-
mark  

     Step 1:  Defi ne  Pogonion  on the right profi le 
view of the 3D hard tissue surface repre-
sentation (. Fig.  2.138a ).  

   Step 2:  Verify and eventually correct the mid-
line position of the  Pogonion  landmark 
on the base view of the 3D hard tissue 
surface representation (. Fig.  2.138b ). 
Note that the  Pogonion  landmark is the 

most anterior skeletal midline point of 
the chin and can therefore be out of the 
facial midplane.  

   Step 3:  Th e position of the  Pogonion  landmark 
is verifi ed on the right and left  
(. Fig.  2.139 ) profi le views of the 3D 
hard tissue surface representations.     
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  Pogonion (Pog) 

a b

 .   Fig. 2.138     Pogonion . Profi le right ( a ) and base ( b ) views of the 3D “surface-rendered” hard tissue representation of 
the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

 .   Fig. 2.139     Pogonion . Profi le left view of the 3D 
“surface-rendered” hard tissue representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       
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 z        Basion (Ba) 
  Defi nition of the Basion (Ba) landmark  
 “Basion (Ba)” is the most anterior point of the 
great foramen (Foramen magnum) (. Fig.  2.140 ).

    Virtual defi nition of the   Basion   (Ba) landmark  
 Defi ne  Basion  on the base view (. Fig.  2.141 .) of 
the 3D hard tissue surface representation.  

 .   Fig. 2.140     Basion . Exocranial skullbase view (cadaver 
skull)       

a b

 .   Fig. 2.141     Basion . Base view ( a ) and sagittal reslice ( b ) of the 3D “surface-rendered” hard tissue representation of 
the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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 z       Condylion (Co 
r
 -Co 

l
 ) 

  Defi nition of the Condylion (Co) landmark  

 “Condylion (Co)” is the most postero- superior 
point of the mandibular condyle in the sagittal 
plane (. Figs.  2.142  and  2.145 ).

a b

 .   Fig. 2.142     Condylion  
r
  ( a ) and  Condylion  

l
  ( b ). Profi le views (cadaver skull)       

    Virtual defi nition of the   Condylion   (Co) land-
mark  

     Step 1:  Defi ne  Condylion  r  and  Condylion  l  on the 
right (. Fig.  2.143a ) and left  (. 

Fig.  2.144a ) profi le views of the 3D hard 
tissue surface representations.  

   Step 2:  Verify and eventually correct the  Con-
dylion  r  and  Condylion  l  landmarks on the 
sagittal reslices (. Figs.  2.143b  and 
 2.144b ).     

 

 G.R.J. Swennen and M. Gaboury
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  Condylion (Co 
r
 -Co 

l
 ) 

a b

 .   Fig. 2.143     Condylion  
r
 . Profi le view right ( a ) and superimposed sagittal reslice ( b ) of the 3D “surface-rendered” hard 

tissue representation of the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

a b

 .   Fig. 2.144     Condylion  
l
 . Profi le view left ( a ) and superimposed sagittal reslice ( b ) of the 3D “surface-rendered” hard 

tissue representation of the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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       Condylion (Co 
r
 -Co 

l
 ) 

 .   Fig. 2.145     Condylion  
r
  and  Condylion  

l
 . Frontal view of the 3D “surface-rendered” hard tissue representation of the 

patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

 G.R.J. Swennen and M. Gaboury
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 .   Fig. 2.146    Frontal view. Set-up of 3D cephalometric hard tissue and teeth landmarks. 3D “surface-rendered” hard 
tissue representation of the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

 z       Set-Up of 3D Cephalometric Hard Tissue and Teeth Landmarks 

 



150

2

      Set-Up of 3D Cephalometric Hard Tissue and Teeth Landmarks 

 .   Fig. 2.147    Profi le right view. Set-up of 3D cephalometric hard tissue and teeth landmarks. 3D “surface-rendered” 
hard tissue representation of the patient’s head with transparent soft tissues (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       
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      Set-Up of 3D Cephalometric Hard Tissue and Teeth Landmarks 

 .   Fig. 2.148    Profi le left view. Set-up of 3D cephalometric hard tissue and teeth landmarks. 3D “surface-rendered” 
hard tissue representation of the patient’s head with transparent soft tissues (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       
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 .   Fig. 2.149    Base view. Set-up of 3D cephalometric hard tissue and teeth landmarks. 3D “surface-rendered” hard 
tissue representation with transparent soft tissues of the patient’s head (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       

      Set-Up of 3D Cephalometric Hard Tissue and Teeth Landmarks 
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 z       Additional 3D Cephalometric Hard Tissue 
Landmarks 

 Th e following list provides other conventional 
cephalometric hard tissue landmarks described in 
the literature that could be implemented in 3D 
cephalometric analysis. 
•      Antegonion . Th e highest point of the notch or 

concavity of the lower border of the vertical 
mandibular ramus where it joins the body of 
the mandible  

•    Articulare acc. to Bjork.  Th e intersection of the 
posterior border of the vertical mandibular 
ramus and the outer margin of the cranial base  

•    Articulare acc. to Bolton.  Th e intersection of 
the posterior border of the condyle of the man-
dible with the Bolton plane (line joining the 
Bolton point and Nasion landmark on the lat-
eral cephalogram)  

•    Bolton point.  A point in space about the centre 
of the foramen magnum that is located on the 
lateral cephalogram by the highest point in the 
profi le image of the postcondylare notches of 
the occipital bone  

•    Bregma.  Th e crossing of the coronal and sagit-
tal sutures on top of the skull  

•    Coronoid Process.  Th e most superior point of 
the coronoid process  

•    Dacryon . Point on the inner wall of the orbit at 
the junction of the nasal process of the frontal 
bone, the frontal process of the maxilla and the 
lacrimal bone  

•    Frontomaxillary Nasal Suture.  Th e junction of 
the frontal, maxillary and nasal bones     

   Th e clinician (orthodontist or surgeon) can 
always modify, as shown in this chapter, his 
proper clinical routine 2D cephalometric 
landmarks towards 3D cephalometric land-
marks or even create new 3D cephalometric 
landmarks. 
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   Additional 3D Cephalometric Hard Tissue 
Landmarks 
•      Frontotemporale . Point near the root of the 

zygomatic process of the frontal bone at the 
most anterior point along the curvature of the 
temporal line  

•    Glabella.  Th e most anterior point of the frontal 
bone  

•    Gnathion . Th e most anterior and inferior point 
on the contour of the mandibular symphysis  

•    Infradentale . Th e anterior superior point on 
the mandible at its labial contact between the 
mandibular central incisors  

•    Inferior Zygoma.  Th e lowest point of the out-
line of each zygoma  

•    O-Point . Th e centre for convergence area of 
horizontal planes used in the Sassouni’s analy-
sis  

•    Opisthion . Th e posterior midsagittal point on 
the posterior margin of the foramen magnum  

•    Prosthion . Th e lowest, most anterior point on 
the alveolar portion of the premaxilla, in the 
median plane, between the upper central inci-
sors  

•    Sellion acc. to A.M. Schwarz.  Th e midpoint of 
the entrance of the sella turcica  

•    Sphenoethmoidal Suture.  Th e most superior 
point of the sphenoethmoidal suture  

•    Spheno-Occipital Synchondrosis.  Th e most 
superior point of the junction between the 
sphenoid and occipital bones  

•    Staphylion.  Point in the medial line (interpala-
tal suture) of the posterior part of the hard pal-
ate where it is crossed by a line drawn tangent 
to the curves of the posterior margins of the 
palate  

•    Supradentale . Th e anterior inferior point on 
the maxilla at its labial contact between the 
lower central incisors  

•    Supraorbitale.  Th e most superior point of the 
superior orbital rim  

•    Temporale.  Point at the intersection of the 
shadows of the ethmoid and the anterior wall 
of the infratemporal fossa  

•    Vertex.  Th e most superior point on the cranial 
vault     

 z   Set-Up of 3D Cephalometric Planes 
 Aft er standardised 3D virtual defi nition of 3D 
cephalometric hard tissue and teeth landmarks, the 
“3D Virtual Scene Approach” allows to set-up dif-
ferent types of 3D cephalometric hard, soft  tissue 
and teeth related planes in the “3D virtual scene” 
(. Figs.  2.150 ,  2.151  and  2.152 ). 

 In 2005, Swennen described the generation of 
several types of 3D cephalometric planes that can 
automatically be computed based on one or sev-
eral 3D cephalometric hard tissue, teeth and soft  
tissue (7 see also Sect.  2.2.3 ) landmarks. 

 Th e following types of “3D cephalometric 
planes” can be set-up in the “3D virtual scene”:

    1.    A 3D cephalometric plane computed from 
 one  3D cephalometric landmark is defi ned by 
a plane that passes one landmark and that is 
parallel to one of the 3D cephalometric refer-
ence planes ( e.g. true vertical plane  ( TV - Pl),  
7 see also Chap.   3    ).   

   2.    A 3D cephalometric plane computed from 
 two  3D cephalometric landmarks is defi ned 
by a plane that passes two landmarks and that 
is perpendicular to one of the 3D 
cephalometric reference planes ( e.g. ideal 
target lip profi le plane  (  ITLP - Pl )).   

   3.    A 3D cephalometric plane computed from 
 three  3D cephalometric landmarks is defi ned 
by a plane that passes three landmarks ( e.g. 
mandibular plane  ( Md - Pl )).   

   4.    A 3D cephalometric plane computed from 
 four  3D cephalometric landmarks is defi ned 
by a plane that passes two landmarks and the 
mean of two other landmarks ( e.g. Frankfort 
horizontal plane  ( FH - Pl ))   

   5.    A 3D cephalometric plane computed from 
 more than four  3D cephalometric landmarks 
is defi ned by a plane that passes the means of 
diff erent pairs of landmarks (e .g. upper 
occlusal plane  ( Uoccl - Pl )  or maxillary occlusal 
plane  ( Mx - Occ - Pl ))      

   Th e clinician (orthodontist or surgeon) can 
modify his proper clinical routine 2D cepha-
lometric lines towards 3D cephalometric 
planes or create new 3D cephalometric planes. 

 G.R.J. Swennen and M. Gaboury
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 z    Set-Up of 3D Cephalometric Planes 

a

c

b

 .   Fig. 2.150    Frontal views. Set-up of the true vertical plane ( TV-Pl ), ideal target lip profi le plane ( ITLP - Pl ), mandibular 
plane ( Md - Pl ), Frankfort horizontal plane ( FH - Pl ) and upper occlusal plane ( Uoccl - Pl ) in conjunction with the “PHP 3D 
Cephalometric Reference Frame”. 3D “surface-rendered” hard tissue representation ( a ) of the patient’s head with soft 
tissues ( b ) and transparent soft tissues ( c ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

 



156

2

      Set-Up of 3D Cephalometric Planes 

a

c

b

 .   Fig. 2.151    Profi le right views. Set-up of the true vertical plane ( TV - Pl ), ideal target lip profi le plane ( ITLP - Pl ), 
mandibular plane ( Md - Pl ), Frankfort horizontal plane ( FH - Pl ) and upper occlusal plane ( Uoccl - Pl ) in conjunction with the 
“PHP 3D cephalometric reference frame”. 3D “surface-rendered” hard tissue representation ( a ) of the patient’s head with 
soft tissues ( b ) and transparent soft tissues ( c ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       
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      Set-Up of 3D Cephalometric Planes 

a

c

b

 .   Fig. 2.152    2/3 Profi le right views. Set-up of the true vertical plane ( TV - Pl ), ideal target lip profi le plane ( ITLP - Pl ), 
mandibular plane ( Md - Pl ), Frankfort horizontal plane ( FH - Pl ) and upper occlusal plane ( Uoccl - Pl ) in conjunction with the 
“PHP 3D cephalometric reference frame”. 3D “surface-rendered” hard tissue representation ( a ) of the patient’s head with 
soft tissues ( b ) and transparent soft tissues ( c ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       
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 z       3D Cephalometric Analysis of the Patient 
 Aft er generation of a 3D cephalometric reference 
frame, standardised 3D virtual defi nition of 3D 
cephalometric hard, soft  tissue and teeth land-
marks and set-up of 3D cephalometric planes, 
the following diff erent types of “3D cephalomet-
ric hard, soft  and teeth measurements” can be 
automatically computed in the “3D virtual 
scene”: 
     1.    Linear 3D measurements   
   2.    Angular 3D measurements   
   3.    Orthognonal 3D measurements   
   4.    Proportional correlation 3D measurements     

     1.     Linear measurements     
•     Linear projective measurements  are measure-

ments between two 3D cephalometric land-
marks that are projected on one of the 3D 
cephalometric reference planes and are 
expressed in millimetres (mm):

 5     Linear projective width measurements  are 
horizontal measurements between two 3D 
cephalometric landmarks projected 
parallel to the median (z) and horizontal 
(x) plane on the vertical (y) plane.  

 5    Linear projective height measurements  are 
vertical measurements between two 3D 
cephalometric landmarks projected 
parallel to the horizontal (x) and vertical 
(y) plane on the median (z) plane.  

 5    Linear projective depth measurements  are 
sagittal projective measurements between 
two 3D cephalometric landmarks 
projected parallel to the horizontal (x) 
and vertical (y) plane on the median (z) 
plane.     

•    3D distances  are direct linear measurements 
between two 3D cephalometric landmarks and 
are expressed in millimetres (mm).     

       2.     Angular measurements 
•     Angular projective measurements (I)  are 

measurements between three or four 3D 
cephalometric landmarks that are projected 
on one of the 3D cephalometric reference 
planes and are expressed in degrees (°).  

•    Angular projective measurements (II)  are 
measurements between two 3D cephalo-
metric landmarks and a 3D cephalometric 
reference plane projected on one of the 3D 
cephalometric reference planes and are 
expressed in degrees (°).  

•    Angular projective measurements (III)  are 
measurements between two 3D cephalo-
metric planes projected on one of the 3D 
cephalometric reference planes and are 
expressed in degrees (°).      

   3.     Orthogonal measurements  are perpendicular 
measurements of the various 3D 
cephalometric landmarks to each of the 3D 
cephalometric reference planes and are 
expressed in millimetres (mm).   

   4.     Proportional correlation measurements  are 
ratio’s between two 3D cephalometric 
measurements and are expressed in 
percentages (%).     
 Th e “Bruges Target Facial Mask” 3D cephalo-

metric analysis is used in this section as an exam-
ple to illustrate this transition (“making the 
bridge”) of 2D cephalometric towards 3D cepha-
lometric analysis.  

 G.R.J. Swennen and M. Gaboury
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 z   “Bruges Target Facial Mask” 3D 
Cephalometric Analysis 

 Th e “Bruges Target Facial Mask” 3D cephalomet-
ric analysis is based on the conventional “Bruges 
Target Profi le” 2D cephalometric analysis that has 
been clinically used in the department of OMF in 
Bruges for more than 25 years. 

 Th e “Bruges Target Facial Mask” 3D cephalo-
metric analysis consists of:

    1.    Virtual defi nition of the “natural head position 
(NHP)” of the patient (7 see also Sect.   3.1    )   

   2.    Generation of a “3D cephalometric reference 
frame” (7 see also Sect.  2.2.1 )   

   3.    Virtual defi nition of 11 hard tissue, nine soft  
tissue and 12 dental 3D cephalometric landmarks   

   4.    Automated calculation of six linear, ten angular, 
two proportional and 18 orthogonal 3D 
cephalometric hard and soft  tissue measurements     

 A prospective ( n  = 350) study in non- 
segmental cases (Swennen  2014 ) showed that the 

“Bruges Target Facial Mask” 3D cephalometric 
analysis (3D-VPS 1 ) could be performed in a more 
than acceptable time frame.

 Mean 
(min:s)  Range (min:s) 

 BSSO ( n  = 90)  7:28  6:52 – 8:10 

 BSSO and chin 
( n  = 18) 

 7:23  6:48 – 8:04 

 Le Fort I and BSSO 
( n  = 163) 

 7:33  6:58 – 8:22 

 Le Fort I, BSSO and 
chin ( n  = 79) 

 7:37  6:59 – 8:31 

 z      Case 1 
 (Patient V.E.W.) is used to demonstrate 3D-VPS 1  
by means of the “Bruges Target Facial Mask” 3D 
cephalometric analysis (. Figs.  2.153  and  2.154 ).  

http://dx.doi.org/10.1007/978-3-662-47389-4_3
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 .   Fig. 2.153    Frontal view. Set-up of 3D cephalometric landmarks of the “Bruges Target Facial Mask” 3D cephalometric 
analysis. 3D “surface-rendered” hard tissue representation with transparent soft tissues of the patient’s head (i-CAT, 
Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

  “Bruges Target Facial Mask” 3D Cephalometric Analysis     
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 .   Fig. 2.154    Profi le right view. Set-up of 3D cephalometric landmarks of the “Bruges Target Facial Mask” 3D 
cephalometric analysis. 3D “surface-rendered” hard tissue representation with transparent soft tissues of the patient’s 
head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

  “Bruges Target Facial Mask” 3D Cephalometric Analysis     
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  “Bruges Target Facial Mask” 3D Cephalometric Analysis 

  3D cephalometry analysis (3D-VPS  
 1 
  ) report  

  “Bruges Target Facial Mask ”  3D cephalometric analysis  

 Patient name: VEW 

 Physician name: GS 

  Linear measurement analysis (mm)  

 Morphological height of the face (n-gn)  110.5 

 Height of the face (gl-gn)  127.9 

 Morphological height of the midface (n-sn)  53.7 

 Height of the midface (gl-sn)  71.1 

 Overjet  7.3 

 Overbite  0.8 

  Angular measurement analysis (deg)  

 Upper incisor inclination (MxPl/UIapex-UI)  119.3 

 Lower incisor inclination (Md-Pl/LIapex-LI)  102.4 

 Frontal inclination of the upper occlusal plane – x-Pl  2.1 

 Frontal inclination of the lower occlusal plane – x-Pl  2.3 

 Frontal inclination of the mandibular plane – x-Pl  1.5 

 Lateral inclination of the upper occlusal plane – x-Pl  13.9 

 Lateral inclination of the lower occlusal plane – x-Pl  15.6 

 Lateral inclination of the mandibular plane – x-Pl  37.0 

 Set- up of Bruges ideal target profi le plane  88.0 

 Set-up of Bruges ideal target lip profi le plane  – 

  Proportional measurement analysis  ( % ) 

 Morphological height of the midface/morphological height 
of the face (n-sn x 100/n-gn) 

 48.6 

 Height of the midface/height of the face (gl-sn x 100/gl-gn)  55.6 

  Orthogonal measurement analysis  ( mm )  x-Pl  y-Pl  z-Pl 

 UI 
r
   68.0  73.3  01.0 

 UI 
l
   68.0  73.3  -01.0 

 UC 
r
   65.9  66.1  16.8 

 UC 
l
   67.1  66.0  -17.3 

 UMcusp 
r
   60.5  46.6  24.6 

 UMcusp 
l
   61.8  44.6  -25.9 

   x-Pl  horizontal plane,  y-Pl  vertical plane,  z-Pl  median plane 

     See Video  2.1 .  

 G.R.J. Swennen and M. Gaboury
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2.2.3      3D Cephalometry 
of the Patient’s Soft Tissues 
(3D-VPS 2 ) 

 “3D cephalometry of the patient’s soft  tissues (3D- 
VPS 2 )” can be compared with direct anthropomet-
ric or indirect anthropometric (photogrammetric) 
assessment of the patient’s face in conventional 
treatment planning. 

 Anthropometry of the head and face has been 
extensively developed and popularised by Farkas 
( 1994 ). In 2005, Swennen introduced a “3D Virtual 
Scene Approach” towards “3D cephalometry of the 
soft  tissues” based on the pioneering work of Farkas. 

 As for 3D cephalometry of the patient’s hard 
tissues and teeth (3D-VPS 1 ) (7 see also Sect.  2.2.2 ), 
the authors do not intend to promote a specifi c 
3D cephalometric analysis of the patient’s soft  tis-
sues (3D-VPS 2 ) but to provide:

    1.    “Step-by-step” 3D virtual defi nition of com-
mon 3D soft  tissue cephalometric landmarks 
(. Figs.  2.211 ,  2.212  and  2.213 )   

   2.    Th e “Bruges Soft  Tissue 3D Cephalometric 
Analysis” as an example    

  Th e principles of setting up 3D cephalometric 
soft  tissue planes and creating 3D cephalometric 
measurements are the same as for (3D-VPS 1 ) and 
clearly outlined in Sect.  2.2.2 . 

 Th is section will focus on “step-by-step” guide-
lines for precise and reliable defi nition of 3D 
cephalometric soft  tissue landmarks and fi nally 
demonstrate 3D-VPS 2  by means of the “Bruges 3D 
Soft  Tissue Cephalometric Analysis”, illustrated 
on Case 1 (Patient V.E.W.), which is used through-
out this book (7 Chaps.   1    ,   3    ,   4    ,   5    , and   6    ). 

 z   glabella (g) 
  Defi nition of glabella (g)  
 “ glabella  ( g )” is the most anterior midpoint on the 
fronto-orbital soft  tissue contour. In 3D cepha-
lometry, this is a well-defi ned soft  tissue landmark 
and is therefore not the same as the anthropomet-
ric “ Glabella  ( g )” landmark acc. to  L.G.  Farkas , 
which is identical to the bony “ glabella ” landmark 
on the frontal bone. 

  3D virtual defi nition of the “glabella (g)” 
landmark 
    Step 1:  Defi ne  glabella (g)  on the right profi le view 

of the 3D soft  tissue surface representation 
(. Fig.  2.155a ) and verify its position on the 
left  profi le view (. Figs.  2.155b  and  2.156 ).  

   Step 2:  Verify and eventually correct the midline 
position of the  glabella (g)  landmark on the 
frontal view of the 3D soft  tissue surface repre-
sentation (. Fig.  2.157 ).     

http://dx.doi.org/10.1007/978-3-662-47389-4_1
http://dx.doi.org/10.1007/978-3-662-47389-4_3
http://dx.doi.org/10.1007/978-3-662-47389-4_4
http://dx.doi.org/10.1007/978-3-662-47389-4_5
http://dx.doi.org/10.1007/978-3-662-47389-4_6


164

2

  glabella (g) 

 .   Fig. 2.156     glabella . Profi le right view of the 3D 
“volume-rendered” hard and soft tissue (in transparency) 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA 
version, patient V.E.W.) Note that the 3D soft tissue 
cephalometric  glabella  landmark is located on the soft 
tissues and is therefore not identical to the 
anthropometric  glabella  landmark which is the same as 
the bony Glabella landmark       

 .   Fig. 2.157     glabella . Frontal view of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       

a b

 .   Fig. 2.155     glabella . Profi le right ( a ) and left ( b ) views of the 3D “volume-rendered” representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       
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 z         soft tissue nasion (n) 
  Defi nition of soft  tissue nasion (n)  
 “ soft  tissue nasion  ( n )” is the midpoint on the soft  
tissue contour of the base of the nasal root, at the 
level of the frontonasal suture. In 3D cephalome-
try, this is a well-defi ned soft  tissue landmark and 
is therefore not the same as the anthropometric 
soft  nasion (n) landmark acc. to  L.G.  Farkas , 
which is identical to the bony “Nasion”. 

  3D virtual defi nition of the “soft  tissue 
nasion (n)” landmark 
    Step 1:  Defi ne  soft  tissue nasion  ( n ) on the right 

profi le view of the 3D transparent soft  tissue 
surface representation (. Fig.  2.158 ).  

   Step 2:  Visualise the position of the  soft  tissue 
nasion  ( n ) on the right (. Fig.  2.159a ) and left  
(. Fig.  2.159b ) profi le view of the 3D soft  tis-
sue surface representation.  

   Step 3:  Verify and eventually correct the midline 
position of the  soft  tissue nasion  ( n ) landmark 
on the frontal view of the 3D soft  tissue surface 
representation (. Fig.  2.160 ).    

 .   Fig. 2.158     soft tissue nasion . Profi le right view of the 
3D “volume-rendered” hard and soft tissue (in 
transparency) representation of the patient’s head (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner 
ALPHA version, patient V.E.W.). Note that the 3D 
cephalometric  soft tissue nasion  landmark is located on 
the soft tissues and is therefore not identical to the 
anthropometric  soft nasion  landmark which is the same as 
the bony Nasion (yellow dot) landmark       
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 .   Fig. 2.159     soft tissue nasion . Profi le right ( a ) and left ( b ) views of the 3D “volume-rendered” representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       

      soft tissue nasion (n) 

 .   Fig. 2.160     soft tissue nasion . Frontal view of the 3D “volume-rendered” representation of the patient’s head (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       
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 z        sellion (se) 

  Defi nition of sellion (se)  

 “ sellion ” is the most posterior point of the fronto-
nasal soft  tissue contour in the midline of the base 
of the nasal root. 

a b

 .   Fig. 2.161     sellion . Profi le right ( a ) and left ( b ) views of the 3D “volume-rendered” representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       

  3D virtual defi nition of the sellion (se) land-
mark 

    Step 1:  Defi ne  sellion  ( se ) on the right pro-
fi le view of the 3D soft  tissue surface 
 representation (. Figs.  2.161a  and 
 2.162 ) and verify its position on the left  
profi le view (. Fig.  2.161b ).  

   Step 2:  Verify and eventually correct the midline 
position of the  sellion  ( se ) landmark on 
the frontal view of the 3D soft  tissue sur-
face representation (. Fig.  2.163 ). Note 
that  sellion  ( se ) is usually situated more 
inferiorly than  soft  tissue nasion  ( n ) .       
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  sellion (se) 

 .   Fig. 2.162     sellion . Profi le right view of the 3D 
“volume-rendered” hard and soft tissue (in transparency) 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA 
version, patient V.E.W.). Note that  sellion  is situated more 
inferiorly than  soft tissue nasion  (. Fig.  2.158 )       

 .   Fig. 2.163     sellion . Frontal view of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       

  

 G.R.J. Swennen and M. Gaboury
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 .   Fig. 2.164     endocanthion  
 r 
  and  endocanthion  

 l 
 . Frontal 

view of the 3D “volume-rendered” representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, 
IPS CaseDesigner ALPHA version, patient V.E.W.)       

 z        endocanthion (en 
r
 -en 

l
 ) 

  Defi nition of endocanthion (en)  

 “endocanthion (en)” is the soft  tissue point located 
at the inner commissure of each eye  fi ssure. 

  3D virtual defi nition of the endocanthion (en) 
landmarks  

 Defi ne  endocanthion   r   and  endocanthion   l   on the 
frontal view of the 3D soft  tissue surface represen-
tation (. Figs.  2.164  and  2.165 ).

 .   Fig. 2.165     endocanthion  
 r 
  and  endocanthion  

 l 
 . Frontal 

view of the 3D “volume-rendered” hard and soft tissue (in 
transparency) representation of the patient’s head (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner 
ALPHA version, patient V.E.W.). Note that the 
endocanthion landmarks are located laterally from the 
medial orbital wall       
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 z       exocanthion (ex 
r
 -ex 

l
 ) 

  Defi nition of exocanthion (ex)  

 “exocanthion (ex)” is the soft  tissue point located 
at the outer commissure of each eye fi ssure. 

  3D virtual defi nition of the exocanthion (ex) 
landmarks  

 Defi ne  exocanthion   r   and  exocanthion   r   on the fron-
tal view of the 3D soft  tissue surface representa-
tion (. Figs.  2.166  and  2.167 ).

 .   Fig. 2.166     exocanthion  
 r 
  and  exocanthion  

 r 
 . Frontal 

view of the 3D “volume-rendered” representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, 
IPS CaseDesigner ALPHA version, patient V.E.W.)       

 .   Fig. 2.167     exocanthion  
 r 
  and  exocanthion  

 r 
 . Frontal 

view of the 3D “volume-rendered” hard and soft tissue (in 
transparency) representation of the patient’s head (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner 
ALPHA version, patient V.E.W.). Note that although the 
exocanthion landmarks are most of the time located 
slightly medially from the lateral orbital rim, they can be 
projected directly on the lateral orbital rim, especially if 
CBCT scanning was done with closed eyes       
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 z       pupil (p 
r
 -p 

l
 ) 

  Defi nition of pupil (p)  

 “pupil (p)” is the soft  tissue point located at the 
centre of each bulbus. 

  3D virtual defi nition of the pupil (p) landmarks  

 Defi ne  pupil   r   and  pupil   l   on the frontal view of the 3D 
soft  tissue surface representation (. Figs.  2.168  and 
 2.169 ).

 .   Fig. 2.168     pupil  
 r 
  and  pupil  

 l 
 . Frontal view of the 3D 

“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.). Note that it 
is crucial that the patient is scanned with the eyes open to 
defi ne the pupil landmarks. Additional mapping of 2D or 
3D facial photographs in order to defi ne the pupil 
landmarks does not lead to increased accuracy neither 
reliability       

 .   Fig. 2.169     pupil  
 r 
  and  pupil  

 l 
 . Frontal view of the 3D 

“volume-rendered” hard and soft tissue (in transparency) 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA 
version, patient V.E.W.)       
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 z       soft tissue orbitale (or 
r
 -or 

l
 ) 

  Defi nition of soft  tissue orbitale (or)  

 “ soft  tissue orbitale  (or)” is the soft  tissue point 
located at the most inferior level of each infraor-
bital rim and located at the level of the 3D hard 
tissue cephalometric “orbitale” landmark. In 3D 
cephalometry, this is a well-defi ned soft  tissue 
landmark and is therefore not the same as the 
anthropometric orbitale (or) landmark acc. to 
 L.G. Farkas , which is identical to the bony “Orbitale”. 

  3D virtual defi nition of the soft  tissue orbitale 
(or) landmarks 

    Step 1:  Defi ne  soft  tissue orbitale   r   and  soft  tissue 
orbitale   l   on the frontal view of the 3D trans-
parent soft  tissue surface representation 
(. Fig.  2.170 ).  

   Step 2:  Visualise both  soft  tissue orbitale  land-
marks on the frontal view of the 3D soft  tissue 
surface representation (. Fig.  2.171 ).    

 .   Fig. 2.170     soft tissue orbitale  
 r 
  and  soft tissue orbitale  

 l 
 . 

Frontal view of the 3D “volume-rendered” hard and soft 
tissue (in transparency) representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.). Note that 
the transparent soft tissue representation shows the 
underlying bony structures and allows accurate defi nition 
of the  soft tissue orbitale  landmarks       

 .   Fig. 2.171     soft tissue orbitale  
 r 
  and  soft tissue orbitale  

 l 
 . 

Frontal view of the 3D “volume-rendered” representation 
of the patient’s head (i-CAT, Imaging Sciences 
International Inc, IPS CaseDesigner ALPHA version, patient 
V.E.W.)       
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 .   Fig. 2.173     orbitale superius  
 r 
  and  orbitale superius  

 l 
 . 

Frontal view of the 3D “volume-rendered” representation 
of the patient’s head (i-CAT, Imaging Sciences 
International Inc, IPS CaseDesigner ALPHA version, patient 
V.E.W.)       

 .   Fig. 2.172     orbitale superius  
 r 
  and  orbitale superius  

 l 
 . 

Frontal view of the 3D “volume-rendered” hard and soft 
tissue (in transparency) representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.). Note that 
the transparent soft tissue representation shows the 
underlying bony structures and allows accurate defi nition 
of the  orbitale superius  landmarks       

 z        orbitale superius (os 
r
 -os 

l
 ) 

  Defi nition of orbitale superius (os)  

 “ orbitale superius  (os)” is the soft  tissue point 
located at the most superior level of each supraor-
bital rim. Th is landmark is close to the anthropo-
metric orbitale (os) landmark acc. to  L.G. Farkas , 
which is defi ned as the highest point on the lower 
border of the eyebrow .  

  3D virtual definition of the orbitale superius 
(os) landmarks 

    Step 1:  Defi ne  orbitale superius   r   and  orbitale super-
ius   l   on the frontal view of the 3D transparent 
soft  tissue surface representation (. Fig.  2.172 ).  

   Step 2:  Visualise both  orbitale superius  landmarks 
on the frontal view of the 3D soft  tissue surface 
representation (. Fig.  2.173 ).    

Chapter 2 · 3D Virtual Diagnosis of the Orthognathic Patient
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 z        zygion (zy 
l
 -zy 

r
 ) 

  Defi nition of zygion (zy)  

 “ zygion  (zy)” is the most lateral point on the soft  
tissue contour of each zygomatic arch, located at 
the level of the 3D hard tissue  cephalometric “zyg-
ion” landmark. In 3D  cephalometry,  zygion  ( zy ) is 

a well-defi ned soft  tissue landmark and is there-
fore not the same as the anthropometric  zygion  
( zy ) landmark acc. to  L.G. Farkas , which is identi-
cal to the bony “ Zygion” .  

a b

 .   Fig. 2.174     zygion  
 r 
  and  zygion  

 l 
 . Profi le view right ( a ) and left ( b ) of the 3D “volume-rendered” hard and soft tissue (in 

transparency) representation of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA 
version, patient V.E.W.). Note that the transparent soft tissue representation shows the underlying bony structures and 
allows accurate defi nition of the  zygion  landmarks       

  3D virtual defi nition of the zygion (zy) land-
marks 

    Step 1:  Defi ne  zygion   r   and  zygion   l   on the right 
(. Fig.  2.174a ) and left  (. Fig.  2.174b ) 
profi le views of the 3D transparent soft  
tissue surface representation at the level 
of the 3D hard tissue cephalometric 
Zygion landmarks.  

   Step 2:  Verify and eventually correct the posi-
tion of both  zygion  landmarks on the 
frontal view of the 3D soft  tissue surface 
representation (. Figs.  2.175  and  2.176 ).    
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      zygion (zy 
l
 -zy 

r
 ) 

 .   Fig. 2.176     zygion  
 r 
  and  zygion  

 l 
 . Inferior inclined frontal 

view of the 3D “volume-rendered” hard and soft tissue (in 
transparency) representation of the patient’s head (i-CAT, 
Imaging Sciences International Inc, IPS CaseDesigner 
ALPHA version, patient V.E.W.)       

 .   Fig. 2.175     zygion  
 r 
  and  zygion  

 l 
 . Frontal view of the 3D 

“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       
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a b

 .   Fig. 2.177     pronasale . Profi le right ( a ) and left ( b ) views of the 3D “volume-rendered” representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       

 z        pronasale (prn) 

  Defi nition of pronasale (prn)  

 “ pronasale  (prn)” is the most anterior midpoint of 
the nasal tip. In case a bifi d nose is present, the 
more protruding tip is chosen to determine  pro-
nasale  as proposed by  L.G. Farkas . 

  3D virtual defi nition of the pronasale (prn) 
landmark 

    Step 1:  Defi ne  pronasale (prn)  on the right pro-
fi le view of the 3D soft  tissue surface 
representation (. Fig.  2.177a ) and verify 
its position on the left  profi le view 
(. Fig.  2.177b ).  

   Step 2:  Verify and eventually correct the midline 
position of the  pronasale (prn)  landmark 
on the base view of the 3D soft  tissue 
surface representation (. Fig.  2.178 ).    
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      pronasale (prn) 

 .   Fig. 2.178     pronasale . Base view of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       

Chapter 2 · 3D Virtual Diagnosis of the Orthognathic Patient

 



178

2

 z       subnasale (sn) 

  Defi nition of subnasale (sn)  

 “ subnasale  (sn)” is the midpoint on the nasolabial 
soft  tissue contour between the columella crest 
and the upper lip. 

a b

 .   Fig. 2.179     subnasale . Profi le right ( a ) and left ( b ) views of the 3D “volume-rendered” representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       

  3D virtual defi nition of the subnasale (sn) land-
mark 

    Step 1:  Defi ne  subnasale  ( sn ) on the right profi le 
view of the 3D soft  tissue surface 
 representation (. Fig.  2.179a ) and verify 
its position on the left  profi le view 
(. Fig.  2.179b ).  

   Step 2:  Verify and eventually correct the midline 
position of the  subnasale  ( sn ) landmark 
on the base view of the 3D soft  tissue 
surface representation (. Fig.  2.180 ).    
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      subnasale (sn) 

 .   Fig. 2.180     subnasale . Base view of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       
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 z       alare (al 
r
 -al 

l
 ) 

  Defi nition of alare (al)  

 “ alare  (al)” is the most lateral point on each alar 
contour. 

  3D virtual defi nition of the alare (al) landmarks  

 Defi ne  alare   r   and  alare   l   on the base view of the 3D 
soft  tissue surface representation (. Fig.  2.181 ).

 .   Fig. 2.181     alare  
 r 
  and  alare  

 l 
 . Base view of the 3D 

“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       

 z      alar curvature point (ac 
r
 -ac 

l
 ) 

  Defi nition of alar curvature point (ac)  

 “ alar curvature point  (ac)” is the point located at 
the facial insertion of each alar base. 

  3D Virtual defi nition of the alar curvature point 
(ac) landmarks  

 Defi ne  alar curvature point   r   and  alar curvature 
point   l   on the submental view of the 3D soft  tissue 
surface representation (. Fig.  2.182 ).

 .   Fig. 2.182     alar curvature point  
 r 
  and  alar curvature 

point  
 l 
 . Submental view of the 3D “volume-rendered” 

representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA 
version, patient V.E.W.)       
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 z      nostril top point (nt 
r
 -nt 

l
 ) 

  Defi nition of nostril top point (nt)  

 “ nostril top point  ( nt )” is the highest point of each 
nostril or the superior terminal point of each nos-
tril axis. 

  3D virtual defi nition of the nostril top point 
(nt) landmarks  

 Defi ne  nostril top point   r   and  nostril top point   l   on 
the base view of the 3D soft  tissue surface repre-
sentation (. Fig.  2.183 ).

 .   Fig. 2.183     nostril top point  
 r 
  and  nostril top point  

 l 
 . Base 

view of the 3D “volume-rendered” representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, 
IPS CaseDesigner ALPHA version, patient V.E.W.)       

 z      columella constructed point (c´´) 

  Defi nition of columella constructed point (c´´)  

 “ columella constructed point  (c´´)” is the midpoint 
of the columella crest at the level of the “nostril 
top points”. Th is 3D cephalometric soft  tissue 
landmark is a constructed landmark in order to 
defi ne the nasolabial angle in the “3D virtual 
scene”. 

  3D Virtual defi nition of the columella con-
structed (c´´) landmark  

 Defi ne  columella constructed point  ( c´´ ) on the 
base view of the 3D soft  tissue surface representa-
tion (. Fig.  2.184 ).

 .   Fig. 2.184     columella constructed point . Base view of 
the 3D “volume-rendered” representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       
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 z      nostril base point (nb 
r
 -nb 

l
 ) 

  Defi nition of nostril base point (nb)  

 “ nostril base point  ( nb )” is the lowest point of each 
nostril or the inferior terminal point of each nos-
tril axis. 

  3D virtual defi nition of the nostril base point 
(nb) landmarks  

 Defi ne  nostril base point   r   and  nostril base point   l   on 
the base view of the 3D soft  tissue surface repre-
sentation (. Fig.  2.185 ).

 .   Fig. 2.185     nostril base point  
 r 
  and  nostril base point  

 l 
 . 

Base view of the 3D “volume-rendered” representation of 
the patient’s head (i-CAT, Imaging Sciences International 
Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       
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 z      subspinale (ss) 

  Defi nition of subspinale (ss)  

 “ subspinale  (ss)” is the most posterior midpoint of 
the philtrum. 

 .   Fig. 2.186     subspinale . Profi le view right of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       

 .   Fig. 2.187     subspinale . Submental view of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       

  3D virtual defi nition of the subspinale (ss) 
 landmark 

    Step 1:  Defi ne  subspinale  ( ss ) on the right or left  
profi le view of the 3D soft  tissue surface 
representation (. Fig.  2.186 ).  

   Step 2:  Correct the midline position of the  sub-
spinale  ( ss ) landmark on the submental 
view of the 3D soft  tissue surface repre-
sentation (. Fig.  2.187 ). In most cases 
the landmark will not be visible any-
more on the right and left  profi le views 

of the 3D soft  tissue surface representa-
tion, because of the philtral column 
(. Fig.  2.188 ). However, it is still visible 
on the profi le 3D transparent soft  tissue 
surface representation (. Fig.  2.189 ).  

   Step 3:  Verify the position of the  subspinale  ( ss ) 
landmark on the right (. Fig.  2.190a ) and 
left  (. Fig.  2.190b ) 2/3 profi le views of the 
3D soft  tissue surface representation.    
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       subspinale (ss) 

 .   Fig. 2.188     subspinale . Profi le view right of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.). Note that 
the landmark is not visible anymore because of the 
philtral column       

 .   Fig. 2.189     subspinale . Profi le view right with 
transparent soft tissue of the 3D “volume-rendered” 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA 
version, patient V.E.W.). Note that the transparent soft 
tissue representation allows the visualisation of the 
 subspinale  landmark       

a b

 .   Fig. 2.190     subspinale . 2/3 profi le view right ( a ) and left ( b ) of the 3D “volume-rendered” representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       
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 z         labiale (or labrale) superius (ls) 

  Defi nition of labiale superius (ls)  

 “ labiale superius  (ls)” is the midpoint of the ver-
milion line of the upper lip .  

  3D virtual defi nition of the labiale superius (ls) 
landmark 

    Step 1:  Defi ne  labiale superius  ( ls ) on the submen-
tal view of the 3D soft  tissue surface represen-
tation (. Fig.  2.191 ).  

   Step 2:  Verify and eventually correct the position 
of the  labiale superius  ( ls ) landmark on the 
right (. Fig.  2.192a ) and left  (. Fig.  2.192b ) 
2/3 profi le views of the 3D soft  tissue surface 
representation.            .   Fig. 2.191     labiale superius . Submental view of the 3D 

“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       

a b

 .   Fig. 2.192     labiale superius . 2/3 profi le view right ( a ) and left ( b ) of the 3D “volume-rendered” representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       
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 z       stomion superius (st 
s
 ) 

  Defi nition of stomion superius (st   s   )  

 “ stomion superius  (st s )” is the most inferior point 
of the upper lip, in the midsagittal plane. 

a b

 .   Fig. 2.193     stomion superius . Profi le right ( a ) and left ( b ) views of the 3D “volume-rendered” representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       

  3D virtual defi nition of the stomion superius 
(st   s   ) landmark 

    Step 1:  Defi ne  stomion superius   (st   s   )  on the right 
profi le view of the 3D soft  tissue surface 
 representation (. Fig.  2.193a ) and verify 
its position on the left  profi le view (. 

Fig.  2.193b ).  

   Step 2:  Verify and eventually correct the mid-
line position of the  stomion superius   (st   s   )  
landmark on the frontal view of the 3D 
soft  tissue surface representation 
(. Fig.  2.194 ).    
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      stomion superius – st 
s
  

 .   Fig. 2.194     stomion superius . Frontal view of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       
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 z       stomion Inferius (st 
i
 ) 

  Defi nition of stomion inferius (st   i   )  

 “ stomion inferius  (st i )” is the most inferior point of 
the lower lip, in the midsagittal plane. 

a b

 .   Fig. 2.195     stomion inferius . Profi le right ( a ) and left ( b ) views of the 3D “volume-rendered” representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       

  3D defi nition of the stomion inferius (st   i   ) land-
mark 

    Step 1:  Defi ne  stomion inferius  ( st   i  ) on the right 
profi le view of the 3D soft  tissue surface 
 representation (. Fig.  2.195a ), and ver-
ify its position on the left  profi le view 
(. Fig.  2.195b ).  

   Step 2:  Verify and eventually correct the midline 
position of the  stomion inferius  ( st   i  ) 
landmark on the frontal view of the 3D 
soft  tissue surface representation 
(. Fig.  2.196 ).    
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       stomion inferius  ( st   
i
  ) 

 .   Fig. 2.196     stomion inferius . Frontal view of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       
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 z       cheilion (ch 
r
 -ch 

l
 ) 

  Defi nition of cheilion (ch)  

 “ cheilion  (ch)” is the point located at each labial 
commissure. 

  3D virtual defi nition of the cheilion (ch) land-
marks   

    Step 1:  Defi ne  cheilion   r   and  cheilion   l   on the frontal 
view of the 3D soft  tissue surface representa-
tion (. Fig.  2.197 ).  

   Step 2:  Verify and eventually correct the position 
of the  cheilion   r   and  cheilion   l   on the right 
(. Fig.  2.198a ) and left  (. Fig.  2.198b ) 2/3 pro-
fi le views of the 3D soft  tissue surface represen-
tation.    

 .   Fig. 2.197     cheilion  
 r 
  and  cheilion  

 l 
 . Frontal view of the 

3D “volume-rendered” representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       

a b

 .   Fig. 2.198     cheilion  
 r 
  and  cheilion  

 l 
 . 2/3 profi le view right ( a ) and left ( b ) of the 3D “volume-rendered” representation 

of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       
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       labiale (or labrale) inferius (li) 

  Defi nition of labiale inferius (li)  

 “ labiale inferius  (li)” is the midpoint of the vermil-
ion line of the lower lip. 

a b

 .   Fig. 2.199     labiale inferius . Profi le right ( a ) and left ( b ) views of the 3D “volume-rendered” representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       

  3D virtual defi nition of the labiale inferius (li) 
landmark 

    Step 1:  Defi ne  labiale inferius  ( li ) on the right 
 profi le view of the 3D soft  tissue surface 
 representation (. Fig.  2.199a ), and ver-
ify its position on the left  profi le view 
(. Fig.  2.199b ).  

   Step 2:  Verify and eventually correct the midline 
position of the  labiale inferius  ( li ) land-
mark on the submental view of the 3D 
soft  tissue surface representation 
(. Fig.  2.200 ).    
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      labiale (or labrale) inferius (li) 

 .   Fig. 2.200     labiale inferius . Submental view of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       
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 z       soft tissue gonion (go 
r
 -go 

l
 ) 

  Defi nition of soft  tissue gonion (go)  

 “ soft  tissue gonion  (go)” is the most lateral point 
on the soft  tissue contour of each mandibular 
angle, located at the same level as the 3D hard tis-
sue cephalometric “Gonion” landmark (7 see 
also Sect.  2.2.2 ). 

a b

 .   Fig. 2.201     soft tissue gonion  
 r 
  and  soft tissue gonion  

 l 
 . Profi le right ( a ) and left ( b ) views with transparent soft tissue of 

the 3D “volume-rendered” representation of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       

  3D virtual defi nition of the soft  tissue gonion 
(go) landmarks 

    Step 1:  Defi ne  soft  tissue gonion   r   and  soft  tissue 
gonion   l   on the right (. Fig.  2.201a ) and 
left   profi le (. Fig.  2.201b ) views of the 
3D transparent soft  tissue surface repre-
sentation.  

   Step 2:  Verify and eventually correct the posi-
tion of both  soft  tissue gonion  landmarks 

on the frontal view of the 3D transparent 
soft  tissue surface representation 
(. Fig.  2.202 ).  

   Step 3:  Visualise both  soft  tissue gonion  land-
marks on the frontal view of the 3D 
soft  tissue surface representation 
(. Fig.  2.203 ).    
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      soft tissue gonion (go 
r
 -go 

l
 ) 

 .   Fig. 2.202     soft tissue gonion  
 r 
  and  soft tissue gonion  

 l 
 . 

Frontal view with transparent soft tissues of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.). Note that 
the transparent soft tissue representation shows the 
underlying bony structures and allows accurate defi nition 
of the  soft tissue gonion  landmarks       

 .   Fig. 2.203     soft tissue gonion  
 r 
  and  soft tissue gonion  

 l 
 . 

Frontal view of the 3D “volume-rendered” representation 
of the patient’s head (i-CAT, Imaging Sciences 
International Inc, IPS CaseDesigner ALPHA version, patient 
V.E.W.)       
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 z        sublabiale (sl) 

  Defi nition of sublabiale (sl)  

 “ sublabiale  (sl)” is the most posterior midpoint 
on the labiomental soft tissue contour that 
defines the border between the lower lip and 
the chin. 

a b

 .   Fig. 2.204     sublabiale . Profi le right ( a ) and left ( b ) views of the 3D “volume-rendered” representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       

  3D virtual defi nition of the sublabiale (sl) land-
mark 

    Step 1:  Defi ne  sublabiale  ( sl ) on the right profi le 
view of the 3D soft  tissue surface 
 representation (. Fig.  2.204a ) and verify 
its position on the left  profi le view 
(. Fig.  2.204b ).  

   Step 2:  Verify and eventually correct the mid-
line position of the  sublabiale  ( sl ) land-
mark on the submental view of the 
3D soft  tissue surface representation 
(. Fig.  2.205 ).    
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      sublabiale (sl) 

 .   Fig. 2.205     sublabiale . Submental view of the 3D 
“volume-rendered” representation of the patient’s head 
(i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       
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 z       soft tissue pogonion (pg) 

  Defi nition of soft  tissue pogonion (pg)  

 “ soft  tissue pogonion  (pg)” is the most anterior 
midpoint of the chin. 

a b

 .   Fig. 2.206     soft tissue pogonion . Profi le right ( a ) and left ( b ) views of the 3D “volume-rendered” representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.)       

  3D virtual defi nition of the soft  tissue pogonion 
(pg) landmark 

    Step 1:  Defi ne  soft  tissue pogonion   (pg)  on the 
right profi le view of the 3D soft  tissue 
surface representation (. Figs.  2.206a  
and  2.208 ), and verify its position on the 
left  profi le view (. Fig.  2.206b ).  

   Step 2:  Verify and eventually correct the mid-
line position of the  soft  tissue pogonion  
 (pg)   landmark on the submental view of 
the 3D soft  tissue surface representation 
(. Fig.  2.207 ).    
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      soft tissue pogonion (pg) 

 .   Fig. 2.207     soft tissue pogonion . Submental view of 
the 3D “volume-rendered” representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.)       

 .   Fig. 2.208     soft tissue pogonion . Profi le view right with 
transparent soft tissues of the 3D “volume-rendered” 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner ALPHA 
version, patient V.E.W.). Note that the  soft tissue pogonion  
landmark is located in a more superior position compared 
to the bony Pogonion landmark       
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 z        soft tissue gnathion (or menton) (gn) 

  Defi nition of soft  tissue gnathion (gn)  

 “ soft  tissue gnathion  (gn)” is the most inferior 
midpoint on the soft  tissue contour of the chin 
located at the level of the 3D cephalometric hard 

tissue “menton” landmark (7 see also Sect.  2.2.2 ). 
In 3D cephalometry, “ soft  tissue gnathion  ( gn )” is 
a well-defi ned soft  tissue landmark and is there-
fore not the same as the anthropometric  gnathion  
( gn ) landmark acc. to  L.G. Farkas , which is identi-
cal to the bony “Gnathion”. 

a b

 .   Fig. 2.209     soft tissue gnathion . Profi le right ( a ) and left ( b ) views with transparent soft tissues of the 3D 
“volume-rendered” representation of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner 
ALPHA version, patient V.E.W.)       

  3D virtual defi nition of the soft  tissue gnathion 
(gn) landmark 

    Step 1:  Defi ne  soft  tissue gnathion   (gn)  on the 
right profi le view of the transparent 3D 
soft  tissue surface representation 
(. Fig.  2.209a ), and verify its position 
on the left  profi le view of the transparent 
3D soft  tissue surface representation 
(. Fig.  2.209b ).  

   Step 2:  Verify and eventually correct the mid-
line position of the  soft  tissue gnathion  
 (gn)  landmark on the base view of the 
3D soft  tissue surface representation 
(. Fig.  2.210 ).    
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      soft tissue gnathion (or menton) (gn) 

 .   Fig. 2.210     soft tissue gnathion . Base view left of the 
3D “volume-rendered” representation of the patient’s 
head (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version, patient V.E.W.). Note that 
this landmark is positioned in the centre of the chin 
aesthetic unit and could therefore be out of the true facial 
midline       
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 z       Set-Up of 3D Cephalometric Soft Tissue Landmarks 

 .   Fig. 2.211    Frontal view. Set-up of 3D cephalometric soft tissue landmarks. 3D “volume-rendered” representation of 
the patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.). Note that 
midpoint landmarks are positioned in the centre of each aesthetic unit and could therefore be out of the true facial 
midline       
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      Set-Up of 3D Cephalometric Soft Tissue Landmarks 

 .   Fig. 2.212    Profi le right view. Set-up of 3D cephalometric soft tissue landmarks. 3D “volume-rendered” 
representation of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient 
V.E.W.)       
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      Set-Up of 3D Cephalometric Soft Tissue Landmarks 

 .   Fig. 2.213    Profi le left view. Set-up of 3D cephalometric soft tissue landmarks. 3D “volume-rendered” representation 
of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner ALPHA version, patient V.E.W.). Note 
that midpoint landmarks are positioned in the centre of each aesthetic unit and could therefore be out of the true facial 
midline       
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 z       Additional 3D Cephalometric Soft Tissue 
Landmarks 

 Th e following list provides other anthropometric 
landmarks described by Farkas ( 1994 ) that could 
be implemented in 3D cephalometric soft  tissue 
analysis. 

•      maxillofrontale (mf) . Th e soft  tissue point 
located at each lateral margin of the base of the 
nasal root at the level of the endocanthion  (en) .  

•    eurion (eu) . Landmark defi ned as the most lateral 
point of the parieto-temporal region of the skull.  

•    opisthocranion (op) . Landmark defi ned as the 
most posterior point of the occipital region of 
the head and the most distant from  glabella (g) .  

•    otobasion inferius (obi) . Landmark defi ned as 
the point of attachment of the ear lobe to the 
cheek, which determines the lower border of 
the ear insertion.  

•    otobasion superius (obs) . Landmark defi ned as 
the point of attachment of the helix in the tem-
poral region, which determines the upper bor-
der of the ear insertion.  

•    porion (soft  )  (po) . Landmark defi ned as the 
highest point on the upper margin of the cuta-
neous auditory meatus.  

•    postaurale (pa) . Landmark defi ned as the most 
posterior point on the free margin of the ear.  

•    preaurale (pra) . Landmark defi ned as the most 
anterior point of the ear, located at the level of 
the helix attachment to the head.  

•    subaurale (sba) . Landmark defi ned as the low-
est point on the free margin of the ear lobe.  

•    superaurale (sa) . Landmark defi ned as the 
highest point on the free margin of the auricle.  

•    tragion (t).  Th e point located at the upper mar-
gin of each tragus.  

•    vertex (v) . Landmark defi ned as the highest 
point of the head when the head is orientated 
to the FH.      

   Th e clinician (orthodontist or surgeon) can 
modify his proper direct or indirect anthro-
pometric landmarks towards 3D cephalo-
metric soft  tissue landmarks or even create 
new 3D cephalometric soft  tissue land-
marks. 
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 z   “Bruges 3D Soft Tissue Cephalometric 
Analysis” 

 Th e “Bruges Soft  Tissue 3D Cephalometric 
Analysis” is based on the direct anthropometric 
measurements that have been used in the depart-
ment of OMF in Bruges for more than 25 years (. 

Fig.  2.214 ,  2.215  and  2.216 ). 
 Th e “Bruges 3D Soft  Tissue Cephalometric 

Analysis” consists of:
    1.    Virtual defi nition of the natural head position 

(NHP) of the patient (7 see also Sect.   3.1    )   
   2.    Generation of a 3D cephalometric reference 

frame (7 see also Sect.  2.2.1 )   
   3.    Virtual defi nition of 18 soft  tissue 3D 

cephalometric landmarks   
  4.    Automated calculation of 11 linear, two angu-

lar and fi ve proportional 3D cephalometric 
soft  tissue measurements     

 A prospective ( n  = 350) study in (Swennen 
 2014 ) showed that the “Bruges 3D Soft  Tissue 
Cephalometric Analysis” 3D-VPS 2  could be per-
formed in a more than acceptable time frame.  

 Mean 
(min:s) 

 Range 
(min:s) 

 BSSO ( n  = 90)  2:41  2:31 – 2:45 

 BSSO and chin 
( n  = 18) 

 2:43  2:34 – 2:48 

 Le Fort I and BSSO 
( n  = 163) 

 2:38  2:27 – 2:41 

 Le Fort I, BSSO and 
chin ( n  = 79) 

 2:40  2:33 – 2:47 

a b

 .   Fig. 2.214    Frontal view. Set-up of 3D soft tissue cephalometric landmarks of the “Bruges 3D Soft Tissue 
Cephalometric Analysis”. 3D “surface-rendered” soft tissue representation of the patient’s head ( a ), with transparent soft 
tissues ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

 

http://dx.doi.org/10.1007/978-3-662-47389-4_3
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   “Bruges 3D Soft Tissue Cephalometric Analysis” 

a b

 .   Fig. 2.215    Profi le right view. Set-up of 3D soft tissue cephalometric landmarks of the “Bruges 3D Soft Tissue 
Cephalometric Analysis”. 3D “surface-rendered” soft tissue representation of the patient’s head ( a ), with transparent soft 
tissues ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       

 .   Fig. 2.216    Base view. Set-up of 3D soft tissue 
cephalometric landmarks of the “Bruges 3D Soft Tissue 
Cephalometric Analysis”. 3D “surface-rendered” soft tissue 
representation of the patient’s head (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       
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      Bruges 3D Soft Tissue Cephalometric Analysis 

 3D Cephalometry Analysis (3D-VPS
2
) Report   

   “ Bruges 3D soft tissue cephalometric analysis ”   

 Patient name: VEW   

 Physician Name: GS   

  Linear measurement analysis  ( mm )   

 Height of the lower face (sn-gn)   65.7 

 Height of the face according to da Vinci (right) (os 
r
 -gn)   127.8 

 Height of the face according to da Vinci (left) (os 
l
 -gn)   126.3 

 Height of the skin portion of the upper lip (philtrum) (sn-ls)   9.6 

 Height of the upper lip (sn-sto 
u
 )   16.7 

 Interlabial gap (ILG) (sto 
u
 -sto 

i
 )   12.3 

 Height of the mandible (sto 
i
 -gn)  36.7 

 Interpupillary distance (IPD) (p 
r
 -p 

l
 )  59.7 

 Intercanthal width (en 
r
 -en 

l
 )   29.7 

 Upper face width (zy 
r
 -zy 

l
 )   138.2 

 Morphological width of the nose according to Farkas (al 
r 
-al 

l 
)  33.6 

  Angular measurement analysis  ( deg )   

 Nasolabial angle (c”-sn/ss-ls)   116.8 

 Mentolabial angle (li-sl-pg)   137.5 

  Proportional measurement analysis  ( % )   

 Facial index (zy 
r
 -zy 

l
 ) x 100/(sn-gn)   116.2 

 Bruges index(r) (p 
r
 -p 

l
 ) x 100/(os 

r
 -gn)   23.2 

 Bruges index(l) (p 
r
 -p 

l
 ) x 100/(os 

l
 -gn)   23.5 

 Height of the mandible/height of the lower face (sto 
i
 -gn) x 100/(sn-gn)   55.9 

 Philtrum/height of the upper lip (sn-ls) x 100/(sn-sto 
u
 )   57.6 

    See Video  2.1 .   
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2.3     The Potential of 3D Mirroring 
and Colour Distance Maps 
in Enhanced Patient 
Diagnostics 

 After systematic virtual diagnosis of the 
patient’s deformity, anatomy and pathology (7 

see Sect.  2.1 ) and subsequent 3D cephalometric 
analysis (7 see Sect.  2.2 ), the “3D Virtual 
Visualisation Paradigm” (7 see also Sect.   1.1.1    ), 
offers the clinician (both orthodontists and 
surgeons) some additional virtual tools for 
more enhanced patient diagnostics:
    1.    3D virtual mirroring   
   2.    Colour distance maps    

 z    Case 1 
 Patient (V.E.W.) is used to demonstrate these 
more enhanced features, while other patient’s spe-
cifi c applications are demonstrated on other clini-
cal cases (7 see also Chaps.   4     and   6    ).  

2.3.1     3D Virtual Mirroring 

 To assess overall facial symmetry or asymmetry 
of the patient’s head, “3D virtual mirroring” can 
be used as an enhanced tool in the “3D virtual 
scene” to mirror both the patient’s soft  and hard 
tissues. 

 Th e most crucial issue in “3D virtual mirror-
ing” is the virtual defi nition of the “3D virtual 
mirror plane”, which needs to be defi ned by the 
clinician and is independent of cranial reference 
planes. 

 For overall assessment of facial symmetry or 
asymmetry, the “3D virtual mirror plane” is set up 
on the 3D soft  tissues of the patient’s head in its PHP 
position (7 see also Sect.   3.1    ). It is therefore defi ned 
by the median (“z”) plane of the “3D PHP cephalo-
metric reference frame” (. Fig.  2.217 – 2.227 ). (7 
see also Sect.  2.2.1 ).

a b

 .   Fig. 2.217    Frontal view. The patient’s head is positioned in the “3D virtual scene” towards its individual PHP with 
visualisation of the “3D PHP cephalometric reference frame” ( a ). The 3D “surface-rendered” soft tissue representation of 
the patient’s head is virtually marked in blue ( b ) prior to “3D virtual mirroring” (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       
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 z     3D Virtual Mirroring of the Soft Tissues of the Patient’s Head 

a b

 .   Fig. 2.218    Profi le 2/3 right ( a ) and left ( b ) views. The patient’s head is positioned in the “3D virtual scene” towards its 
individual PHP with visualisation of the “3D PHP cephalometric reference frame” and “3D virtual mirror plane (purple)”. 
3D “surface-rendered” soft tissue representations of the patient’s head (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       

 .   Fig. 2.219    Frontal view. 3D virtual mirroring of the soft 
tissues of the patient’s head along the median (z) plane of 
the “3D PHP cephalometric reference frame” in the “3D 
virtual scene” (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       
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 .   Fig. 2.220    Frontal view. “Transparent 3D virtual mirrored soft tissues” superimposed on the actual soft tissues ( a ) and 
3D virtual mirrored soft tissues superimposed on “the actual soft tissues in transparency” ( b ) of the patient’s head. 
(i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.). Note that 3D virtual mirroring does not 
identify obvious facial asymmetries       

       3D Virtual Mirroring of the Soft Tissues of the Patient’s Head 

a b

 .   Fig. 2.221    Frontal downward inclined view. “Transparent 3D virtual mirrored soft tissues” superimposed on the actual 
soft tissues ( a ) and 3D virtual mirrored soft tissues superimposed on “the actual soft tissues in transparency” ( b ) of the 
patient’s head. (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.). Note that 3D virtual 
mirroring does not identify obvious facial asymmetries       
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       3D Virtual Mirroring of the Soft and Hard Tissues of the Patient’s Head 

a b

 .   Fig. 2.222    Base view. “Transparent 3D virtual mirrored soft tissues” superimposed on the actual soft tissues ( a ) and 3D 
virtual mirrored soft tissues superimposed on “the actual soft tissues in transparency” ( b ) of the patient’s head. (i-CAT, 
Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.). Note that 3D virtual mirroring does not identify 
obvious facial asymmetries       

 .   Fig. 2.223    Frontal view. The patient’s head is 
positioned in the “3D virtual scene” towards its individual 
PHP with visualisation of the “3D PHP cephalometric 
reference frame”. The 3D “surface-rendered” hard tissue 
representation of the patient’s head is virtually marked in 
blue prior to “3D virtual mirroring” (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3., patient 
V.E.W.)       
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 z        3D Virtual Mirroring of the Hard Tissues of the Patient’s Head 

 .   Fig. 2.225    Frontal view. 3D virtual mirroring of the hard 
tissues of the patient’s head along the median (z) plane of 
the “3D PHP Cephalometric Reference Frame” in the “3D 
Virtual Scene” (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3., patient V.E.W.)       

a b

 .   Fig. 2.224    Profi le 2/3 right ( a ) and left ( b ) views. The patient’s head is positioned in the “3D Virtual Scene” towards 
its individual PHP with visualisation of the “3D PHP Cephalometric Reference Frame” and “3D Virtual Mirror Plane 
( purple )”. 3D “surface-rendered” hard tissue representations of the patient’s head (i-CAT, Imaging Sciences International 
Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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       3D Virtual Mirroring of the Hard Tissues of the Patient’s Head 

a b

 .   Fig. 2.226    Frontal view. “Transparent 3D virtual mirrored hard tissues” superimposed on the actual hard tissues ( a ) 
and 3D virtual mirrored hard tissues superimposed on “the actual hard tissues in transparency” ( b ) of the patient’s head. 
(i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.). Note that 3D virtual mirroring identifi es a 
skeletal mandibular asymmetry at the gonial angles and chin       

a b

 .   Fig. 2.227    Frontal downward inclined view. “Transparent 3D virtual mirrored hard tissues” superimposed on the 
actual hard tissues ( a ) and 3D virtual mirrored hard tissues superimposed on “the actual hard tissues in transparency” 
( b ) of the patient’s head. (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.). Note that 3D 
virtual mirroring identifi es a skeletal mandibular asymmetry at the gonial angles, mandibular border and chin       
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2.3.2           Colour Distance Maps 

 After “3D virtual mirroring”, the “3D Virtual 
Visualisation Paradigm” allows (1) to calculate 
the inter-surface distance between the 

“ original” and “3D mirrored” surface represen-
tations of the patient’s head and (2) to visualise 
this inter- surface distance by “colour distance 
maps” (. Fig.  2.228 ).     

a b

c

 .   Fig. 2.228    Colour surface distance maps visualising the inter-surface distance between the “original” and “3D 
mirrored” soft ( a ) and hard ( b ) surface representations of the patient’s head. ( c ) 3D virtual mirror parameters (i-CAT, 
Imaging Sciences International Inc, Maxilim v. 2.3.0.3., patient V.E.W.)       
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3.1              The Virtual Natural Head 
Position ( v- NHP) and Planning 
Head Position (PHP) 

 Treatment planning of orthognathic and orthofa-
cial surgery needs to be based on the individual 
natural head position (NHP) of the patient, which 
is independent of intracranial reference planes 
and determined by the clinician. 

 Th e concept of NHP has been introduced in 
orthodontics approximately in the late 1950s by 
Downs ( 1956 ), Bjerin ( 1957 ) and Moorrees and 
Kean ( 1958 ). A standardised technique for registra-
tion of the patient’s NHP was developed by Solow 
and Tallgren ( 1971 ), and the reproducibility of 
NHP was confi rmed by Cooke and colleagues 
( 1988 ,  1990 ,  1999). In order to incorporate NHP 
into cephalometrics, Lundström ( 1992 ,  1995 ) 
defi ned NHP as “the head orientation of the patient 
in a standing position with relaxed body and head 
posture looking at a distant point at eye level, per-
ceived by the clinician based on general experience”. 
Finally, Arnett and McLaughlin ( 2004 ) further 
maximised the contribution of NHP towards facial 
and dental planning in orthognathic surgery. 

 A new concept of “ c -NHP”, “ v -NHP” and 
“PHP” towards 3D virtual treatment planning of 
orthognathic and orthofacial surgery in the clini-
cal routine is introduced and outlined “step by 
step” in this chapter.

    1.     “c -NHP“: For proper 3D virtual treatment 
planning of orthognathic and orthofacial sur-
gery, the patient needs to be scanned in its 
“clinical natural head position ( c -NHP)”, in 
“centric relation (CR)” and without deforma-
tion of the facial soft  tissue mask (7 Chap.   1    ). 
Th e patient’s head position and orientation dur-
ing CBCT image acquisition unfortunately 
never  correspond to its true  c -NHP according 

to the author’s experience. Xia and colleagues 
( 2009 ) introduced a digital orientation device 
to record NHP in 3D. Th is apparatus consists 
of a digital orientation sensor attached to the 
patient through a facebow and bite jig. A limit 
of this technique is that the bite jig will invari-
ably disturb lip morphology and posture. Th e 
use of lasers on the other hand (Damstra et al. 
 2010 ) can certainly help to record the patient’s 
 c- NHP.   

   2.     “v -NHP”: Virtual modifi cation of the scanned 
head position of the patient is therefore neces-
sary towards its  c -NHP, which needs to be 
defi ned by the clinician, and will ultimately 
result in the “virtual modifi ed natural head 
position ( v -NHP)”.   

  3.    “PHP”: Th e  v -NHP fi nally corresponds to the 
individual “planning head position (PHP)” of 
the patient. A correct determination of the 
patient’s individual PHP at the onset of 3D vir-
tual treatment planning is of major clinical 
importance, since it defi nes the 3D PHP coordi-
nate reference frame, which directly relates to:

•    3D cephalometric measurements of soft , 
hard tissues and teeth  

•   “Roll”, “Yaw”, “Pitch” and translational move-
ments of the maxilla, mandible and chin       

  A “step-by-step” approach is described to 
 virtually modify the patient’s head position 
towards its  c -NHP, which results in the  v -NHP, or 
individual patient’s PHP.  

Chapter 3 · 3D Virtual Treatment Planning of Orthognathic Surgery

 Attention 
 It is essential that the virtual modifi ed natu-
ral head position ( v -NHP) is determined by 
the clinician. 
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   Case 1:  Class II/1 Long-Face (Patient V.E.W.),  Video   
 To illustrate the concept towards “step-by-step” integrated “individualised 3D virtual treatment planning” 
of orthognathic surgery, patient V.E.W. is used throughout the book (7 Chaps.   1    ,   2    ,   4    ,   5     and   6    ) (. Figs.  3.1  
and  3.2 ).

a b c

 .   Fig. 3.2    Pre-surgical 3D “surface-rendered” soft and hard tissue representations of the patient’s head, as generated 
during CBCT image acquisition, at the time of the workup. Right profi le ( a ), frontal ( b ) and left profi le ( c ) views (patient 
V.E.W., Maxilim v. 2.3.0.3). Note the incorrect position and orientation of the patient’s head compared to the clinical 
pictures of the patient (. Fig.  3.1 ), although it was attempted to scan the patient in its correct NHP       

a b c

 .   Fig. 3.1    Pre-surgical clinical right profi le ( a ), frontal ( b ) and left profi le ( c ) views in rest of a 16-year-old girl with Class 
II/1, long-face (> maxillary vertical excess) maxillofacial deformity, at the time of the workup (patient V.E.W.)       

 

 

http://dx.doi.org/10.1007/978-3-662-47389-4_1
http://dx.doi.org/10.1007/978-3-662-47389-4_2
http://dx.doi.org/10.1007/978-3-662-47389-4_4
http://dx.doi.org/10.1007/978-3-662-47389-4_5
http://dx.doi.org/10.1007/978-3-662-47389-4_6
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 z       Virtual Modifi cation of the Patient’s Head 
Position Towards its Individual “ v -NHP” or 
“PHP” 

     Step 1:  Position and orientate the patient’s skull in 
the frontal plane using paired “non- 
pathological” anatomical structures (e.g. the 
fronto-temporo-parietal bones, the bony 
orbits, the frontal process of the maxilla, the 
zygomatic arch, the zygomatic bone, the mas-
toid process, etc.) (. Figs.  3.3  and  3.4 ).  

  Th is step is essential since setting up the 
patient’s  v -NHP only based on its 3D soft  tis-
sues (. Fig.  3.5 ) could include a potential 
“Yaw” error in the individual patient’s PHP. On 
clinical examination and during standardised 
clinical photography, correct symmetric posi-
tioning of the patient’s ears in the frontal view 
allows to avoid incorrect “Yaw” rotations of the 
patient’s head. Unfortunately, the ears are sel-
dom incorporated in the 3D virtual model of 
the patient due to the limited FOV during 
CBCT image acquisition.  

   Step 2:  Position and orientate the patient’s 3D 
facial soft  tissue mask in the frontal plane 
towards its  c -NHP (. Figs.  3.5 ,  3.6  and  3.7 ). 
Th is “crucial” planning step should be based 
on precise evaluation of standardised clinical 
frontal photographs in rest and by clinical 
examination of the patient in both a vertical 
seated and standing position, ideally at diff er-
ent time intervals. In many patients, the hori-
zontal  c -NHP reference plane corresponds 
with the bi-pupillary plane.

•    Th e clinician should especially be aware of 
patients with an habitual frontal modifi ed 
 c - NHP, compensating for an underlying 
facial asymmetry.  

•   Especially in patients with facial asymme-
try, the horizontal  c -NHP reference plane 
can be totally diff erent than the bi-pupillary 
plane. In these cases, it can be helpful to 
additionally visualise the endocranial view 
and reorientate the patient’s skull towards 
the crista galli and foramen magnum 
(. Fig.  3.8 ). Th is can be of particular inter-
est in patients with orbital dystopia, cranial 
base asymmetry and torticollis, but also in 
patients with a habitual modifi ed  c -NHP.     

   Step 3:  Position and orientate the patient’s 3D facial 
soft  tissue mask in the profi le planes towards the 
vertical c-NHP reference plane which corre-
sponds to the “True Vertical Plane (TVP)” 
(7 see Chap.   2    ). Th is planning step should be 
based on evaluation of standardised clinical 
right and left  photographs and by clinical exam-
ination of the patient in both a vertical seated 
and standing position (. Figs.  3.9 – 3.13 ).      

 Attention 
 Th e ( v -NHP) corresponds to the individual 
patient’s planning head position (PHP) 
which is crucial at the onset of 3D virtual 
treatment planning. 

Chapter 3 · 3D Virtual Treatment Planning of Orthognathic Surgery
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   Step 1:  Virtual Modifi cation of the Patient’s Head Position Towards its Individual “ v -NHP” or “PHP” 
 Position and orientate the patient’s skull in the frontal plane using paired “non-pathological”  anatomical 
structures. “Step 1” is essentially  performed by a combination of “Roll” and “Yaw” movements (7 see 
also Sect.  3.4 ) of the skull of the patient.

a b

dc

 .   Fig. 3.3    The patient’s skull ( a ) is orientated in the frontal plane using paired non-pathological anatomic structures: 
the temporal bones and bony orbits ( b ), the zygomatic arches ( c ) and the zygomatic bones ( d ) (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3)       
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a

b

 .   Fig. 3.4    The patient’s skull ( a ) is semiautomatically oriented in the frontal plane ( b ) (3D “volume-rendered” 
representations, patient V.E.W, IPS CaseDesigner ALPHA version)       
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Step 1: Virtual Modifi cation of the Patient’s Head Position Towards its Individual “v-NHP” or “PHP”
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       Step 2:  Virtual Modifi cation of the Patient’s Head Position Towards its Individual “ v -NHP” or “PHP” 
 Position and orientate the patient’s 3D facial soft  tissue mask in the frontal plane towards its  c - NHP. “Step 
2” is essentially performed by a “Roll” movement (7 see also Sect.  3.4 ) of the patient’s head.   

 .   Fig. 3.5    Pre-surgical frontal view of the patient in its 
 c -NHP in rest, at the time of the workup (patient V.E.W.)       

 Attention 
 As in conventional treatment planning 
of orthognathic surgery, the clinical NHP 
( c- NHP) of the patient is determined by the 
clinician. 

a b

 .   Fig. 3.6    The 3D facial soft tissue mask of the patient ( a ) is orientated in the frontal plane by a slight “Roll” of the 
patient’s head towards its  c -NHP ( b ) (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3)       
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b

 .   Fig. 3.7    The 3D facial soft tissue mask of the patient ( a ) is semiautomatically orientated in the frontal plane by a slight  
“Roll” of the patient’s head towards its  c -NHP ( b ) (3D “volume-rendered” representations, patient V.E.W., IPS CaseDesigner 
ALPHA version)       

 .   Fig. 3.8    The patient’s head is rotated to the endocranial view to 
visualise the crista galli and the foramen magnum. Note that there is 
no signifi cant cranial base asymmetry (3D “surface- rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3)       
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Step 2: Virtual Modifi cation of the Patient’s Head Position Towards its Individual “v-NHP” or “PHP”
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 .   Fig. 3.9    Pre-surgical profi le right view of the patient in 
its  c -NHP in rest, at the time of the workup, with the TVL 
(True Vertical Line) visualised (patient V.E.W.)       

a b

 .   Fig. 3.10    The 3D facial soft tissue mask of the patient is orientated in the right profi le plane ( a ) by a “Pitch” movement 
towards the TVP (True Vertical Plane) ( b ) (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3)       

       Step 3:  Virtual Modifi cation of the Patient’s Head Position Towards its Individual “ v -NHP” or “PHP” 
 Position and orientate the patient’s 3D facial soft  tissue mask in the profi le planes towards its 
 c - NHP. “Step 3” is essentially performed by a “Pitch” movement (7 see also Sect.  3.4 ).   

 Attention 
 Th e TVL (True Vertical Line) in conven-
tional treatment planning becomes the TVP 
(True Vertical Plane) in 3D virtual treat-
ment  planning. 
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 .   Fig. 3.11    Pre-surgical profi le left view of the patient in 
its  c -NHP, at the time of the workup, with the TVL (True 
Vertical Line) visualised (patient V.E.W.)       

a b

 .   Fig. 3.12    The 3D facial soft tissue mask of the patient is orientated in the left profi le plane ( a ) by a “Pitch” movement 
towards the TVP (True Vertical Plane) ( b ) (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3)       
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a

b

c

 .   Fig. 3.13    The 3D facial soft tissue mask of the patient ( a ) is semiautomatically orientated in the left and right profi le 
planes by a “Pitch” movement of the patient’s head towards the TVP (True Vertical Plane) ( b ,  c ) (3D “volume-rendered” 
representations, patient V.E.W, IPS CaseDesigner ALPHA version)       

Step 3: Virtual Modifi cation of the Patient’s Head Position Towards Its Individual “v-NHP” or “PHP”
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3.2             3D Virtual Osteotomies 
(3D-VPS 3 ) 

 Compared to conventional treatment planning, 
the 3D virtual approach off ers a major advan-
tage. It allows the clinician to individually 
design the 3D virtual osteotomy planes in regard 
to the patient’s specifi c (1) dento-maxillo-facial 
deformity and bite, (2) anatomy and (3) 
 pathology. 

 A prospective ( n  = 350) study (Swennen  2014 ) 
showed that 3D-VPS 3  (one-piece Le Fort I, bilat-
eral sagittal split and chin osteotomy) could be 
 virtually performed in a clinical acceptable time 
frame (overall mean, 3:46  min; range, 3:44–
3:48 min). 

 Th e 3D virtual approach allows to individually 
customise all type of osteotomies (7 see also 
Sect.  3.2.4 ). It is crucial that during the entire 3D 
virtual planning process, the 3D virtual osteotomy 
planes of the patient can be modifi ed at each step 
if necessary (. Figs.  3.14  to  3.26 ). 

3.2.1     Le Fort I Osteotomy:  Video   

a b

c d

 .   Fig. 3.14    3D virtual one-piece Le Fort I osteotomy as it has virtually been planned (3D “volume-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) Frontal view (b) base view (c) 2/3 downward inclined view (d) full frontal 
view with mandible visualised       

 Attention 
 It is crucial that all 3D virtual osteotomy 
planes can be modifi ed at each stage of the 
“10 step-by- step” protocol. 
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a b

c d

 .   Fig. 3.15    3D virtual bilateral sagittal split osteotomy (BSSO) as it has virtually been planned. Note that the buccal 
corticotomy is inclined towards the ante-gonial notch (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). 
(a) Frontal view (b) 2/3 downward inclined view (c) profi le right view (d) profi le left view       

3.2.2       Bilateral Sagittal Split 
Osteotomy:  Video          Advantage 

 Th e 3D virtual approach allows to individu-
ally customise the 3D virtual osteotomy 
planes. 
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3.2.3     Chin Osteotomy:  Video  

a b

c d

 .   Fig. 3.16    3D virtual chin osteotomy as it has virtually been planned. Note that the foramen mentale are not on the 
same vertical level (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) Frontal view (b) base view 
(c) profi le right view (d) frontal view in PHP       
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 .   Fig. 3.17    Right unilateral sagittal split osteotomy 
(USSO) to illustrate additional osteotomies, which 
was clinically not  performed on the patient (3D 
“surface-rendered” representations, patient V.E.W., 
Maxilim v. 2.3.0.3)       

 .   Fig. 3.19    Right SSO with vertical corticotomy 
according to Dal Pont to illustrate additional osteotomies, 
which was clinically not performed on the patient (3D 
“surface-rendered” representations, patient V.E.W., Maxilim 
v. 2.3.0.3)       

 .   Fig. 3.18    Right vertical ramus osteotomy (VRO) to 
illustrate additional osteotomies, which was clinically not 
performed on the patient (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3)       

 .   Fig. 3.20    Right inverted L-osteotomy to illustrate 
additional osteotomies, which was clinically not performed 
on the patient (3D “surface-rendered” representations, 
patient V.E.W., Maxilim v. 2.3.0.3)       

3.2.4          Additional Facial Osteotomies 
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 .   Fig. 3.21    Two-piece mandible midline osteotomy to 
illustrate additional osteotomies, which was clinically not 
performed on the patient (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3)       

 .   Fig. 3.22    Two-piece Le Fort I midline osteotomy to 
illustrate additional osteotomies, which was clinically not 
performed on the patient (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3)       

 .   Fig. 3.24    3D virtual bilateral “zygoma” osteotomies 
according to Prof. M. Mommaerts, in combination with a 
one-piece Le Fort I osteotomy to illustrate additional 
osteotomies, which were not performed clinically on the 
patient (3D “surface-rendered” representations, patient 
V.E.W., Maxilim v. 2.3.0.3). Note that the foramen 
infraorbitale are not at the same level       

 .   Fig. 3.23    3D virtual unilateral “zygoma” osteotomy 
according to Prof. M. Mommaerts to illustrate additional 
osteotomies, which was clinically not performed on the 
patient (3D “surface-rendered” representations, patient 
V.E.W., Maxilim v. 2.3.0.3)       

Additional Facial Osteotomies
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 .   Fig. 3.25    3D virtual “chin shield” osteotomy to 
illustrate additional osteotomies, which was clinically not 
performed on the patient (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3)       

 .   Fig. 3.26    3D virtual “chin wing” osteotomy according 
to Prof. A. Triaca to illustrate additional osteotomies, which 
was clinically not performed on the patient (3D 
“surface-rendered” representations, patient V.E.W., Maxilim 
v. 2.3.0.3)       

Additional Facial Osteotomies
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3.3                    3D Virtual Occlusal Defi nition 
(3D-VPS 4 ) 

 Compared to conventional treatment planning, 
“3D virtual occlusal defi nition” corresponds to 
conventional occlusal defi nition on plaster dental 
models” in non-segmental and segmental cases. 

3.3.1     Non-segmental Occlusal 
Defi nition 

 Non-segmental occlusal defi nition can be per-
formed either (1) virtually (without the use of 
plaster dental models) based on 3D upper and 
lower dentition models generated from scanning 
of impressions or intra-oral scanning (7 see also 
Sect.   1.2    ) or (2) semi-virtually (with the use of 
plaster dental models). 

 z   “Virtual” Non-segmental Occlusal 
Defi nition: Video 

 Virtual non-segmental occlusal defi nition is per-
formed without the use of plaster dental models 

and has the inherent advantages: (1) to be faster 
in the clinical workfl ow compared to semi-vir-
tual occlusal defi nition which still requires the 
manufacturing of plaster dental models and (2) 
does not necessitates an additional registration 
process of plaster dental models in occlusion 
which always implements a potential additional 
error in the virtual workfl ow. On the other hand, 
virtual occlusal defi nition in non-segmental 
cases is still highly demanding to the clinician, 
mostly because of its lack of tactile sense. In 
order to virtually defi ne the fi nal occlusion, “best 
fi t” and “collision detecting” algorithms, visual-
ised to the clinician by colour distance maps, are 
integrated (. Figs.  3.27 ,  3.28 ,  3.29  and  3.30 ). 

 A prospective ( n  = 350) study in non- 
segmental cases (Swennen  2014 ) showed that 
3D-VPS 4  was currently still time consuming 
(overall mean, 8:26  min; range, 7:40–9:13  min) 
compared to conventional treatment planning.

a

c

b

d

 .   Fig. 3.27    3D upper and lower dentition models, in “centric relation (CR)”, as scanned during CBCT image acquisition 
(7 see also Chap.   1    ) (3D “surface-rendered” representations, Triple Scan Protocol, patient V.E.W., Maxilim v. 2.3.0.3). 
(a) Frontal view (b) posterior view (c) profi le right view (d) profi le left view       
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a b

c d

 .   Fig. 3.28    After initial manual alignment, the 3D upper and lower dentition models are guided into fi nal virtual 
occlusion by use of virtual springs and “best fi t” and “collision detecting” algorithms. Selective virtual tooth grinding may 
be necessary to achieve ideal fi nal virtual occlusion (3D “surface-rendered” representations, Triple Scan Protocol, patient 
V.E.W., Maxilim v. 2.3.0.3). (a) Frontal view (b) posterior view (c) profi le right view (d) profi le left view       

“Virtual” Non-segmental Occlusal Defi nition
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a b

c d

 .   Fig. 3.29    After the fi nal occlusion has been virtually defi ned by the clinician, an occlusogram tool allows visualisation 
of the inter-arch dental contacts. A colour distance map provides additional quantifi cation of the degree of the latter 
occlusal contacts ( a ,  b ). In some cases, selective virtual tooth grinding may be necessary to achieve ideal fi nal virtual 
occlusion ( c ,  d ). Note that neither virtual nor clinical tooth grinding was performed on the patient (3D “surface-rendered” 
representations, Triple Scan Protocol, patient V.E.W., Maxilim v. 2.3.0.3)       

“Virtual” Non-segmental Occlusal Defi nition
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a b

c d

 .   Fig. 3.30    Final virtual occlusal defi nition with good canine and fi rst molar Angle Class I relationship. Note that neither 
virtual nor clinical tooth grinding was performed on the patient (3D “surface-rendered” representations, Triple Scan 
Protocol, patient V.E.W., Maxilim v. 2.3.0.3). (a) Frontal view (b) posterior view (c) profi le right view (d) profi le left view       

“Virtual” Non-segmental Occlusal Defi nition
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 z         “Semi-virtual” Non-segmental Occlusal Defi nition 
 Semi-virtual non-segmental occlusal defi nition is 
performed based on image acquisition of plaster 
dental models:

    1.    “Dental model CBCT1”: CBCT image acqui-
sition of upper and lower dental plaster models 
separated from each other (. Fig.  3.31 ).   

   2.    “Dental model CBCT2”: CBCT image acqui-
sition of upper and lower plaster dental models 
that were placed manually into fi nal occlusion 
by the clinician (. Fig.  3.32 ).     

 Based on “rigid registration” (7 see also Sect. 
  1.2.1    ), “Dental model CBCT2” is superimposed 

(registered) to “Dental model CBCT1”. To evalu-
ate the accuracy of the registration process, multi-
planar reslices along the dental arches are essential 
to verify the fi nal occlusion (. Fig.  3.32 ). 
 Compared to “virtual occlusal defi nition”, 
 “semi-virtual occlusal defi nition” has the follow-
ing disadvantages: 
 (1) Slower in the clinical workflow since it 
requires the manufacturing of plaster dental 
models and (2) necessitates an additional regis-
tration process. On the other hand, it is cer-
tainly less demanding in the 3D virtual 
workflow.

 .   Fig. 3.31    3D upper and lower dentitions models, 
based on CBCT scanning of the plaster dental models 
made from the “all-in-one” impression of the upper and 
lower dental arches (7 see also Sect.   1.2.2    ). “Dental 
model CBCT 1” is acquired with the plaster dental 
models separated from each other by a sponge (3D 
“volume-rendered” representations, patient V.E.W, 
IPS CaseDesigner ALPHA version )       
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 .   Fig. 3.32    3D upper and lower dentition models, based on CBCT scanning of the plaster dental models made from the 
“all-in-one” impression of the upper and lower dental arches (7 see also Chap.   1    ) in virtual fi nal occlusion. The plaster 
dental models were manually placed into fi nal occlusion by the clinician before image acquisition (Dental model CBCT2). 
The 3D upper and lower dentition models in virtual occlusion from “Dental model CBCT2” were then superimposed 
(registered) to “Dental model CBCT1”. Multiplanar reslices along the dental arches are provided to evaluate the accuracy of 
the registration process. Multiplanar reslices at the canine ( b ,  c ) and fi rst molar level ( a ,  d ) (3D “volume-rendered” 
representations, patient V.E.W, IPS CaseDesigner ALPHA version)         

a

b

“Semi-virtual” Non-segmental Occlusal Defi nition
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c

d

 . Fig. 3.32 (continued)

“Semi-virtual” Non-segmental Occlusal Defi nition
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3.3.2          Segmental Occlusal Defi nition 

 Currently, segmental occlusal defi nition is still 
performed semi-virtually based on image 
 acquisition of plaster dental models since virtual 
(without the use of plaster dental models) occlu-
sal defi nition in segmental cases is still prone to 
errors:
    1.    “Dental model CBCT1”. CBCT image acqui-

sition of upper and lower dental plaster models 
separated from each other (. Fig.  3.33 ).   

  2.    “Dental model CBCT2”. CBCT image acquisi-
tion of upper and lower plaster dental models 
that were manually segmented and placed into 
fi nal occlusion by the clinician (. Fig.  3.34 ).     

 Based on “rigid registration” (7 see also Sect. 
  1.2.1    ), “Dental model CBCT2” is superimposed 
(registered) to “Dental model CBCT1”. To evalu-
ate the accuracy of the rigid registration process, 
multiplanar reslices along the dental arches are 
essential to verify the fi nal occlusion (. Fig.  3.34 ).

 .   Fig. 3.33    3D upper and lower dentitions models, 
based on CBCT scanning of the plaster dental models 
made from the “all-in-one” impression of the upper and 
lower dental arches (7 see also Chap.   1    ). “Dental model 
CBCT 1” is acquired with the plaster dental models 
separated from each other by a sponge (3D 
“volume-rendered” representations, patient L.A., IPS 
CaseDesigner ALPHA version)       
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 .   Fig. 3.34    3D upper and lower dentition models, based on CBCT scanning of the plaster dental models made from the 
“all-in-one” impression of the upper and lower dental arches (7 see also Chap.   1    ) in virtual fi nal occlusion. The plaster 
dental models were manually placed into fi nal occlusion by the clinician before image acquisition (Dental model CBCT2). 
The 3D upper and lower dentition models in virtual occlusion from “Dental model CBCT2” were then superimposed 
(registered) to “Dental model CBCT1”. Multiplanar reslices along the dental arches are provided to evaluate the accuracy of 
the registration process. Multiplanar reslices at the upper midline ( a ,  b ) and canine level ( c ,  d ) (3D “volume-rendered” 
representations, patient L.A., IPS CaseDesigner ALPHA version)         

a

b

“Semi-virtual” Segmental Occlusal Defi nition
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c

d

 . Fig. 3.34 (continued)

“Semi-virtual” Segmental Occlusal Defi nition
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3.4             Principles of “Roll”, “Yaw” 
and “Pitch” in the 3D Virtual 
Scene 

 From conventional treatment planning of orthog-
nathic surgery, it is well known that “rotational 
movements of the maxillo-mandibular complex” 
are a very powerful tool in both functional and 
aesthetic management of maxillofacial deformity. 

 In the 3D virtual scene, rotational movements 
(“Roll”, “Yaw” and “Pitch”) can be performed in all 
3D planes, in a clockwise (CW) or counterclock-
wise (CCW) manner, or, more simply, to the right 
or left  (. Figs.  3.35  to  3.51 ).
    1.    “Roll”: Rotational movement around the 

“ z -axis” in the frontal plane that can be per-
formed CW or CCW   

   2.    “Yaw”: Rotational movement around the 
“ y -axis” in the base or frontal plane that can be 

performed CW or CCW, but sometimes more 
simply described to the right or to the left    

  3.    “Pitch”: Rotational movement around the 
“ x -axis” in the profi le plane that can be per-
formed CW or CCW     

 “Roll”, “Yaw” and “Pitch” rotational move-
ments are used in the 3D virtual approach 
towards:
    1.    Virtual modifi cation of the scanned head posi-

tion of the patient towards its “clinical natural 
head position ( c -NHP)”, resulting in the “vir-
tual modifi ed natural head position ( v -NHP) 
or individual “planning head position (PHP)” 
of the patient (7 see also Sect. 3.1).   

   2.    Virtual surgical rotational movements of the 
maxilla, mandible, chin, proximal fragments 
of the mandible or maxillo-mandibular com-
plex in fi nal occlusion (7 see also Sect. 3.5).     

a

 .   Fig. 3.35    After setting the  v -NHP, a new 3D coordinate reference 
frame is generated, as a basis for the individual PHP of the patient ( a ). 
3D cephalometric measurements and surgical movements of the 
maxilla, mandible and chin are both related to the 3D PHP coordinate 
reference frame. The “Roll” movement is performed around the 
“z”-axis, while the “Pitch” movement is around the “x”-axis and the 
“Yaw” movement around the “y”-axis ( b ,  c ) (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3)         

 z    “Roll”, “Yaw” and “Pitch”  Rotational Movements for Virtual Modifi cation of the Head Position 
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 z        “Roll”, “Yaw” and “Pitch”  Rotational Movements for Virtual Surgery 

a b

 .   Fig. 3.36    The principles of “Roll”, “Yaw” and “Pitch” can be individually related to the maxilla ( a ), the distal fragment of 
the mandible ( b ), the chin ( c ), the proximal  segments of the mandible ( d ) and fi nally the maxillo-mandibular complex ( e ) 
(3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3)         

b c

 . Fig. 3.35 (continued)

“Roll”, “Yaw” and “Pitch” Rotational Movements for Virtual Modifi cation of the Head Position
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c d

e

 . Fig. 3.36 (continued)

“Roll”, “Yaw” and “Pitch” Rotational Movements for Virtual Surgery
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 z        “Roll” : Rotational Movement Around the  Z -Axis in the Frontal Plane (CW or CCW) 

 .   Fig. 3.37    The principle of “Roll” is related to a 
rotational movement around the “z”-axis. In the frontal 
plane, it can be conceptually correlated to the direction of 
a clock’s hands. CW refers to a circular rotation to the right, 
while CCW refers to a circular rotation to the left (3D 
“surface-rendered” representations, patient V.E.W., Maxilim 
v. 2.3.0.3)       

a b

 .   Fig. 3.38    In maxillary surgery, the “Roll” concept is related to “Cant” correction, and the maxilla can therefore be 
rotated in a CW or CCW manner (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) CW (b) CCW       
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a b

 .   Fig. 3.39    In mandibular surgery, the “Roll” concept is related to “Cant” correction, and the distal segment of the 
mandible can therefore be rotated in a CW or CCW manner. The mandible can be individually evaluated for the  presence 
of a “Cant”, but will most often be assessed as part of the maxillo-mandibular complex, after fi nal virtual occlusal defi nition 
(3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) CCW (b) CW       

a b

 .   Fig. 3.40    In mandibular surgery, the “Roll” concept can also be related to the management of the proximal segment 
during USSO or BSSO. The condylar-ramus unit can therefore rotate laterally ( a ) or medially ( b ), around a centre of rotation 
based at the condylar head. Movement of the proximal segments should be minimised during surgery to prevent any 
deleterious eff ect on the condyle (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3)       

“Roll”: Rotational Movement Around the Z-Axis in the Frontal Plane (CW or CCW)
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a b

 .   Fig. 3.41    In genioplasty, the “Roll” concept is related to “Cant” correction, and the mandibular symphysis can 
therefore be rotated in a CW or CCW manner (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). 
(a) CCW rotation for cant correction with extrusion at the right, (b) CCW rotation for cant correction with intrusion at the left       

 z            “Yaw” : Rotational Movement Around the  Y -Axis in the Base or Frontal Plane 

 .   Fig. 3.42    The principle of “Yaw” is related to a 
rotational movement around the “y”-axis. In the base plane, 
it can be conceptually correlated to the direction of a 
clock’s hands. CW refers to a circular rotation to the right, 
while CCW refers to a circular rotation to the left (3D 
“surface-rendered” representations, patient V.E.W., Maxilim 
v. 2.3.0.3)       

“Roll”: Rotational Movement Around the Z-Axis in the Frontal Plane (CW or CCW)
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a b

 .   Fig. 3.43    The principle of “Yaw” is related to a rotational movement around the “y” axis. In maxillary surgery, the 
maxilla can therefore be rotated in a CW or CCW manner, depending on the clinical situation (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) CW (b) CCW       

a b

 .   Fig. 3.44    In mandibular surgery, the “Yaw” concept is related to asymmetry correction and inter-fragmentary bony 
adaptation between the proximal and distal segment. In BSSO, the distal segment can therefore be rotated in a CW or CCW 
manner, depending on the clinical situation (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). 
(a) CCW (b) CW       

“Yaw”: Rotational Movement Around the Y-Axis in the Base or Frontal Plane
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a b

 .   Fig. 3.45    In mandibular surgery, the “Yaw” concept can also be related to the management of the proximal segment 
during BSSO. The condylar-ramus unit can therefore be rotated in the base plane to the right or to the left. Movement of 
the proximal segments should be minimised during surgery to prevent any deleterious eff ect on the condyle (3D 
“surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) CCW (left) (b) CW (right)       

a b

 .   Fig. 3.46    In genioplasty, the “Yaw” concept is related to asymmetry correction. The mandibular symphysis can 
therefore be rotated in a CW or CCW manner, depending on the clinical situation (3D “surface-rendered” representations, 
patient V.E.W., Maxilim v. 2.3.0.3). (a) CW (b) CCW       

“Yaw”: Rotational Movement Around the Y-Axis in the Base or Frontal Plane
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 z            “Pitch”:  Rotational Movement Around the  X -Axis in the Profi le Plane (CW or CCW) 

 .   Fig. 3.47    The principle of “Pitch” is related to a 
rotational movement around the “x”-axis. In the profi le 
plane, it can be conceptually correlated to the direction of 
a clock’s hands. CW refers to a circular rotation to the right, 
while CCW refers to a circular rotation to the left (3D 
“surface-rendered” representations, patient V.E.W., Maxilim 
v. 2.3.0.3)       

a b

 .   Fig. 3.48    In orthognathic surgery, the “Pitch” concept is related to occlusal plane modifi cation, therefore, in maxillary 
surgery, the maxilla can be rotated in a CW or CCW manner, depending on the clinical situation (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) CW (b) CCW       
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a b

 .   Fig. 3.49    The mandible can be individually evaluated according to the “Pitch” concept for occlusal plane 
modifi cation. Most often the mandible will be assessed as a part of the maxillo-mandibular complex, after fi nal virtual 
occlusal defi nition and can be rotated in a CW or CCW manner (3D “surface-rendered” representations, patient V.E.W., 
Maxilim v. 2.3.0.3). (a) CW (b) CCW       

a b

 .   Fig. 3.50    In mandibular surgery, the “Pitch” concept can also be related to the management of the proximal segment 
during USSO or BSSO. The condylar-ramus unit can therefore be rotated in a CW or CCW manner. Movement of the 
proximal segments should be minimised to prevent any deleterious eff ect on the condyle (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) CCW (b) CW       

“Pitch”: Rotational Movement Around the X-Axis in the Profi le Plane (CW or CCW)
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a b

 .   Fig. 3.51    In genioplasty, the “Pitch” concept is related to chin prominence and mandibular border contour. The mandibular 
symphysis can therefore be rotated in a CW or CCW manner, depending on the clinical situation (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) CW (b) CCW       

“Pitch”: Rotational Movement Around the X-Axis in the Profi le Plane (CW or CCW)
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3.5              “Step-by-Step” Individualised 
3D Virtual Treatment 
Planning (3D-VPS 5 ) 

 Th e “10 step-by-step” integrated “individualised 
3D virtual treatment planning” approach outlined 
in this chapter aims to provide a standardised and 
systematic way of using “3D virtual treatment 
planning” in the daily clinical routine planning of 
orthognathic surgery. 

 The backbone of the described approach is 
“individualised treatment planning” in order 
to:
    1.    Offer an “individualised treatment plan” 

towards each patient, depending on his 
particular functional needs, aesthetic con-
cerns or as in most cases, a combination of 
both.   

  2.    Provide the clinician (orthodontist, surgeon or 
most ideal the ortho-surgical team) a manner 
of “individualising 3D virtual treatment plan-
ning”, based on his personal educational back-
ground (e.g. cephalometric analysis, etc.) and 
treatment planning philosophies (e.g. maxilla 
fi rst/mandible fi rst/surgery fi rst, clockwise 
(CW)/counterclockwise (CCW) rotation, 
non-segmental/segmental surgery, one-stage/
two-stage surgery, etc).      

 Although the “10 step-by-step” integrated vir-
tual planning approach necessitates 3D virtual defi -
nition of some cephalometric landmarks (7 see 
also Chap.   2    ), it is not based on any particular ceph-
alometric analysis described in the literature. Th e 
planning approach is based on “clinical decision- 
making”, starting from the individual patient’s 
“planning head position (PHP)” (7 see Sect.  3.1 ). 

 Th e clinician is nevertheless able to incorpo-
rate any specifi c 2D or 3D cephalometric mea-
surements in each of the ten planning steps to 
individualise his treatment planning approach. 

 A prospective ( n  = 350) study in non- 
segmental cases (Swennen  2014 ) showed that 
3D-VPS 5  could be performed in an acceptable 
time frame compared to conventional treatment 
planning.

 Mean 
(min:s)  Range (min:s) 

 BSSO ( n  = 90)  7:45  6:32–8:12 

 BSSO and chin ( n  = 18)  8:05  7:48–10:03 

 Le Fort I and BSSO 
( n  = 163) 

 16:23  11:12–19:43 

 Le Fort I, BSSO and chin 
( n  = 79) 

 17:59  12:58–21:24 

  (3D-VPS   5   ) “10 step-by-step” integrated 
“individualised 3D virtual treatment plan-
ning” is illustrated on several clinical cases 
with diff erent types of maxillofacial deformity 
in Chap.     6      .  

 Attention 
 3D-VPS 5  starts from the virtual modifi ed 
natural head position ( v- NHP) which 
 correspondents to the individual patient’s 
planning head position (PHP) determined 
by the clinician (7 see Sect.  3.1 ). 

      Step 1 – Maxillary occlusal cant evaluation/
correction (“Roll”)  

  Step 2  – Upper dental midline evaluation/
correction  

  Step 3 – Overall evaluation of facial asym-
metry aft er virtual occlusal defi nition  

  Step 4  – Evaluation/correction of fl aring 
(“Yaw”)  

  Step 5  – Upper vertical incisal position 
 evaluation/correction  

  Step 6 – Upper sagittal incisal position eval-
uation/correction  

  Step 7  – Profi le evaluation/occlusal plane 
correction (“Pitch”)  

  Step 8 – 3D chin position evaluation/correc-
tion (“Roll”, “Yaw” and “Pitch”)  

  Step 9  – Patient communication of the 
“individualised 3D virtual treatment 
plan”  

  Step 10 – Final adjustments of the “individ-
ualised 3D virtual treatment plan”    

http://dx.doi.org/10.1007/978-3-662-47389-4_2
http://dx.doi.org/10.1007/978-3-662-47389-4_6
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 z   Case 1:  Class II/1 Long-Face (Patient V.E.W.): Video   

a

b c d

 .   Fig. 3.52    Pre-surgical clinical frontal views in rest ( a ), smiling 2/3 right profi le ( b ), smiling frontal ( c ) and smiling 2/3 
profi le left ( d ). Note that clinically, there is no obvious cant of the maxilla neither of the mandible (patient V.E.W.)       

3.5.1     “Step 1”: Maxillary Occlusal Cant Evaluation/Correction (“Roll”) 

 Th e maxillary occlusal plane is evaluated in the frontal plane as in conventional treatment  planning, by 
clinical examination of the patient in rest and during smiling and by evaluation of clinical photographs 
(ideally with a cheek retractor) (7 see also Chap.   1    ) (. Fig.  3.52 ).
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   In the 3D virtual approach, a potential maxillary occlusal cant is evaluated in “Step 1” in the frontal 
individual PHP of the patient that has been defi ned by the clinician (7 see also Sect.  3.1 ) (. Fig.  3.53 ).

a b

 .   Fig. 3.53    Frontal PHP views at the start of the “10 step-by-step” integrated 3D virtual planning approach. Note that 
the 3D virtual patient model does not clearly show a maxillary occlusal cant. On the other hand,  compared to the clinical 
photographs, a clear cant of the mandible with chin deviation to the right becomes noticeable (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) Frontal view (b) frontal view with soft tissues in transparency.       

 .   Fig. 3.54    Visualisation of the Mx-Occ-Pl shows a 
maxillary cant that was clinically not evident (3D 
“surface-rendered” representations, patient V.E.W., Maxilim 
v. 2.3.0.3)       

   Th e maxillary occlusal plane (Mx-Occ-Pl) is 
additionally visualised and evaluated. As 
described in Chap.   2    , the Mx-Occ-Pl is theoreti-
cally defi ned by a plane that connects (1) the 

mean of  upper incisor,   r    upper incisor   l,   (2)  upper 
molar cusp   r   and (3)  upper molar cusp   l   3D cephalo-
metric dental landmarks (. Fig.  3.54 ).  

 Pitfall 
 Always check that the 3D cephalometric 
dental landmarks correctly determine the 
maxillary occlusal plane (Mx-Occ-Pl). 

“Step 1”: Maxillary Occlusal Cant Evaluation/Correction (“Roll”)

 

 

http://dx.doi.org/10.1007/978-3-662-47389-4_2
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  Th e above-mentioned 3D cephalometric  defi nition 
of the Mx-Occ-Pl is true in non- segmental cases 
where the upper dental arch is orthodontically 
well aligned and levelled. Since this is not always 
the case in daily clinical routine, the clinician 
needs to verify if the above-mentioned 3D cepha-
lometric dental landmarks truly defi ne the “maxil-
lary occlusal plane” and if not modify them. In 
segmental cases (e.g. two-pieces and three-pieces 

Le Fort I with stepwise orthodontic pre-surgical 
preparation), the “maxillary occlusal plane” needs 
to be defi ned by the clinician by at least four 3D 
cephalometric dental landmarks. 

 In case a cant of the “maxillary occlusal plane” 
is present, it is corrected by a “Roll” movement 
(CW or CCW) towards the horizontal 3D PHP 
reference plane, in the frontal view (. Figs.  3.55  
and  3.56 ).

a b

 .   Fig. 3.55    The maxillary cant is corrected towards the horizontal 3D PHP reference plane by a CCW “Roll” rotational 
movement (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). (a)  Before correction (b) after 
correction       

 .   Fig. 3.56    Slight virtual rotation of the patient’s skull 
to the back more clearly shows that the maxillary cant is 
corrected towards the horizontal 3D PHP reference plane 
(3D “surface-rendered” representations, patient V.E.W., 
Maxilim v. 2.3.0.3)       

“Step 1”: Maxillary Occlusal Cant Evaluation/Correction (“Roll”)
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3.5.2         “Step 2”: Upper Dental Midline 
Evaluation/Correction 

 Th e upper dental midline is evaluated in the 
frontal plane towards the nasophiltrum and the 
facial midline, as in conventional treatment 
planning, by clinical examination of the patient 
in rest and by evaluation of the clinical stan-
dardised photographs (. Fig.  3.57 ).

   In the daily clinical routine, discrepancies 
oft en occur in the assessment of the upper dental 
midline towards the nasophiltrum versus the 
facial midline. Th is can be of myofunctional ori-
gin but mostly caused by positional changes of 
the nasolabial aesthetic unit of the face by (1) a 
septal deviation, (2) a deviation of the anterior 
nasal spine (ANS), (3) an asymmetric nasal base, 
(4) a maxillary asymmetry, (5) a nasal  asymmetry, 

(6) a mandibular asymmetry or (7) a combina-
tion. Systematic virtual diagnosis of the patient’s 
individual anatomy and pathology (7 see also 
Chap.   2    ) can help to identify the underlying cause.  
 In the 3D virtual approach, the upper dental mid-
line is evaluated in “Step 2” towards the vertical 
3D PHP reference plane (7 see also Sect.  3.1 ). 

 Attention 
 Clinical discrepancies of the upper dental 
midline oft en occur towards the nasophil-
trum versus the facial midline. 

 Systematic virtual diagnosis of the 
patient’s individual anatomy and pathology 
(7 see also Sect.   2.1.2    ) can help to identify 
the underlying cause. 

a b

 .   Fig. 3.57    Pre-surgical clinical frontal views in rest, with details of the nasolabial aesthetic unit ( a ) and full frontal view 
in  c- NHP ( b ). Note that clinically, there is no deviation of the upper dental midline towards the nasophiltrum, although 
there is a slight but obvious deviation to the left towards the facial midline (patient V.E.W.)       

 

http://dx.doi.org/10.1007/978-3-662-47389-4_2
http://dx.doi.org/10.1007/978-3-662-47389-4_2
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 An upper dental midline deviation can be cor-
rected virtually by (1) a translation to the right or 
left , (2) by a rotation in the base plane (“Yaw”), (3) 
by a combined translation and rotation, (4) by a 
cant correction of the maxilla (“Roll”) or (5) by a 
combination of all these movements. 

 Since in “Step 1”, an eventual cant of the max-
illary occlusal plane has already been corrected by 
a “Roll”, the upper dental midline in “Step 2” is 
only modifi ed by a translation, a rotation in 

the base plane (“Yaw”) or a combination of both 
(. Fig.  3.58 ).   
 In “Step 2”, it is important and of clinical benefi t 
to also virtually hide the mandible in order to 

 Advantage 
 Th e 3D virtual approach helps the clinician 
in the assessment of the upper dental 
 midline. 

a b

 .   Fig. 3.58    The deviation of the upper dental midline to the left ( a ) is corrected towards the facial midline 3D PHP 
reference plane, by a pure translation movement to the right ( b ) (3D “surface-rendered” representations, patient V.E.W., 
Maxilim v. 2.3.0.3)       

“Step 2”: Upper Dental Midline Evaluation/Correction
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assess the position of the maxillary dental arch 
towards the midface (e.g. zygomatic prominence 

and zygomatic arches) in the base view 
(. Fig.  3.59 ).

a b

 .   Fig. 3.59    The base views illustrate a slight correction of the upper dental midline to the right by a pure translation 
of the maxilla to the right towards the facial midline 3D PHP reference plane (3D “surface-rendered” representations, 
patient V.E.W., Maxilim v. 2.3.0.3). (a) Before correction (b) after correction       

“Step 2”: Upper Dental Midline Evaluation/Correction
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3.5.3        “Step 3”: Overall Evaluation 
of Facial Asymmetry 
After Virtual Occlusal 
Defi nition 

 In “Step 3” overall facial symmetry/asymmetry is 
evaluated aft er “virtual occlusal defi nition” (3D- 
VPS 4 ) (7 see also Sect.  3.3 ) at both bony and soft  
tissue level. Th e position of the chin, gonial angles, 
mandibular inferior border and ascending man-
dibular rami are evaluated towards the horizontal 
and medial 3D PHP references planes of the 
patient (. Fig.  3.60 ). 

 It can sometimes be necessary to redefi ne the 
“virtual occlusal defi nition” to fi ne-tune facial 
symmetry. Th is can be done by additional virtual 
occlusal grinding or by virtual opening the occlu-
sion at specifi c levels. 

 It is also important to understand that aft er 
“virtual occlusal defi nition”, the maxilla and the 
distal mandibular segment are fused together as 
the “maxillo-mandibular complex in fi nal vir-
tual occlusion”. Th erefore, from now on any 3D 
virtual modifi cation of the maxillary position in 
the next virtual planning steps (4–10) will 
 automatically be transmitted virtually to the 
mandible.   

 Limit and Pitfall 
 Since there are currently no evidence-based 
data available on the accuracy of 3D soft  
 tissue simulation in the frontal plane, the 
clinician should not rely on 3D soft  tissue 
simulation. 

a b

 .   Fig. 3.60    Overall facial asymmetry of the patient’s skull and face is assessed after virtual occlusal defi nition in the 
frontal view towards both the horizontal and facial midline 3D PHP reference planes. Note the persistent chin asymmetry 
to the right (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) Frontal view (b) frontal view with 
soft tissues in transparency       
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 Towards overall assessment of facial symmetry and balance, it is helpful to virtually evaluate the man-
dibular border contour towards the  contour of the zygomatic arches and the zygomatic bones 
(. Fig.  3.61 ).

a b

c d

 .   Fig. 3.61    To evaluate overall facial asymmetry after “virtual occlusal defi nition”, the mandibular contour is evaluated 
virtually towards the contour of the zygomatic arches and zygomatic bones (3D “surface-rendered” representations, 
patient V.E.W., Maxilim v. 2.3.0.3) (a) 2/3 downward inclined view without virtual planning performed (b) 2/3 downward 
inclined view after step 1-3. (c) 2/3 downward inclined view after step 1-3 with 3D soft tissues (d) 2/3 downward inclined view 
with 3D soft tissues in transparency         

“Step 3”: Overall Evaluation of Facial Asymmetry After Virtual Occlusal Defi nition
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3.5.4        “Step 4”: Evaluation/
Correction of Flaring (“Yaw”) 

 Compared to model articulator surgery in con-
ventional treatment planning, the 3D virtual 
approach has the unprecedented potential in 
“Step 4” to virtually show the clinician, what is 
skeletally happening at (1) the bony osteotomy 
gaps, at both the mandible and the maxilla level 
and also (2) at the gonial angles and paranasal. 
Th is 3D virtual feature off ers a huge advantage 
and benefi t in treatment planning both function-
ally and aesthetically.
    1.    From a functional point of view, this is of 

clinical importance towards the mandible since 
fl aring of the distal fragment can create torque 
on the ipsilateral proximal fragment leading to 
condylar torque, eventual compression and 
ultimately condylar resorption. Moreover, fl ar-
ing could create additional compression on the 
inferior alveolar nerve (IAN) at both sides.   

  2.    From an aesthetic point of view, this is of clin-
ical importance towards both the mandible and 

the maxilla. Flaring of the condylar-ramus unit 
can cause gonial angle asymmetry and widen-
ing of the lower face (Go-Go). In the midface, 
fl aring could cause paranasal asymmetry.    

   In bimaxillary surgery, fl aring of the mandi-
ble can be corrected by a rotation in the base 
plane (“Yaw”), keeping the dental midlines 
aligned with the facial midline. Moreover, even-
tual bone collision can virtually be detected in 
order to be removed during the actual surgery. In 
most clinical cases, additional infracture osteoto-
mies of the proximal portion of the distal ipsilat-
eral fragment can be avoided by the virtual “Yaw” 
correction. (. Figs.  3.62 ,  3.63  and  3.64 ) 

 In mono-maxillary surgery, the 3D virtual 
approach makes the clinician aware of the poten-
tial fl aring. It therefore shows where bone can be 
removed or additional infracturing of the proxi-
mal portion of the distal ipsilateral segment 
should be performed, in order to decrease the 
fl aring.

a b

 .   Fig. 3.62    The base views show lateral fl aring of the right proximal segment of the mandible (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3). The base view (a) shows lateral fl aring of the distal mandibular fragment 
to the right (b) highlighted by the arrow       
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a b

 .   Fig. 3.63    The fl aring of the mandible to the right side has been virtually corrected by a CCW “Yaw” rotational 
movement. Note that the distal mandibular segment has been parallelized to both proximal segments. Moreover 3D 
virtual planning shows the location of potential bone  contacts that might need to be adjusted, during the actual surgery. 
However, the actual thickness of the bone cuts that will be performed during the clinical surgery needs to be considered 
(3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) Before correction (b) after correction       

   Th e surgeon must consider the thickness of 
the actual clinical bone cuts during the vir-
tual adaptation of the proximal and distal 
mandibular segments. 

 Th is important clinical surgical variable 
has not been incorporated yet in the 3D 
 virtual osteotomy design and 3D virtual 
planning.  

“Step 4”: Evaluation/Correction of Flaring (“Yaw”)
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    In some clinical cases, a certain extent of fl aring 
can be created on purpose: unilaterally to correct 
a gonial angle asymmetry or bilaterally to widen 
the lower face width, by increasing the inter-
gonial distance. By removing bone contacts or 

making the sagittal split shorter, the lower face 
can be narrowed unilaterally or bilaterally. 
However, it remains crucial to minimise any sur-
gical movement of the proximal segment to pre-
vent any deleterious eff ect on the condyles.  

a b

 .   Fig. 3.64    Overall assessment of facial contour after correction of fl aring to the right side by a “Yaw” movement of 
the maxillo-mandibular complex to the left (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). 
(a) Frontal view (b)  frontal view with soft tissues in transparency       

“Step 4”: Evaluation/Correction of Flaring (“Yaw”)
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3.5.5     “Step 5”: Upper Vertical Incisal 
Position Evaluation/Correction 

 In “Step 5”, the vertical upper incisal position is 
evaluated in the frontal plane as in conventional 
treatment planning, by clinical examination of 
upper incisal/gingival exposure in rest (. Fig.  3.1b ) 
and during spontaneous smiling (. Fig.  3.52c ), 
 ideally at diff erent time points. 

 In bimaxillary surgery, the vertical upper inci-
sal position is corrected virtually, if needed, by a 
pure vertical translation movement of the 
“maxillo- mandibular complex in fi nal occlusion”, 
at the upper incisal level (7 see also Case 1 in this 
Chapter) (. Fig.  3.65 ). 

 In isolate Le Fort I surgery, the vertical upper 
incisal position is virtually corrected by a combi-
nation of vertical translation of the maxilla at the 
upper incisal level and CW or CCW autorotation 
of the mandible (7 see also Case 7, Chap.   6    ). 

 Th e amount (in mm) of vertical virtual upward 
or downward upper incisal translation is purely 
based on clinical examination and clinical 
decision- making.    

 Limit 
 3D soft  tissue simulation is currently not 
accurate at the level of the lips. 

a b

 .   Fig. 3.65    Since the patient has an upper incisal exposure in rest of 8 mm and a gingival exposure of 4 mm, it was 
decided clinically at this stage to virtually intrude the maxilla 4 mm at the upper incisal level. Note the current limit of 3D 
soft tissue simulation: despite a vertical incisal intrusion of 4 mm, there is no change in lip morphology and interlabial 
distance (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) Before correction (b) after correction.       

 

http://dx.doi.org/10.1007/978-3-662-47389-4_6
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3.5.6     “Step 6”: Sagittal Upper Incisal 
Position Evaluation/Correction 

 In “Step 6”, the sagittal upper incisal position 
needs to be evaluated and eventually corrected 
(mostly by an advancement and rarely by a set-
back) as in conventional treatment planning, 
based on the clinical examination of the patient in 
rest (. Figs.  3.1 ,  3.9  and  3.11 ) and during smiling 
(. Fig.  3.52b–d ). 

 Th e sagittal horizontal upper incisal position 
is corrected virtually, if needed, by a pure hori-
zontal translation movement of the “maxillo- 
mandibular complex in fi nal virtual occlusion”, at 
the upper incisal level (. Fig.  3.66 ). 

 Th e amount (in mm) of horizontal virtual for-
ward or backward upper incisal translation is 
purely based on clinical examination.

a b

 .   Fig. 3.66    From especially clinical examination but also 3D cephalometric analysis, it was decided to advance the 
“maxillo-mandibular complex in fi nal occlusion” 2 mm at the upper incisal level (3D “surface-rendered” representations, 
patient V.E.W., Maxilim v. 2.3.0.3). (a) Before correction (b) after correction       
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3.5.7        “Step 7”: Profi le Evaluation/
Occlusal Plane Correction 
(“Pitch”) 

 In “Step 7”, the profi le is evaluated, as in conven-
tional treatment planning by evaluation of the 
right (. Fig.  3.9 ) and left  (. Fig.  3.11 ) clinical 
profi le views towards the TVL. 

 In the 3D virtual approach, a “Pitch” move-
ment (CW or CCW) of the “maxillo-mandibular 

complex in fi nal virtual occlusion” towards the 
vertical 3D PHP reference plane or TVP can be 
performed in the profi le views. Th is rotational 
“Pitch” movement is associated with a CW or 
CCW rotation of the occlusal plane, decreasing 
or increasing chin projection/upper lip support 
and last but not least improving overall smile 
aesthetics (more or less anterior or posterior 
teeth exposure in the frontal and 2/3 profi le 
views) (. Fig.  3.67 ).

 .   Fig. 3.67    At this stage (Step 7), it was clinically 
decided not to alter the occlusal plane and therefore no 
“Pitch” movement was performed (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3)       
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3.5.8        “Step 8”: 3D Chin Position Evaluation/Correction 

 Th e fi nal chin position is evaluated in “Step 8” in the frontal, profi le and base views towards the 3D 
reference PHP planes of the patient (. Figs.  3.68  and  3.69 ).

a b

 .   Fig. 3.68    Evaluation of the chin position in the frontal plane without ( a ) and with ( b ) the patient’s 3D facial soft 
tissue mask in transparency (3D “surface-rendered”  representations, patient V.E.W., Maxilim v. 2.3.0.3). Note the persistent 
cant of the mandibular symphysis and chin point deviation to the right       

a b

 .   Fig. 3.69    Evaluation of the sagittal chin position in the right ( a ) and left profi le ( b ) views which need to be 
individually assessed (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). Note the retruded chin 
with absence of a well-defi ned plica labio-mentalis       
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a b

 .   Fig. 3.70    In the profi le planes, a chin advancement of 6 mm, with an anterior intrusion of 2 mm and a CCW “Pitch” 
rotation was virtually planned, in order to align the bony segments at the inferior mandibular border level (3D 
“surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). (a) Profi le right view  (b) profi le left view       

    Th e chin can be corrected by (1) a “Roll”, (2) a 
“Yaw”, (3) a “Pitch”, (4) an advancement (or rarely 
a setback), (5) a translation to the right or left , (6) 
an intrusion or extrusion or (7) a combination of 

several of these movements. Moreover, it is 
important to additionally evaluate the chin also in 
the base, 2/3 downward and 2/3 upward rotated 
frontal views (. Figs.  3.70  and  3.71 ).

a b

 .   Fig. 3.71    In the frontal plane, a midline correction of 2 mm to the left combined with a CCW “Roll” movement was 
virtually planned to correct the mandibular symphysis deviation and cant. Additional, a CW “Yaw” correction was virtually 
planned in the base plane (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). ( a ) Frontal view 
( b ) base view       

“Step 8”: 3D Chin Position Evaluation/Correction
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3.5.9         “Step 9”: Patient 
Communication 
of the Individualised 
Treatment Plan 

 In “Step 9” the integrated “individualised 3D vir-
tual treatment plan” is discussed with the patient 
and additional modifi cations can be decided on 
by the ortho-surgical team to meet the patient’s 

expectations. Th e limitations of 3D soft  tissue 
simulation, especially regarding the nasolabial 
aesthetic unit, must be considered by the clinician 
and well explained to the patient to avoid mis-
communication. 

 Moreover, as far as education is concerned, in 
Step 9, the patient’s “individualised 3D virtual treat-
ment plan” can be discussed with residents, fellows 
and other staff  members (. Figs.  3.72  and  3.73 ).

a b

 .   Fig. 3.72    ”Individualised 3D virtual treatment plan”, as presented to the patient, before the actual surgery. At this 
moment, it is still possible to adjust the planning to meet the patient’s expectations (3D “surface-rendered” representations, 
patient V.E.W., Maxilim v. 2.3.0.3). Note the limit of the soft tissue simulation at the level of the lips. (a) Profi le right view 
(b) profi le left view       

a b

 .   Fig. 3.73    ”Individualised 3D virtual treatment plan”, as presented to the patient, before the actual surgery. At this 
moment, it is still possible to adjust the planning to meet the patient’s expectations. Besides the TVP and the horizontal 
PHP reference plane, the ideal profi le plane and ideal lip plane according to the 3D Bruges facial mask analysis are 
visualised (7 see also Sect.   2.2    ) (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3). Note the limit of 
the soft tissue simulation at the level of the lips. (a) Profi le right view (b) frontal view       
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3.5.10         “Step 10”: Final Adjustments 
of the 3D Virtual 
Treatment Plan 

 Aft er having discussed the integrated “individual-
ised 3D virtual treatment plan” in “Step 9” with 
the patient and the ortho-surgical team, fi nal 
adjustments can be made in order to further 

enhance and optimise the surgical outcome 
towards the patient’s expectations. 

 Again, it is imperative to consider the actual 
important and clinical relevant limits of 3D soft  tissue 
simulation limits, especially in cases of lip incompe-
tency and atonic lower lip. Additional manual mor-
phing of the lips is possible, but it remains very 
subjective (. Figs.  3.74 ,  3.75 ,  3.76 ,  3.77 ,  3.78  and  3.79 ).

a b

 .   Fig. 3.74    Final adjustments of the “individualised 3D virtual treatment plan”. It was decided to perform more CCW 
“Pitch” movement of the maxillo-mandibular complex, to provide more chin advancement (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3). Note the limit of the soft tissue simulation at the level of the lips. 
(a) Before correction (b) after correction       

a b

 .   Fig. 3.75    Final adjustments of the ”individualised 3D virtual treatment plan”. It was decided to perform more CCW 
“Pitch” movement of the maxillo-mandibular complex, to provide more chin advancement (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3). Note the limit of the soft tissue simulation at the level of the lips. 
(a) Before correction (b) after correction       
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a b

 .   Fig. 3.76    Initial situation ( a ) and fi nal ”individualised 3D virtual treatment plan” ( b ), in the frontal plane 
(3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 3.77    Initial situation ( a ) and fi nal ”individualised 3D virtual treatment plan” ( b ), in the right profi le plane 
(3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3)       

 z      Final integrated “Individualised 3D Virtual Treatment Plan” (Patient V.E.W.) 
       Th e transfer and outcome evaluation of the  “individualised 3D virtual treatment plan” of Case 1 
(Patient V.E.W.) are explained and elaborated on in detail in Chap.   4     and Chap.   5    , respectively.        
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a b

 .   Fig. 3.78    Initial situation ( a ) and fi nal ”individualised 3D virtual treatment plan” ( b ), in the left profi le plane 
(3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 3.79    Initial situation ( a ) and fi nal ”individualised 3D virtual treatment plan” ( b ), in the base plane 
(3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3)       

Final integrated “Individualised 3D Virtual Treatment Plan” (Patient V.E.W.)
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4.1          3D Virtual Treatment Planning 
Transfer 

 In “conventional treatment planning of orthogna-
thic surgery”, both model surgeries performed on 
mounted dental casts to mimic the planned move-
ments and fabrication of intermediate splints for 
planning transfer, although well established, are 
prone to error (Ellis  1990 ). In the era of 2D imag-
ing and conventional planning, however, most of 
the jaw movements were limited to linear antero-
posterior, medio-lateral and infero- superior 
translations, therefore suitable to model articula-
tor surgery. 

 “3D virtual treatment planning of orthogna-
thic surgery” truly initiated a major paradigm 
shift . A prerequisite for accurate “3D Virtual 
Treatment Planning” is proper image acquisition 
(7 see also Sect.   1.1    ) and accurate processing of 
the acquired image data towards an accurate 3D 
virtual augmented model of the patient’s head (7 

see also Sect.   1.2    ). In contrast to “conventional 
treatment planning”, “3D Virtual Treatment 
Planning” allows to precisely plan complex 3D 
geometric “Pitch”, “Roll” and “Cant” (7 see also 
Sect.   3.4    )  corrections in the “3D virtual scene”. 
With such complex 3D movements in space, 
conventional model articulator surgery, which 
remains a multiple-step process and hence 
inherently prone to incorporate a vast array of 
errors, cannot be considered a valid option any-
more. 

 Aft er “Step-by-Step Individualised 3D Virtual 
Treatment Planning (3D-VPS 5 )” (7 see Sect.   3.5    ), 
the “3D virtual treatment plan” needs to be accu-
rately transferred towards the patient in the oper-
ation theatre. For that purpose the bridge between 
conventional and 3D Virtual Treatment Planning 
is made by means of a combination of:
    1.    3D surgical splints/3D templates (7 Sect.  4.1.1 )   
  2.    Internal/external references for vertical reposi-

tioning (7 Sect.  4.1.2 )    

  Compared to conventional planning, the “3D 
Virtual Visualisation Paradigm” off ers a major 
advantage since it allows the clinician to decide 
how in bimaxillary surgery he wants to transfer 
his “Final Integrated and Individualised 3D 
Virtual Treatment Plan” to the patient in the oper-
ation theatre depending on the clinical situation 
or his personal philosophy:

    1.    By a “Maxilla-fi rst” sequence (. Figs.  4.1 ,  4.2 , 
 4.3  and  4.4 )   

  2.    Or by a “Mandible-fi rst” sequence (. Figs.  4.5 , 
 4.6 ,  4.7  and  4.8 )     

 Th e intra-operative transfer of the “3D virtual 
treatment plan” by means of a dental-borne 3D sur-
gical splint, however, still relies on appropriate ver-
tical measuring, condylar seating and autorotation 
of the mandible, a concept still prone to error and 
highly dependent on the experience of the surgeon. 

 More recently, innovative technologies, like 
patient-specifi c implants (PSIs) (7 see also 
Sect.  4.1.3 ), navigation surgery (7 see also 
Sect.  4.2.1 ) and augmented reality (AR) (7 see 
also Sect.  4.2.2 ) emerged from the concept of 
“Waferless Orthognathic Surgery” in order to try 
to eliminate the potential errors associated with 
condylar seating and autorotation of the mandible. 

4.1.1          3D Surgical Splint/Template 
Manufacturing 

 Aft er “Step-by-Step Individualised 3D Virtual 
Treatment Planning (3D-VPS 5 )” (7 see Sect.   3.5    ), 
dental-borne wafers, consisting of an intermedi-
ate and a fi nal surgical splint, are used to reposi-
tion the maxilla and the mandible. 

 Th e “3D virtual splints” need to be designed 
and consequently processed to “3D surgical 
splints” by CAD/CAM (Computer-Aided Design/
Computer-Aided Manufacturing) technologies. 
In case a “Maxilla-fi rst” sequence is adopted, a 
“3D virtual intermediate splint” (. Fig.  4.2a ) will 
be designed to fi rst reposition the maxilla (. 

Fig.  4.1a ), while in a “Mandible-fi rst” sequence, a 
“3D virtual intermediate splint” (. Fig.  4.6a ) will 
be designed to fi rst reposition the mandible 
(. Fig.  4.5a ). Th e “3D fi nal virtual splint” remains 
the same whenever a “Maxilla-fi rst” (. Fig.  4.2b ) 
or “Mandible-fi rst” (. Fig.  4.6b ) sequence is 
desired. 

 CAD/CAM technologies allow the production 
of highly precise dental-borne “3D surgical splints” 
(. Figs.  4.9  and  4.10 ) but also “3D templates” (e.g. 
for chin repositioning (. Figs.  4.13 ,  4.14  and  4.15 ) 
that can be used during the actual surgery. With 
CAD/CAM technologies, the “3D surgical splints” 
can be either processed by subtractive (e.g. milling) 
or additive manufacturing (e.g. stereolithography, 
3D printing). These two rapid prototyping 

 G.R.J. Swennen and M. Gaboury

http://dx.doi.org/10.1007/978-3-662-47389-4_1
http://dx.doi.org/10.1007/978-3-662-47389-4_1
http://dx.doi.org/10.1007/978-3-662-47389-4_3
http://dx.doi.org/10.1007/978-3-662-47389-4_3
http://dx.doi.org/10.1007/978-3-662-47389-4_3


281 4

techniques (RPTs) have shown similar results in 
terms of accuracy in planning transfer and preci-
sion of fi t. It remains  however the responsibility of 
the clinician to examine the fi nal product and espe-
cially verify that the “3D surgical splints” do not 
contact the orthodontic brackets in order to prevent 
errors in the surgical repositioning of the jaws (. 

Figs.  4.11  and  4.12 ). Th e actual 3D workfl ows are 
mostly based on “out-offi  ce” processing and subse-
quent shipping of the “3D surgical splints” and “3D 

templates” to the clinician which remains a signifi -
cant disadvantage regarding effi  ciency and cost. “In- 
offi  ce” processing by RPT technologies could solve 
this problem towards the clinician in the future. 

 Th e concept of “3D surgical splints” and “3D 
templates” is illustrated by Case 1, patient V.E.W. 
which is used throughout the book (7 Chaps.   1    ,   2    , 
  3    ,   5     and   6    ). 

 z    3D Virtual Splints : “Maxilla-First” Sequence 

a b

 .   Fig. 4.1    Frontal views of the 3D virtual intermediate ( a ) and fi nal ( b ) splints, when a “Maxilla-fi rst” sequence is 
chosen (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.). Note that the 3D virtual fi nal splint is 
the same whenever a “Maxilla-fi rst” or “Mandible-fi rst” sequence is chosen       

a b

 .   Fig. 4.2    3D virtual intermediate ( a ) and fi nal ( b ) splints, when a “Maxilla-fi rst” sequence is chosen (3D 
“surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.). Note that the 3D virtual fi nal splint is the same 
whenever a “Maxilla-fi rst” or “Mandible-fi rst” sequence is chosen       
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        3D Virtual Splints : “Maxilla-First” Sequence 

a b

 .   Fig. 4.3    Right profi le views of the 3D virtual intermediate ( a ) and fi nal ( b ) splints, when a “Maxilla-fi rst” sequence is 
chosen (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.)       

a b c

 .   Fig. 4.4    Right profi le views of the preoperative situation in CR ( a ), after virtual repositioning of the maxilla following a 
virtual non-segmental Le Fort I osteotomy ( b ) and with the 3D virtual intermediate splint in place to reposition the maxilla 
( c ) when a “Maxilla-fi rst” sequence is chosen (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.). Note 
that due to the individual mandibular  anatomy and the 3D virtual Le Fort I osteotomy movements, especially vertical 
impaction, the 3D virtual intermediate splint in this case was designed to avoid any autorotation of the mandible, which is 
still prone to errors. In some cases, it might be necessary to virtually autorotate (7 see also Sect.   1.3    ) the mandible (CW or 
CCW) to allow the necessary space for the manufacturing of the 3D virtual intermediate splint       
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 z         3D Virtual Splints : “Mandible-First” Sequence 

a b

 .   Fig. 4.5    Frontal views of the 3D virtual intermediate ( a ) and fi nal ( b ) splints, when a “Mandible-fi rst” sequence is 
chosen (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.). Note that the 3D virtual fi nal splint is 
the same whenever a “Mandible-fi rst” or “Maxilla-fi rst” (Fig.  4.1b ) sequence is desired       

a b

 .   Fig. 4.6    3D virtual intermediate ( a ) and fi nal ( b ) splints, when a “Mandible-fi rst” sequence is chosen (3D 
“surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.). Note that the 3D virtual fi nal splint is the same 
whenever a “Mandible-fi rst” or “Maxilla-fi rst” (. Fig.  4.2b ) sequence is desired       
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        3D Virtual Splints : “Mandible-First” Sequence 

a b

 .   Fig. 4.7    Right profi le views of the 3D virtual intermediate ( a ) and fi nal ( b ) splints, when a “Mandible-fi rst” sequence 
is chosen (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.). Note that in order to manufacture a 
3D virtual intermediate splint of adequate thickness, the mandible needs to be autorotated ( a ) in a CW fashion 
compared to a “Maxilla-fi rst” sequence (. Fig.  4.3a )       

a b c

 .   Fig. 4.8    Right profi le views of the preoperative situation in CR ( a ), after virtual repositioning of the mandible 
following a virtual BSSO ( b ) and with the 3D virtual intermediate splint to reposition the mandible after a virtual BSSO 
( c ), when a “Mandible-fi rst” sequence is chosen (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.). 
Note the virtual collision between the upper and lower dental arches after 3D virtual BSSO repositioning ( b ), due to the 
CCW pitch rotation and the vertical impaction of the maxilla. In order to allow the necessary space for the virtual 
intermediate splint, the mandible had to be autorotated in a CW fashion ( c ), a process which is still prone to errors       
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 z        CAD/CAM Manufacturing of 3D Surgical Splints 

a b

 .   Fig. 4.9    3D CAD/CAM intermediate surgical splint manufactured from subtractive technologies by means of a 
milling process, when a “Maxilla-fi rst” sequence is chosen ( a ) and its 3D surface representation ( b ) (patient V.E.W. 
Medicim, Belgium, Maxilim v. 2.3.0.3.). Note that the extensions still need to be trimmed before clinical usage       

a b

 .   Fig. 4.10    3D CAD/CAM fi nal surgical splint manufactured from subtractive technologies by means of a milling 
process, when a “Maxilla-fi rst” sequence is chosen ( a ) and its 3D surface representation ( b ) (patient V.E.W. Medicim, 
Belgium, Maxilim v. 2.3.0.3.). Note that the extensions still need to be trimmed before clinical usage. Also note that the 
fi nal 3D CAD/CAM splint is the same whenever a “Maxilla-fi rst” or “Mandible-fi rst” sequence is chosen       
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       CAD/CAM Manufacturing of 3D Surgical Splints 

a

b c

 .   Fig. 4.11    Intra-oral frontal ( a ), profi le right ( b ) and left ( c ) views of the 3D CAD/CAM intermediate surgical splint in place, 
when a “Maxilla-fi rst” sequence is chosen (patient V.E.W. Medicim, Belgium). Note that the transparency of the surgical splint 
produced by a milling process allows to verify the correct fi tting of the dental arches into the intermediate splint. Moreover 
the indentations incorporated in the splint must be deep enough to ensure a precise and stable fi t. It is of paramount 
importance that the orthodontic brackets are not in contact with the splint, which would inevitably lead to errors in the 
surgical repositioning of the maxilla. Also note that the extensions (. Fig.  4.9a ) of the splint have been removed       

 Th e CAD/CAM surgical splints can be 
manufactured by either  ADDITIVE  
(stereolithography/3D printing) or  SUB-
TRACTIVE  (milling) technologies.   
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  CAD/CAM Manufacturing of 3D Surgical Splints 

 Attention 
 It is of paramount importance that the sur-
gical splints do not contact the orthodontic 
brackets, to prevent any errors in the surgi-
cal repositioning of the jaws. 

a

b c

 .   Fig. 4.12    Intra-oral frontal ( a ), profi le right ( b ) and left ( c ) views of the 3D CAD/CAM fi nal surgical splint in place, 
when a “Maxilla-fi rst” sequence is chosen. However, the fi nal 3D CAD/CAM splint is the same whenever a “Maxilla-fi rst” or 
“Mandible-fi rst” sequence is planned (patient V.E.W. Medicim, Belgium). Note that the transparency of the surgical splint 
produced by a milling process allows to verify the correct fi tting of the dental arches into the fi nal splint. Moreover the 
indentations incorporated in the splint must be deep enough to ensure a precise and stable fi t. It is of paramount 
importance that the orthodontic brackets are not in contact with the splint, which would inevitably lead to errors in the 
surgical repositioning of the maxilla. Also note that the extensions (. Fig.  4.10a ) of the splint have been removed       
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 z         3D Virtual Templates : “Chin Cutting and Repositioning” Guides 

a b

c d

 .   Fig. 4.13    Frontal and downward inclined views of the 3D CAD/CAM chin cutting ( a – b ) and repositioning ( c – d ) 
guides. These guides are based on the upper and lower dentition, and a temporary intermaxillary fi xation is needed to 
accurately position and stabilise the guides. The cutting guide provides the position of two drill holes that will later be 
used by the repositioning guide to accurately transfer the fi nal chin movements. The level of the chin osteotomy is 
provided by the cutting guide, where it contacts the symphysis bone. More restricted guides can also be designed and 
manufactured, with lateral wings or sluts, but the size of the guide will therefore inevitably be enlarged (3D 
“surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.)       
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       3D Virtual Templates : “Chin Cutting and Repositioning” Guides 

a b

c d

 .   Fig. 4.14    Left and right 2/3 views of the 3D CAD/CAM chin cutting ( a – b ) and repositioning ( c – d ) guides. These 
guides are based on the upper and lower dentition, and a temporary intermaxillary fi xation is needed to accurately 
position the guides. The cutting guide provides the position of two drill holes that will later be used by the 
repositioning guide, to accurately transfer the fi nal distal chin segment movements. The level of the chin osteotomy is 
provided by the cutting guide, where it contacts the symphysis bone. More restricted guides can also be designed and 
manufactured, with lateral wings or sluts, but the size of the guide will therefore inevitably be enlarged (3D 
“surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.)       
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 z       CAD/CAM Manufacturing of 3D Templates 

a

b c

 .   Fig. 4.15    Downward inclined frontal view ( a ) of the 3D CAD/CAM chin cutting guide and 2/3 left ( b ) and right ( c ) 
views of the 3D CAD/CAM chin repositioning guide made by 3D printing (patient V.E.W. Medicim, Belgium)       
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4.1.2           Internal/External References 
for Vertical Repositioning 

 In order to transfer the “Individualised 3D Virtual 
Treatment Plan” (7 see       Sect.   3.5    ) to the actual 
patient in the operation theatre, 3D CAD/CAM 
interdental surgical splints (7 see also Sect.  4.1.1 ) 
are used in combination with internal or external 
anatomic reference landmarks for precise reposi-
tioning of the jaws:

    1.    Maxillary Le Fort I – repositioning   
   2.    Mandibular – repositioning   
  3.    Chin – repositioning    

  Since the authors do not use external reference 
landmarks in the clinical routine, the concept of “3D 
Virtual Treatment Planning Transfer” will be illus-
trated in this section by a combination of internal 
bony reference landmarks and 3D interdental surgi-
cal splints on  Case 1  (patient V.E.W.) which is used 
throughout this book (7 Chaps.   1    ,   2    ,   3    ,   5     and   6    ). 

 Th e clinician nevertheless can easily modify 
the described concept by the use of external refer-
ence landmarks or by combined dental and bony 
internal reference landmarks according to his 
personal treatment planning philosophy. 

 z   3D Virtual Treatment Planning Transfer: 
Maxillary Le Fort I – Repositioning 

 Th e actual “3D virtual maxillary Le Fort I reposi-
tioning” towards the patient in the operation the-
atre depends on both the type and sequence of 
surgery:
    1.    Bimaxillary surgery following a “Maxilla-fi rst” 

sequence   
   2.    Bimaxillary surgery following a 

“Mandible-fi rst” sequence   
  3.    Monomaxillary Le Fort I surgery     

 In “bimaxillary surgery” following a 
“Mandible- fi rst” sequence and in “monomaxil-
lary Le Fort I surgery”, “maxillary Le Fort I repo-
sitioning” is determined by the fi nal occlusion 
(both in non-segmental and segmental cases) and 
CCW or CW mandibular autorotation with upper 
incisor vertical control.  

    In “maxillary (non-extrusion) Le Fort I reposi-
tioning” following a “Maxilla-fi rst” sequence, all the 
virtual planned surgical movements of the maxilla, 
besides its vertical repositioning, are incorporated 
in the 3D intermediate surgical splint. Th ese move-
ments include (. Figs.  4.16 ,  4.17  and  4.18 ):

    1.    Maxillary occlusal cant correction (“Roll”)   
   2.    Upper dental midline deviation correction   
   3.    Correction of fl aring (“Yaw”)   
   4.    Upper sagittal incisal position correction   
  5.    Occlusal plane correction (“Pitch”)    

  Moreover, during vertical “maxillary Le Fort I 
repositioning”, the following three types of verti-
cal movements can occur separately or in combi-
nation (. Fig.  4.16 ):
    1.    Upper vertical incisal position correction   
   2.    Maxillary occlusal cant correction (“Roll”)   
  3.    Occlusal plane correction (“Pitch”)    

  From a theoretical standpoint, the “3D virtual 
maxillary (non-extrusion) Le Fort I reposition-
ing” by means of a 3D intermediate surgical splint 
necessitates verifi cation of the vertical position of 
the “surgically repositioned maxillary Le Fort I” 
only at one point, and either an internal or exter-
nal reference landmark could be used under the 
following conditions:
    1.    Precise fi t of the 3D intermediate surgical 

splint with IMF fi xation (7 see also Sect.  4.1.1 )   
   2.    Bilateral appropriate condylar seating without 

autorotation   
  3.    Accurate vertical measuring     

 Th e authors, however, advocate the use of four 
vertical measurements (. Fig.  4.19 ) at the level of 
the upper canines and mesial buccal cusp of the 
fi rst upper molars to have additional control on 
proper condylar seating and autorotation. Th e ver-
tical measurements are extracted from “3D 
Cephalometry of the Patient’s Hard Tissues and 
Teeth (3D-VPS 2 )” (7 see Sect.   2.2.2    ) aft er “Step-
by-Step Individualised 3D Virtual Treatment 
Planning (3D-VPS 5 )” (7 see Sect.   3.5    ).Th ese num-
bers can be precisely transferred in the operating 
theatre with commercially available callipers, using 
internal bony reference landmarks  (. Figs.  4.20 , 
 4.21 ,  4.22 ,  4.23  and  4.24 ). Using this concept, 
Swennen et al. ( 2010 ) reported a high accuracy of 
maxillary repositioning in 40 consecutive, non-
segmental, non-extrusion, “Maxilla-fi rst” cases: 
0.48 mm ±1.00 mm in the x-axis (sagittal), 0.52 mm 
±0.98 mm in the z-axis (transversal) and 1.02 mm 
±1.94 mm in the y-axis (vertical). 

 In case of “maxillary (extrusion) Le Fort I 
repositioning” following a “Maxilla-fi rst” 
sequence, additional CW autorotation of the 
mandible needs to be taken additionally into 
account, a concept still prone to error.  
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   3D Virtual Treatment Planning Transfer:  Maxillary Le Fort I – Repositioning 

a b

 .   Fig. 4.17    Base views of the preoperative virtual situation ( a ) and after “3D virtual maxillary Le Fort I repositioning” 
( b ) (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.). Note the correction of the upper dental 
midline and fl aring (“Yaw”)       

a b

 .   Fig. 4.16    Frontal views of the preoperative virtual situation ( a ) and after “3D virtual maxillary Le Fort I 
repositioning” ( b ) (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.). Note the correction of the 
maxillary occlusal cant (“Roll”), the upper dental midline and the upper vertical incisal position       
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        3D Virtual Treatment Planning Transfer:  Maxillary Le Fort I – Repositioning 

a b

 .   Fig. 4.18    Right profi le views of the preoperative virtual situation ( a ) and after “3D virtual maxillary Le Fort I 
repositioning” ( b ) (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.). Note the correction of the 
upper vertical and sagittal incisal position and the maxillary occlusal plane (“Pitch”)       

a b

 .   Fig. 4.19    Frontal ( a ) and right profi le ( b ) views. During “3D virtual maxillary Le Fort I repositioning”, three types of 
vertical movements can be combined: upper vertical incisal position, maxillary occlusal cant (“Roll”) and occlusal plane 
(“Pitch”) corrections. The fi nal vertical movements can be extracted from the “3D Cephalometry of the Patient’s Hard 
Tissues and Teeth (3D-VPS 

2
 )” (7 see Sect.   2.2.2    ) at the level of each upper canine and mesial buccal cusp of the fi rst 

upper molars after “Step-by-Step Individualised 3D Virtual Treatment Planning (3D-VPS 
5
 )” (7 see Sect.   3.5    ). These 

numbers can be precisely transferred in the operating theatre with commercially available callipers, using internal bony 
reference landmarks (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.)       
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        3D Virtual Treatment Planning Transfer:  Maxillary Le Fort I – Repositioning 

 .   Fig. 4.20    Commercially available callipers used for vertical “3D virtual maxillary Le Fort I repositioning” during 
actual surgery. An inframillimetric calliper (superior calliper) is used to ensure adequate precision. Note also the use of a 
curved calliper (inferior calliper) to ease the manipulations during the actual surgery and to allow parallel 
measurements to the facial midline with the surgeon sitting at the head of the patient       

a b

 .   Fig. 4.21    In this particular case (patient V.E.W.), an impaction of 2.5 mm is planned at the mesial buccal cusp of the 
fi rst upper right molar. The calliper is therefore set at 12.5 mm on the inframillimetric calliper ( a ) to transfer this 
measurement in the operating theatre, hereby demonstrated on a synthetic skull ( b ). A small fi ssure burr is used to mark 
two vertical bony landmarks at a vertical distance of 12.5 mm at the level of the mesial buccal cusp of the fi rst upper 
right molar. It is crucial that theses bony landmarks are marked parallel to the facial midline to ensure adequate vertical 
repositioning of the maxilla       
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        3D Virtual Treatment Planning Transfer:  Maxillary Le Fort I – Repositioning 

a b

 .   Fig. 4.22    2/3 right ( a ) and left ( b ) profi le views demonstrating the vertical markings and measurements on a 
synthetic skull in the case of patient V.E.W. These internal bony vertical landmarks are precisely identifi ed at each upper 
canine and mesial buccal cusp of the fi rst upper molars based on “3D Cephalometry of the Patient’s Hard Tissues and 
Teeth (3D-VPS 

2
 )” (7 see Sect.   2.2.2    ) after “Step-by-Step Individualised 3D Virtual Treatment Planning (3D-VPS 

5
 )” (7 see 

Sect.   3.5    ). It is crucial that these internal bony vertical landmarks are marked and well positioned above and below the 
Le Fort I osteotomy       

a b

 .   Fig. 4.23    Frontal views without ( a ) and with ( b ) 3D cephalometric vertical measurements demonstrating the 
vertical markings on a synthetic skull in the case of patient V.E.W. In this case, an impaction of 2.5 mm is planned at the 
right fi rst molar and of 3.5 mm at the left fi rst molar, while an impaction of 3.5 mm and 4 mm is, respectively, planned at 
the right and left canines ( b ). It is crucial that theses bony vertical landmarks are marked above and below the Le Fort I 
osteotomy before the down fracture of the maxilla and parallel to the facial midline to ensure adequate vertical 
repositioning of the maxilla       
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        3D Virtual Treatment Planning Transfer:  Maxillary Le Fort I – Repositioning      

a b

 .   Fig. 4.24    For adequate transfer of “3D virtual maxillary Le Fort I repositioning” during actual surgery, the maxilla 
must be vertically repositioned using the 3D surgical intermediate splint (placed in correct IMF) (. Fig.  4.11 ) and 
according to the internal bony landmarks previously identifi ed. The calliper is set at 10 mm on the inframillimetric 
calliper ( a ) to verify the correct distance of 10 mm at the four levels ( b ) after adequate adaptation of the bony contacts. 
It is crucial that the surgeon is situated at the head of the patient to ensure that all measurements are made parallel to 
the facial midline for adequate vertical surgical repositioning of the maxilla. The curved calliper ( a ) is hereby of great 
help to the surgeon. Once precise surgical vertical repositioning of the maxilla is achieved, it can be rigidly fi xed with 
titanium plates and screws as routinely. Demonstration of the particular case of patient V.E.W. on a synthetic skull ( b )       

 Attention 
 Although with a 3D intermediate surgical 
splint vertical verifi cation of “maxillary Le 
Fort I repositioning” from a theoretical 
standpoint is only necessary at one point, 
the use of four vertical measurements is 
advocated in order to have additional con-
trol on proper condylar seating and autoro-
tation, during actual surgery. 
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 z    3D Virtual Treatment Planning Transfer:  
Mandibular – Repositioning 

 Th e actual transfer of “3D mandibular reposition-
ing” towards the patient in the operation theatre 
depends as for “3D virtual maxillary Le Fort I 
repositioning” on both the type and sequence of 
surgery:
    1.    Bimaxillary surgery following a “Mandible- 

fi rst” sequence   
   2.    Bimaxillary surgery following a “Maxilla-fi rst” 

sequence   
  3.    Isolate mandibular bilateral or unilateral 

 surgery     

 In “bimaxillary surgery” following a “Maxilla- 
fi rst” sequence and in “isolate mandibular sur-
gery” aft er bilateral or unilateral sagittal split or 
vertical ramus osteotomies, “mandibular reposi-
tioning” of the distal fragment is only determined 
by the fi nal occlusion if preoperative condylar 
seating is respected. 

 In “mandibular repositioning surgery” follow-
ing a “Mandible-fi rst” sequence aft er bilateral or 
unilateral sagittal split or vertical ramus osteoto-
mies, all the following virtual planned movements 
of the distal fragment of the mandible are incor-
porated in the 3D intermediate surgical splint:
    1.    Mandibular occlusal cant correction (“Roll”)   
   2.    Lower dental midline deviation correction   
   3.    Correction of fl aring (“Yaw”)   
   4.    Lower sagittal incisal position correction   
  5.    Occlusal plane correction (“Pitch”)     

 For proper manufacturing of the 3D CAD- 
CAM intermediate surgical splint, however, in 
some cases, additional (CW or CCW) virtual 
mandibular autorotation is necessary towards 
“mandibular repositioning surgery” following a 
“Mandible-fi rst” sequence (e.g. Fig.  4.8 ), a concept 
still prone to error. 

 In case, additional “Pitch”, “Roll” or “Yaw” 
rotations (7 see also Sect.   3.4    ) of one or both 
proximal mandibular fragments are incorpo-
rated in the 3D virtual treatment plan (e.g. in 
case of  mandibular narrowing with an additional 
mandibular midline split, in case of mandibular 
widening with or without additional mandibular 
midline split, in case of unilateral or bilateral 
gonial angle corrections, etc.), the clinician 
needs to be aware that he will inherently alter 
preoperative condylar seating at one or both 
sides.   

    Whatever a “Maxilla-fi rst” or “Mandible-fi rst” 
sequence (with respectively a “fi nal” and “interme-
diate” 3D surgical interdental splint) is chosen by 
the ortho-surgical team based on the actual clinical 
situation and their treatment philosophy, the actual 
surgical adaptation of the distal and proximal 
mandibular fragments remains a crucial technical 
surgical manipulation that remains sometimes a 
challenge for even the most experienced surgeons. 
A passive adaptation between both the proximal 
and distal segments is of paramount importance to 
minimise any undesirable movements of the prox-
imal segments and its potential deleterious eff ects 
on the mandibular condyles. 

 Compared towards “conventional treat-
ment planning”, “3D Virtual Treatment 
Planning” offers the surgeon valuable informa-
tion towards “mandibular repositioning sur-
gery” especially regarding seating of the 
proximal fragments following the authors’ next 
proposed steps:
   Step 1: Th e sagittal split osteotomy (SSO) needs to 

be individually virtual designed, especially the 
buccal corticotomy, according to the specifi c 
surgical movement, the amount of surgical 
movement, the patient’s distinct anatomy and 
the surgeon’s personal philosophy (. Figs.  4.25a  
and  4.26a ).  

  Step 2: Th e surgeon attempts to reproduce espe-
cially the angulation and position of the buccal 
corticotomy of the SSO during the actual sur-
gery (. Figs.  4.25b  and  4.26b ).  

  Step 3: Th e surgeon correlates during surgery the 
actual clinical situation with the virtual posi-
tion and adaptation of the proximal and distal 
mandibular segments (. Figs.  4.27  and  4.28 ). 
Although the surgical adaptation of the proxi-
mal and distal segments remains a technical 
manipulation and a  clinical feeling based on 
experience, undesirable movements of the 

 Pitfall 
 Although the “3D Virtual Scene Approach” 
can be helpful in positioning the proximal 
mandibular fragments …., the surgical 
adaptation of the proximal and distal man-
dibular segments remains a technical 
manipulation and a clinical feeling based on 
surgical experience. 
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proximal segment can be potentially mini-
mised. It is crucial, however, that the surgeon 
considers the thickness of the actual clinical 
bone cuts during the adaptation of the proxi-
mal and distal mandibular segments since cur-
rent available commercial soft ware do not take 
the latter important issue into account. 
Th erefore, the bony osteotomy gaps will always 
be more pronounced in the clinical setting, 
compared to the “Individualised 3D Virtual 
Treatment Plan” (7 see Sect.   3.5    ).      

 Attention 
 Th e surgeon must consider the thickness of 
the actual clinical bone cuts during the vir-
tual adaptation of the proximal and distal 
mandibular  segments. Th is important clini-
cal surgical variable has not been incorpo-
rated yet in the 3D virtual osteotomy design 
and 3D virtual planning. 

3D Virtual Treatment Planning Transfer: Mandibular Sagittal Split – Repositioning
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   3D Virtual Treatment Planning Transfer:  Mandibular Sagittal Split – Repositioning 

a b

 .   Fig. 4.25    During a sagittal split osteotomy (SSO), the “fi rst step” is to individually virtual design the SSO, especially its 
buccal corticotomy. In the particular case of patient V.E.W. an oblique vertical buccal corticotomy was virtually planned at 
the right side from the antegonial notch to the middle of the second molar (3D “surface-rendered” representations, patient 
V.E.W. Maxilim v. 2.3.0.3.) ( a ). In the “second step”, both the angulation and position of the virtual SSO design are reproduced 
during the actual surgery, hereby demonstrated on a synthetic skull ( b )       

a b

 .   Fig. 4.26    During a sagittal split osteotomy (SSO), the “fi rst step” is to individually virtual design the SSO, especially 
its buccal corticotomy. In the particular case of patient V.E.W. an oblique vertical buccal corticotomy was virtually 
planned at the left side from the antegonial notch to the middle of the second molar (3D “surface-rendered” 
representations, patient V.E.W. Maxilim v. 2.3.0.3.) ( a ). In the “second step”, both the angulation and position of the 
virtual SSO design are reproduced during the actual surgery, hereby demonstrated on a synthetic skull ( b )       
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        3D Virtual Treatment Planning Transfer:  Mandibular Sagittal Split – Repositioning 

a b

 .   Fig. 4.27    In the “third step”, the surgeon can correlate during actual surgery the virtual position and adaptation of 
the right proximal and distal mandibular segments (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 
2.3.0.3.) (a) with the clinical adaptation, hereby illustrated in the particular case of patient V.E.W. on a synthetic skull ( b ). 
Note especially the correlation of the CCW opening and positioning of the right proximal fragment both at the level of 
the right mandibular border as in the retro-molar region       

a b

 .   Fig. 4.28    In the “third step”, the surgeon can correlate during actual surgery the virtual position and adaptation of the 
left proximal and distal mandibular segments (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.) 
( a ) with the clinical adaptation, hereby illustrated in the particular case of patient V.E.W. on a synthetic skull ( b ). Note especially 
the correlation of less CCW opening between the proximal and distal segments and a small step at the level of the left 
mandibular border compared to the right side as a consequence of maxillary cant correction (7 see also Sect.   3.5    )       
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 z         3D Virtual Treatment Planning Transfer:  
Chin – Repositioning 

 “3D virtual treatment planning of orthognathic 
surgery” does not only allow to precisely plan 
and transfer more complex 3D geometric “Pitch”, 
“Roll” and “Cant” corrections of the bimaxillary 
complex but also allows the clinician to accu-
rately and reliably three-dimensionally analyse 
the chin deformity, virtually design the chin oste-
otomy and virtually plan its surgical movements 
(. Figs.  4.29 ,  4.30  and  4.31 ). 

 Th e fi nal “Individualised 3D Virtual Treatment 
Plan (7 see Sect.   3.5    )” of the patient regarding 
“chin repositioning” can include the following 
virtual planned movements:
    1.    Advancement (or rarely a setback)   
   2.    Midline deviation correction   
   3.    Intrusion or extrusion   
   4.    Cant correction (“Roll”)   
   5.    Profi le correction (“Pitch”)   
   6.    Correction of fl aring (“Yaw”)   
  7.    A combination of several of the these movements    

  Th e actual transfer of “3D virtual chin reposi-
tioning” towards the patient in the operation the-
atre can be performed by:
    1.    “Th e use of pre-bent titanium mini-plates in 

combination with bony internal reference 
landmarks and calliper measuring”. 

 Especially if the “virtual chin repositioning” 
is composed of simple surgical movements, 

like sagittal advancement (or rarely a set-
back), vertical intrusion or extrusion or 
minimal midline corrections, it can consis-
tently be transferred towards the patient in 
the operating theatre in a precise way using 
internal bony reference landmarks and cal-
liper measuring in combination with pre-
bent titanium mini- plates. Also minimal 
cant corrections can be effectively trans-
ferred following this concept (. Figs.  4.32 , 
 4.33  and  4.34 ).   

   2.    “Th e use of 3D templates – chin cutting and 
repositioning guides” (7 see also Sect.  4.1.1 ). 

 In case “virtual chin repositioning” is 
composed of more complex movements with 
signifi cant “Roll” and “Yaw” (. Fig.  4.35 ) cor-
rections or major asymmetry corrections, the 
use of 3D CAD/CAM “chin cutting and repo-
sitioning guides” should be considered for 
accurate transfer of the virtual treatment 
plan. Moreover, in such cases there is a 
potential for PSIs (7 see also Sect.  4.1.3 ) in 
the future.     

 Currently, in the era of virtual imaging, 
intra- operative imaging with low-dose radia-
tion CBCT (7 see also Sect.  4.2.2 ) allows the sur-
geon to verify “surgical chin repositioning” 
during actual surgery and carry out modifi ca-
tions before the fi nal closure of the wound, if 
necessary.  

a b c

 .   Fig. 4.29    Profi le right ( a ), frontal ( b ) and profi le left ( c ) views after “Step 7 of 3D-VPS 
5
  – Individualised 3D Virtual 

Treatment Planning” (7 see Sect.   3.5    ), prior to “Step 8: 3D Chin Position Evaluation/Correction” (3D “surface-rendered” 
representations, patient V.E.W. Maxilim v. 2.3.0.3.)       
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a b c

 .   Fig. 4.30    Profi le right ( a ), frontal ( b ) and profi le left ( c ) views after “Step 8 of 3D-VPS 
5
  – Chin Position 

Evaluation/Correction” (7 see Sect.   3.5    ) (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 2.3.0.3.)       

a b c

 .   Fig. 4.31    Profi le right ( a ), frontal ( b ) and profi le left ( c ) views after “3D virtual chin repositioning (“Step 8”) with the 
exact vertical and horizontal surgical movements: sagittal advancement of 6 mm, anterior midline intrusion of 2 mm, 
cant correction (“Roll”) with 1.5 mm intrusion at the right lower canine and  3  mm intrusion at the left lower canine level, 
midline correction of 2 mm to the left and CCW (“Pitch”) rotation (3D “surface-rendered” representations, patient V.E.W. 
Maxilim v. 2.3.0.3.)       

 3D Virtual Treatment Planning Transfer: Chin - Repositioning      

 

 

 G.R.J. Swennen and M. Gaboury

http://dx.doi.org/10.1007/978-3-662-47389-4_3


303 4

   3D Virtual Treatment Planning Transfer: Chin – Repositioning 

a b

 .   Fig. 4.32    In the particular case of patient V.E.W. an anterior midline intrusion of 2 mm is planned with a cant (“Roll”) 
correction. The calliper is therefore set at  6.5  mm, on the inframillimetric calliper ( a ), at the right canine level, and  8  mm 
at the left canine level to transfer the intrusion with cant correction towards the patient in the operating theatre, hereby 
illustrated on a synthetic skull (b). A small burr is used to identify the above-mentioned vertical landmarks, on each side 
of the genioplasty osteotomy. It is crucial that these landmarks are placed parallel to the facial midline, to ensure 
adequate repositioning of the chin       

a b

 .   Fig. 4.33    For adequate transfer of “3D virtual chin repositioning”, a pre-bent titanium chin mini-plate (“Arnett chin 
plate”, KLS Martin, Germany) is used in combination with internal vertical measurements after adequate adaptation of 
the bony contacts. The calliper is set at  5  mm, on the inframillimetric calliper, to verify the correct intrusion at both 
canine levels ( a ). The calliper is then set at  2  mm, on the inframillimetric calliper, to transfer and verify the  2  mm midline 
correction to the left. Note that a midline vertical line is also marked with the burr, to assist in midline correction. Note 
that the advancement of 6 mm is incorporated in the pre-bent titanium chin mini-plate. The particular case of patient 
V.E.W. is simulated for illustration on a synthetic skull (b)       
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        3D Virtual Treatment Planning Transfer:  Chin – Repositioning 

a b c

 .   Fig. 4.34    Profi le right ( a ), frontal ( b ) and profi le left ( c ) views after “surgical chin repositioning” (“Step 8”) by the use 
of a pre-bent titanium chin mini-plate (“Arnett chin plate”, KLS Martin) in combination with internal bony references. 
Note the precise transfer of a  6  mm sagittal advancement (incorporated in the pre-bent chin plate), an anterior midline 
intrusion of  2  mm, cant correction (“Roll”) with  1.5  mm intrusion at the right lower canine and  3  mm intrusion at the left 
lower canine level, midline correction of  2  mm to the left and CCW (“Pitch”) rotation. The particular case of patient V.E.W. 
is simulated for illustration on a synthetic skull       

a b

 .   Fig. 4.35    In case “3D virtual chin repositioning” (3D “surface-rendered” representations, patient V.E.W. Maxilim v. 
2.3.0.3.) ( a ) includes a (“Yaw”) correction, this particular movement is more diffi  cult to adequately transfer in the 
operating theatre, hereby demonstrated on a synthetic skull (b)       
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4.1.3              Potential of Patient Specifi c 
Implants (PSI) for Transfer 
Without Splint 

 Recent developments in computer-assisted man-
ufacturing of implantable osteosynthesis material, 
like rigid titanium, actually allow the application 
of patient-specifi c implants (PSIs) in orthogna-
thic surgery towards potential “Waferless 
Orthognathic Surgery” (7 see also Sect.  4.2.2 ) in 
the future. 

 Th e “3D Imaging Workfl ow” (7 see Chap.   1    ) 
and “3D Virtual Treatment Planning” (7 see Sect. 
  3.5    ), in this concept, remain the same, but instead 
of using “3D surgical splints” and “3D templates” 
(7 see Sect.  4.1.1 ), the following PSIs are used for 
the transfer of the “Individualised 3D Virtual 
Treatment Plan” towards the patient in the opera-
tion theatre:
    1.    PSI – “cutting and jaw repositioning” transfer 

guides (. Figs.  4.36  and  4.37 )   
   2.    PSI  – 3D customised osteosynthesis plates 

(. Figs.  4.38  and  4.39 )    

  Th is concept implements that there is no need 
any more for interdental surgical splints and 
intermaxillary fi xation neither internal nor exter-
nal references for vertical repositioning. 
Moreover, surgical repositioning of the jaws no 
longer relies on condylar seating neither on auto-
rotation of the mandible which remains diffi  cult 
to reproduce virtually (7 see also Sect.   1.3    ). “3D 
maxillary Le Fort I repositioning surgery” with 
PSIs becomes completely independent of condy-
lar seating, while during “3D mandibular reposi-
tioning surgery”, the positioning of the proximal 
segments and condylar seating is transferred by 
the PSIs. Finally, another advantage of this con-
cept is that there is no need any more for intra-
operative osteosynthesis plate bending, since 
PSIs are fully 3D customised to rigidly fi xate the 
maxilla and mandible towards their new 3D vir-
tually planned position. 

 However, although very promising, the actual 
limits and drawbacks of this concept are still 
numerous and raise the following important chal-
lenging concerns to cope with in the future:
    1.    Although the clinical time necessary for “Step- 

by- Step Individualised 3D Virtual Treatment 
Planning (3D-VPS 5 )” (7 see Sect.   3.5    ) remains 
the same, relevant additional planning time 
for designing and manufacturing the above 
PSIs, which can never be performed by the cli-
nician himself, currently jeopardises the effi  -
ciency of the clinical workfl ow and inherently 
increases costs.   

   2.    Th e actual PSIs being larger in nature, 
especially the “cutting and jaw repositioning” 
transfer guides cannot be used in “minimal 
invasive surgical approaches”, inevitably 
increase the surgical operation time and 
raising important concerns in case “plate 
removal” or “redo orthognathic surgery” 
would be necessary.   

   3.    In case bone quality (especially in “maxillary 
Le Fort I repositioning surgery”) is not 
suffi  cient for screw placement in the 
pre-identifi ed drill holes, there is an 
important lack of freedom to the surgeon for 
intra-operative modifi cation or adaptation 
with inappropriate transfer of the 3D virtual 
treatment plan as a clinical important 
consequence.   

   4.    Towards “mandibular repositioning surgery”, 
PSIs force the surgeon to adapt the proximal 
segments towards the distal segment only 
based on the PSI instead of the position 
dictated by the clinical situation and last but 
not the least the surgeon’s experience.   

   5.    Finally, since any intra-operative 
intermaxillary fi xation is used, the accuracy 
and precision of the fi nal occlusion, the 
accuracy of the 3D virtual planning transfer 
and the fi nal outcome especially towards the 
condyles need to be investigated in the future.     
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 z    PSIs : “3D Osteotomy Cutting and Jaw Repositioning” Transfer Guides 

 .   Fig. 4.36    Virtual Le Fort I “3D Osteotomy Cutting and 
Jaw Repositioning” PSI transfer guide (3D 
“surface-rendered” representation, iPlan v. 3.0.5., Brainlab 
Catia V5/Dassault Systèmes) (with courtesy to Harald 
Essig). Note the position of the virtual drill holes for 
precise transfer of maxillary repositioning following a 
“Maxilla-fi rst” sequence with a “waferless” approach by 
means of “3D Customised Osteosynthesis Plates” 
(. Fig.  4.38 )       

 .   Fig. 4.37    Virtual left SSO “3D Osteotomy Cutting and 
Jaw Repositioning” PSI transfer guide (3D 
“surface-rendered” representation, iPlan v. 3.0.5., Brainlab 
Catia V5/Dassault Systèmes) (with courtesy to Harald 
Essig). Note the position of the virtual drill holes for 
precise transfer of mandibular repositioning with a 
“waferless” approach by means of “3D Customised 
Osteosynthesis Plates” (. Fig.  4.39 )       
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 z         PSIs:  “3D Customised Osteosynthesis Plates” for  “Maxillary Le Fort I” Repositioning 

 .   Fig. 4.38    Virtual maxillary repositioning following a 
“Maxilla-fi rst” sequence with a “waferless” approach by 
means of “3D Customised Osteosynthesis Plates” which 
incorporate all surgical movements (3D “surface-rendered” 
representation, iPlan v. 3.0.5., Brainlab Catia V5/Dassault 
Systèmes) (with courtesy to Harald Essig). Note that there 
is no need any more for internal or external vertical 
reference landmarks, neither intermaxillary fi xation (IMF)       

      Pitfall 
 Although “PSIs” in “maxillary Le Fort I 
repositioning surgery” certainly have a 
potential …., their actual weakness is their 
lack of freedom to the surgeon to intra-
operatively modify or adapt in case bone 
quality is not suffi  cient for screw placement 
in the pre-identifi ed holes with inappropri-
ate planning transfer as a consequence.  
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 z    PSIs : “3D Customised Osteosynthesis Plates” for “Mandibular” Repositioning 

 .   Fig. 4.39    Virtual mandibular repositioning following 
a “waferless” approach by means of “3D Customised 
Osteosynthesis Plates” which incorporate all surgical 
movements of the mandible, obviating the need for any 
intermaxillary fi xation (IMF) (3D “surface-rendered” 
representation, iPlan v. 3.0.5., Brainlab Catia V5/Dassault 
Systèmes) (with courtesy to Harald Essig). Note that the 
crosses illustrate the original position       

      Pitfall 
 Although “PSIs” in “mandibular reposition-
ing surgery” have a potential towards posi-
tioning the proximal mandibular fragments 
…., the delicate surgical adaptation of the 
proximal and distal mandibular segments 
remains a clinical feeling based on surgical 
experience.    
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4.2     Intra-operative Control 
of the Planning Transfer 

 Besides “3D Virtual Imaging (7 Chap.   1    ), 3D 
Virtual Diagnosis (7 Chap.   2    ) and 3D Virtual 
Treatment Planning (7 Chap.   3    )”, new technolo-
gies are continuously changing the major para-
digm shift  that happened in orthognathic surgery. 

 Even if the actual standards towards both pre-
cision of planning transfer (7 see also Sect.  4.1 ) 
and accuracy of fi nal treatment outcome assess-
ment (7 see also Chap.   5    ) have been brought to a 
higher level compared to the conventional 
approach, the demand for intra-operative control 

of the “Individualised 3D Virtual Treatment Plan” 
becomes more and more obvious. 

 In order to allow immediate intra-operative 
evaluation and eventual correction of inadequate 
bony segment repositioning, the following tech-
nologies need to be further explored by diff erent 
research groups in order to prevent potential 
additional surgery and further optimise the fi nal 
surgical treatment outcome:
    1.    Intra-operative low-dose Cone-Beam CT (IO- 

CBCT) imaging (7 see also Sect.  4.2.1 )   
   2.    Navigation surgery (7 see also Sect.  4.2.2 )   
   3.    Augmented virtual reality (7 see also 

Sect.  4.2.2 )    

a

b c

 .   Fig. 4.40    Current orthognathic set-up in the operation theatre at the GH St. John, Bruges, Belgium. Note the C-arm 
of the intra-operative CBCT apparatus (Arcadis® Orbic 3D C-arm, Siemens Healthcare GmbH) on the  left  ( a ), the central 
multimodality touch screen (Buzz® Digital O.R., Brainlab) in the  back  ( b ) and the multiple computer screens visualising 
the patient’s “Individualised 3D Virtual Treatment Plan (7 see Sect.   3.5    ) IPS CaseDesigner” ( c ) during surgery       
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4.2.1         The Use of Intra-operative 
CBCT (IO-CBCT) 

 Intra-operative imaging, initially limited to 2D 
C-arm fl uoroscopic evaluation, evolved towards 
3D evaluation based on Multi-Slice CT (MSCT) 
and more recently towards Cone-Beam CT 
(CBCT) technology which allows low-dose radia-
tion image acquisition and intra-operative ren-
dering of high-contrast structures, like facial 
bones (. Figs.  4.47 – 4.60 ).

   Compared towards conventional MSCT appa-
ratus or technology for intra-operative imaging, 
IO-CBCT off ers numerous advantages:
    1.    Image quality almost similar   
   2.    Less radiation   
   3.    Faster and less complicated image acquisition   
   4.    Lower level of metal artefacts from 

osteosynthesis material and orthodontic 
brackets   

   5.    Smaller apparatus (C-arm VS O-arm) with 
easier manipulation   

  6.    Lower cost     

 Nevertheless, the main disadvantage of cur-
rent IO-CBCT versus IO-MSCT remains its lim-
ited fi eld of view (FOV) (. Fig.  4.46 ). 

 Th e clinical routine use of IO-CBCT imaging 
necessitates some changes in the conventional 
surgical set-up in the operation theatre:
    1.    Extra space needs to be provided for the pres-

ence of the IO-CBCT C-arm and its multi-
modality workstation in the operating theatre 
(. Figs.  4.40  and  4.41 ).   

   2.    A “radiolucent carbon headrest” is a 
prerequisite for appropriate IO-CBCT image 
acquisition to avoid metal artefacts that would 
be inevitably caused by a conventional 
headrest (. Fig.  4.42a ).   

   3.    Th e regular surgical table must be adapted 
towards the “radiolucent carbon headrest” by 

a cephalad extension in most cases to allow 
adequate support of the patient’s shoulders 
and back (. Fig.  4.42b ).   

  4.    Prior to surgery, care should be taken to avoid 
any collision between the IO-CBCT C-arm 
and the “radiolucent carbon headrest” 
mounted on the surgical table.     

    Since the main advantage of IO-CBCT imag-
ing in orthognathic surgery is the potential 
towards the surgeon to immediately evaluate the 
transfer of the virtual planning and eventually 
correct the position of the bony segments, it is 
crucial that the operative fi eld remains sterile dur-
ing the entire process of IO-CBCT image acquisi-
tion in order not to lose additional time during 
surgery. Based on their personal experience, the 
authors propose the following guidelines:
    1.    Temporary IMF fi xation prior to IO-CBCT 

imaging   
   2.    Placement of a sterile surgical drape 

(. Fig.  4.43a ) over the sterile operative fi eld, 
secured with non-sterile tape (. Fig.  4.43b–c )   

   3.    Marking of the volume of interest (VOI) (e.g. 
the chin) to be scanned on the surgical drape 
(. Fig.  4.43c )   

   4.    Manual positioning of the IO-CBCT C-arm 
in the profi le (. Fig.  4.43d ) and frontal 
(. Fig.  4.43e ) planes with the aid of laser light 
localisers   

   5.    Scout views are then taken in these two planes 
to ensure that the VOI is well positioned 
in the FOV of the IO-CBCT apparatus 
(. Fig.  4.44 )     

 Our personal experience (Kurihara et al.  2015 ) 
has shown that for proper IO-CBCT image acqui-
sition with the Arcadis® Orbic 3D C-arm (Siemens 
Healthcare GmbH), the profi le FOV should be 
centred in the profi le scout view on the crown of 
the lower fi rst molar (. Fig.  4.45 ). 
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a b

 .   Fig. 4.41    Intra-operative CBCT apparatus: C-arm ( a ) and mutimodality workstation and C-arm ( b ) (Arcadis® Orbic 
3D C-arm, Siemens Healthcare GmbH)       

a b

 .   Fig. 4.42    For proper intra-operative CBCT image acquisition, a “radiolucent carbon headrest” ( a ) is mandatory to 
avoid metal artefacts. It is crucial that the latter headrest must be set up at its full horizontal extension ( b ) to allow free 
circular rotation of the IO-CBCT C-arm during image acquisition to avoid potential collision and subsequent movement 
artefacts. Note also the surgical table’s extension to support the patient’s shoulders and back, when the “radiolucent 
carbon headrest” headrest is fully extended       

 z Intra-operative Cone-Beam CT (IO-CBCT)
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   Intra-operative Cone-Beam CT  (IO-CBCT) 

    Temporary IMF is advocated prior to IO- 
CBCT image acquisition to allow appropri-
ate scanning towards the “volume of interest 
(VOI)” determined by the clinician.  

a

b c

d e

 .   Fig. 4.43    During IO-CBCT imaging, it is important that the operative fi eld remains sterile during image acquisition 
( a ). A sterile surgical drape is therefore placed over the operative fi eld and secured with non-sterile tape ( b ). The VOI 
(e.g. the chin) is then marked on the surgical drape ( c ). Subsequently the IO-CBCT C-arm is manually positioned in the 
profi le ( d ) and frontal ( e ) planes with the aid of laser light localisers. A radiation-free manual “test run” should then 
ensure that no collision will occur between the C-arm of the IO-CBCT apparatus and the “radiolucent carbon headrest” 
mounted on the surgical table during IO-CBCT scanning. In this case, the C-arm was touching the inferior portion of the 
“radiolucent carbon headrest” ( e ). The surgical table was therefore consequently moved superiorly (Arcadis® Orbic 3D 
c-arm, Siemens Healthcare GmbH)       
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   Intra-operative Cone-Beam CT  (IO-CBCT) 

a b

 .   Fig. 4.44    Scout views are taken and visualised on the multimodality workstation in the frontal ( a ) and profi le ( b ) 
planes prior to IO-CBCT image acquisition, since the FOV is still limited in the current IO-CBCT apparatus (Arcadis® Orbic 
3D c-arm, Siemens Healthcare GmbH)       

a b

 .   Fig. 4.45    Scout views in the profi le plane prior to IO-CBCT scanning (Arcadis® Orbic 3D c-arm, Siemens Healthcare 
GmbH) of two diff erent patients. According to our personal experience with the Arcadis® Orbic 3D IO-CBCT apparatus, 
the profi le FOV should be centered on the crown of the lower fi rst molar ( a ) for appropriate imaging in orthognathic 
surgery taking into account the current limited FOV. The scout view of another patient ( b ) shows inappropriate position-
ing of the C-arm during IO-CBCT imaging. Note that the “shaded circle” shows that the profi le FOV should ideally be 
centered on the crown of the fi rst lower molar       
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        Intra-operative Cone-Beam CT  (IO-CBCT) 

a b c

d e f

 .   Fig. 4.46    Profi le right ( a ), frontal ( b ), profi le left ( c ), base ( d ), scout ( e ) and downward inclined ( f ) views of IO-CBCT 
imaging after surgical repositioning of the maxilla, mandible and chin. Example of a clinical case where the VOI was 
clearly out of the FOV during IO-CBCT image acquisition (3D “volume-rendered” representations, Arcadis® Orbic 3D 
C-arm, Siemens Healthcare GmbH). Note on the profi le scout view ( e ) that the FOV was not centred on the crown of the 
lower fi rst molar, therefore positioning the chin outside of the FOV       

    Non-published data of an in-house study on 
15 consecutive orthognathic patients 
revealed a mean time of 6 minutes needed 
for the entire workfl ow for IO-CBCT image 
acquisition and image processing, from the 
moment the sterile drape was put over the 
patient until the moment that actual surgery 
could start again with eventual modifi ca-
tions or immediate fi nal wound closure.  
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 z    Intra-operative Cone-Beam CT : “Chin Repositioning” Transfer Control – Patient C.C. 

a b c

d e f

 .   Fig. 4.47    Profi le right ( a ), frontal ( b ) and profi le left ( c ) views of the patient’s AUM prior to virtual planning. Profi le 
right ( d ), frontal ( e ) and profi le left ( f ) views after virtual repositioning of the maxilla, mandible and chin. In this 
particular case, “virtual chin repositioning” included a sagittal advancement of 6 mm and an anterior extrusion of 4 mm 
to allow a clockwise (“Pitch”) rotation of the chin in order to increase the inferior third of the anterior facial vertical 
height (3D “surface-rendered” representations, patient C.C., Maxilim v. 2.3.0.3.)       
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       Intra-operative Cone-Beam CT : “Chin Repositioning” Transfer Control – Patient C.C. 

a b c

d e f

 .   Fig. 4.48    Profi le right ( a ), frontal ( b ), profi le left ( c ), base ( d ), scout ( e ) and downward inclined (f ) views of IO-CBCT 
imaging after surgical repositioning of the maxilla, mandible and chin (3D “volume-rendered” representations, patient 
C.C., Arcadis® Orbic 3D C-arm, Siemens Healthcare GmbH). Note the adequate chin advancement and anterior extrusion 
while avoiding any undesirable midline and yaw movements       

 

 G.R.J. Swennen and M. Gaboury



317 4

a b

 .   Fig. 4.49    Profi le right views of “3D virtual chin repositioning” (3D “surface-rendered” representation, patient C.C., 
Maxilim v. 2.3.0.3.) ( a ) and IO-CBCT imaging after “surgical chin repositioning” (3D “volume-rendered” representation, 
patient C.C., Arcadis® Orbic 3D C-arm, Siemens Healthcare GmbH) ( b ). Note that the radiopaque bone graft (Fig.  4.50 ) is 
visible on the IO-CBCT image. Also note the similar angulation of the right buccal corticotomy as well as the comparable 
but slightly larger bony gap between the right proximal and distal mandibular segments due to the buccal cut of the 
SSO performed with a Lindemann burr       

Intra-operative Cone-Beam CT: “Chin Repositioning” Transfer Control – Patient C.C.
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        Intra-operative Cone-Beam CT : “Chin Repositioning” Transfer Control – Patient C.C. 

      Attention 
 Aft er IO-CBCT imaging and image pro-
cessing, modifi cations can be performed if 
necessary prior to the fi nal wound closure.  

a b

 .   Fig. 4.50    Clinical intra-operative right ( a ) and left ( b ) intra-oral views after surgical repositioning of the chin 
according to the Individualised 3D Virtual Treatment Plan including 4 mm anterior extrusion and 6 mm advancement 
prior to IO-CBCT scanning (patient C.C.). Note that a bone graft was placed in the bone gap to promote bony healing       
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 z    Intra-operative Cone-Beam CT:  “Chin Repositioning” Transfer Control – Patient V.T.H. 

a b c

d e f

 .   Fig. 4.51    Profi le right ( a ), frontal ( b ) and profi le left ( c ) views of the patient’s AUM prior to virtual planning. Profi le 
right ( d ), frontal ( e ) and profi le left ( f ) views after virtual repositioning of the maxilla, mandible and chin. In this 
particular case, “virtual chin repositioning” included a sagittal advancement of 6 mm and an anterior impaction of 4 mm 
to allow a CCW rotation (“Pitch”) for more chin projection and in order to decrease the bony steps at the inferior 
mandibular border (3D “surface-rendered” representations, patient V.T.H., Maxilim v. 2.3.0.3.)       
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       Intra-operative Cone-Beam CT : “Chin Repositioning” Transfer Control – Patient V.T.H. 

a b c

d e f

 .   Fig. 4.52    Profi le right ( a ), frontal ( b ), profi le left ( c ), base ( d ), scout ( e ) and downward inclined ( f ) views of IO-CBCT 
imaging after surgical repositioning of the maxilla, mandible and chin (3D “volume-rendered” representations, patient 
V.T.H., Arcadis® Orbic 3D C-arm, Siemens Healthcare GmbH). Note the adequate chin advancement and anterior 
impaction, while avoiding any midline asymmetry neither inadvertent “Yaw” rotation       
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a b

 .   Fig. 4.53    Profi le right views of “3D virtual chin repositioning” (3D “surface-rendered” representation, patient C.C., 
Maxilim v. 2.3.0.3.) ( a ) and IO-CBCT imaging after “surgical chin repositioning” (3D “volume-rendered” representation, 
patient C.C., Arcadis® Orbic 3D C-arm, Siemens Healthcare GmbH) ( b ). Note the precise transfer of chin repositioning       

Intra-operative Cone-Beam CT: “Chin Repositioning” Transfer Control – Patient V.T.H.
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 z         Intra-operative Cone-Beam CT : “Gonial Angle Reduction” Transfer Control – Patient L.F. 

a b c

 .   Fig. 4.55    After virtual modifi cation of the patient’s head position towards its individual “PHP” (7 see also Sect. 
  2.2.1    ), the facial midline is identifi ed ( a ), the “3D Virtual Mirror Plane” is set up ( b ) and the facial soft tissue mask is 
mirrored ( c ) (7 see also Sect.   2.3    ) (3D “surface-rendered” representations, patient L.F., Maxilim v. 2.3.0.3.). Note that the 
right side of the face is mirrored on the left side (yellow), while the left side of the face is mirrored on the right side 
(transparent pink), and take special attention to the relation of the bony gonial angles towards the related soft tissues 
comparing to Fig.  4.54        

a b c

 .   Fig. 4.54    Frontal views of the soft tissue ( a ), hard and semitransparent soft tissue ( b ) and hard tissue (c) 3D 
“surface-rendered” representations of the head of the patient as acquired during CBCT imaging (i-CAT TM , Imaging 
Sciences International, Inc., Hatfi eld, USA, Maxilim v. 2.3.0.3. patient L.F.). Note the asymmetric gonial angles after a 
previous orthognathic surgery performed by another surgeon, where the right gonial angle is projecting more laterally 
and more inferiorly. In order to meet the patient’s expectations, it was decided to surgically reduce the right gonial 
angle, to achieve facial symmetry       
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        Intra-operative Cone-Beam CT:  “Gonial Angle Reduction” Transfer Control – Patient L.F. 

 .   Fig. 4.56    Profi le right ( a ), frontal ( b ) and base ( c ) views of the patient’s AUM prior to virtual planning of right gonial 
angle reduction. Profi le right ( d ), frontal ( e ) and base ( f ) views visualising the 3D osteotomy plane for right gonial angle 
reduction. Profi le right ( g ), frontal ( h ) and base ( i ) views after virtual right gonial angle reduction (3D “surface-rendered” 
hard tissue representations, patient L.F., Maxilim v. 2.3.0.3.). Note that using an individualised grid ( a – b ), the right gonial 
angle reduction can be precisely virtually planned, based on the individual anatomy of the left gonial angle       
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       Intra-operative Cone-Beam CT : “Gonial Angle Reduction” Transfer Control – Patient L.F. 

a b

 .   Fig. 4.57    Clinical intra-operative intra-oral views before ( a ) and after ( b ) right gonial angle reduction performed by 
a reciprocating saw prior to IO-CBCT scanning (patient L.F.). Note that no 3D template (cutting guide) was used but 
transfer of the virtual right gonial angle reduction was performed by means of direct measurements       
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a b

c d

e f

 .   Fig. 4.58    Profi le right ( a ), frontal ( b ), profi le left ( c ), base ( d ), scout ( e ) and downward inclined ( f ) views of IO-CBCT 
imaging after right gonial angle reduction (3D “volume-rendered” representations, patient L.F., Arcadis® Orbic 3D C-arm, 
Siemens Healthcare GmbH)       

Intra-operative Cone-Beam CT: “Gonial Angle Reduction” Transfer Control – Patient L.F.
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       Intra-operative Cone-Beam CT: “Gonial Angle Reduction” Transfer Control – Patient L.F. 

a b

 .   Fig. 4.59    Base views of “3D virtual right gonial angle reduction” (3D “surface-rendered” representation, patient C.C., 
Maxilim v. 2.3.0.3.) ( a ) and IO-CBCT imaging after “surgical right gonial angle reduction” (3D “volume-rendered” 
representation, patient L.F., Arcadis® Orbic 3D C-arm, Siemens Healthcare GmbH) ( b ). Note that right gonial angle 
reduction could be precisely and effi  ciently performed       

a b

 .   Fig. 4.60    Virtual (3D “surface-rendered” representation, Maxilim v. 2.3.0.3.) ( a ) and actual surgically removed bony 
segment ( b ) after right gonial angle reduction (patient L.F.)       
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4.2.2                Potential of Navigation 
and Augmented Virtual Reality 

 In the quest for “Waferless Orthognathic Surgery” 
in order to exclude potential errors induced by 
inappropriate condylar seating and mandibular 
autorotation, the following two potential alterna-
tives are currently being explored besides the use 
of “patient-specifi c implants (PSIs)” (7 see also 
Sect.  4.1.3 ):
    1.    Navigational surgery   
  2.    Augmented virtual reality    

  “Navigational Surgery” has initially being 
used in orthognathic surgery for intra-operative 
control of planning transfer and to confi rm the 
spatial relationship of skeletal and dental struc-
tures. Diff erent research groups are nowadays 
exploring its usability towards “Waferless 
Orthognathic Surgery”. However, despite the 
potential of surgical navigated translocation of 
bony segments in orthognathic surgery, the regis-
tration process remains the critical point. Despite 
recent technological advances, “Navigational 
Surgery” especially in orthognathic surgery, 
where the spatial position of bone is altered dur-
ing surgery, remains prone to error. Moreover, 
navigating a mobile structure like the mandible 
still deserves additional consideration. 

 “Augmented Virtual Reality” which inte-
grates and complements “Navigational Surgery” 
might be the next signifi cant technological 
advancement towards “Waferless Orthognathic 
Surgery”. “Augmented Virtual Reality” is an inno-
vative technology allowing co-registration of data 
from the real environment with virtual informa-
tion, creating a hybrid world which is simultane-
ously visualised on a stereoscopic video display. It 
can be displayed on a conventional monitor or on 
a wearable head-mounted display, thereby 
increasing the surgeon’s 3D perception. In other 
words, “Augmented Virtual Reality” can be con-
sidered as the fusion of “Navigational Surgery” 
and “3D Virtual Treatment Planning” to enable 
the transfer to the real surgical fi eld. Th e impor-
tant potential of the interactive display consists in 
allowing intra- operative control of jaw reposi-
tioning by “real- time” superimposition and visu-
alisation through a video display camera of the 
virtually planned jaw position (e.g. the maxilla in 
a “Maxilla-fi rst” sequence or the mandible in a 

“Mandible-fi rst” sequence) and the actual 
obtained clinical position of the jaw during sur-
gery. 

 Although both “Navigational Surgery” and 
“Augmented Virtual Reality” have certainly a 
promising potential towards orthognathic sur-
gery, the more complex clinical workfl ow, increas-
ing operating time and high cost currently do not 
allow their use in routine clinical practice.      
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5.1          Systematic Virtual Evaluation 
of Treatment Outcome 

 Th ere is no doubt that “3D virtual evaluation of 
treatment outcome” will bring new substantial 
knowledge and insights (e.g. on long-term stability, 
airway, condylar changes, facial harmony and aes-
thetics, etc.) and moreover will initiate innovative 
concepts in orthognathic surgery that will further 
improve care of the patient with “dento- maxillo- 
facial deformity”. 

 Towards “Systematic Virtual Evaluation of 
Treatment Outcome”, the same standardised 
“step-by-step” approach based on the “3D Virtual 
Visualisation Paradigm” (Swennen and Schutyser 
 2007 ) can be used as for “systematic virtual diag-
nosis of the patient’s deformity, anatomy and 
pathology (7 see also Sect.   2.1    )”:
    1.    Dento-maxillo-facial   
   2.    Airway   
   3.    TMJ    

  Th e systematic approach towards individualised 
patient’s treatment outcome assessment in this sec-
tion is illustrated on Case 1 Patient (V.E.W.), which is 
used throughout this book (7 Chaps.   1    ,   2    ,   3    ,   4     and 
  6    ). Patient V.E.W. underwent a combined Le Fort I 
osteotomy, BSSO, genioplasty and rhinoplasty (dor-
sal hump reduction) for the correction of her Class II 
long- face deformity (7 see also Chap.   6    ). Th e “step-
by- step individualised 3D virtual treatment planning 
(3D-VPS 5 ) (7 see Sect.   3.5    )” and “3D virtual treat-
ment planning transfer (7 see Sect.   4.1    )” of patient 
V.E.W. have been outlined in detail in this book. 

 Virtual evaluation of treatment outcome of 
other clinical cases with other types of “dento- 
maxillo- facial deformity” is demonstrated in 
Chap.   6    .  

5.1.1       Dento-maxillo-facial 

 Aft er appropriate post-surgical CBCT image 
acquisition and consecutive 3D rendering 
(7 see also Sect.   1.1.1    ), the 3D soft  and hard tissue 
surface representations of the patient’s head can 
be systematically evaluated in the “3D virtual 
scene” towards the patient’s individual dento-
maxillo- facial treatment outcome:
    1.    Frontal view (. Fig.  5.1 )   
   2.    Profi le view right/left  (. Figs.  5.2  and  5.3 )   
   3.    Base view (. Fig.  5.4 )   
   4.    Cranial view (. Fig.  5.5 )   
   5.    Posterior view (. Fig.  5.6 )    

  Towards virtual “dento-maxillo-facial” treat-
ment outcome analysis, “volume rendering” is 
more appropriate compared to “surface render-
ing” since it allows more detailed visualisation of 
the patient’s occlusion and dentition. 

3D Virtual Evaluation of Treatment Out-
come has the unprecedented potential to 
provide new evidence-based data to further 
improve care of the patient with dento-max-
illo-facial deformity.
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a b c

 .   Fig. 5.1    One-year post-surgical frontal views of 3D “volume-rendered” hard ( a ), hard and transparent soft tissue 
( b ) and soft tissue ( c ) surface representations of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version) (patient V.E.W.). Note that parts of the 3D facial soft tissues (tip of the nose/left 
temporo-parietal region) were out of the FOV during scanning. Note pre-surgical views (. Fig.  2.1 )       

a b c

 .   Fig. 5.2    One-year post-surgical right profi le views of 3D “volume-rendered” hard ( a ), hard and transparent soft tissue 
( b ) and soft tissue ( c ) surface representations of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version) (patient V.E.W.). Note that parts of the 3D facial soft tissues (tip of the nose) were out of the 
FOV during scanning. Note pre-surgical views (. Fig.  2.2 )       

 z    Systematic Virtual Treatment Outcome Evaluation : Dento-maxillo-facial 

 

 

Chapter 5 · 3D Virtual Evaluation of Treatment Outcome of Orthognathic Surgery



332

5

a b c

 .   Fig. 5.3    One-year post-surgical left profi le views of 3D “volume-rendered” hard ( a ), hard and transparent soft tissue 
( b ) and soft tissue ( c ) surface representations of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS 
CaseDesigner ALPHA version) (patient V.E.W.). Note that parts of the 3D facial soft tissues (tip of the nose/left 
temporo-parietal region) were out of the FOV during scanning. Note pre-surgical views (. Fig.  2.3 )       
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a b c

 .   Fig. 5.4    One-year post-surgical base views of 3D “volume-rendered” hard ( a ), hard and transparent soft tissue ( b ) and 
soft tissue ( c ) surface representations of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDesigner 
ALPHA version) (patient V.E.W.). Note that parts of the 3D facial soft tissues (tip of the nose) were out of the FOV during 
scanning. Note pre-surgical views (. Fig.  2.4 )       

a b c

 .   Fig. 5.5    One-year post-surgical cranial views of 3D “volume-rendered” hard ( a ), hard and transparent soft tissue ( b ) 
and soft tissue ( c ) surface representations of the patient’s head (i-CAT, Imaging Sciences International Inc, IPS CaseDe-
signer ALPHA version) (patient V.E.W.). Note that parts of the 3D facial soft tissues (tip of the nose/left temporo-parietal 
region) were out of the FOV during scanning. Note pre-surgical views (. Fig.  2.5 )       

a b .   Fig. 5.6    One-year 
post-surgical posterior 
views of 3D 
“volume-rendered” hard 
( a ), hard and transparent 
soft tissue ( b ) surface 
representations of the 
patient’s head (i-CAT, 
Imaging Sciences 
International Inc, IPS 
CaseDesigner ALPHA 
version) (patient V.E.W.). 
Note that parts of the 3D 
facial soft tissues (left 
temporo-parietal region) 
were out of the FOV during 
scanning. Note pre-surgical 
views (. Fig.  2.6 )       
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5.1.2              Airway 

 Aft er “systematic virtual evaluation” of the 
patient’s dento-maxillo-facial treatment outcome 
(7 Sect.  5.1.1 ), the “3D Virtual Visualisation 
Paradigm” allows more enhanced post-surgical 
evaluation of the patient’s upper airway in the “3D 
virtual scene”. 

 The post-surgical upper pharyngeal airway 
and its subregions (the “nasopharyngeal”, “oro-
pharyngeal” and “hypopharyngeal” airway) can 
be evaluated in an accurate and reliable way fol-
lowing a standardised protocol (Guijarro- 
Martínez and Swennen  2013 ) (7 see also 
Sect.  5.1.2 ):
    1.    Standardised CBCT scanning of the patient’s 

head   

   2.    Verifi cation of the patient’s head position by 
measuring the “cranio-cervical inclination” in 
the sagittal plane (. Figs.  5.7  and  5.8 )   

   3.    Virtual reorientation of the patient’s head with 
the set-up of an “upper airway 3D coordinate 
system”   

   4.    Segmentation of the upper pharyngeal airway 
by “thresholding”   

   5.    3D CBCT defi nition of the anatomical 
boundaries of the upper pharyngeal airway 
and its subregions (. Fig.  5.9 )    

  Towards virtual “airway” treatment outcome 
analysis, “surface rendering” is more appropriate 
compared to “volume rendering” since it allows 
segmentation of the upper pharyngeal airway and 
its subregions.

 .   Fig. 5.7    One-year post-surgical sagittal slice 
illustrating the “cranio-cervical inclination” (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner Alpha 
version) (patient V.E.W.). Note that the “cranio-cervical 
inclination” is slightly less compared to the pre-operative 
inclination of 98.1 °degrees (. Fig.   2.60    )       

 .   Fig. 5.8    One-year post-surgical sagittal slice 
illustrating the “cranial base angle” (i-CAT, Imaging 
Sciences International Inc, IPS CaseDesigner Alpha 
version) (patient V.E.W.), which is the same as the 
pre-operative inclination (. Fig.   2.61    )       
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a b

dc

 .   Fig. 5.9    Visualisation of the post-surgical 3D nasopharyngeal (2854,89 mm 3 ), the 3D oropharyngeal (14.434,38 mm 3 ) 
and 3D hypopharyngeal (3500,31 mm 3 ) subvolumes of the upper pharyngeal airway on semi-transparent 
“surface-rendered” hard tissue representations of the patient’s head: ( a ) frontal view, ( b ) posterior view, ( c ) right profi le 
view and ( d ) left profi le view (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3) (patient V.E.W.) Note the major 
expansion of both the 3D oropharyngeal and hypopharyngeal subvolumes of the upper pharyngeal airway and the 
decrease of the nasopharyngeal airway due to maxillary impaction compared to the pre-operative upper pharyngeal 
airway volumes (. Fig.   2.70    )       
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5.1.3          TMJ 

 Finally, aft er standardised “step-by-step” sys-
tematic virtual evaluation of the patient’s “dento- 
maxillo- facial” treatment outcome (7 Sect.  5.1.1 ), 
the patient’s post-surgical “upper airway” 
(7 Sect.  5.1.2 ), the “3D Virtual Visualisation 
Paradigm” allows more enhanced post-surgical 

evaluation of the patient’s TMJ in the “3D vir-
tual scene”. 

 Th e post-surgical “condyle-fossa units” (7 see 
also Sect.   2.1.4    ) can be evaluated using a:
    1.    “Individual Condylar 2D Coordinate System” 

(. Figs.  5.10  and  5.11 )   
   2.    “Individual Condylar 3D Coordinate System” 

(. Figs.  5.12 ,  5.13 ,  5.14 , and  5.15 )    

a b .   Fig. 5.10    One-year 
post-surgical axial views at 
the level of the right ( a ) 
and left ( b ) condyles 
demonstrating the 
individual set-up of a 2D 
coordinate system for 
generation of multiplanar 
coronal and sagittal slices, 
using the CBCT apparatus 
software (i-CAT, Imaging 
Sciences International Inc, 
i-CAT Vision TM  software) 
(patient V.E.W.)       

a b

 .   Fig. 5.11    One-year post-surgical multiple reconstructed sagittal views of the right ( a ) and left ( b ) condyle/fossa units 
using the CBCT apparatus software based on an “Individual Condylar 2D Coordinate System” (i-CAT, Imaging Sciences 
International Inc, i-CAT Vision TM  software) (patient V.E.W.). Note that comparison with the pre-operative slices (. Fig.   2.72    ) 
does not show signifi cant alterations of the TMJ       
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 z       Systematic Virtual Treatment Outcome Evaluation : TMJ 

 .   Fig. 5.12    One-year post-surgical “Individual Condylar 
3D Coordinate System” based on the individual anatomy 
of the right “ramus-condyle-fossa unit” to generate 
multiplanar reslices that allow adequate and objective 
evaluation (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3) (patient V.E.W.)       

a b c

 .   Fig. 5.13    One-year post-surgical coronal slices ( a, b  and  c ) of the right ramus-condyle-fossa unit generated from 
the “Individual Condylar 3D Coordinate System” (patient V.E.W., i-CAT, Imaging Sciences International Inc, Maxilim v. 
2.3.0.3). Note that comparison with the pre-operative slices (. Fig.   2.75    ) does not show signifi cant alterations of the 
right ramus-condyle-fossa unit       
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        Systematic Virtual Treatment Outcome Evaluation : TMJ 

a b c

 .   Fig. 5.14    One-year post-surgical sagittal slices ( a, b  and  c ) of the right ramus-condyle-fossa unit generated from the 
“Individual Condylar 3D Coordinate System” (patient V.E.W., i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3). 
Note that comparison with the pre-operative slices (. Fig.   2.76    ) does not show signifi cant alterations of the right 
ramus-condyle-fossa unit       

a b c

 .   Fig. 5.15    One-year post-surgical axial slices ( a, b  and  c ) of the right ramus-condyle-fossa unit generated from the 
“Individual Condylar 3D Coordinate System” (patient V.E.W., i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3). 
Note that comparison with the pre-operative slices (. Fig.   2.77    ) does not show alterations of the right condyle       
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5.2            3D Cephalometric Analysis 
and 3D Virtual 
Superimposition 

 Aft er systematic post-surgical virtual evaluation 
of the patient’s dento-maxillo-facial treatment 
outcome, upper airway and TMJ (7 Sect.  5.1 ), the 
“3D Virtual Visualisation Paradigm” off ers the cli-
nician (both orthodontists and surgeons) more 
objective analysing tools for standardised virtual 
evaluation of treatment outcome in the daily clin-
ical routine:
    1.    3D cephalometry of the patient’s hard, soft  tis-

sues and teeth   
   2.    Voxel-based superimposition    

  In this section, both “3D cephalometry of the 
patient’s hard, soft  tissues and teeth” (7 Sect.  5.2.1 ) 
and “voxel-based superimposition” (7 Sect.  5.2.2 ) 
are illustrated on Case 1 Patient (V.E.W.), which is 
used throughout this book (7 Chaps.   1    ,   2    ,   3    ,   4     and   6    ). 

5.2.1        3D Cephalometry 
of the Patient’s Hard, Soft 
Tissues and Teeth 

 In  2005 , Swennen, Schutyser and Hausamen 
made the bridge between conventional 2D and 
3D cephalometric analysis by introducing an 
innovative “3D Virtual Scene Approach” 
towards 3D cephalometry. Moreover, the poten-
tial of 3D virtual superimposition on a 3D 
cephalometric reference system as a registra-
tion method was demonstrated. By superim-
posing cadaver skulls of a newborn, a 6-year-old 
child and an adult, some of the concepts of 
Enlow’s counterpart theory on facial growth 
could be three- dimensionally visualised based 

on 3D virtual superimposition on a 3D cepha-
lometric reference frame. 

 In  2006 , Swennen et al., validated an “anatomic 
Cartesian 3D reference system” that proved to be 
accurate and reliable for 3D cephalometric hard 
and soft  tissue analysis in the clinical routine. 

 In  2007 , Swennen and Schutyser demon-
strated the clinical application of “3D virtual 
superimposition on the anatomic Cartesian 3D 
cephalometric reference frame”. 

 Towards 3D virtual evaluation of treatment 
outcome of orthognathic surgery, “3D cephalom-
etry of the patient’s hard, soft  tissues and teeth” 
consists of:
    1.    “Generation of a 3D cephalometric reference 

frame”. In case the “3D PHP cephalometric ref-
erence frame (7 see Sect.  2.2.1 )” is used, it is 
crucial that the scanned post-surgical head 
position of the patient is modifi ed towards its 
individual PHP (“planning head position”) 
prior to surgery. Using “voxel-based superim-
position (7 see Sect.  5.2.2 )” on the cranial base, 
this can be accomplished in a fast and reliable 
way. Th e alternative is the use of an “anatomic 
Cartesian 3D reference system” for pre- and 
post-surgical 3D cephalometric analysis as 
introduced and validated by Swennen in  2005  
and  2006 , respectively.   

   2.    “Step-by-step” 3D virtual defi nition of the 
hard tissue, teeth (7 see Sect.   2.2.2    ) and soft  
tissue (7 see Sect.   2.2.3    ) 3D cephalometric 
landmarks that were used for 3D virtual 
diagnosis of the orthognathic patient prior to 
surgery. (. Figs.  5.16 ,  5.17 ,  5.18 ,  5.19  and  5.20 )   

   3.    Automated set-up of 3D cephalometric planes 
and 3D cephalometric analysis of hard tissues, 
teeth (7 see Sect.   2.2.2    ) and soft  tissues 
(7 see Sect.   2.2.3    ) used for 3D virtual 
diagnosis of the patient prior to surgery.     
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 z    3D Cephalometry of the Patient’s Hard, Soft Tissues and Teeth : Outcome Analysis 

a b

 .   Fig. 5.16    One-year post-surgical frontal ( a ) and right profi le ( b ) views. Set-up of 3D hard, soft tissue and teeth 
cephalometric landmarks of the “Bruges Target Facial Mask” 3D cephalometric analysis. 3D “surface-rendered” hard 
tissue representations with transparent soft tissues of the patient’s head (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3, patient V.E.W.). Note pre-surgical views (. Figs.   2.146    ,   2.147    ,   2.214     and   2.215    )       

a b

 .   Fig. 5.17    Frontal ( a ) and right profi le ( b ) pre-surgical and 1-year post-surgical 3D cephalometric analysis and 3D 
superimposition visualising the “3D PHP cephalometric reference frame” with set-up of 3D hard, soft tissue and teeth 
cephalometric landmarks of the “Bruges Target Facial Mask” and “Bruges 3D Soft Tissue” 3D cephalometric analyses. 3D 
“surface-rendered” hard tissue representations of the patient’s head with transparent soft tissues (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3, patient V.E.W.). Note that the tip of the nose was out of the FOV during 
post-surgical CBCT scanning. Note pre-surgical views (. Figs.   2.146    ,   2.147    ,   2.214     and   2.215    )       
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        3D Cephalometry of the Patient’s Hard, Soft Tissues and Teeth  :  Outcome Analysis 

  3D cephalometry analysis (3D-VPS  
 1 
  ) report  

  “Bruges Target Facial Mask” 3D cephalometric analysis  

 Patient name: V.E.W. 

 Physician name: GS 

  Linear measurement analysis (mm)  

 Morphological height of the face (n-gn)  113.3 

 Height of the face (gl-gn)  129.1 

 Morphological height of the midface (n-sn)  50.6 

 Height of the midface (gl-sn)  64.2 

 Overjet  2.6 

 Overbite  1.0 

  Angular measurement analysis (deg)  

 Upper incisor inclination (Mx-Pl/UIapex-UI)  111.5 

 Lower incisor inclination (Md-Pl/LIapex-LI)  94.5 

 Frontal inclination of the upper occlusal plane – x-Pl  0.0 

 Frontal inclination of the lower occlusal plane – x-Pl  0.6 

 Frontal inclination of the mandibular plane – x-Pl  1.5 

 Lateral inclination of the upper occlusal plane – x-Pl  8.3 

 Lateral inclination of the lower occlusal plane – x-Pl  5.9 

 Lateral inclination of the mandibular plane – x-Pl  28.0 

  Proportional measurement Analysis (%)  

 Morphological height of the midface/morphological height of 
the face (n-sn × 100⁄n-gn) 

 44.6 

 Height of the midface/height of the face (gl-sn × 100/gl-gn)  49.7 

  Orthogonal measurement analysis (mm)   x-Pl  y-Pl  z-Pl 

 UI 
r
   63.5  76.8  0.02 

 UI 
l
   63.5  76.8  −0.02 

 UC 
r
   61.7  68.6  18.5 

 UC 
l
   62.3  70.2  −19.2 

 UMcusp 
r
   58.9  48.2  25.4 

 UMcusp 
l
   59.2  49.6  −26.7 

   x-Pl  horizontal plane,  y-Pl  vertical plane,  z-Pl  median plane 
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       3D Cephalometry of the Patient’s Hard, Soft Tissues and Teeth  :  Outcome Analysis 

a b

 .   Fig. 5.18    One-year post-surgical frontal views. Set-up of 3D soft tissue cephalometric landmarks of the “Bruges 3D 
Soft Tissue” 3D cephalometric analysis. 3D “surface-rendered” soft tissue representations of the patient’s head ( a ) with 
transparent soft tissues ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3, patient V.E.W.). Note that parts 
of the 3D facial soft tissues (tip of the nose/left temporo-parietal region) were out of the FOV during post-surgical CBCT 
scanning. Note pre-surgical views (. Figs.   2.146     and   2.214    )       

a b

 .   Fig. 5.19    One-year post-surgical right profi le views. Set-up of 3D soft tissue cephalometric landmarks of the 
“Bruges 3D Soft Tissue” 3D cephalometric analysis. 3D “surface-rendered” soft tissue representations of the patient’s 
head ( a ), with transparent soft tissues ( b ) (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3, patient V.E.W.). 
Note that the tip of the nose was out of the FOV during post-surgical CBCT scanning. Note pre-surgical views 
(. Figs.   2.147     and   2.215    )       

 

 

 G.R.J. Swennen

http://dx.doi.org/10.1007/978-3-662-47389-4_2
http://dx.doi.org/10.1007/978-3-662-47389-4_2
http://dx.doi.org/10.1007/978-3-662-47389-4_2
http://dx.doi.org/10.1007/978-3-662-47389-4_2


5343

        3D Cephalometry of the Patient’s Hard, Soft Tissues and Teeth  :  Outcome Analysis 

 .   Fig. 5.20    One-year post-surgical base view. Set-up of 
3D soft tissue cephalometric landmarks of the “Bruges 3D 
Soft Tissue” 3D cephalometric analysis. 3D 
“surface-rendered” soft tissue representation of the 
patient’s head (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3, patient V.E.W.). Note that the tip of the 
nose was out of the FOV during post-surgical CBCT 
scanning. Note pre-surgical view . Fig.   2.216           
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       3D Cephalometry of the Patient’s Hard, Soft Tissues and Teeth  :  Outcome Analysis 

  3D cephalometry analysis (3D  -  VPS  
 2 
  ) report  

 “Bruges 3D soft tissue cephalometric analysis” 

 Patient name: V.E.W. 

 Physician name: GS 

  Linear measurement analysis  ( mm)  

 Height of the lower face (sn-gn)                          64.3 

 Height of the face according to da Vinci (right) (os 
r
 -gn)                122.3 

 Height of the face according to da Vinci (left) (os 
l
 -gn)                120.6 

 Height of the skin portion of the upper lip (philtrum) (sn-ls)              12.5 

 Height of the upper lip (sn-sto 
u
 )                          18.9 

 Interlabial gap (ILG) (sto 
u-

  sto 
i
 )                           1.4 

 Height of the mandible (sto 
i
 -gn)                          44.0 

 Interpupillary distance (IPD) (p 
r
 -p 

l
 )                         60.1 

 Intercanthal width (en 
r
 -en 

l
 )                            30.1 

 Upper face width (zy 
r
 -zy 

l
 ) 135.5 

 Morphological width of the nose according to Farkas (al 
r
 -al 

l
 )              35.0 

  Angular measurement analysis   (  deg  )  

 Nasolabial angle (c”-sn/ss-ls)                           90.0 

 Mentolabial angle (li-sl-pg)                           131.8 

  Proportional measurement analysis   (  %  )  

 Facial index (zy 
r
 -zy 

l
 ) × 100⁄(sn-gn)                         119.6 

 Bruges index (r) (p 
r
 -p 

l
 ) × 100⁄(os 

r
 -gn)                        24.6 

 Bruges index (l) (p 
r
 -p 

l
 ) × 100⁄(os 

l
 -gn)                        25.0 

 Height of the mandible/height of the lower face (sto 
i
 -gn) × 100⁄(sn-gn)         68.4 

 Philtrum/height of the upper lip (sn-ls) × 100⁄(sn-sto 
u
 )                65.9 
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5.2.2           Voxel-Based Superimposition 

 Objective and accurate 3D virtual evaluation of 
treatment outcome of orthognathic surgery is 
essential in a time of evidence-based medicine to 
improve care of the patient with maxillo-facial 
deformity. 

 Superimposition on 3D cone-beam CT mod-
els of orthognathic surgery patients has been pio-
neered by Cevidanes and co-workers ( 2005 ,  2006 ) 
who demonstrated its use and importance in 
bringing new insights towards mandibular 
changes aft er orthognathic surgery ( 2007 ), soft  
tissue changes ( 2010 ,  2011 ), evaluation of 3D vir-
tual simulation ( 2010 ), mandibular and glenoid 
fossa changes ( 2012 ), temporomandibular joint 
( 2014 ,  2015 ) and long-term outcomes of orthog-
nathic surgery ( 2011 ,  2013a ,  b ,  c ,  2015 ). 

 “3D Virtual Superimposition on an Anatomic 
Cartesian 3D Reference System (7 Sect.  5.2.1 )” 
remains from a technical point of view a smart 
application of “point-based rigid registration 
(7 see Sect.   1.2.1    )”. Th e anatomic reference system 
is set up based on anatomical points and the trans-
lation and rotation between the pre- and post-sur-
gical reference systems are computed in order to 
coincide them. With this type of registration, it is 

crucial that the points that defi ne the reference 
system are indicated with the highest precision 
because it heavily infl uences the results of the 3D 
superimposition. 

 “Voxel-based superimposition” is a more 
preferred 3D virtual superimposition method 
since it is more accurate and less prone to 
observer error. It uses “voxel-based rigid registra-
tion (7 see Sect.   1.2.1    )” using the “Maximisation 
of Mutual Information (MI)” registration algo-
rithm, developed by Maes and co-workers ( 1997 ) 
which has been shown to be very accurate and 
stable for registration of skull structures. Based 
on a subvolume (e.g. anterior cranial base, cranial 
base and cranial bones) that has not changed 
during orthognathic surgery, all image informa-
tion within these subvolumes is used to automat-
ically register the pre- and post-surgical volumes 
of the patient’s head aft er a rough manual initiali-
sation.  

Voxel-based superimposition provides 
objective and accurate 3D virtual evaluation 
of treatment outcome aft er orthognathic 
and orthofacial surgery.

Chapter 5 · 3D Virtual Evaluation of Treatment Outcome of Orthognathic Surgery

http://dx.doi.org/10.1007/978-3-662-47389-4_1
http://dx.doi.org/10.1007/978-3-662-47389-4_1


346

5

 z    Voxel-Based Superimposition  on the 
Volume of Interest (VOI) 

 “Step-by-step” semi-automated “voxel-based 
superimposition” consists of the following fi ve 
consecutive steps:
    1.    Defi nition of the pre-surgical “volume of inter-

est (VOI)” (. Fig.  5.21 )   
   2.    Defi nition of the post-surgical “volume of 

interest (VOI)” (. Fig.  5.22 )   
   3.    Manual rough 3D alignment (. Fig.  5.23 )   
   4.    Automated “voxel-based” alignment (. Fig.  5.24 )   
   5.    Check fi nal 3D alignment (. Fig.  5.25 )     

 In this section, “voxel-based superimposition” is 
illustrated on Case 1 Patient (V.E.W.), in which  a 
subvolume of the skull, the cranial base and the cra-
nial bones was used “volume of interest (VOI)” for 
3D alignment of the pre- and post- surgical hard 
tissue surface representations of the patient’s head. 
(. Figs.  5.26 ,  5.27 ,  5.28 ,  5.29 ,  5.30 ,  5.31 ,  5.32  and  5.33 )

 .   Fig. 5.21    “Step 1” of semi-automated voxel-based superimposition. The “volume of interest ( VOI ) (cranial base and 
cranial bones, marked  blue )” is defi ned on the coronal, sagittal and axial slices of the “pre-surgical” DICOM dataset and 
visualised on the 3D “surface-rendered” hard tissue representation (i-CAT, Imaging Sciences International Inc, Maxilim v. 
2.3.0.3) (patient V.E.W.)       
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      Voxel-Based Superimposition  on the Volume of Interest (VOI) 

 .   Fig. 5.22    “Step 2” of semi-automated voxel-based superimposition. The “volume of interest ( VOI ) (cranial base and 
cranial bones, marked  blue )” is defi ned on the coronal, sagittal and axial slices of the “post-surgical” DICOM dataset and 
visualised on the 3D “surface-rendered” hard tissue representation (i-CAT, Imaging Sciences International Inc, Maxilim v. 
2.3.0.3) (patient V.E.W.)       

 .   Fig. 5.23    “Step 3” of semi-automated voxel-based superimposition. Manual rough 3D alignment of the pre- and 
post-surgical 3D “surface-rendered” hard tissue representations of the patient’s head (i-CAT, Imaging Sciences 
International Inc, Maxilim v. 2.3.0.3) (patient V.E.W.)       
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        Voxel-Based Superimposition  on the Volume of Interest (VOI) 

 .   Fig. 5.25    “Step 5” of semi-automated voxel-based superimposition. Check of the fi nal alignment by the clinician 
after automated voxel-based registration of the pre- and post-surgical 3D “surface-rendered” hard tissue 
representations of the patient’s head (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3) (patient V.E.W.)       

 .   Fig. 5.24    “Step 4” of semi-automated voxel-based superimposition. Automated 3D alignment of the pre- and 
post-surgical 3D “surface-rendered” hard tissue representations of the patient’s head, using voxel-based registration 
(based on the MI algorithm) of the pre- and post-surgical “volume of interests ( VOI ’ s )” (i-CAT, Imaging Sciences 
International Inc, Maxilim v. 2.3.0.3) (patient V.E.W.)       
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 z         Voxel-Based Superimposition  on the Cranial Base: Dento-maxillo-facial Outcome 

a b

 .   Fig. 5.26    Voxel-based superimposition on the cranial base of the pre-surgical and 1-year post-surgical 3D 
“surface-rendered” hard tissue representations of the patient’s head. Frontal ( a ) and base ( b ) views (i-CAT, Imaging 
Sciences International Inc, Maxilim v. 2.3.0.3) (patient V.E.W.). Note the maxillary impaction, correction of the chin 
deviation and mandibular border asymmetry       

a b

 .   Fig. 5.27    Voxel-based superimposition on the cranial base of the pre-surgical and 1-year post-surgical 3D 
“surface-rendered” soft tissue representations. Frontal ( a ) and downward inclined ( b ) views (i-CAT, Imaging Sciences 
International Inc, Maxilim v. 2.3.0.3) (patient V.E.W.). Note the post-surgical ( blue ) facial symmetry and harmony       
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        Voxel-Based Superimposition  on the Cranial Base: Dento-maxillo-facial Outcome 

a b

 .   Fig. 5.28    Voxel-based superimposition on the cranial base of the pre-surgical and 1-year post-surgical 3D 
“surface-rendered” hard tissue representations. Right ( a ) and left ( b ) profi le views (i-CAT, Imaging Sciences International 
Inc, Maxilim v. 2.3.0.3) (patient V.E.W.). Note the CCW rotation of the bimaxillary complex with maxillary impaction. Also 
note that a CCW rotation of both proximal fragments took place       

a b

 .   Fig. 5.29    Voxel-based superimposition on the cranial base of the pre-surgical and 1-year post-surgical 3D 
“surface-rendered” soft tissue representations. Right ( a ) and left ( b ) profi le views (i-CAT, Imaging Sciences International 
Inc, Maxilim v. 2.3.0.3) (patient V.E.W.). Note especially the changes at the nasolabial aesthetic unit with nasal dorsum 
correction and post-surgical lip competence, besides the CCW “Pitch” profi le changes       
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        Voxel-Based Superimposition  on the Cranial Base: Dento-maxillo-facial Outcome 

a b

 .   Fig. 5.30    Voxel-based superimposition on the cranial base of the 3D virtual planning and 1-year post-surgical 3D 
“surface-rendered” hard tissue representations. Frontal ( a ) and base ( b ) views (i-CAT, Imaging Sciences International Inc, 
Maxilim v. 2.3.0.3) (patient V.E.W.). Note the accurate midline correction of the chin. Also note the CCW “Roll” and “Yaw” 
movement of the left proximal fragment       

a b

 .   Fig. 5.31    Voxel-based superimposition on the cranial base of the 3D virtual planning and 1-year post-surgical 3D 
“surface-rendered” hard tissue representations. Right ( a ) and left ( b ) profi le views (i-CAT, Imaging Sciences International 
Inc, Maxilim v. 2.3.0.3) (patient V.E.W.). Note the accurate maxillary repositioning. Also note that a CCW rotation of both 
proximal fragments took place. Towards the chin note the accurate sagittal repositioning with CCW “Pitch” rotation. 
Note that less anterior chin impaction was performed compared to the 3D virtual planning which remains a clinical 
decision on the operation table       
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 z         Voxel-Based Superimposition  on the Cranial Base: Upper Airway Outcome 

a b

dc

 .   Fig. 5.32    Voxel-based superimposition on the cranial base of the pre-surgical and 1-year post-surgical 3D 
“surface-rendered” hard tissue representations visualising the 3D nasopharyngeal, the 3D oropharyngeal and 3D 
hypopharyngeal subvolumes of the upper pharyngeal airway. Frontal ( a ), posterior ( b ), left ( c ) and right profi le ( d ) views 
(i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3) (patient V.E.W.). Note the important volume expansion of 
both the 3D oropharyngeal and hypopharyngeal subvolumes and the overall post-surgical CCW “Pitch” rotation ( c–d ) of 
the upper pharyngeal airway       
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       Voxel-Based Superimposition  on the Cranial Base: Upper Airway Outcome 

a b

dc

 .   Fig. 5.33    Voxel-based superimposition on the cranial base of the pre-surgical and 1-year post-surgical 3D 
semi-transparent “surface-rendered” hard tissue representations visualising the 3D nasopharyngeal, the 3D 
oropharyngeal and 3D hypopharyngeal subvolumes of the upper pharyngeal airway. Frontal ( a ), posterior ( b ), left ( c ) 
and right profi le ( d ) views (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3) (patient V.E.W.). Note the 
important volume expansion of both the 3D oropharyngeal and hypopharyngeal subvolumes and the overall 
post-surgical CCW “Pitch” rotation ( c–d ) of the upper pharyngeal airway       
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5.3           The Potential of Colour 
Distance Maps in Enhanced 
Treatment Outcome 
Evaluation 

 Towards more enhanced 3D virtual evaluation of 
treatment outcome of orthognathic surgery, the 
“3D Virtual Visualisation Paradigm” allows to 
visualise and to quantify diff erences between 
“rigid registered” surfaces of the patient’s head by 
means of:
    1.    “Colour distance maps” between “surface- 

rendered” representations   
   2.    “Calculation of the inter-surface distances” 

using the iterative closest point (ICP) tech-
nique to measure the root mean square (RMS) 
distance between “surface-rendered” repre-
sentations     

 Th e pioneering work on this research has been 
done by Cevidanes and co-workers. In  2005 , 
Cevidanes et al. used CBCT cranial base superim-
position with a colour-coded method to display 
condylar changes and remodelling aft er orthog-
nathic surgery and expected that this method 

could be used as a predictor for long-term condy-
lar changes and adaptation. 

 “Colour distance maps” with subsequent “cal-
culation of the inter-surface distances “can actu-
ally be computed based on:
    1.    Cone-beam CT (CBCT) data (7 Sect.  5.3.1 )   
   2.    3D photographs (7 Sect.  5.3.2 )     

5.3.1      The Use of Colour Distance 
Maps Based on CBCT 

 “Colour distance maps based on CBCT” and “cal-
culation of the inter-surface distances” aft er rigid 
registration can be used for evaluation of:
    1.    Pre-surgical towards post-surgical skeletal and 

dental 3D changes (. Figs.  5.34  and  5.35 )   
   2.    Pre-surgical towards post-surgical facial soft  

tissue 3D changes (. Fig.  5.36 )   
   3.    Accuracy of 3D virtual treatment planning 

(e.g. 3D maxillary repositioning, (. Fig.  5.37 ).     

 In this section, the use of “colour distance 
maps” based on CBCT is illustrated on Case 1 
Patient (V.E.W.), which is used throughout this 
book (7 Chaps.   1    ,   2    ,   3    ,   4     and   6    ). 
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 z   3D Virtual Voxel-Based Superimposition of CBCTs: Colour Distance Maps 

a b

d

e

c

 .   Fig. 5.34    Colour surface distance maps visualising the inter-surface distance between the “pre-surgical” and “1-year 
post-surgical” “surface-rendered” hard tissue representations of the patient’s head after voxel-based superimposition on 
the cranial base and cranial bones, only showing the “post-operative” bimaxillary complex. Frontal ( a ), base ( b ), right 
( c ) and left ( d ) profi le views. (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3, patient V.E.W.). Note the 
applied colour scale ( e ). The yellow colour implies an inter-surface distance of more than 10 mm       
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      3D Virtual Voxel-Based Superimposition of CBCTs: Colour Distance Maps 

a b

d

e

c

 .   Fig. 5.35    Colour surface distance maps visualising the inter-surface distance between the “pre-surgical” and “1-year 
post-surgical” “surface-rendered” hard tissue representations of the patient’s head after voxel-based superimposition on 
the cranial base and cranial bones with the “pre-surgical” bimaxillary complex visualised. Frontal ( a ), base ( b ), right ( c ) 
and left ( d ) profi le views. (i-CAT, Imaging Sciences International Inc, Maxilim v. 2.3.0.3, patient V.E.W.). Note the applied 
colour scale ( e ). The  yellow  colour implies an inter-surface distance of more than 10 mm       
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      3D Virtual Voxel-Based Superimposition of CBCTs: Colour Distance Maps 

a b

d

e

c

 .   Fig. 5.36    Colour surface distance maps visualising the inter-surface distance between the “pre-surgical” and “1-year 
post-surgical” “surface-rendered” soft tissue representations of the patient’s head after voxel-based superimposition on 
the cranial base and cranial bones. Frontal ( a ), frontal downward inclined ( b ), right ( c ) and left ( d ) profi le views. (i-CAT, 
Imaging Sciences International Inc, Maxilim v. 2.3.0.3, patient V.E.W.). Note the applied colour scale ( e ). The  yellow  colour 
implies an inter-surface distance of more than 10 mm       
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 z       Accuracy of 3D Maxillary Repositioning: Colour Distance Maps 

a b

dc

 .   Fig. 5.37    Colour surface distance maps visualising the inter-surface distance between the “1-year post-surgical 
maxillary position” and the “3D virtual planned maxillary repositioning” after voxel-based superimposition. Frontal ( a ), 
base ( b ), right ( c ) and left ( d ) profi le views of the “surface-rendered” hard tissue representations of the maxilla (i-CAT, 
Imaging Sciences International Inc, Maxilim v. 2.3.0.3, patient V.E.W.). The  yellow  colour implies an inter-surface distance 
of more than 1 mm. The root mean standard deviation (RMSD) of the maxillary virtual planning transfer was 0.48 mm for 
the combined “x”, “y” and “z” axis values. Note that the vomer and anterior nasal spine partially colour  yellow  since these 
were partially removed during surgery. The same for the braces that were removed. Since the upper wisdom teeth are 
more erupted prior to surgery, these also colour  yellow . Since the outline of the virtual maxillary osteotomy could not 
be identically reproduced on the 1-year post-surgical hard tissue representation of the maxilla, the upper border also 
partially colours  yellow        
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5.3.2           The Use of Colour Distance 
Maps Based on 3D 
Photographs 

 3D photographs off er an important clinical rele-
vant potential and benefi t towards longitudinal 
non-ionising 3D virtual treatment outcome anal-

ysis (. Figs.  5.38  and  5.39 ). “Colour distance 
maps based on 3D photographs” with subsequent 
“calculation of the inter-surface distances” are 
computed aft er surface- base rigid registration on 
the forehead and can be used to evaluate facial 
soft  tissue changes (. Fig.  5.40 ) aft er orthogna-
thic surgery.

a b

dc

 .   Fig. 5.38    Right profi le views of 3D photographs of patient D.T. who underwent a Le Fort I advancement combined 
with a unilateral sagittal split (USSO) at the right side (Planmeca ProMax® 3D Max, ProFace TM , Planmeca Oy, Helsinki, 
Finland): T0, prior to surgery ( a ); T1, 1 day after surgery at discharge from the hospital ( b ); T2, 10 days after surgery ( c ); 
and T3, 4 weeks after surgery ( d ) (With courtesy to orthodontist, Michael de Baets)       
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 z     3D Virtual Surface-Based Superimposition of 3D Photographs 

a b

dc

 .   Fig. 5.39    2/3 right profi le views of 3D photographs of patient D.T. who underwent a Le Fort I advancement 
combined with a unilateral sagittal split (USSO) at the right side (Planmeca ProMax® 3D Max, ProFace TM , Planmeca Oy, 
Helsinki, Finland): T0, prior to surgery ( a ); T1, 1 day after surgery at discharge from the hospital ( b ); T2, 10 days after 
surgery ( c ); and T3, 4 weeks after surgery ( d ) (With courtesy to orthodontist, Michael de Baets)       
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 z       3D Virtual Surface-Based Superimposition of 3D Photographs: Colour Distance Maps 

a b

c

 .   Fig. 5.40    2/3 right profi le views of surface-based superimposition on the forehead of 3D photographs of patient D.T. 
who underwent a Le Fort I advancement combined with a unilateral sagittal split (USSO) at the right side (Planmeca 
ProMax® 3D Max, ProFace TM , Planmeca Oy, Helsinki, Finland): T1, 1 day after surgery at discharge of the hospital 
superimposed on T3, 4 weeks after surgery ( a ); T0, prior to surgery superimposed on T3, 4 weeks after surgery ( b ); and T2, 
10 days after surgery superimposed on T3, 4 weeks after surgery ( c ). Note that the superimposition of T3 on T0 clearly 
shows the advancement of the maxilla and the asymmetrical displacement (rotation of the mandible after a right USSO). 
Also note that the superimpositions of T1 on T3 and T2 on T3 show that the most important post-surgical swelling takes 
place in the lower jaw at the right side and not at the level of the maxilla ( c ). (With courtesy to orthodontist, Michael de 
Baets)       
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 z        Case 1: Class II, Long Face,  Video  
 Patient V.E.W. is a 16-year-old girl with a Class II/I 
long-face maxillofacial deformity due to a vertical 
maxillary excess (VME). In the frontal view, she is 
clinically not presenting any obvious facial asym-
metries. In rest, she has an incisal display of 8 mm, 
while during spontaneous smiling, she has full 
incisal exposure with 4  mm gingival display at 
incisal level. In the profi le view, she presents a dor-
sal nasal hump, a limited vermilion exposure, a 
signifi cant lip incompetence, an atonic lower lip 
and a retruded mandible with poor chin defi ni-
tion. She has an Angle Class II malocclusion with 
adequate transversal  relationship and a 1.5  mm 

lower dental midline deviation to the right. Th ere 
is no history of TMJ dysfunction neither pain. 

 Patient V.E.W. is used throughout this book to 
illustrate all diff erent aspects of 3D virtual treat-
ment planning of orthognathic surgery.

a b c

 .   Fig. 6.1    Pre-surgical clinical right profi le ( a ), frontal ( b ) and left profi le ( c ) views of patient V.E.W. in  c -NHP in rest, at 
the time of the workup, approximately 3 weeks prior to surgery. Note that clinically, she does not present any obvious 
cant of the maxilla neither of the mandible       

   “Imaging Workfl ow for 3D Virtual Treat-
ment Planning of Orthognathic Surgery” 
and “3D Virtual Diagnosis of the Orthogna-
thic Patient” of Case 1 (Patient V. E. W.) are 
illustrated extensively in Chapter 1 and 
Chapter 2, respectively. 
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 z       Case 1: Class II, Long Face,  v-NHP and PHP  

 .   Fig. 6.2    Pre-surgical 3D “surface-rendered” right profi le, frontal and profi le left soft and hard tissue representations 
of the head of patient V.E.W., as generated during standardised CBCT image acquisition, at the time of the workup 
(Maxilim v. 2.3.0.3). Note the incorrect position and orientation of patient’s V.E.W. virtual head compared to her clinical 
pictures (. Fig.  6.1 ), although it was attempted to scan the patient in her correct  c -NHP in rest       

 .   Fig. 6.3    Following a standardised “step-by-step” approach (7 see Sect.   3.1    ), the scanned head position of patient 
V.E.W. (. Fig.  6.2 ) was virtually modifi ed towards her  c -NHP (. Fig.  6.1 ), which results in the  v -NHP corresponding to 
her individual “Planning Head Position (PHP)” (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3)       
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 z        Case 1: Class II, Long Face 

a

b c

 .   Fig. 6.4    Pre-surgical frontal ( a ), right ( b ) and left ( c ) intra-oral views of patient’s V.E.W. occlusion at the time of the 
workup, approximately 3 weeks prior to surgery       

   “10 step-by-step integrated 3D virtual treat-
ment planning”, “3D virtual treatment plan-
ning transfer in the operation theatre” and 
“3D virtual evaluation of treatment out-
come of orthognathic surgery” of Case 1 
(patient V.E.W.) are thoroughly explained 
and illustrated in detail in Chaps. 3, 4 and 5, 
respectively. 
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 z        Case 1: Class II, Long Face, “3D Virtual Treatment Planning, OR” Template 

    

Maxillary osteotomy
Le Fort: I IIIII
One-piece

Maxilla first
Mandible first
Minimally Invasive Le Fort I
IO-CBCT
Kobayashi wires :
Skeletal anchorage :
Orthodontic buttons :
Occlusal grinding :
Other :

Segmental:
Pieces: ....................................

.......................... ..............................
........................

.....................
...........................

..................................................

.....................................
......................................

...................................................

........................................
................................................

.................................

..........................................
...............................................

........................................
............................................

....................................................

............................

..................................

...................

..............................
...................................................

.............

.............
.............
.............

.............
.........................

..................................

................   .......

...................................................

.........................

............

............

.............................................
............................

...................................................

.............

............................................

Interdental:
Advancement:
Set-back :
Midline:
Midline after Le Fort 1:
Vertical:

correction:
Other:

SSO
Inverted-L
VRO

Set-back:

Set-back:

CW
CCW
Midline split

Midline:

Anterior:
Posterior:

Anterior:
Extrusion:

Posterior:

Symmetric

Other:
Asymmetric

Symmetric
Asymmetric

“Shield” osteotomy
“Chin wing” osteotomy

Mental Foramen level:

IAN course:
Midline after BSSO:
Other:

Advancement:

rotation
rotation

“Pitch”
“Pitch”

Advancement: R L

R L

R L

R L
R correction:

Para-nasal cross sutures
Alar cinch
Septoplasty
Inferior turbinectomy
ANS: Shortening Midline
Nasal base plasty
Lateral nasal wall plasty
Bone graft(s):
Extraction(s):
Other:

Bichatectomy
Zygoma osteotomies

Otoplasty:
Rhinoplasty:
Browlift:
Blepharoplasty:

Facelift:
Upper Lower

Necklift:
Liposuction:
Lipofilling:
Other:

Infraorbital Foramen level:

CW CCWL

R L

R L

R L

R L

“Yaw”

2.0 mm

1.5 mm
inbetween 31/41

CCW to the left

6.0 mm

lingual

6.0 mm

2.0 mm

2.0 mm
2.5 mm

Closed

1.0

CCW “Roll” / CW “Yaw” rotation

lingual

5.0 mm

2.5 mm

16 13 11 23 26

“Roll”

3.5 mm 4.5 mm 4.5 mm

Mandibular osteotomy

Planning Requirements

Miscellaneous

Adjuvant Cosmetic Procedures

Chin osteotomy

3D Virtual Planning of Orthognathic Surgery. Swennen GRJ. © Springer 2016
Addendum Template. Prof. Gwen Swennen and Dr. Martin Gaboury, Maxillofacial and Facial Plastic Surgery.

R L

R L
R L

R L
R L

R L

3.5 mm

Intrusion:
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 z       Case 1: Class II, Long Face, Clinical Treatment Outcome 

a b
 .   Fig. 6.5    Frontal clinical 

views in rest, pre-surgical 
( a ) and 1 year after ( b ) 
combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient V.E.W       

a b
 .   Fig. 6.6    Frontal clinical 

views during smiling, 
pre-surgical ( a ) and 1 year 
after ( b ) combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient 
V.E.W. Note that compared 
to her long-term result (. 

Fig.  6.16a ), the 1-year 
post-treatment smile (. 

Fig.  6.6b ) is not fully 
spontaneous       
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       Case 1: Class II, Long Face, Clinical Treatment Outcome 

a b
 .   Fig. 6.7    Right profi le 

clinical views in rest, 
pre-surgical ( a ) and 1 year 
after ( b ) combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient 
V.E.W.       

a b .   Fig. 6.8    Right profi le 
clinical views during 
smiling, pre-surgical ( a ) 
and 1 year after ( b ) 
combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient 
V.E.W.       
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       Case 1: Class II, Long Face, Clinical Treatment Outcome 

a b .   Fig. 6.9    2/3 right 
profi le clinical views in rest, 
pre-surgical ( a ) and 1 year 
after ( b ) combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient 
V.E.W.       

a b
 .   Fig. 6.10    2/3 right 

profi le clinical views during 
smiling, pre-surgical ( a ) 
and 1 year after ( b ) 
combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient 
V.E.W.       
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       Case 1: Class II, Long Face, Clinical Treatment Outcome 

a b
 .   Fig. 6.11    Profi le left 

clinical views in rest, 
pre-surgical ( a ) and 1 year 
after ( b ) combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient 
V.E.W.       

a b
 .   Fig. 6.12    Profi le left 

clinical views during 
smiling, pre-surgical ( a ) 
and 1 year after ( b ) 
combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient 
V.E.W.       
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       Case 1: Class II, Long Face, Clinical Treatment Outcome 

a b
 .   Fig. 6.13    2/3 profi le 

left clinical views in rest, 
pre-surgical ( a ) and 1 year 
after ( b ) combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient 
V.E.W.       

a b
 .   Fig. 6.14    2/3 profi le 

left clinical views during 
smiling, pre-surgical ( a ) 
and 1 year after ( b ) 
combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient 
V.E.W.       
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       Case 1: Class II, Long Face, Clinical Treatment Outcome 

a

b c

 .   Fig. 6.15    Frontal ( a ), right ( b ) and left ( c ) intra-oral views of patient’s V.E.W. occlusion 1 year after combined 
orthodontic-surgical treatment. The author acknowledges Toon Billiet for the orthodontic treatment       

a b
 .   Fig. 6.16    Long-term 

clinical frontal ( a ) and 2/3 
right profi le ( b ) smiling 
views 2.5 years after 
combined 
orthodontic-surgical 
treatment and closed 
rhinoplasty of patient 
V.E.W.       
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 z        Case 2: Class II, Short Face 
 Patient D.C.M. is a 16-year-old girl with a Class 
II/2 short-face maxillofacial deformity due to ver-
tical maxillary hypoplasia and mandibular retru-
sion. In the frontal view, she is clinically not 
presenting any obvious facial asymmetries 
although she has a slight chin deviation to the 
right. In rest, she has an upper incisal display of 

only 1 mm. During spontaneous smiling she has 
only 8 mm upper incisal exposure with an upper 
incisal crown length of 10 mm. In the profi le view, 
she already presents with an adequate profi le, 
although the mandible is retruded. She has an 
Angle Class II malocclusion with adequate trans-
versal relationship. She has no history of TMJ dys-
function neither pain.

a b c

 .   Fig. 6.17    Pre-surgical clinical right profi le ( a ), frontal ( b ) and left profi le ( c ) views of patient D.C.M. in her  c -NHP in 
rest, at the time of the workup, approximately 3 weeks prior to surgery. Note the chin deviation to the right       

 .   Fig. 6.18    Pre-surgical clinical frontal smiling view of 
patient D.C.M. at the time of the workup, approximately 3 
weeks prior to surgery. Note the 1 mm upper dental 
midline deviation to the right. Note that the chin 
deviation to the right is more striking during smiling       
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 z       Case 2: Class II, Short Face,  v-NHP and PHP  

 .   Fig. 6.19    Pre-surgical 3D “surface-rendered” right profi le, frontal and left profi le soft and hard tissue 
representations of the head of patient D.C.M., as generated during standardised CBCT image acquisition, at the time of 
the workup of patient D.C.M. (Maxilim v. 2.3.0.3). Note the incorrect position and orientation of the virtual head 
compared to the clinical pictures of patient D.C.M. (. Fig.  6.17 ), although it was attempted to scan the patient in her 
correct  c -NHP in rest       

 .   Fig. 6.20    Following a standardised “step-by-step” approach (7 see Sect.   3.1    ), the scanned head position of patient 
D.C.M. (. Fig.  6.19 ) was virtually modifi ed towards her  c -NHP (. Fig.  6.17 ), which results in her  v -NHP and 
corresponds to her individual “Planning Head Position (PHP)” (3D “surface-rendered” representations, patient D.C.M., 
Maxilim v. 2.3.0.3)       
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       Case 2: Class II, Short Face,  v-NHP and PHP  

a b

c

 .   Fig. 6.21    The pre-surgical 3D “surface-rendered” frontal ( a ), posterior ( b ) and base ( c ) hard tissue representations of 
the virtual head of patient D.C.M., in her individual “Planning Head Position (PHP)“ illustrate an important asymmetry of 
the cranial base and cervical torticollis       
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 z       Case 2: Class II, Short Face 

a

b c

 .   Fig. 6.22    Pre-surgical frontal ( a ), right ( b ) and left ( c ) intra-oral views of patient’s D.C.M. occlusion at the time of the 
workup, approximately 3 weeks prior to surgery       
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 z       Case 2: 3D-VPS 
5
   Step 1  Maxillary Occlusal Cant Evaluation/Correction ( “ Roll ” ) 

a b

 .   Fig. 6.23    The maxillary occlusal plane is evaluated both clinically (. Fig.  6.18 ) and virtually ( a ) towards the 
horizontal 3D PHP reference plane in patient D.C.M. and shows virtually a clear cant ( b ) (3D “surface-rendered” 
representations, patient D.C.M., Maxilim v. 2.3.0.3). Note that this cant is clinically (. Fig.  6.18 ) not so obvious       

a b

 .   Fig. 6.24    The maxillary cant ( a ) in patient D.C.M. is corrected towards the horizontal 3D PHP reference plane by a 
CCW “Roll” rotational movement ( b ) (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 2: 3D-VPS 
5
   Step 2  Upper Dental Midline Evaluation/Correction 

a b

 .   Fig. 6.25    The 1 mm deviation of the upper dental midline to the right ( a ) is corrected towards the facial midline 3D 
PHP reference plane, by a pure translational movement to the left in patient D.C.M. ( b ) (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.26    The base views illustrate that the 1 mm deviation of the upper dental midline to the right ( a ) is corrected 
towards the facial midline 3D PHP reference plane, by a pure translational movement to the left ( b ) in patient D.C.M. (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 2: 3D-VPS 
5
   Step 3  Overall Evaluation of Facial Asymmetry After Virtual Occlusal 

Defi nition 

a b

 .   Fig. 6.27    Overall facial asymmetry of the head of patient D.C.M. ( a ) with transparent soft tissues ( b ) is assessed after 
virtual occlusal defi nition in the frontal view towards both the horizontal and facial midline 3D PHP reference planes. 
(3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the fl aring of the mandibular body to the left       

a b

 .   Fig. 6.28    To evaluate the overall facial asymmetry after virtual occlusal defi nition, the mandibular contour is 
evaluated both virtually on the soft tissues ( a ) and at the bony level towards the contour of the zygomatic bones and 
arches with soft tissues in transparency ( b ) (3D “surface-rendered” representations, patient D.C.M., Maxilim v. 2.3.0.3). 
Note the fl aring of the mandibular body to the left       
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 z        Case 2: 3D-VPS 
5
   Step 4  Evaluation/Correction of Flaring (“Yaw”) 

a b

 .   Fig. 6.29    The base views show that the fl aring of the mandibular body to the left ( a ) is corrected by a CW “Yaw” 
rotational movement to the right ( b ) in patient D.C.M. (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note 
the virtual bony overlap between the distal and proximal mandibular fragments at the left side       

a b

 .   Fig. 6.30    Overall assessment of facial bony contour ( a ) with transparent soft tissues ( b ) after correction of fl aring to 
the left by a “Yaw” rotational movement of the maxillo-mandibular complex to the right (3D “surface-rendered” 
representations, patient D.C.M., Maxilim v. 2.3.0.3)       
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 z        Case 2: 3D-VPS 
5
   Step 5  Upper Vertical Incisal Position Evaluation/Correction 

a b

 .   Fig. 6.31    Since patient D.C.M. has in rest only 1 mm and during spontaneous smiling only 8 mm upper incisal 
exposure (. Fig.  6.18 ), it was decided clinically at this stage in “step 5” to virtually extrude the maxilla 2 mm at the 
upper incisal level (3D “surface-rendered” representations, patient D.C.M., Maxilim v. 2.3.0.3): before ( a ) and after ( b ) 
correction       

a b

 .   Fig. 6.32    From clinical examination but also 3D cephalometric analysis, it was decided not to advance the 
“maxillo-mandibular complex in fi nal occlusion” in patient D.C.M. (3D “surface-rendered” representations, Maxilim v. 
2.3.0.3). Profi le views right ( a ) and left ( b )       

 z       Case 2: 3D-VPS 
5
   Step 6  Sagittal Upper Incisal Position Evaluation/Correction 
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 z       Case 2: 3D-VPS 
5
   Step 7  Profi le Evaluation/Occlusal Plane Correction ( “  Pitch  ” ) 

 .   Fig. 6.33    At this stage in “step 7”, the profi le and 
dento-alveolar support of the upper lip are evaluated (3D 
“surface-rendered” representations, patient D.C.M., 
Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.34    Based on clinical and 3D cephalometric analysis, it was decided to perform a 2° CW occlusal plane 
rotation with the centre of rotation at the incisal level by a “Pitch” rotational movement (3D “surface-rendered” 
representations, patient D.C.M., Maxilim v. 2.3.0.3): before ( a ) and after ( b ) correction       
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 z        Case 2: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a b

 .   Fig. 6.35    Evaluation of the bony chin position in the frontal plane without ( a ) and with ( b ) the patient’s 3D facial 
soft tissue mask in transparency (3D “surface-rendered” representations, patient D.C.M., Maxilim v. 2.3.0.3) does not 
show an obvious skeletal chin deviation neither asymmetry       

a b

 .   Fig. 6.36    Evaluation of the right ( a ) and left profi le ( b ) views shows an adequate sagittal position of the chin in 
the face with a well-defi ned plica labio-mentalis. (3D “surface-rendered” representations, patient D.C.M., Maxilim v. 
2.3.0.3). Note the nice 3D virtual soft tissue simulation at the level of the lips       
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 z        Case 2: 3D-VPS 
5
   Step 9  Patient Communication of the Individualised Treatment Plan 

 .   Fig. 6.37    Evaluation of the bony and soft tissue chin 
position in the base view however still shows a slight chin 
deviation to the right with asymmetric contour in patient 
D.C.M. (3D “surface-rendered” representations, Maxilim v. 
2.3.0.3)       

a b

 .   Fig. 6.38    At this stage, in “step 9”, it is shown to the patient that the slight chin deviation and asymmetry can be 
additionally corrected by a 1.5 mm translation to the left with a subtile CCW “Yaw” rotational movement (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3). Before ( a ) and after ( b ) additional correction       
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 z        Case 2: 3D-VPS 
5
   Step 10  Final Adjustments of the 3D Virtual Treatment Plan 

a b

 .   Fig. 6.39    In “step 10”, after the fi nal communication with patient D.C.M., it was decided not to perform fi nal 
adjustments of the 3D virtual treatment plan anymore (3D “surface-rendered” representations, patient D.C.M., Maxilim v. 
2.3.0.3). Frontal view with ( a ) and without ( b ) additional chin correction       

 

 G.R.J. Swennen



391 6

 z       Case 2: 3D-VPS 
5
  – Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.40    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the frontal plane (3D 
“surface-rendered” representations, patient D.C.M., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.41    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the right profi le plane (3D 
“surface-rendered” representations, patient D.C.M., Maxilim v. 2.3.0.3). Note the nice 3D virtual soft tissue simulation       
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       Case 2: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.42    Initial situation ( a ), and final “Individualised 3D Virtual Treatment Plan” ( b ), in the left profile plane (3D 
“surface-rendered” representations, patient D.C.M., Maxilim v. 2.3.0.3). Note the nice 3D virtual soft tissue simulation       

a b

 .   Fig. 6.43    Initial situation ( a ), and final “Individualised 3D Virtual Treatment Plan” ( b ), in the base plane (3D 
“surface-rendered” representations, patient D.C.M., Maxilim v. 2.3.0.3)       
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 z        Case 2: “3D Virtual Treatment Planning, OR”  Template  

    

Maxillary osteotomy

“Pitch”
“Pitch”

“Yaw”
1.5 mm

16 13 11 23 26

“Roll”

2.0 mm 2.0 mm 1.0 mm 0.0 mm

Mandibular osteotomy

Planning Requirements

Miscellaneous

Adjuvant Cosmetic Procedures

Chin osteotomy

lingual lingual

0.0 mm

1.0 mm
inbetween 31/41

CW to the right

7.0 mm 5.0 mm

Le Fort: I IIIII
One-piece

Maxilla first
Mandible first
Minimally Invasive Le Fort I
IO-CBCT
Kobayashi wires :
Skeletal anchorage :
Orthodontic buttons :
Occlusal grinding :
Other :

Segmental:
Pieces: ............................

....................... ..........................
......................
.....................

.........................
...........................................

.....................................
......................................

...................................................

........................................
................................................

..............................

..........................................
...............................................

........................................
............................................

....................................................

............................

..................................

........................

..............................
............................................

.............

.............
.............
.............

.............
......................

..................................

.......................

...................................................

......................

............

............

.......................................
............................

............................................

.............

......................................

Interdental:
Advancement:
Set-back :
Midline:
Midline after Le Fort 1:
Vertical:

correction:
Other:

SSO
Inverted-L
VRO

Set-back:

Set-back:

CW
CCW
Midline split

Midline:

Anterior:
Posterior:

Anterior:
Extrusion:

Posterior:

Symmetric

Other:
Asymmetric

Symmetric
Asymmetric

“Shield” osteotomy
“Chin wing” osteotomy

Mental Foramen level:

IAN course:
Midline after BSSO:
Other:

Advancement:

rotation
rotation

Advancement: R L

R L

R L

R L
R correction:

Para-nasal cross sutures
Alar cinch
Septoplasty
Inferior turbinectomy
ANS: Shortening Midline
Nasal base plasty
Lateral nasal wall plasty
Bone graft(s):
Extraction(s):
Other:

Bichatectomy
Zygoma osteotomies

Otoplasty:
Rhinoplasty:
Browlift:
Blepharoplasty:

Facelift:
Upper Lower

Necklift:
Liposuction:
Lipofilling:
Other:

Infraorbital Foramen level:

CW CCWL

R L

R L

R L

R L

3D Virtual Planning of Orthognathic Surgery. Swennen GRJ. © Springer 2016
Addendum Template. Prof. Gwen Swennen and Dr. Martin Gaboury, Maxillofacial and Facial Plastic Surgery.

R L

R L
R L

R L
R L

R L

Intrusion:
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 z       Case 2: Class II, Short Face, 3D Virtual Treatment Outcome 

a b

 .   Fig. 6.44    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical ( blue ) 
3D “surface-rendered” hard tissue representations. Frontal ( a ) and base ( b ) views (i-CAT, Imaging Sciences International 
Inc., Maxilim v. 2.3.0.3) (patient D.C.M.)       

a b

 .   Fig. 6.45    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical ( blue ) 3D 
“surface-rendered” soft tissue representations. Frontal ( a ) and downward inclined ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient D.C.M.). Note the persistent post-surgical ( blue ) slight chin asymmetry and 
deviation to the right which was decided pre-surgically not to additionally correct       
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       Case 2: Class II, Short Face, 3D Virtual Treatment Outcome 

a b

 .   Fig. 6.46    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical ( blue ) 
3D “surface-rendered” hard tissue representations. Right ( a ) and left ( b ) profi le views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient D.C.M.). Note the CW rotation of the bimaxillary complex       

a b

 .   Fig. 6.47    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical ( blue ) 
3D “surface-rendered” soft tissue representations. Right ( a ) and left ( b ) profi le views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient D.C.M.). Note the changes at the lower lip/chin aesthetic unit. Also note 
that there are no postural changes of the nose/upper lip aesthetic unit       
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 z        Case 2: Class II, Short Face, Clinical Treatment Outcome 

a b
 .   Fig. 6.48    Frontal views 

in rest, pre-surgical ( a ) and 
6 months after ( b ) 
combined 
orthodontic-surgical 
treatment (patient D.C.M.)       

a b
 .   Fig. 6.49    Frontal views 

during smiling, pre-surgical 
( a ) and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment (patient D.C.M.). 
Note the jaw movement of 
the patient’s head during 
clinical photographing in 
the post-surgical 
photograph at 6 months 
which is not present in the 
2 years post-surgical 
clinical photograph (. 

Fig.  6.59b )       
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       Case 2: Class II, Short Face, Clinical Treatment Outcome 

a b
 .   Fig. 6.50    Right profi le 

views in rest, pre-surgical 
( a ) and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment (patient D.C.M.)       

a b
 .   Fig. 6.51    Right profi le 

views during smiling, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment (patient D.C.M.)       
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       Case 2: Class II, Short Face, Clinical Treatment Outcome 

a b
 .   Fig. 6.52    2/3 right 

profi le views in rest, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment (patient D.C.M.)       

a b
 .   Fig. 6.53    2/3 right 

profi le views during 
smiling, pre-surgical ( a ) 
and 6 months after ( b ) 
combined 
orthodontic- surgical 
treatment (patient D.C.M.)       
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       Case 2: Class II, Short Face, Clinical Treatment Outcome 

a b
 .   Fig. 6.54    Left profi le 

views in rest, pre-surgical 
( a ) and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment (patient D.C.M.)       

a b
 .   Fig. 6.55    Left profi le 

views during smiling, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment (patient D.C.M.)       
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       Case 2: Class II, Short Face, Clinical Treatment Outcome 

a b
 .   Fig. 6.56    2/3 left 

profi le views in rest, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment (patient D.C.M.)       

a b
 .   Fig. 6.57    2/3 left 

profi le views during 
smiling, pre-surgical ( a ) 
and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment (patient D.C.M.)       
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       Case 2: Class II, Short Face, Clinical Treatment Outcome 

a

b c

 .   Fig. 6.58    Frontal ( a ), right ( b ) and left ( c ) intra-oral views of the patient’s occlusion 6 months after combined 
orthodontic-surgical treatment (patient D.C.M.). Note the presence of the deciduous second molars in the lower jaw 
which are kept in place until the age of 19 years to preserve the bone prior to implant-prosthodontic treatment. The 
author acknowledges Prof. Hugo De Clerck for the orthodontic treatment       

a b c

 .   Fig. 6.59    Long-term clinical 2/3 right profi le ( a ), frontal ( b ) and 2/3 left profi le ( c ) smiling views 2 years after 
combined orthodontic-surgical treatment (patient D.C.M.)       
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 Patient B.J. is a 22-year-old male with a Class II, 
anterior open bite (AOB) maxillofacial deformity 
due to combined posterior vertical maxillary 
excess (VME) and mandibular hypoplasia. In the 
frontal view, he is clinically presenting with a 
“V”-shaped face with poor bilateral zygoma and 
gonial angle defi nition, a prominent nasal tip with 
hanging columella and slight chin deviation to the 
left . In rest, he has clinically an incisal display of 
2 mm, while during spontaneous smiling, he has 
almost (-1 mm) full incisal exposure. In the pro-
fi le view, he presents with an acute nasolabial 
angle with short upper lip and a retruded mandi-
ble with poor chin defi nition. He has an Angle 
Class II malocclusion with an anterior open bite 
(AOB), adequate transversal relationship and a 
1 mm lower dental midline deviation to the right. 
He has no history of TMJ dysfunction neither 
pain.

 z        Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, Clinical Treatment Outcome 

 .   Fig. 6.61    Pre-surgical clinical frontal smiling view of 
patient B.J. at the time of the workup, approximately 3 
weeks prior to surgery. Note the upper dental midline 
deviation to the right       

a b c

 .   Fig. 6.60    Pre-surgical clinical right profi le ( a ), frontal ( b ) and left profi le ( c ) views of patient B.J. in his  c -NHP in rest, 
at the time of the workup, approximately 3 weeks prior to surgery. Note the “V”-shaped face and retruded chin. Also 
note the discrete ear asymmetry with a prominent left ear       
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 z       Case 3: Class II, Anterior Open Bite (AOB), Orthofacial,  v  -NHP and PHP  

 .   Fig. 6.62    Pre-surgical 3D “surface-rendered” right profi le, frontal and left profi le soft and hard tissue 
representations of the head of patient B.J., as generated during standardised CBCT image acquisition, at the time of the 
workup (Maxilim v. 2.3.0.3). Note the incorrect position and orientation of the virtual head compared to the clinical 
pictures of patient B.J. (. Fig.  6.60 ), although it was attempted to scan the patient in his correct  c -NHP in rest       

 .   Fig. 6.63    Following a standardised “step-by-step” approach (7 see Sect.   3.1    ), the scanned head position of patient 
B.J. (. Fig.  6.62 ) was virtually modifi ed towards his  c -NHP (. Fig.  6.60 ), which results in his  v -NHP and corresponds to 
his individual “Planning Head Position (PHP)” (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       

     Patient B.J. is used to illustrate the potential of 
colour surface distance maps (7 see Sect.   5.3.1    ) in 

3D virtual evaluation of treatment outcome of 
orthofacial surgery (. Fig.  6.92 )  
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 z   Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, Clinical Treatment Outcome 

a

b c

 .   Fig. 6.64    Pre-surgical frontal ( a ), right ( b ) and left ( c ) intra-oral views of the occlusion of patient B.J. at the time of 
the workup, approximately 3 weeks prior to surgery. Note the 2 mm lower dental midline deviation to the right       
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 z       Case 3: 3D-VPS 
5
   Step 1  Maxillary Occlusal Cant Evaluation/Correction ( “  Roll  ” ) 

a b

 .   Fig. 6.65    The maxillary occlusal plane is evaluated both clinically (. Fig.  6.61 ) and virtually ( a ) towards the 
horizontal 3D PHP reference plane and does not need to be corrected in patient B.J. ( b ) (3D “surface-rendered” represen-
tations, Maxilim v. 2.3.0.3). Note the presence of “halo” artefacts on the hard tissue surface representation of patient B.J.       

 .   Fig. 6.66    Slight virtual rotation of the patient’s skull 
to the back more clearly shows virtually that the maxillary 
occlusal plane is parallel to the horizontal 3D PHP 
reference plane and does not need to be modifi ed (3D 
“surface-rendered” representations, patient B.J., Maxilim v. 
2.3.0.3)       
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 z        Case 3: 3D-VPS 
5
   Step 2  Upper Dental Midline Evaluation/Correction 

a b

 .   Fig. 6.67    The 1.5 mm deviation of the upper dental midline to the right ( a ) is corrected towards the facial midline 
3D PHP reference plane, by a pure translational movement to the left ( b ) in patient B.J. (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.68    The base views illustrate that the 1.5 mm deviation of the upper dental midline to the right ( a ) is 
corrected towards the facial midline 3D PHP reference plane, by a pure translational movement to the left ( b ) (3D 
“surface-rendered” representations, patient B.J., Maxilim v. 2.3.0.3)       

 

 

 G.R.J. Swennen



407 6

 z        Case 3: 3D-VPS 
5
   Step 3  Overall Evaluation of Facial Asymmetry After Virtual Occlusal 

Defi nition 

a b

 .   Fig. 6.69    Overall facial asymmetry of the skull of patient B.J. ( a ) with transparent soft tissues ( b ) is assessed after 
virtual occlusal defi nition in the frontal view towards both the horizontal and facial midline 3D PHP reference planes (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3). Note the important fl aring of the mandibular body to the right 
and the chin deviation to the left       

a b

 .   Fig. 6.70    To evaluate the overall facial asymmetry after virtual occlusal defi nition, the mandibular contour is 
evaluated both virtually on the soft tissues ( a ) and at the bony level towards the contour of the zygomatic bones and 
arches with soft tissues in transparency ( b ) (3D “surface-rendered” representations, patient B.J., Maxilim v. 2.3.0.3). Note 
the deviation of the nasal tip to the right although the bony nasal pyramid is straight       
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 z        Case 3: 3D-VPS 
5
   Step 4  Evaluation/Correction of Flaring ( “  Yaw  ” ) 

a b

 .   Fig. 6.71    The base views show that the fl aring of the mandibular body to the right ( a ) is corrected by a CCW “Yaw” 
rotational movement to the left ( b ) (3D “surface-rendered” representations, patient B.J., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.72    Overall assessment of facial bony contour of patient B.J. ( a ) with transparent soft tissues ( b ) after 
correction of fl aring to the right by a “Yaw” rotational movement of the maxillo-mandibular complex to the left (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 3: 3D-VPS 
5
   Step 5  Upper Vertical Incisal Position Evaluation/Correction 

 z       Case 3: 3D-VPS 
5
   Step 6  Sagittal Upper Incisal Position Evaluation/Correction 

 .   Fig. 6.73    Since patient B.J. has clinically in rest 2 mm 
and during spontaneous smiling almost full (−1 mm) 
upper incisal exposure, it was decided at this stage to 
keep the upper incisal vertical level at “0” anticipating 
already the maxillary advancement in “step 6” (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3)       

 .   Fig. 6.74    From 3D cephalometric analysis and 
clinically, it was decided to advance the 
“maxillo-mandibular complex in fi nal occlusion” 3 mm at 
the upper incisal level in patient B.J. which results 
according to the authors’ experience in 1 mm additional 
incisal exposure (3D “surface-rendered” representations, 
Maxilim v. 2.3.0.3)       
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 z       Case 3: 3D-VPS 
5
   Step 7  Profi le Evaluation/Occlusal Plane Correction ( “  Pitch  ” ) 

a b

 .   Fig. 6.75    At this stage in “step 7”, the profi le and dento-alveolar support of the upper lip are evaluated ( a ) (3D 
“surface-rendered” representations, patient B.J., Maxilim v. 2.3.0.3). Note that the labioversion of the upper incisors ( b ) 
that was prepared orthodontically to anticipate the posterior maxillary impaction for AOB closure results in an acute 
nasolabial angle, on the soft tissue simulation       

a b

 .   Fig. 6.76    At this stage in “step 7”, a 3° CW rotation of the “maxillo-mandibular complex” ( a ) is virtually performed 
(3D “surface-rendered” representations, patient B.J., Maxilim v. 2.3.0.3) which results in a 2 mm posterior impaction at 
the mesial cusps of the fi rst upper molars and partial correction of the AOB ( b )       
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 z        Case 3-3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a b

 .   Fig. 6.77    Evaluation of the chin position in the frontal plane without ( a ) and with ( b ) the patient’s 3D facial soft 
tissue mask in transparency (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note that at this stage, there is 
still a signifi cant chin deviation to the left with a slight cant in patient B.J.       

a b

 .   Fig. 6.78    Evaluation of the sagittal chin position in the right ( a ) and left profi le ( b ) views needs to be individually 
assessed (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note that the chin is still retruded in the face with 
the absence of a well-defi ned plica labio-mentalis in patient B.J. Note also the limits of the actual 3D virtual soft tissue 
simulation at the level of the lower lip       
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 z        Case 3: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a b

 .   Fig. 6.79    In the frontal plane ( a ), a 1 mm translation to the right with a CW “Roll” movement of the chin with 1 mm 
posterior extrusion at the left was virtually planned in patient B.J. to correct the midline deviation and the cant (. 

Fig.  6.77 ). The base view ( b ) shows no fl aring of the chin after 6 mm advancement (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3). Note that the chin needs to be recontoured at the right lateral side during actual 
surgery       

a b

 .   Fig. 6.80    The right ( a ) and left ( b ) profi le views show that a chin advancement of 6 mm with a posterior extrusion 
of 1 mm at the left was virtually planned in patient B.J. (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 3: 3D-VPS 
5
   Step 9  Patient Communication of the Individualised Treatment Plan 

a b

 .   Fig. 6.81    Right ( a ) and left ( b ) profi le views of the “Individualised 3D Virtual Treatment Plan” show that a gentle 
CCW rotation of both proximal fragments would be benefi cial to decrease the step at the antegonial notch (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3). Note the limits of the actual 3D virtual soft tissue simulation at 
the level of the lips       

a b

 .   Fig. 6.82    Frontal ( a ) and base ( b ) views of the “Individualised 3D Virtual Treatment Plan”, as presented to patient B.J., 
before the actual surgery (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Patient B.J. is complaining of the 
“V”-shaped appearance of his face and the poor defi nition of his zygomatic bones       
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 z        Case 3: 3D-VPS 
5
   Step 10  Final Adjustments of the 3D Virtual Treatment Plan 

a b

c d

 .   Fig. 6.83    Final adjustments of the “Individualised 3D Virtual Treatment Plan” after communication with patient B.J. 
consisted of additional zygomatic sandwich osteotomies to correct the fl attened infraorbital contour of the midface and 
bilateral gonial angle augmentation (3D “surface-rendered” representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) 
frontal upward inclined and before ( c ) and after ( d ) frontal views       
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 z       Case 3: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.84    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), of patient B.J. in the frontal 
plane (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.85    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), of patient B.J. in the right 
profi le plane (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the limits of the actual 3D virtual soft 
tissue simulation at the level of the lips       
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 z        Case 3: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.86    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), of patient B.J. in the left profi le 
plane (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the limits of the actual 3D virtual soft tissue 
simulation at the level of the lips       

a b

 .   Fig. 6.87    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), of patient B.J. in the base plane 
(3D “surface-rendered” representations, patient B.J., Maxilim v. 2.3.0.3). Note the virtual bilateral zygomatic and gonial 
angle expansion       
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 z        Case 3: “3D Virtual Treatment Planning, OR”  Template  

    

Maxillary osteotomy

“Pitch”
“Pitch”

“Yaw”
2.5 mm

16 13 11 23 26

“Roll”

1.0 mm 0.0 mm 1.0 mm 2.5 mm

frontal

Mandibular osteotomy

Planning Requirements

Miscellaneous

Adjuvant Cosmetic Procedures

Chin osteotomy

3.0 mm

1.5 mm

CCW to the left

9.0 mm

6.0 mm

1.0 mm

2.0 mm

duplicated foramen mentale left

the distal fragment
- the proximal fragments

8.0 mm

mesial 31

CW “Pitch” rotation

lingual lingual

Closed

midfacial
bilateral gonial angle
augmentation with rib cartilage

Le Fort: I IIIII
One-piece

Maxilla first
Mandible first
Minimally Invasive Le Fort I
IO-CBCT
Kobayashi wires :
Skeletal anchorage :
Orthodontic buttons :
Occlusal grinding :
Other :

Segmental:
Pieces: ....................................

.......................... ..............................
........................

.....................
...........................

..................................................

.....................................
......................................

...................................................

........................................
................................................

.................................

..........................................
...............................................

........................................
............................................

....................................................

............................

..................................

...................

..............................
...................................................

.............

.............
.............
.............

.............
.........................

..................................

................   .......

...................................................

.........................

............

............

.............................................
............................

...................................................

.............

............................................

Interdental:
Advancement:
Set-back :
Midline:
Midline after Le Fort 1:
Vertical:

correction:
Other:

SSO
Inverted-L
VRO

Set-back:

Set-back:

CW
CCW
Midline split

Midline:

Anterior:
Posterior:

Anterior:
Extrusion:

Posterior:

Symmetric

Other:
Asymmetric

Symmetric
Asymmetric

“Shield” osteotomy
“Chin wing” osteotomy

Mental Foramen level:

IAN course:
Midline after BSSO:
Other:

Advancement:

rotation
rotation

Advancement: R L

R L

R L

R L
R correction:

Para-nasal cross sutures
Alar cinch
Septoplasty
Inferior turbinectomy
ANS: Shortening Midline
Nasal base plasty
Lateral nasal wall plasty
Bone graft(s):
Extraction(s):
Other:

Bichatectomy
Zygoma osteotomies

Otoplasty:
Rhinoplasty:
Browlift:
Blepharoplasty:

Facelift:
Upper Lower

Necklift:
Liposuction:
Lipofilling:
Other:

Infraorbital Foramen level:

CW CCWL

R L

R L

R L

R L

3D Virtual Planning of Orthognathic Surgery. Swennen GRJ. © Springer 2016
Addendum Template. Prof. Gwen Swennen and Dr. Martin Gaboury, Maxillofacial and Facial Plastic Surgery.

R L

R L
R L

R L
R L

R L

Intrusion:

  

    In patient B.J. the bilateral gonial angle aug-
mentation was performed with rib cartilage 
grafts. The current alternative would be the use 

of patient-specific implants (PSIs) in PEEK or 
titanium.  

Chapter 6 · Clinical Applications of 3D Virtual Treatment Planning of Orthognathic Surgery



418

6

 z   Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, 3D Virtual Treatment Outcome 

a b

 .   Fig. 6.88    Voxel-based superimposition on the cranial base of the pre-surgical and 6 months post-surgical ( blue ) 3D 
“surface-rendered” hard tissue representations. Frontal ( a ) and base ( b ) views (i-CAT, Imaging Sciences International Inc., 
Maxilim v. 2.3.0.3) (patient B.J.). Note the correction of the chin deviation       

a b

 .   Fig. 6.89    Voxel-based superimposition on the cranial base of the pre-surgical and 6 months post-surgical 
( blue ) 3D “surface-rendered” soft tissue representations. Frontal ( a ) and downward inclined ( b ) views (i-CAT, 
Imaging Sciences International Inc., Maxilim v. 2.3.0.3) (patient B.J.). Note the post-surgical ( blue ) widening of the 
upper and lower face width       
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       Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, 3D Virtual Treatment Outcome 

a b

 .   Fig. 6.90    Voxel-based superimposition on the cranial base of the pre-surgical and 6 months post-surgical ( blue ) 3D 
“surface-rendered” hard tissue representations. Right ( a ) and left ( b ) profi le views (i-CAT, Imaging Sciences International 
Inc, Maxilim v. 2.3.0.3) (patient B.J.). Note the CCW rotation of the bimaxillary complex       

a b

 .   Fig. 6.91    Voxel-based superimposition on the cranial base of the pre-surgical and 6 months post-surgical ( blue ) 
3D “surface-rendered” soft tissue representations. Right ( a ) and left ( b ) profi le views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient B.J.). Note the post-surgical changes at the nasolabial aesthetic unit 
(cranial nasal tip rotation with opening of the nasolabial angle and nasal dorsum correction), post-surgical changes of 
lip posture with lip competence and well-defi ned chin position and morphology       
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       Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, 3D Virtual Treatment Outcome 

a

b c

 .   Fig. 6.92    Colour surface distance maps visualising the inter-surface distance between the “pre-surgical” and 
“6 months post-surgical” “surface-rendered” soft tissue representations of the patient’s head after voxel-based 
superimposition on the cranial base and cranial bones (7 see Sect.   5.3.1    ): frontal ( a ), right profi le ( b ) and left profi le ( c ) 
views (i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3, patient B.J.). The  yellow  colour implies an 
inter-surface distance of more than 10 mm. Note the increased right gonial augmentation compared to the left side       
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      Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, Clinical Treatment Outcome 

a b
 .   Fig. 6.93    Frontal views 

in rest, pre-surgical ( a ) and 
1 year after ( b ) combined 
orthodontic-surgical 
treatment with bilateral 
zygomatic osteotomies, 
bilateral gonial 
augmentation, closed 
rhinoplasty, left otoplasty 
and midfacial liposculpture 
(patient B.J.)       

a b
 .   Fig. 6.94    Frontal views 

during smiling, pre-surgical 
( a ) and 1 year after ( b ) 
combined 
orthodontic-surgical 
treatment with bilateral 
zygomatic osteotomies, 
bilateral gonial 
augmentation, closed 
rhinoplasty, left otoplasty 
and midfacial liposculpture 
(patient B.J.)       
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       Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, Clinical Treatment Outcome 

a b
 .   Fig. 6.95    Right profi le 

views in rest, pre-surgical 
( a ) and 1 year after ( b ) 
combined 
orthodontic-surgical 
treatment with bilateral 
zygomatic osteotomies, 
bilateral gonial 
augmentation, closed 
rhinoplasty, left otoplasty 
and midfacial liposculpture 
(patient B.J.)       

a b
 .   Fig. 6.96    Right profi le 

views during smiling, 
pre-surgical ( a ) and 1 year 
after ( b ) combined 
orthodontic-surgical 
treatment with bilateral 
zygomatic osteotomies, 
bilateral gonial 
augmentation, closed 
rhinoplasty, left otoplasty 
and midfacial liposculpture 
(patient B.J.)       
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       Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, Clinical Treatment Outcome 

a b
 .   Fig. 6.97    2/3 right 

profi le views in rest, 
pre-surgical ( a ) and 1 year 
after ( b ) combined 
orthodontic-surgical 
treatment with bilateral 
zygomatic osteotomies, 
bilateral gonial 
augmentation, closed 
rhinoplasty, left otoplasty 
and midfacial liposculpture 
(patient B.J.)       

a b
 .   Fig. 6.98    2/3 right 

profi le views during 
smiling, pre-surgical ( a ) 
and 1 year after ( b ) 
combined 
orthodontic-surgical 
treatment with bilateral 
zygomatic osteotomies, 
bilateral gonial 
augmentation, closed 
rhinoplasty, left otoplasty 
and midfacial liposculpture 
(patient B.J.)       
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       Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, Clinical Treatment Outcome 

a b
 .   Fig. 6.99    Left profi le 

views in rest, pre-surgical 
( a ) and 1 year after ( b ) 
combined 
orthodontic-surgical 
treatment with bilateral 
zygomatic osteotomies, 
bilateral gonial 
augmentation, closed 
rhinoplasty, left otoplasty 
and midfacial liposculpture 
(patient B.J.)       

a b
 .   Fig. 6.100    Left profi le 

views during smiling, 
pre-surgical ( a ) and 1 year 
after ( b ) combined 
orthodontic-surgical 
treatment with bilateral 
zygomatic osteotomies, 
bilateral gonial 
augmentation, closed 
rhinoplasty, left otoplasty 
and midfacial liposculpture 
(patient B.J.)       
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       Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, Clinical Treatment Outcome 

a b
 .   Fig. 6.101    2/3 left 

profi le views in rest, 
pre-surgical ( a ) and 1 year 
after ( b ) combined 
orthodontic-surgical 
treatment with bilateral 
zygomatic osteotomies, 
bilateral gonial 
augmentation, closed 
rhinoplasty, left otoplasty 
and midfacial liposculpture 
(patient B.J.)       

a b
 .   Fig. 6.102    2/3 left 

profi le views during 
smiling, pre-surgical ( a ) 
and 1 year after ( b ) 
combined 
orthodontic-surgical 
treatment with bilateral 
zygomatic osteotomies, 
bilateral gonial 
augmentation, closed 
rhinoplasty, left otoplasty 
and midfacial liposculpture 
(patient B.J.)       
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       Case 3: Class II, Anterior Open Bite (AOB), Orthofacial, Clinical Treatment Outcome 

a

b c

 .   Fig. 6.103    Frontal ( a ), right ( b ) and left ( c ) intra-oral views of the patient’s occlusion 1 year after combined 
orthodontic-surgical treatment (patient B.J.). The author acknowledges Prof. Bart Vande Vannet for the orthodontic 
treatment       

 

 G.R.J. Swennen



427 6

 z       Case 4: Class III, Midfacial Hypoplasia, 
Anterior Open Bite (AOB) 

 Patient B.B. is an 18.5-year-old male with a Class III, 
anterior open bite (AOB) maxillofacial deformity 
due to midfacial hypoplasia. Prior to the surgical 
workup, a bone scintigraphy was performed which 
did not show any residual condylar growth. In the 
frontal view, he is clinically presenting with a fl at-
tened midface, a slight deviation of the nasal tip to 
the right and no clinical obvious mandibular asym-
metry. In rest, he has an incisal display of 2  mm, 

while during spontaneous smiling, he has almost 
(−1  mm at 11) full incisal exposure and presents 
with a slightly canted maxillary occlusal plane. In 
the profi le view, he presents with a fl attened midface 
with poor bilateral zygoma defi nition, a subtile nasal 
hump, a lip incompetence and an atonic lower lip. 
He has a Class II profi le with an Angle Class III mal-
occlusion with adequate transversal relationship, an 
anterior open bite (AOB) and a 1 mm upper dental 
midline deviation to the left . Th ere is no history of 
TMJ dysfunction neither pain.

a b c

 .   Fig. 6.104    Pre-surgical clinical right profi le ( a ), frontal ( b ) and left profi le ( c ) views of patient B.B. in his  c -NHP in rest, 
at the time of the workup, approximately 3 weeks prior to surgery (patient B.B.)       
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 .   Fig. 6.105    Pre-surgical clinical frontal smiling view of 
patient B.B. at the time of the workup, approximately 3 
weeks prior to surgery       

Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB)
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 z       Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB),  v-NHP and PHP  

 .   Fig. 6.106    Pre-surgical 3D “surface-rendered” right profi le, frontal and left profi le soft and hard tissue 
representations of the head of patient B.B., as generated during standardised CBCT image acquisition, at the time of the 
workup (Maxilim v. 2.3.0.3). Note the incorrect position and orientation of the virtual head compared to the clinical 
pictures of patient B.B. (. Fig.  6.104 ), although it was attempted to scan patient B.B. in his correct  c -NHP in rest       

 .   Fig. 6.107    Following a standardised “step-by-step” approach (7 see Sect.   3.1    ), the scanned head position of 
patient B.B. (. Fig.  6.106 ) was virtually modifi ed towards his  c -NHP (. Fig.  6.104 ), which results in his  v -NHP and 
corresponds to his individual “Planning Head Position (PHP)” (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). 
Note that since both clinical profi le photographs (. Fig.  6.104a, c ) showed a diff erent  c -NHP, it was clinically decided to 
virtually modify to a  v -NHP in between       
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 z        Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB) 

    Patient B.B. illustrates clinically the potential 
of 3D virtual mandibular autorotation (7 see also 

Sect.   1.3    ) in 3D virtual treatment planning of 
orthognathic surgery.  

a

b c

 .   Fig. 6.108    Pre-surgical frontal ( a ), right ( b ) and left ( c ) intra-oral views of the occlusion of patient B.B. at the time of 
the workup, approximately 3 weeks prior to surgery       
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 z   Case 4: 3D-VPS 
5
   Step 1  Maxillary Occlusal Cant Evaluation/Correction ( “  Roll  ” ) 

a b

 .   Fig. 6.109    The maxillary occlusal plane is evaluated both clinically (. Fig.  6.105 ) and virtually ( a ) towards the 
horizontal 3D PHP reference plane and is slightly canted ( b ) in patient B.B. (3D “surface-rendered” representations, 
patient B.B., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.110    Virtual rotation of the patient’s skull to the back more clearly shows the slightly canted maxillary 
occlusal plane ( a ), whereas the mandibular occlusal plane ( b ) is parallel to the horizontal 3D PHP reference plane and 
does not need to be modifi ed (3D “surface-rendered” representations, patient B.B., Maxilim v. 2.3.0.3)       

 

 

Chapter 6 · Clinical Applications of 3D Virtual Treatment Planning of Orthognathic Surgery



432

6

 z        Case 4: 3D-VPS 
5
   Step 2  Upper Dental Midline Evaluation/Correction 

 .   Fig. 6.111    The upper dental midline is 1 mm 
deviated to the left towards the facial midline 3D PHP 
reference plane in patient B.B., whereas the lower dental 
midline is centred (3D “surface-rendered” representations, 
Maxilim v. 2.3.0.3)       

 .   Fig. 6.112    The base views illustrate a 1 mm deviation 
of the upper dental midline to the left towards the facial 
midline 3D PHP reference plane in patient B.B. (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 4: 3D-VPS 
5
   Step 3  Overall Evaluation of Facial Asymmetry After Virtual Occlusal 

Defi nition 

a b

 .   Fig. 6.113    Overall facial asymmetry of the patient’s skull ( a ) with transparent soft tissues ( b ) is assessed after virtual 
occlusal defi nition in the frontal view towards both the horizontal and facial midline 3D PHP reference planes in patient 
B.B. (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the overall adequate symmetry of the mandibular 
contour       

a b

 .   Fig. 6.114    To evaluate the overall facial asymmetry after virtual occlusal defi nition, the mandibular contour is 
evaluated both virtually on the soft tissues ( a ) and at the bony level towards the contour of the zygomatic bones and 
arches with soft tissues in transparency ( b ) in patient B.B. (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). 
Note the overall symmetry of the midfacial and mandibular contour and a slight deviation of the nasal tip to the right 
although the bony nasal pyramid is straight       
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 z        Case 4: 3D-VPS 
5
   Step 4  Evaluation/Correction of Flaring ( “  Yaw  ” ) 

 .   Fig. 6.115    The base view shows good overall 
mandibular symmetry in patient B.B. (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3)       

 .   Fig. 6.116    The base view shows no fl aring of the 
maxilla after 3D virtual occlusal defi nition in patient B.B. 
(3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 4: 3D-VPS 
5
   Step 5  Upper Vertical Incisal Position Evaluation/Correction 

a b

 .   Fig. 6.117    After 3D virtual occlusal defi nition without mandibular autorotation ( a ), the upper incisal level is 4.5 mm 
extruded, while a 3° CCW autorotation of the mandible ( b ) keeps the upper incisal level on “0” (3D “surface-rendered” 
representations, patient B.B., Maxilim v. 2.3.0.3)       
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 z       Case 4: 3D-VPS 
5
   Step 6  Sagittal Upper Incisal Position Evaluation/Correction 

 .   Fig. 6.118    A 3° CCW autorotation of the mandible 
(. Fig.  6.117 ) advances the upper incisal level for 8.5 mm 
which is clinically assessed as exaggerated in patient B.B. 
(3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.119    The mandible is therefore again virtually autorotated 1.5° CW ( a ) which results in a 1.5 mm extrusion at 
the upper incisal level in patient B.B. and clinically acceptable advancement of 6 mm ( b ) (3D “surface-rendered” 
representations, patient B.B., Maxilim v. 2.3.0.3)       
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 z        Case 4: 3D-VPS 
5
   Step 7  Profi le Evaluation/Occlusal Plane Correction ( “  Pitch  ” ) 

a b

 .   Fig. 6.120    At this stage in “step 7”, the profi le is evaluated without mandibular autorotation ( a ) and after 3° CCW 
autorotation of the mandible ( b ) (3D “surface-rendered” representations, patient B.B., Maxilim v. 2.3.0.3)       

 .   Fig. 6.121    Clinically it was decided to perform a 1.5° 
CCW virtual mandibular autorotation which results in an 
advancement of 6 mm and an extrusion of 1.5 mm, at the 
upper incisal level (. Fig.  6.119b ) (3D “surface-rendered” 
representations, patient B.B., Maxilim v. 2.3.0.3)       
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 z        Case 4: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a b

 .   Fig. 6.122    Evaluation of the chin position in the frontal plane after isolated virtual Le Fort I osteotomy with 1.5° 
CCW virtual mandibular autorotation without ( a ) and with ( b ) the patient’s 3D facial soft tissue mask in transparency (3D 
“surface-rendered” representations, patient B.B., Maxilim v. 2.3.0.3). Note the adequate overall symmetry of the chin       

a b

 .   Fig. 6.123    Evaluation of the sagittal chin position after isolated virtual Le Fort I osteotomy with 1.5° CCW virtual 
mandibular autorotation needs to be individually assessed in the right ( a ) and left profi le ( b ) views (3D 
“surface-rendered” representations, patient B.B., Maxilim v. 2.3.0.3)       
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 z        Case 4: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

 .   Fig. 6.124    Evaluation of the chin position in the base 
view after isolated virtual Le Fort I osteotomy with 1.5° 
CCW virtual mandibular autorotation shows overall 
symmetric mandibular contour in patient B.B. (3D 
“surface-rendered” representations, patient B.B., Maxilim 
v. 2.3.0.3)       

 

Chapter 6 · Clinical Applications of 3D Virtual Treatment Planning of Orthognathic Surgery



440

6

 z       Case 4: 3D-VPS 
5
   Step 9  Patient Communication of the Individualised Treatment Plan 

a b

 .   Fig. 6.125    Right ( a ) and left ( b ) profi le views of the “Individualised 3D Virtual Treatment Plan”, as presented to 
patient B.B., before the actual surgery (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.126    Frontal ( a ) and base ( b ) views of the “Individualised 3D Virtual Treatment Plan”, as presented to patient 
B.B., before the actual surgery (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the slight deviation of 
the nasal tip to the right although the bony nasal pyramid is straight. Also note the fl attened zygomatic bones       
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 z        Case 4: 3D-VPS 
5
   Step 9  Patient Communication of the Individualised Treatment Plan 

a b

c d

 .   Fig. 6.127    The combination of 3D virtual evaluation of the underlying coronal slices ( a ), the segmented maxilla ( b ), 
the bony skull ( c ) and the soft tissue of the nose ( d ) shows that the anterior nasal spine (ANS) is centred and the nasal 
fl oor is symmetric, but an important septal deviation which pushes the nasal tip to the right in patient B.B. (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z       Case 4: 3D-VPS 
5
   Step 10  Final Adjustments of the 3D Virtual Treatment Plan 

a b

 .   Fig. 6.128    Final adjustments of the “Individualised 3D Virtual Treatment Plan” after communication with patient B.B. 
consisted of additional zygomatic sandwich osteotomies to correct the fl attened infraorbital contour of the midface and 
comprehensive septoplasty to correct the right nasal tip deviation and the left nasal obstruction (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) frontal downward inclined views       

a b

 .   Fig. 6.129    Final adjustments of the “Individualised 3D Virtual Treatment Plan” after communication with patient B.B. 
consisted of additional zygomatic sandwich osteotomies to correct the fl attened infraorbital contour of the midface and 
comprehensive septoplasty to correct the right nasal tip deviation and the left nasal obstruction (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) frontal views       
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 z        Case 4: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.130    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the frontal plane (3D 
“surface-rendered” representations, patient B.B., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.131    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the right profi le plane (3D 
“surface-rendered” representations, patient B.B., Maxilim v. 2.3.0.3)       
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 z        Case 4: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.132    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the left profi le plane (3D 
“surface-rendered” representations, patient B.B., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.133    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the base plane (3D 
“surface-rendered” representations, patient B.B., Maxilim v. 2.3.0.3). Note the bilateral zygomatic expansion       
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 z        Case 4: “3D Virtual Treatment Planning, OR”  Template  

    

Maxillary osteotomy

“Pitch”
“Pitch”

“Yaw”
0.5 mm

16 13 11 23 26

“Roll”

1.5 mm 1.5 mm 1.0 mm 0.0 mm

Mandibular osteotomy

Planning Requirements

Miscellaneous

Adjuvant Cosmetic Procedures

Chin osteotomy

inbetween 31/41

6.0 mm

1, mm

frontal

Le Fort: I IIIII
One-piece

Maxilla first
Mandible first
Minimally Invasive Le Fort I
IO-CBCT
Kobayashi wires :
Skeletal anchorage :
Orthodontic buttons :
Occlusal grinding :
Other :

Segmental:
Pieces: ....................................

.......................... ..............................
........................

.....................
...........................

..................................................

.....................................
......................................

...................................................

........................................
................................................

.................................

..........................................
...............................................

........................................
............................................

....................................................

............................

..................................

...................

..............................
...................................................

.............

.............
.............
.............

.............
.........................

..................................

................   .......

...................................................

.........................

............

............

.............................................
............................

...................................................

.............

............................................

Interdental:
Advancement:
Set-back :
Midline:
Midline after Le Fort 1:
Vertical:

correction:
Other:

SSO
Inverted-L
VRO

Set-back:

Set-back:

CW
CCW
Midline split

Midline:

Anterior:
Posterior:

Anterior:
Extrusion:

Posterior:

Symmetric

Other:
Asymmetric

Symmetric
Asymmetric

“Shield” osteotomy
“Chin wing” osteotomy

Mental Foramen level:

IAN course:
Midline after BSSO:
Other:

Advancement:

rotation
rotation

Advancement: R L

R L

R L

R L
R correction:

Para-nasal cross sutures
Alar cinch
Septoplasty
Inferior turbinectomy
ANS: Shortening Midline
Nasal base plasty
Lateral nasal wall plasty
Bone graft(s):
Extraction(s):
Other:

Bichatectomy
Zygoma osteotomies

Otoplasty:
Rhinoplasty:
Browlift:
Blepharoplasty:

Facelift:
Upper Lower

Necklift:
Liposuction:
Lipofilling:
Other:

Infraorbital Foramen level:

CW CCWL

R L

R L

R L

R L

3D Virtual Planning of Orthognathic Surgery. Swennen GRJ. © Springer 2016
Addendum Template. Prof. Gwen Swennen and Dr. Martin Gaboury, Maxillofacial and Facial Plastic Surgery.

R L

R L
R L

R L
R L

R L

Intrusion:
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 z       Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB), 3D Virtual Treatment 
Outcome 

a b

 .   Fig. 6.134    Voxel-based superimposition on the cranial base of the pre-surgical and 6 months post-surgical ( blue ) 
frontal “surface-rendered” hard tissue representations (i-CAT, Imaging Sciences International Inc., Maxilim v. 2.3.0.3) 
(patient B.B.): post-surgical without ( a ) and with transparency ( b )       

a b

 .   Fig. 6.135    Voxel-based superimposition on the cranial base of the pre-surgical and 6 months post-surgical ( blue ) 
3D “surface-rendered” soft tissue representations. Frontal ( a ) and downward inclined ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient B.B.). Note the post-surgical ( blue ) facial symmetry and harmony. Note that 
the nasal tip deviation is almost completely corrected by the septoplasty       
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 z        Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB), 3D Virtual Treatment 
Outcome 

a b

 .   Fig. 6.136    Voxel-based superimposition on the cranial base of the pre-surgical and 6 months post-surgical ( blue ) 
3D “surface-rendered” hard tissue representations. Right ( a ) and left profi le ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient B.B.)       

a b

 .   Fig. 6.137    Voxel-based superimposition on the cranial base of the pre-surgical and 6 months post-surgical ( blue ) 
3D “surface-rendered” soft tissue representations. Right ( a ) and left ( b ) profi le views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient B.B.). Note the post-surgical lip competence and the changes at the 
nasolabial aesthetic unit with enhanced nasal tip projection since the ANS was deliberately not shortened       
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 z        Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a b
 .   Fig. 6.138    Frontal 

views in rest, pre-surgical 
( a ) and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment and bilateral 
zygomatic osteotomies 
(patient B.B.)       

a b
 .   Fig. 6.139    Frontal 

views during smiling, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment and bilateral 
zygomatic osteotomies 
(patient B.B.)       
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 z        Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a b
 .   Fig. 6.140    Right 

profi le views in rest, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment and bilateral 
zygomatic osteotomies 
(patient B.B.)       

a b
 .   Fig. 6.141    Right 

profi le views during 
smiling, pre-surgical ( a ) 
and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment and bilateral 
zygomatic osteotomies 
(patient B.B.)       
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 z        Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a b
 .   Fig. 6.142    2/3 right 

profi le views in rest, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment and bilateral 
zygomatic osteotomies 
(patient B.B.)       

a b
 .   Fig. 6.143    2/3 right 

profi le views during 
smiling, pre-surgical ( a ) 
and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment and bilateral 
zygomatic osteotomies 
(patient B.B.)       
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 z        Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a b
 .   Fig. 6.144    Left profi le 

views in rest, pre-surgical 
( a ) and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment and bilateral 
zygomatic osteotomies 
(patient B.B.)       

a b
 .   Fig. 6.145    Left profi le 

views during smiling, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment and bilateral 
zygomatic osteotomies 
(patient B.B.)       
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 z        Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a b
 .   Fig. 6.146    2/3 left 

profi le views in rest, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment and bilateral 
zygomatic osteotomies 
(patient B.B.)       

a b
 .   Fig. 6.147    2/3 left 

profi le views during 
smiling, pre-surgical ( a ) 
and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment and bilateral 
zygomatic osteotomies 
(patient B.B.)       
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 z        Case 4: Class III, Midfacial Hypoplasia, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a

b c

 .   Fig. 6.148    Frontal ( a ), right ( b ) and left ( c ) intra-oral views of the patient’s occlusion 6 months after combined 
orthodontic-surgical treatment (patient B.B.). The author acknowledges Annelies Müller and Prof. Guy De Pauw for the 
orthodontic treatment       
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 z       Case 5 :  Class III, Midfacial Hypoplasia, 
Mandibular Hyperplasia 

 Patient L.E. is a 16-year-old girl with a Class III 
maxillofacial deformity due to combined midfa-
cial hypoplasia and mandibular hyperplasia. A 
bone scintigraphy was performed prior to the 
surgical workup and did not show any condylar 
growth anymore. In the frontal view, she is clini-
cally presenting with a fl attened midface, a nasal 
root asymmetry and a chin deviation to the left . 
In rest, she has an incisal display of 5 mm, while 

during spontaneous smiling, she has full incisal 
exposure with 2  mm gingival display at incisal 
level. In the profi le view, she presents with a 
retruded midface with poor bilateral zygoma def-
inition, a prominent nose, a limited vermilion 
exposure, a negative lip trap, and a rather strong 
mandible with poor chin defi nition. She has an 
Angle Class III malocclusion with adequate 
transversal relationship and a 1 mm lower dental 
midline deviation to the left . She has no history of 
TMJ dysfunction neither pain.

a b c

 .   Fig. 6.149    Pre-surgical clinical right profi le ( a ), frontal ( b ) and left profi le ( c ) views of patient L.E. in her  c -NHP in 
rest, at the time of the workup, approximately 3 weeks prior to surgery. Note the fl attened midface, nasal root 
asymmetry and chin deviation to the left       
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 .   Fig. 6.150    Pre-surgical clinical frontal view of patient 
L.E. with cheek retractors at the time of the workup, 
approximately 3 weeks prior to surgery. Note the 2 mm 
upper dental midline deviation to the left       

Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia
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 z       Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia,  v  -NHP and PHP  

 .   Fig. 6.151    Pre-surgical 3D “surface-rendered” right profi le, frontal and left profi le soft and hard tissue 
representations of the head of patient L.E., as generated during standardised CBCT image acquisition, at the time of the 
workup (Maxilim v. 2.3.0.3). Note the incorrect position and orientation of the virtual head compared to the clinical 
pictures of patient L.E. (. Fig.  6.149 ), although it was attempted to scan the patient in her correct  c -NHP in rest       

 .   Fig. 6.152    Following a standardised “step-by-step” approach (7 see Sect.   3.1    ), the scanned head position of 
patient L.E. (. Fig.  6.151 ) was virtually modifi ed towards her  c -NHP (. Fig.  6.149 ), which results in her  v -NHP and 
corresponds to her individual “Planning Head Position (PHP)” (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia 

a

b c

 .   Fig. 6.153    Pre-surgical frontal ( a ), right ( b ) and left ( c ) intra-oral views of the occlusion of patient L.E. at the time of 
the workup, approximately 3 weeks prior to surgery. Note the slight 1 mm lower dental midline deviation to the left       

 .   Fig. 6.154    Pre-surgical frontal clinical view of patient 
L.E. with a full spontaneous smile approximately 3 months 
prior to the workup. Note that the patient’s smile at the 
time of the workup (. Fig.  6.186a ) is not fully 
spontaneous       
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 z        Case 5: 3D-VPS 
5
   Step 1  Maxillary Occlusal Cant Evaluation/Correction ( “  Roll  ” ) 

a b

 .   Fig. 6.155    The maxillary occlusal plane is evaluated both clinically (. Fig.  6.154 ) and virtually ( a ) towards the 
horizontal 3D PHP reference plane and does not need to be corrected ( b ) in patient L.E. (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3)       

 .   Fig. 6.156    Slight virtual rotation of the patient’s skull 
to the back more clearly shows virtually that the maxillary 
occlusal plane is parallel to the horizontal 3D PHP 
reference plane and does not need to be modifi ed (3D 
“surface-rendered” representations, patient L.E., Maxilim v. 
2.3.0.3)       
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 z        Case 5: 3D-VPS 
5
   Step 2  Upper Dental Midline Evaluation/Correction 

a b

 .   Fig. 6.157    The 2 mm deviation of the upper dental midline to the left ( a ) is corrected towards the facial midline 
3D PHP reference plane, by a pure translational movement to the right ( b ) in patient L.E. (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.158    The base views illustrate that the 2 mm deviation of the upper dental midline to the left ( a ) is corrected 
towards the facial midline 3D PHP reference plane, by a pure translational movement to the right ( b ) (3D 
“surface-rendered” representations, patient L.E., Maxilim v. 2.3.0.3)       
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 z        Case 5: 3D-VPS 
5
   Step 3  Overall Evaluation of Facial Asymmetry After Virtual Occlusal 

Defi nition 

a b

 .   Fig. 6.159    Overall facial asymmetry of the skull of patient L.E. ( a ) with transparent soft tissues ( b ) is assessed after 
virtual occlusal defi nition in the frontal view towards both the horizontal and facial midline 3D PHP reference planes. 
Note the fl aring of the mandibular body to the right (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.160    To evaluate the overall facial asymmetry after virtual occlusal defi nition, the mandibular contour is 
evaluated both virtually on the soft tissues ( a ) and at the bony level towards the contour of the zygomatic bones and 
arches with soft tissues in transparency ( b ) (3D “surface-rendered” representations, patient L.E., Maxilim v. 2.3.0.3). Note 
the important deviation of the nasal tip although the bony nasal pyramid is straight       
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 z        Case 5: 3D-VPS 
5
   Step 4  Evaluation/Correction of Flaring ( “  Yaw  ” ) 

a b

 .   Fig. 6.161    The base views show that the fl aring of the mandibular body to the right ( a ) is corrected by a CCW “Yaw” 
rotational movement to the left ( b ) (3D “surface-rendered” representations, patient L.E., Maxilim v. 2.3.0.3). Note the 
asymmetric bony overlap between the distal and both proximal mandibular fragments       

a b

 .   Fig. 6.162    Overall assessment of facial bony contour of patient L.E. ( a ) with transparent soft tissues ( b ) after 
correction of fl aring to the right by a “Yaw” rotational movement of the maxillo-mandibular complex to the left (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 5: 3D-VPS 
5
   Step 5  Upper Vertical Incisal Position Evaluation/Correction 

a b

 .   Fig. 6.163    Since the patient has an upper incisal exposure in rest of 5 mm and a gingival exposure of 2 mm, it was 
decided clinically at this stage in “step 5” to virtually intrude the maxilla of patient L.E. 2 mm at the upper incisal level 
(3D “surface-rendered” representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) correction       

 

 G.R.J. Swennen



463 6

 z       Case 5: 3D-VPS 
5
   Step 6  Sagittal Upper Incisal Position Evaluation/Correction 

a b

 .   Fig. 6.164    From especially clinical examination but also 3D cephalometric analysis, it was decided to advance the 
“maxillo-mandibular complex in fi nal occlusion” 7 mm at the upper incisal level in patient L.E. (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) correction       

a b

 .   Fig. 6.165    Since it was clinically judged based on the authors’ experience that the 7 mm maxillary advancement 
would result in approximately 2.5 mm additional incisal and gingival exposure, the “maxillo-mandibular complex in fi nal 
occlusion” was virtually intruded for 2.5 mm extra at the upper incisal level in patient L.E. (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) correction       
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 z        Case 5: 3D-VPS 
5
   Step 7  Profi le Evaluation/Occlusal Plane Correction ( “  Pitch  ” ) 

 .   Fig. 6.166    At this stage in “step 7”, the profi le and 
dento-alveolar support of the upper lip are evaluated (3D 
“surface-rendered” representations, patient L.E., Maxilim v. 
2.3.0.3). Note the retruded chin and antegonial step       

a b

 .   Fig. 6.167    Based on clinical and 3D cephalometric analysis, it was decided to perform a 4° CCW occlusal plane 
rotation with the centre of rotation at the incisal level by a “Pitch” rotational movement, which result in 1 mm 
diff erential impaction at the fi rst molar (3D “surface-rendered” representations, patient L.E., Maxilim v. 2.3.0.3): before 
( a ) and after ( b ) correction       
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 z        Case 5: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a b

 .   Fig. 6.168    Evaluation of the chin position in the frontal plane without ( a ) and with ( b ) the patient’s 3D facial soft 
tissue mask in transparency (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note that the initial chin 
deviation to the left in patient L.E. has already been corrected by the previous steps. Also note that there is still a slight 
cant of the chin       

a b

 .   Fig. 6.169    Evaluation of the sagittal chin position in the right ( a ) and left profi le ( b ) views needs to be individually 
assessed (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the discrepancy between the prominent bony 
chin and its overlying fl attened soft tissue contour with the absence of a well-defi ned plica labio-mentalis in patient L.E.       
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 z        Case 5: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a b

 .   Fig. 6.170    In the frontal plane ( a ), a CCW “Roll” movement of the chin with 2 mm posterior intrusion at the left was 
virtually planned in patient L.E. to correct the cant (. Fig.  6.168 ). The base view ( b ) shows no fl aring of the chin after 
4 mm advancement (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.171    The right ( a ) and left profi le ( b ) views show that a chin advancement of 4 mm with a posterior intrusion of 
2 mm at the left was virtually planned in patient L.E. (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 5: 3D-VPS 
5
   Step 9  Patient Communication of the Individualised Treatment Plan 

a b

 .   Fig. 6.172    Right ( a ) and left profi le ( b ) views of the “Individualised 3D Virtual Treatment Plan”, as presented to patient 
L.E., before the actual surgery (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the limits of the actual 3D 
virtual soft tissue simulation at the level of the lips       

a b

 .   Fig. 6.173    Frontal ( a ) and base ( b ) views of the “Individualised 3D Virtual Treatment Plan”, as presented to patient 
L.E., before the actual surgery (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the important deviation 
of the nasal tip to the left although the bony nasal pyramid is straight. Also note the fl attened zygomatic bones       
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       Case 5: 3D-VPS 
5
   Step 9  Patient Communication of the Individualised Treatment Plan 

ba

c d

 .   Fig. 6.174    The combination of 3D virtual evaluation of the underlying coronal slices ( a ), the segmented maxilla ( b ), 
the bony skull ( c ) and the soft tissue of the nose ( d ) shows a deviation of the anterior nasal spine (ANS) to the right, an 
important asymmetry of the left nasal fl oor and lateral wall and above an important septal deviation which pushes the 
nasal tip to the left in patient L.E. (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z       Case 5: 3D-VPS 
5
   Step 10  Final Adjustments of the 3D Virtual Treatment Plan 

a b

 .   Fig. 6.175    Final adjustments of the “Individualised 3D Virtual Treatment Plan” after communication with patient L.E. 
consisted of additional zygomatic sandwich osteotomies to correct the fl attened infraorbital contour of the midface (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) frontal downward inclined views       

a b

 .   Fig. 6.176    Final adjustments of the “Individualised 3D Virtual Treatment Plan” after communication with patient L.E. 
consisted of additional zygomatic sandwich osteotomies to correct the fl attened infraorbital contour of the midface (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) frontal views       
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 z        Case 5: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.177    Initial situation ( a ) and fi nal “Individualised 3D Virtual Treatment Plan” ( b ) of patient L.E. in the frontal 
plane (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.178    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), of patient L.E. in the right 
profi le plane (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the limits of the actual 3D virtual soft 
tissue simulation at the level of the lips       
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       Case 5: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.179    Initial situation ( a ) and fi nal “Individualised 3D Virtual Treatment Plan” ( b ) of patient L.E. in the left profi le 
plane (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the limits of the actual 3D virtual soft tissue 
simulation at the level of the lips       

a b

 .   Fig. 6.180    Initial situation ( a ) and fi nal “Individualised 3D Virtual Treatment Plan” ( b ) of patient L.E. in the base plane 
(3D “surface-rendered” representations, patient L.E., Maxilim v. 2.3.0.3). Note the bilateral zygomatic expansion       
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 z        Case 5: “3D Virtual Treatment Planning, OR”  Template  

    

Maxillary osteotomy

“Pitch”
“Pitch”

“Yaw”
3.5 mm

16 13 11 23 26

“Roll”

4.25 mm 4.5 mm 4.25 mm 3.5 mm

Mandibular osteotomy

Planning Requirements

Miscellaneous

Adjuvant Cosmetic Procedures

Chin osteotomy

7.0 mm

2.0 mm
1/3 mesial 41

CCW to the left

5.0 mm 6.0 mm

4.0 mm

2.0 mm

Closed

linguallingual

Le Fort: I IIIII
One-piece

Maxilla first
Mandible first
Minimally Invasive Le Fort I
IO-CBCT
Kobayashi wires :
Skeletal anchorage :
Orthodontic buttons :
Occlusal grinding :
Other :

Segmental:
Pieces: ....................................

.......................... ..............................
........................

.....................
...........................

..................................................

.....................................
......................................

...................................................

........................................
................................................

.................................

..........................................
...............................................

........................................
............................................

....................................................

............................

..................................

...................

..............................
...................................................

.............

.............
.............
.............

.............
.........................

..................................

................   .......

...................................................

.........................

............

............

.............................................
............................

...................................................

.............

............................................

Interdental:
Advancement:
Set-back :
Midline:
Midline after Le Fort 1:
Vertical:

correction:
Other:

SSO
Inverted-L
VRO

Set-back:

Set-back:

CW
CCW
Midline split

Midline:

Anterior:
Posterior:

Anterior:
Extrusion:

Posterior:

Symmetric

Other:
Asymmetric

Symmetric
Asymmetric

“Shield” osteotomy
“Chin wing” osteotomy

Mental Foramen level:

IAN course:
Midline after BSSO:
Other:

Advancement:

rotation
rotation

Advancement: R L

R L

R L

R L
R correction:

Para-nasal cross sutures
Alar cinch
Septoplasty
Inferior turbinectomy
ANS: Shortening Midline
Nasal base plasty
Lateral nasal wall plasty
Bone graft(s):
Extraction(s):
Other:

Bichatectomy
Zygoma osteotomies

Otoplasty:
Rhinoplasty:
Browlift:
Blepharoplasty:

Facelift:
Upper Lower

Necklift:
Liposuction:
Lipofilling:
Other:

Infraorbital Foramen level:

CW CCWL

R L

R L

R L

R L
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Addendum Template. Prof. Gwen Swennen and Dr. Martin Gaboury, Maxillofacial and Facial Plastic Surgery.
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 z       Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia, 3D Virtual Treatment Outcome 

a b

 .   Fig. 6.181    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical ( blue ) 
3D “surface-rendered” hard tissue representations. Frontal ( a ) and base ( b ) views (i-CAT, Imaging Sciences International 
Inc., Maxilim v. 2.3.0.3) (patient L.E.). Note the correction of the chin deviation       

a b

 .   Fig. 6.182    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical 
( blue ) 3D “surface-rendered” soft tissue representations. Frontal ( a ) and downward inclined ( b ) views (i-CAT, Imaging 
Sciences International Inc., Maxilim v. 2.3.0.3) (patient L.E.). Note the post-surgical ( blue ) facial symmetry and 
harmony       
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       Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia, 3D Virtual Treatment Outcome 

a b

 .   Fig. 6.183    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical ( blue ) 
3D “surface-rendered” hard tissue representations. Right ( a ) and left profi le ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient L.E.). Note the anterior impaction of the bimaxillary complex       

a b

 .   Fig. 6.184    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical ( blue ) 
3D “surface-rendered” soft tissue representations. Right ( a ) and left profi le ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient L.E.). Note the changes at the nasolabial aesthetic unit with nasal dorsum 
correction and post-surgical changes of lip posture       
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       Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia, Clinical Treatment Outcome 

a b
 .   Fig. 6.185    Frontal 

views in rest, pre-surgical 
( a ) and 10 months after ( b ) 
combined 
orthodontic-surgical 
treatment, bilateral 
zygomatic osteotomies and 
closed rhinoplasty (patient 
L.E.)       

a b
 .   Fig. 6.186    Frontal 

views during smiling, 
pre-surgical ( a ) and 10 
months after ( b ) combined 
orthodontic-surgical 
treatment, bilateral 
zygomatic osteotomies 
and closed rhinoplasty 
(patient L.E.)       
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       Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia, Clinical Treatment Outcome 

a b
 .   Fig. 6.187    Right 

profi le views in rest, 
pre-surgical ( a ) and 10 
months after ( b ) combined 
orthodontic-surgical 
treatment, bilateral 
zygomatic osteotomies 
and closed rhinoplasty 
(patient L.E.)       

a b
 .   Fig. 6.188    Right profi le 

views during smiling, 
pre-surgical ( a ) and 10 
months after ( b ) combined 
orthodontic-surgical 
treatment, bilateral 
zygomatic osteotomies and 
closed rhinoplasty (patient 
L.E.)       
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       Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia, Clinical Treatment Outcome 

a b
 .   Fig. 6.189    2/3 right 

profi le views in rest, 
pre-surgical ( a ) and 10 
months after ( b ) combined 
orthodontic-surgical 
treatment, bilateral 
zygomatic osteotomies 
and closed rhinoplasty 
(patient L.E.)       

a b
 .   Fig. 6.190    2/3 right 

profi le views during 
smiling, pre-surgical ( a ) and 
10 months after ( b ) 
combined 
orthodontic-surgical 
treatment, bilateral 
zygomatic osteotomies and 
closed rhinoplasty (patient 
L.E.)       
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6

       Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia, Clinical Treatment Outcome 

a b
 .   Fig. 6.191    Left profi le 

views in rest, pre-surgical 
( a ) and 10 months after ( b ) 
combined 
orthodontic-surgical 
treatment, bilateral 
zygomatic osteotomies 
and closed rhinoplasty 
(patient L.E.)       

a b
 .   Fig. 6.192    Left profi le 

views during smiling, 
pre-surgical ( a ) and 10 
months after ( b ) combined 
orthodontic-surgical 
treatment, bilateral 
zygomatic osteotomies and 
closed rhinoplasty (patient 
L.E.)       
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       Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia, Clinical Treatment Outcome 

a b
 .   Fig. 6.193    2/3 left 

profi le views in rest, 
pre-surgical ( a ) and 10 
months after ( b ) combined 
orthodontic-surgical 
treatment, bilateral 
zygomatic osteotomies 
and closed rhinoplasty 
(patient L.E.)       

a b
 .   Fig. 6.194    2/3 left 

profi le views during 
smiling, pre-surgical ( a ) and 
10 months after ( b ) 
combined 
orthodontic-surgical 
treatment, bilateral 
zygomatic osteotomies and 
closed rhinoplasty (patient 
L.E.)       
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       Case 5: Class III, Midfacial Hypoplasia, Mandibular Hyperplasia, Clinical Treatment Outcome 

a

b c

 .   Fig. 6.195    Frontal ( a ), right ( b ) and left ( c ) intra-oral views of the patient’s occlusion 10 months after combined 
orthodontic-surgical treatment (patient L.E.). The author acknowledges Charlotte Van Elst and Prof. Guy De Pauw for the 
orthodontic treatment       
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 z       Case 6: Class III, Anterior Open Bite (AOB) 
 Patient D.B. is a 17-year-old boy with a Class III, 
anterior open bite (AOB) maxillofacial defor-
mity due to Beckwith-Wiedemann syndrome. In 
the frontal view, he is clinically not presenting 
any obvious facial asymmetry. In rest, he has no 
incisal display and neither during spontaneous 

smiling. He has an upper incisal crown length of 
11  mm. In the profi le view, he presents with 
rather a Class I profi le. He has an Angle Class III 
malocclusion, a severe anterior open bite and 
adequate transversal relationship. He has no his-
tory of TMJ dysfunction neither pain.

a b c

 .   Fig. 6.196    Pre-surgical clinical right profi le ( a ), frontal ( b ) and left profi le ( c ) views of patient D.B. in his  c -NHP in 
rest, at the time of the workup, approximately 3 weeks prior to surgery       

 .   Fig. 6.197    Pre-surgical clinical frontal view with 
cheek retractors of patient D.B. at the time of the workup, 
approximately 3 weeks prior to surgery. Note the 
deviation of the upper and lower dental midline to the 
left       
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 z       Case 6: Class III, Anterior Open Bite (AOB),  v  -NHP and PHP  

 .   Fig. 6.198    Pre-surgical 3D “surface-rendered” right profi le, frontal and left profi le soft and hard tissue 
representations of the head of patient D.B., as generated during standardised CBCT image acquisition, at the time of the 
workup (Maxilim v. 2.3.0.3). Note the incorrect position and orientation of the virtual head compared to the clinical 
pictures of patient D.B. (. Fig.  6.196 ), although it was attempted to scan the patient in his correct  c -NHP in rest       

 .   Fig. 6.199    Following a standardised “step-by-step” approach (7 see Sect.   3.1    ), the scanned head position of 
patient D.B. (. Fig.  6.198 ) was virtually modifi ed towards his  c -NHP (. Fig.  6.196 ), which results in his  v -NHP and 
corresponds to his individual “Planning Head Position (PHP)” (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). 
Note that since both clinical profi le photographs (. Fig.  6.196a, c ) showed a diff erent  c -NHP, it was clinically decided to 
virtually modify to a  v -NHP in between       
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 z        Case 6: Class III, Anterior Open Bite (AOB) 

a

b c

d e

 .   Fig. 6.200    Pre-surgical frontal ( a ), right ( b ,  d ) and left ( c ,  e ) intra-oral views of the occlusion of patient D.B. at the 
time of the workup, approximately 3 weeks prior to surgery. Note that prior to surgery, left and right diasteme were 
orthodontically prepared distally from the canines to facilitate the anterior segmental osteotomy       
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 z       Case 6: 3D-VPS 
5
   Step 1  Maxillary Occlusal Cant Evaluation/Correction ( “  Roll  ” ) 

a b

 .   Fig. 6.201    The maxillary occlusal plane is evaluated both clinically (. Fig.  6.197 ) and virtually ( a ) towards the 
horizontal 3D PHP reference plane in patient D.B. and shows virtually a slight cant ( b ) (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3). Note that this cant is clinically (. Fig.  6.197 ) not so obvious       

a b

 .   Fig. 6.202    The maxillary cant ( a ) in patient D.B. is corrected towards the horizontal 3D PHP reference plane by a 
CCW “Roll” rotational movement ( b ) (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 6: 3D-VPS 
5
   Step 2  Upper Dental Midline Evaluation/Correction 

a b

 .   Fig. 6.203    The 3 mm deviation of the upper dental midline to the left ( a ) is corrected towards the facial midline 3D 
PHP reference plane, by a combination of a translation to the right and a CCW “Yaw” rotational movement to the left in 
patient D.B. ( b ) (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.204    The 3 mm deviation of the upper dental midline to the left ( a ) is corrected towards the facial midline 3D 
PHP reference plane, by a combination of a translation to the right and a CCW “Yaw” rotational movement to the left in 
patient D.B. ( b ) (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 6: 3D-VPS 
5
   Step 3  Overall Evaluation of Facial Asymmetry After Virtual Occlusal 

Defi nition 

a b

 .   Fig. 6.205    In order to close the anterior open bite (AOB) in patient D.B., a maxillary segmental osteotomy is 
virtually performed ( a ) with additional bone cuts between 14–13 and 23–24 ( b ) (3D “surface-rendered” representations, 
Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.206    After virtual segmental occlusal defi nition in patient D.B., the mandibular and midfacial contour are 
evaluated both virtually at the bony level ( a ) and on the soft tissues in transparency ( b ) (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3). Note virtually the adequate facial symmetry       

 

 

 G.R.J. Swennen



487 6

 z        Case 6: 3D-VPS 
5
   Step 4  Evaluation/Correction of Flaring ( “  Yaw  ” ) 

 .   Fig. 6.207    The base view shows no fl aring of the 
mandibular body after correction in “step 2” of the 
deviation of the upper dental midline by a combined 
translation to the right and CCW “Yaw” rotational 
movement of the segmented maxilla to the left in patient 
D.B. (3D “surface-rendered” representations, Maxilim v. 
2.3.0.3)       

a b

 .   Fig. 6.208    Overall assessment of facial bony contour at this stage does not show mandibular fl aring in patient D.B. 
(3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Frontal ( a ) and frontal downward inclined ( b ) views       
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 z        Case 6: 3D-VPS 
5
   Step 5  Upper Vertical Incisal Position Evaluation/Correction 

a b

 .   Fig. 6.209    Since patient D.B. has neither in rest nor during spontaneous smiling any incisal exposure, it was 
decided clinically at this stage in “step 5” to virtually extrude the segmented maxilla 4 mm which results in an extrusion 
of 10 mm at the upper incisal level (3D “surface-rendered” representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) 
correction       

 z       Case 6: 3D-VPS 
5
   Step 6  Sagittal Upper Incisal Position Evaluation/Correction 

a b

 .   Fig. 6.210    From clinical examination but also 3D cephalometric analysis, it was decided in “step 6” not to advance 
the “maxillo-mandibular complex in fi nal occlusion” in patient D.B. (3D “surface-rendered” representations, Maxilim v. 
2.3.0.3). Profi le left ( a ) and right ( b ) views       
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 z       Case 6: 3D-VPS 
5
   Step 7  Profi le Evaluation/Occlusal Plane Correction ( “  Pitch  ” ) 

 .   Fig. 6.211    At this stage in “step 7”, the profi le and 
dento-alveolar support of the upper lip are evaluated in 
patient D.B. (3D “surface-rendered” representations, 
Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.212    It was decided to perform a 2° CW occlusal plane rotation with the centre of rotation at the incisal level 
by a “Pitch” rotational movement (3D “surface-rendered” representations, patient D.B., Maxilim v. 2.3.0.3): before ( a ) and 
after ( b ) correction       
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 z        Case 6: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a b

 .   Fig. 6.213    Evaluation of the chin position in the frontal plane without ( a ) and with ( b ) the patient’s 3D facial soft 
tissue mask in transparency (3D “surface-rendered” representations, patient D.B., Maxilim v. 2.3.0.3) does not show any 
obvious skeletal chin deviation neither asymmetry       

a b

 .   Fig. 6.214    Evaluation of the right ( a ) and left profi le ( b ) views shows an adequate sagittal position of the chin 
towards the “true vertical (TV)” (3D “surface-rendered” representations, patient D.B., Maxilim v. 2.3.0.3)       
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 z        Case 6: 3D-VPS 
5
   Step 9  Patient Communication of the Individualised Treatment Plan 

a b

 .   Fig. 6.215    Combination of 3D virtual evaluation of the underlying coronal slices, the virtual maxilla, the bony skull 
( a ) and the virtual soft tissue of the nose ( b ) shows an important deviation of the anterior nasal spine (ANS) and nasal 
septum to the left, which pushes the nasal tip to the left in patient D.B. although the bony nasal pyramid is straight (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3)       

 .   Fig. 6.216    3D virtual repositioning of the segmented 
maxilla shows correction of the anterior nasal spine (ANS) 
and nasal base (3D “surface-rendered” representations, 
Maxilim v. 2.3.0.3)       
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 z        Case 6: 3D-VPS 
5
   Step 10  Final Adjustments of the 3D Virtual Treatment Plan 

a b

c d

 .   Fig. 6.217    Profi le views before ( a ,  b ) and after ( c ,  d ) a virtual additional straight-line 4 mm sagittal chin 
advancement. In “step 10”, it was decided after the fi nal communication with patient D.B. not to perform fi nal 
adjustments of the 3D virtual treatment plan anymore (3D “surface-rendered” representations, patient D.B., Maxilim v. 
2.3.0.3)       
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 z       Case 6: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.218    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the frontal plane (3D 
“surface-rendered” representations, patient D.B., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.219    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the right profi le plane (3D 
“surface-rendered” representations, patient D.B., Maxilim v. 2.3.0.3)       
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       Case 6: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.220    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the left profi le plane (3D 
“surface-rendered” representations, patient D.B., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.221    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the base plane (3D 
“surface-rendered” representations, patient D.B., Maxilim v. 2.3.0.3)       
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 z        Case 6: “3D Virtual Treatment Planning, OR”  Template  

    

Maxillary osteotomy

“Pitch”
“Pitch”

“Yaw”
3.5 mm

16 14 11 24 26

“Roll”

4.5 mm 10.0 mm 4.0 mm 3.0 mm

Mandibular osteotomy

Planning Requirements

Miscellaneous

Adjuvant Cosmetic Procedures

Chin osteotomy

0.0 mm

2

13/14 - 23/24

3.0 mm

CCW to the left
CW “Pitch”

lingual center

right mandibular bony gap

1 mm
3 mm

2/3 mesial 11
lingual shortening of the distal
fragment at the left side

frontal

Le Fort: I IIIII
One-piece

Maxilla first
Mandible first
Minimally Invasive Le Fort I
IO-CBCT
Kobayashi wires :
Skeletal anchorage :
Orthodontic buttons :
Occlusal grinding :
Other :

Segmental:
Pieces: ....................................

.......................... ..............................
........................

.....................
...........................

..................................................

.....................................
......................................

...................................................

........................................
................................................

.................................

..........................................
...............................................

........................................
............................................

....................................................

............................

..................................

...................

..............................
...................................................

.............

.............
.............
.............

.......................
.........................

..................................

................   .......

...................................................

.........................

............

............

.............................................
............................

...................................................

.............

............................................

Interdental:
Advancement:
Set-back :
Midline:
Midline after Le Fort 1:
Vertical:

correction:
Other:

SSO
Inverted-L
VRO

Set-back:

Set-back:

CW
CCW
Midline split

Midline:

Anterior:
Posterior:

Anterior:
Extrusion:

Posterior:

Symmetric

Other:
Asymmetric

Symmetric
Asymmetric

“Shield” osteotomy
“Chin wing” osteotomy

Mental Foramen level:

IAN course:
Midline after BSSO:
Other:

Advancement:

rotation
rotation

Advancement: R L

R L

R L

R L
R correction:

Para-nasal cross sutures
Alar cinch
Septoplasty
Inferior turbinectomy
ANS: Shortening Midline
Nasal base plasty
Lateral nasal wall plasty
Bone graft(s):
Extraction(s):
Other:

Bichatectomy
Zygoma osteotomies

Otoplasty:
Rhinoplasty:
Browlift:
Blepharoplasty:

Facelift:
Upper Lower

Necklift:
Liposuction:
Lipofilling:
Other:

Infraorbital Foramen level:

CW CCWL

R L

R L

R L

R L

3D Virtual Planning of Orthognathic Surgery. Swennen GRJ. © Springer 2016
Addendum Template. Prof. Gwen Swennen and Dr. Martin Gaboury, Maxillofacial and Facial Plastic Surgery.

R L

R L
R L

R L
R L

R L

Intrusion:
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6

 z       Case 6: Class III, Anterior Open Bite (AOB) 

a b

 .   Fig. 6.222    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical 
( blue ) 3D “surface-rendered” hard tissue representations. Frontal ( a ) and base ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient D.B.)       

a b

 .   Fig. 6.223    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical ( blue ) 
3D “surface-rendered” soft tissue representations. Frontal ( a ) and downward inclined ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient D.B.). Note the correction of the nasal tip to the right and the correction of 
the left nostril which came downward and was corrected to the right. Also note that although the upper dental midline 
was post-surgically centred (. Fig.  6.222a ), the philtrum is still deviated to the left which is myofunctionally related       
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       Case 6: Class III, Anterior Open Bite (AOB) 

a b

 .   Fig. 6.224    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical ( blue ) 
3D “surface-rendered” hard tissue representations. Right ( a ) and left profi le ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient D.B.). Note the AOB closure       

a b

 .   Fig. 6.225    Voxel-based superimposition on the cranial base of the pre-surgical and 10 months post-surgical ( blue ) 
3D “surface-rendered” soft tissue representations. Right ( a ) and left profi le ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient D.B.). Note that the entire nasolabial aesthetic unit came downwards 
during AOB closure by the anterior segmental osteotomy       
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 z        Case 6: Class III, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a b
 .   Fig. 6.226    Frontal 

views in rest, pre-surgical 
( a ) and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment (patient D.B.)       

a b
 .   Fig. 6.227    Frontal 

views during smiling, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment (patient D.B.)       
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       Case 6: Class III, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a b
 .   Fig. 6.228    Right 

profi le views in rest, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment (patient D.B.)       

a b
 .   Fig. 6.229    Right 

profi le views during 
smiling, pre-surgical ( a ) 
and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment (patient D.B.)       
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       Case 6: Class III, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a b
 .   Fig. 6.230    2/3 right 

profi le views in rest, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment (patient D.B.)       

a b
 .   Fig. 6.231    2/3 right 

profi le views during 
smiling, pre-surgical ( a ) 
and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment (patient D.B.)       
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       Case 6: Class III, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a b
 .   Fig. 6.232    Left profi le 

views in rest, pre-surgical 
( a ) and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment (patient D.B.)       

a b
 .   Fig. 6.233    Left profi le 

views during smiling, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment (patient D.B.)       
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       Case 6: Class III, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a b
 .   Fig. 6.234    2/3 left 

profi le views in rest, 
pre-surgical ( a ) and 6 
months after ( b ) combined 
orthodontic-surgical 
treatment (patient D.B.)       

a b
 .   Fig. 6.235    2/3 left 

profi le views during 
smiling, pre-surgical ( a ) 
and 6 months after ( b ) 
combined 
orthodontic-surgical 
treatment (patient D.B.)       
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       Case 6: Class III, Anterior Open Bite (AOB), Clinical Treatment Outcome 

a

b c

 .   Fig. 6.236    Frontal ( a ), right ( b ) and left ( c ) intra-oral views of the patient’s occlusion 6 months after combined 
orthodontic-surgical treatment (patient D.B.). The author acknowledges Bavo Verhoeven and Prof. Guy De Pauw for the 
orthodontic treatment       
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 z       Case 7: Hemimandibular Hyperplasia (HH) 
 Patient A.A. is a 24-year-old male with a short- 
face and mandibular asymmetry due to hemi-
mandibular hyperplasia (HH). A bone 
scintigraphy was performed and did not show any 
active condylar growth. In the frontal view, he is 
clinically presenting with a mandibular asymme-
try with right mandibular hyperplasia. In rest, he 
has no incisal display, while during spontaneous 
smiling, he only has 7 mm incisal exposure with 

an incisal crown length of 10 mm. Moreover, he 
presents with asymmetric ears having a promi-
nent left  ear with a poorly developed antihelical 
fold and right conchal cartilage hypertrophy. In 
the profi le view, he presents with a Class II profi le 
with a prominent chin. He has an Angle Class II 
malocclusion with adequate transversal relation-
ship and a 1 mm upper dental midline deviation 
to the right. Th ere is no history of TMJ dysfunc-
tion neither pain.

a b c

 .   Fig. 6.237    Pre-surgical clinical right profi le ( a ), frontal ( b ) and left profi le ( c ) views of patient A.A. in its  c -NHP in rest, 
at the time of the workup, approximately 3 weeks prior to surgery (patient A.A.). Note the right mandibular border 
asymmetry due to HH       
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 .   Fig. 6.238    Pre-surgical clinical frontal view of patient 
A.A. with cheek retractors at the time of the workup, 
approximately 3 weeks prior to surgery. Note that there is 
clinically a discrete cant of the maxilla       

Case 7: Hemimandibular Hyperplasia (HH)
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 z       Case 7: Hemimandibular Hyperplasia (HH),  v-NHP and PHP  

 .   Fig. 6.239    Pre-surgical 3D “surface-rendered” right profi le, frontal and left profi le soft and hard tissue 
representations of the head of patient A.A., as generated during standardised CBCT image acquisition, at the time of the 
workup (Maxilim v. 2.3.0.3). Note the incorrect position and orientation of the virtual head compared to the clinical 
pictures of patient A.A. (. Fig.  6.237 ), although it was attempted to scan patient A.A. in his correct  c -NHP in rest       

 .   Fig. 6.240    Following a standardised “step-by-step” approach (7 see Sect.   3.1    ), the scanned head position of 
patient A.A. (. Fig.  6.239 ) was virtually modifi ed towards his  c -NHP (. Fig.  6.237 ), which results in his  v -NHP and 
corresponds to his individual “Planning Head Position (PHP)” (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 7: Hemimandibular Hyperplasia (HH) 

a

b c

 .   Fig. 6.241    Pre-surgical frontal ( a ), right ( b ) and left ( c ) intra-oral views of the occlusion of patient A.A. at the time of 
the workup, approximately 3 weeks prior to surgery       

 

Chapter 6 · Clinical Applications of 3D Virtual Treatment Planning of Orthognathic Surgery



508

6

 z       Case 7: 3D-VPS 
5
   Step 1  Maxillary Occlusal Cant Evaluation/Correction ( “  Roll  ” ) 

a b

 .   Fig. 6.242    The maxillary occlusal plane is evaluated both clinically (. Fig.  6.238 ) and virtually ( a ) towards the 
horizontal 3D PHP reference plane in patient A.A. and shows virtually an important cant ( b ) (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3). Note that this maxillary cant is clinically (. Fig.  6.238 ) less obvious       

a b

 .   Fig. 6.243    The maxillary cant ( a ) in patient A.A. is corrected towards the horizontal 3D PHP reference plane by a CW 
“Roll” rotational movement ( b ) (3D “surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 7: 3D-VPS 
5
   Step 2  Upper Dental Midline Evaluation/Correction 

a b

 .   Fig. 6.244    The 1 mm deviation of the upper dental midline to the right ( a ) is corrected towards the facial midline 
3D PHP reference plane, by a pure translational movement to the left in patient A.A. ( b ) (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.245    The base views illustrate that the 1 mm deviation of the upper dental midline to the right ( a ) is corrected 
towards the facial midline 3D PHP reference plane, by a pure translational movement to the left ( b ) in patient A.A. (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3)       
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 z        Case 7: 3D-VPS 
5
   Step 3  Overall Evaluation of Facial Asymmetry After Virtual Occlusal 

Defi nition 

a b

 .   Fig. 6.246    Overall facial asymmetry of the head of patient A.A. ( a ) with transparent soft tissues ( b ) is assessed after 
virtual occlusal defi nition in the frontal view towards both the horizontal and facial midline 3D PHP reference planes (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3). Note the important fl aring of the mandibular body to the left       

a b

 .   Fig. 6.247    To evaluate the overall facial asymmetry after virtual occlusal defi nition, the mandibular contour is 
evaluated both virtually on the soft tissues ( a ) and at the bony level towards the contour of the zygomatic bones and 
arches with soft tissues in transparency ( b ) (3D “surface-rendered” representations, patient D.C.M., Maxilim v. 2.3.0.3). 
Note the fl aring of the mandibular body ( b ) to the left       
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 z        Case 7: 3D-VPS 
5
   Step 4  Evaluation/Correction of Flaring ( “  Yaw  ” ) 

a b

 .   Fig. 6.248    The base views show that the fl aring of the mandibular body to the left ( a ) is corrected by a CW “Yaw” 
rotational movement to the right ( b ) in patient A.A. (3D “surface-rendered” representations, patient A.A., Maxilim v. 
2.3.0.3). Note the discrete virtual bony overlap between the distal and proximal mandibular fragments at the left side       

a b

 .   Fig. 6.249    Overall assessment of facial bony contour ( a ) with transparent soft tissues ( b ) after correction of fl aring 
to the left by a “Yaw” rotational movement of the maxillo-mandibular complex to the right (3D “surface-rendered” 
representations, patient A.A., Maxilim v. 2.3.0.3)       
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 z       Case 7: 3D-VPS 
5
   Step 6  Sagittal Upper Incisal Position Evaluation/Correction 

 z        Case 7: 3D-VPS 
5
   Step 5  Upper Vertical Incisal Position Evaluation/Correction 

a b

 .   Fig. 6.250    Since patient A.A. has in rest only 1 mm and during spontaneous smiling only 7 mm incisal exposure 
with an incisal crown length of 10 mm, it was decided clinically at this stage to already virtually extrude the maxilla 
2 mm at the upper incisal level (3D “surface-rendered” representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) 
correction       

a b

 .   Fig. 6.251    From especially clinical examination but also 3D cephalometric analysis ( a ), it was decided to advance 
the “maxillo-mandibular complex in fi nal occlusion” 3 mm at the upper incisal level ( b ) (3D “surface-rendered” 
representations, patient A.A., Maxilim v. 2.3.0.3). Note that it is clinically judged that this will lead to an additional 1 mm 
incisal exposure resulting in 4 mm incisal exposure in rest and full incisal exposure during spontaneous smiling       
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 z       Case 7: 3D-VPS 
5
   Step 7  Profi le Evaluation/Occlusal Plane Correction ( “  Pitch  ” ) 

a b

 .   Fig. 6.252    At this stage in “step 7”, the profi le and dento-alveolar support of the upper lip are evaluated in patient 
A.A. It was decided to perform a 1.5° CW occlusal plane rotation with the centre of rotation at the incisal level by a 
“Pitch” rotational movement, which results in a diff erential extrusion of 0.5 mm and 2.0 mm at the right and left fi rst 
molars, respectively (3D “surface-rendered” representations, Maxilim v. 2.3.0.3): before ( a ) and after ( b ) correction       

a b

 .   Fig. 6.253    At this stage in “step 7”, the profi le and dento-alveolar support of the upper lip are evaluated in patient 
A.A. It was decided to perform a 1.5° CW occlusal plane rotation with the centre of rotation at the incisal level by a 
“Pitch” rotational movement, which results in a diff erential extrusion of 0.5 and 2.0 mm at the right and left fi rst molars, 
respectively (3D “surface-rendered” representations of the bimaxillary complex with transparent soft tissues, Maxilim v. 
2.3.0.3): before ( a ) and after ( b ) correction       
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 z        Case 7: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a b

 .   Fig. 6.254    Evaluation of the bony chin in the frontal plane without ( a ) and with ( b ) the patient’s 3D facial soft tissue 
mask in transparency (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note that the bony chin is centred to 
the median 3D PHP reference plane but is asymmetric due to the right HH in patient A.A.       

a b

 .   Fig. 6.255    Evaluation of the sagittal chin position in the right ( a ) and left profi le ( b ) views needs to be individually 
assessed (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Note the adequate profi le chin position with a 
well-defi ned plica labio-mentalis and mento-cervical angle in patient A.A.       
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 z        Case 7: 3D-VPS 
5
   Step 9  Patient Communication of the Individualised Treatment Plan 

 .   Fig. 6.256    In “step 9”, the “Individualised 3D Virtual 
Treatment Plan” is discussed with the patient (3D 
“surface-rendered” representations, Maxilim v. 2.3.0.3). The 
persistent asymmetry of the right mandibular lower 
border, chin and gonial angle due to the right HH is 
explained to patient A.A.       

a b

 .   Fig. 6.257    In “step 9”, the right ( a ) and left ( b ) bony profi les of the “Individualised 3D Virtual Treatment Plan” are 
discussed with the patient (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). The persistent asymmetry of the 
right mandibular lower border, chin and gonial angle due to the right HH is explained to patient A.A.       
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 z        Case 7: 3D-VPS 
5
   Step 10  Final Adjustments of the 3D Virtual Treatment Plan 

a b

 .   Fig. 6.258    Final adjustments of the “Individualised 3D Virtual Treatment Plan”. It was decided to perform an 
extended right sagittal split osteotomy with the buccal corticotomy positioned just behind the right foramen mentale 
to facilitate a “safe” resection of the right mandibular lower border in patient A.A. (3D “surface-rendered” 
representations, Maxilim v. 2.3.0.3). Right profi le ( a ) and frontal ( b ) views       

a b

 .   Fig. 6.259    Final adjustments of the “Individualised 3D Virtual Treatment Plan”. After an extended right sagittal split 
osteotomy, virtual resection of the mandibular lower border was planned, from the gonial angle towards the symphysis, 
in patient A.A. (3D “surface-rendered” representations, Maxilim v. 2.3.0.3). Right profi le ( a ) and frontal ( b ) views       
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 z        Case 7: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.260    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the frontal plane (3D 
“surface-rendered” representations, patient A.A., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.261    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the right profi le plane (3D 
“surface-rendered” representations, patient A.A., Maxilim v. 2.3.0.3)       
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       Case 7: 3D-VPS 
5
 - Final Integrated “Individualised 3D Virtual Treatment Plan” 

a b

 .   Fig. 6.262    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the left profi le plane (3D 
“surface-rendered” representations, patient A.A., Maxilim v. 2.3.0.3)       

a b

 .   Fig. 6.263    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), in the base plane (3D 
“surface-rendered” representations, patient A.A., Maxilim v. 2.3.0.3)       
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 z        Case 7: “3D Virtual Treatment Planning, OR”  Template  

    

Maxillary osteotomy Planning Requirements

Miscellaneous

Mandibular osteotomy

Chin osteotomy

Adjuvant Cosmetic Procedures

3.0 mm

1.0 mm
1/3 mesial 31

0.5 mm
16 13 11 23 26

1.5 mm 2.0 mm 2.5 mm 2.0 mm
to the right

5.0 mm 10.0 mm

lingual

right lower border resection

right lower border

lingual

“Yaw” 

“Pitch”

“Roll” 

right lower border resection

Le Fort: I IIIII
One-piece

Maxilla first
Mandible first
Minimally Invasive Le Fort I
IO-CBCT
Kobayashi wires :
Skeletal anchorage :
Orthodontic buttons :
Occlusal grinding :
Other :

Segmental:
Pieces: ....................................

.......................... ..............................
........................

.....................
...........................

..................................................

.....................................
......................................

...................................................

........................................
................................................

.................................

..........................................
...............................................

........................................
............................................

....................................................

............................

..................................

...................

..............................
...................................................

.............

.............
.............
.............

.............
.........................

..................................

................   .......

...................................................

.........................

............

............

.............................................
............................

...................................................

.............

............................................

Interdental:
Advancement:
Set-back :
Midline:
Midline after Le Fort 1:
Vertical:

correction:
Other:

SSO
Inverted-L
VRO

Set-back:

Set-back:

CW
CCW
Midline split

Midline:

Anterior:
Posterior:

Anterior:
Extrusion:

Posterior:

Symmetric

Other:
Asymmetric

Symmetric
Asymmetric

“Shield” osteotomy
“Chin wing” osteotomy

Mental Foramen level:

IAN course:
Midline after BSSO:
Other:

Advancement:

rotation
rotation

Advancement: R L

R L

R L

R L
R correction:

Para-nasal cross sutures
Alar cinch
Septoplasty
Inferior turbinectomy
ANS: Shortening Midline
Nasal base plasty
Lateral nasal wall plasty
Bone graft(s):
Extraction(s):
Other:

Bichatectomy
Zygoma osteotomies

Otoplasty:
Rhinoplasty:
Browlift:
Blepharoplasty:

Facelift:
Upper Lower

Necklift:
Liposuction:
Lipofilling:
Other:

Infraorbital Foramen level:

CW CCWL

R L

R L

R L

R L

3D Virtual Planning of Orthognathic Surgery. Swennen GRJ. © Springer 2016
Addendum Template. Prof. Gwen Swennen and Dr. Martin Gaboury, Maxillofacial and Facial Plastic Surgery.

R L

R L
R L

R L
R L

R L

Intrusion:
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 z       Case 7: Hemimandibular Hyperplasia (HH), Intra-operative Cone-Beam CT (IO-CBCT) 

a

cb

 .   Fig. 6.264    Frontal ( a ), downward inclined ( b ) and base ( c ) views of IO-CBCT imaging after repositioning of the 
maxillo-mandibular complex with right mandibular lower border resection (3D “volume-rendered” representations, 
patient A.A., Arcadis® Orbic 3D C-arm, Siemens Healthcare GmbH)       
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      Case 7: Hemimandibular Hyperplasia (HH), Intra-operative Cone-Beam CT (IO-CBCT) 

a b

 .   Fig. 6.265    Right ( a ) and left profi le ( b ) views of IO-CBCT imaging after repositioning of the maxillo-mandibular 
complex with right mandibular lower border resection (3D “volume-rendered” representations, patient A.A., Arcadis® 
Orbic 3D C-arm, Siemens Healthcare GmbH)       
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 z       Case 7: Hemimandibular Hyperplasia (HH), 3D Virtual Treatment Outcome 

a b

 .   Fig. 6.266    Voxel-based superimposition on the cranial base of the pre-surgical and 9 months post-surgical ( blue ) 
3D “surface-rendered” hard tissue representations. Frontal ( a ) and base ( b ) views (i-CAT, Imaging Sciences International 
Inc., Maxilim v. 2.3.0.3) (patient A.A.). Note the correction of the mandibular border asymmetry and adequate 
post-surgical mandibular bony contour       

a b

 .   Fig. 6.267    Voxel-based superimposition on the cranial base of the pre-surgical and 9 months post-surgical ( blue ) 
3D “surface-rendered” soft tissue representations. Frontal ( a ) and downward inclined ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient A.A.). Note the post-surgical ( blue ) facial symmetry and harmony       
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       Case 7: Hemimandibular Hyperplasia (HH), 3D Virtual Treatment Outcome 

a b

 .   Fig. 6.268    Voxel-based superimposition on the cranial base of the pre-surgical and 9 months post-surgical 3D 
“surface-rendered” hard tissue representations. Right ( a ) and left profi le ( b ) views (i-CAT, Imaging Sciences International 
Inc., Maxilim v. 2.3.0.3) (patient A.A.)       

a b

 .   Fig. 6.269    Voxel-based superimposition on the cranial base of the pre-surgical and 9 months post-surgical ( blue ) 
3D “surface-rendered” soft tissue representations. Right ( a ) and left profi le ( b ) views (i-CAT, Imaging Sciences 
International Inc., Maxilim v. 2.3.0.3) (patient A.A.). Note the post-surgical postural changes of the upper and lower lips       

 

 

Chapter 6 · Clinical Applications of 3D Virtual Treatment Planning of Orthognathic Surgery



524

6

 z        Case 7: Hemimandibular Hyperplasia (HH), Clinical Treatment Outcome 

a b

 .   Fig. 6.270    Frontal views in rest, pre-surgical ( a ) and 5 months after ( b ) combined orthodontic-surgical treatment 
with right mandibular lower border resection and left otoplasty (patient A.A.)       

a b

 .   Fig. 6.271    Frontal views during smiling, pre-surgical ( a ) and 5 months after ( b ) combined orthodontic-surgical 
treatment with right mandibular lower border resection and left otoplasty (patient A.A.)       
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       Case 7: Hemimandibular Hyperplasia (HH), Clinical Treatment Outcome 

a b

 .   Fig. 6.272    Right profi le views in rest, pre-surgical ( a ) and 5 months after ( b ) combined orthodontic-surgical 
treatment with right mandibular lower border resection (patient A.A.)       

a b

 .   Fig. 6.273    Right profi le views during smiling, pre-surgical ( a ) and 5 months after ( b ) combined 
orthodontic-surgical treatment with right mandibular lower border resection (patient A.A.)       
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6

       Case 7: Hemimandibular Hyperplasia (HH), Clinical Treatment Outcome 

a b

 .   Fig. 6.274    2/3 right profi le views in rest, pre-surgical ( a ) and 5 months after ( b ) combined orthodontic-surgical 
treatment with right mandibular lower border resection (patient A.A.)       

a b

 .   Fig. 6.275    2/3 right profi le views during smiling, pre-surgical ( a ) and 5 months after ( b ) combined 
orthodontic-surgical treatment with right mandibular lower border resection (patient A.A.)       
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       Case 7: Hemimandibular Hyperplasia (HH), Clinical Treatment Outcome 

a b

 .   Fig. 6.276    Left profi le views in rest, pre-surgical ( a ) and 5 months after ( b ) combined orthodontic-surgical 
treatment with right mandibular lower border resection and left otoplasty (patient A.A.)       

a b

 .   Fig. 6.277    Left profi le views during smiling, pre-surgical ( a ) and 5 months after ( b ) combined orthodontic-surgical 
treatment with right mandibular lower border resection and left otoplasty (patient A.A.)       
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6

       Case 7: Hemimandibular Hyperplasia (HH), Clinical Treatment Outcome 

a b

 .   Fig. 6.278    2/3 left profi le views in rest, pre-surgical ( a ) and 5 months after ( b ) combined orthodontic-surgical 
treatment with right mandibular lower border resection and left otoplasty (patient A.A.)       

a b

 .   Fig. 6.279    2/3 left profi le views during smiling, pre-surgical ( a ) and 5 months after ( b ) combined 
orthodontic-surgical treatment with right mandibular lower border resection and left otoplasty (patient A.A.)       
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       Case 7: Hemimandibular Hyperplasia (HH), Clinical Treatment Outcome 

a

b c

 .   Fig. 6.280    Frontal ( a ), right ( b ) and left ( c ) intra-oral views of the patient’s occlusion 5 months after combined 
orthodontic-surgical treatment (patient A.A.). The author acknowledges Bénédicte Rèchler for the orthodontic 
treatment       

a b

 .   Fig. 6.281    Long-term frontal in rest ( a ) and smiling ( b ) views after an additional right otoplasty performed under 
local anaesthesia by the author (patient A.A.). Note that the ears are still slightly asymmetric       
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6

 z        Case 8: IPS CaseDesigner 
 Finally, IPS CaseDesigner is illustrated on patient 
V.E.W. (7 see also Case 1, Chap.   6    ), which is used 
throughout the book (7 Chaps.   1    ,   2    ,   3    ,   4     and   5    ) to 
introduce the potential of a more enhanced, intui-
tive and user-friendly 3D soft ware platform 
towards “3D virtual treatment planning of orthog-
nathic surgery”.   

 .   Fig. 6.282    “Volume rendering” of the hard tissues of the head of patient V.E.W. after proper CBCT image acquisition. 
The threshold is adjusted to optimise the visualisation of the hard tissues (i-CAT TM , Imaging Sciences International, Inc., 
Hatfi eld, USA, “extended fi eld” modus; FOV, 17 cm diameter, 22 cm height; scan time 2 × 20s; voxel size 0.4 mm at 120 kV 
according to DICOM fi eld, 0018,0060 KVP, and 48 mA according to DICOM fi eld, 0018,1151 XRayTubeCurrent) (IPS 
CaseDesigner v 1.1.3.1)       

    Aft er an appropriate CBCT image acquisi-
tion, “step-by-step” Quality Control of the 
patient’s AUM and virtual modifi cation of 
the patient’s virtual head towards its clinical 
NHP (c-NHP) is essential PRIOR to start a 
“3D virtual treatment planning of orthog-
nathic surgery”.  
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  Case 8: IPS CaseDesigner , Step-by-Step Quality Control ,  Accuracy of the AUM  

a

b

c

 .   Fig. 6.283    In “step 1” of the “Step-by-Step Quality Control Checklist” (see also Sect.   1.2    ), the accuracy of registration 
of the upper and lower dental arches in the AUM of the patient is semiautomatically and dynamically verifi ed along the 
dental arches (i-CAT, Imaging Sciences International Inc., IPS CaseDesigner v 1.1.3.1, patient V.E.W.): e.g. at the dental 
midlines ( a ), left ( b ) and right ( c ) molar regions       
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6

 z       Case 8: IPS CaseDesigner,  “  Step-by-Step  ”   Quality Control ,  Condyle  ( CR )  Position  

a

b

 .   Fig. 6.284    In “step 2” of the “Step-by-Step Quality Control Checklist” (see also Sect.   1.2    ), proper seating of the 
condyles in CR is verifi ed by semiautomatic evaluation of a combination of axial and sagittal slices and the 3D 
“volume-rendered” hard tissue representation of patient V.E.W. (i-CAT, Imaging Sciences International Inc., IPS 
CaseDesigner v 1.1.3.1). Note the appropriate seating of the right ( a ) and left ( b ) condyles       
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 z       Case 8: IPS CaseDesigner,  “Step-by-Step” Quality Control, Soft Tissue Quality  

a

b

 .   Fig. 6.285    In “step 3” of the “Step-by-Step Quality Control Checklist” (see also Sect.   1.2    ), the overall soft tissue 
quality after appropriate rendering ( a ) is evaluated on the AUM of patient V.E.W. ( b ) (i-CAT, Imaging Sciences 
International Inc., “volume-rendered” surface representations, IPS CaseDesigner v 1.1.3.1). Note that there is no 
distortion of the fronto-temporal soft tissues due to proper position of the head fi xation band during CBCT scanning. 
Also note the absence of lip and chin distortion, as well as the absence of lip and mentalis muscle contraction       
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6

 z       Case 8: IPS CaseDesigner,  v  -NHP and PHP  

a

b

 .   Fig. 6.286    Following a standardised “step-by-step” approach (7 see Sect.   3.1    ), the scanned head position of 
patient V.E.W. ( a ) is virtually semiautomatically modifi ed towards her  c -NHP, which results in her  v -NHP and corresponds 
to her individual “Planning Head Position (PHP)” ( b ) (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1)       
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 z       Case 8: 3D-VPS 
5
   Step 1  Maxillary Occlusal Cant Evaluation/Correction ( “  Roll  ” ) 

a

b

 .   Fig. 6.287    The maxillary occlusal plane is evaluated both clinically (. Fig. 3.52) and virtually towards the 
horizontal 3D PHP reference plane in patient V.E.W. (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1). 
Frontal ( a ) and detailed ( b ) views       
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 z       Case 8: 3D-VPS 
5
   Step 1  Maxillary Occlusal Cant Evaluation/Correction ( “  Roll  ” ) 

a

b

 .   Fig. 6.288    The maxillary occlusal plane ( a ) is corrected towards the horizontal 3D PHP reference plane by a CCW 
“Roll” rotational movement ( b ) in patient V.E.W. (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1)       
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 z       Case 8: 3D-VPS 
5
   Step 2  Upper Dental Midline Evaluation/Correction 

a

b

 .   Fig. 6.289    The deviation of the upper dental midline to the left ( a ) is corrected towards the facial midline 3D PHP 
reference plane, by a pure translational movement to the right ( b ) in patient V.E.W. (3D “surface-rendered” 
representations, IPS CaseDesigner v 1.1.3.1)       
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 z       Case 8: 3D-VPS 
5
   Step 2  Upper Dental Midline Evaluation/Correction 

a

b

 .   Fig. 6.290    The base views illustrate that the deviation of the upper dental midline to the left ( a ) is corrected 
towards the facial midline 3D PHP reference plane, by a pure translational movement to the right ( b ) (3D 
“surface-rendered” representations, patient V.E.W., IPS CaseDesigner v 1.1.3.1)       

 

 G.R.J. Swennen



539 6

 z       Case 8: 3D-VPS 
5
   Step 3  Overall Evaluation of Facial Asymmetry After Virtual Occlusal 

Defi nition 

a b

 .   Fig. 6.291    Overall facial asymmetry of the skull of patient V.E.W. ( a ) with transparent soft tissues ( b ) is assessed 
after virtual occlusal defi nition in the frontal view towards both the horizontal and facial midline 3D PHP reference 
planes. (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1). Note the persistent chin deviation to the 
right       

a b

 .   Fig. 6.292    To evaluate the overall facial asymmetry after virtual occlusal defi nition, the mandibular contour is 
evaluated both virtually on the soft tissues ( a ) and at the bony level towards the contour of the zygomatic bones and 
arches with soft tissues in transparency ( b ) (3D “surface-rendered” representations, patient V.E.W., IPS CaseDesigner v 
1.1.3.1)       
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 z        Case 8: 3D-VPS 
5
   Step 4  Evaluation/Correction of Flaring ( “  Yaw  ” ) 

a

b

 .   Fig. 6.293    The base views show that the fl aring of the mandibular body to the right ( a ) is corrected by a CCW “Yaw” 
rotational movement to the left ( b ) (3D “surface-rendered” representations, patient V.E.W., IPS CaseDesigner v 1.1.3.1). 
Note the asymmetric bony overlaps between the distal and both proximal mandibular fragments       
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      Case 8: 3D-VPS 
5
   Step 4  Evaluation/Correction of Flaring ( “  Yaw  ” ) 

a

b

 .   Fig. 6.294    Overall assessment of the facial bony contour of patient V.E.W. ( a ) with transparent soft tissues ( b ) after 
correction of fl aring to the right by a “Yaw” rotational movement of the maxillo-mandibular complex to the left (3D 
“surface-rendered” representations, IPS CaseDesigner v 1.1.3.1)       
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 z       Case 8: 3D-VPS 
5
   Step 5  Upper Vertical Incisal Position Evaluation/Correction 

a

b

 .   Fig. 6.295    Since patient V.E.W. has an upper incisal exposure in rest of 8 mm and a gingival exposure of 4 mm, it 
was decided clinically at this stage to virtually intrude the maxilla 4 mm at the upper incisal level. Note the current limit 
of 3D soft tissue simulation: despite a vertical incisal intrusion of 4 mm, there is no change in lip morphology and 
interlabial distance (3D “surface-rendered” representations, patient V.E.W., Maxilim v. 2.3.0.3): before ( a ) and after ( b ) 
correction       
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 z       Case 8: 3D-VPS 
5
   Step 6  Sagittal Upper Incisal Position Evaluation/Correction 

a

b

 .   Fig. 6.296    From especially clinical examination but also 3D cephalometric analysis, it was decided to advance the 
“maxillo-mandibular complex in fi nal occlusion” 2 mm at the upper incisal level in patient V.E.W. (3D “surface-rendered” 
representations, patient V.E.W., Maxilim v. 2.3.0.3): before ( a ) and after ( b ) correction       
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 z       Case 8: 3D-VPS 
5
   Step 7  Profi le Evaluation/Occlusal Plane Correction ( “  Pitch  ” ) 

a

b

 .   Fig. 6.297    At this stage in “step 7”, the profi le and dento-alveolar support of the upper lip are evaluated ( a ) (3D 
“surface-rendered” representations, IPS CaseDesigner v 1.1.3.1). At this stage, it was clinically decided not to alter the 
occlusal plane and therefore no “Pitch” movement was performed in patient V.E.W. ( b )       
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 z       Case 8: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a b

 .   Fig. 6.298    Evaluation of the chin position in the frontal plane without ( a ) and with ( b ) the patient’s 3D facial soft 
tissue mask in transparency (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1). Note the persistent cant 
of the mandibular symphysis and chin point deviation to the right       

a b

 .   Fig. 6.299    Evaluation of the sagittal chin position in the right ( a ) and left profi le ( b ) views needs to be individually 
assessed (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1). Note the retruded chin with the absence of 
a well-defi ned plica labio-mentalis       
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 z        Case 8: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a

b

 .   Fig. 6.300    After assessment in the frontal plane ( a ), a 1° CCW “Roll” movement ( b ) of the chin was virtually planned 
in patient V.E.W. to correct the slight cant (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1)       
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      Case 8: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a

b

 .   Fig. 6.301    Additionally, in the frontal plane ( a ), a midline correction of 2 mm to the left ( b ) was virtually planned to 
correct the mandibular symphysis deviation in patient V.E.W. (3D “surface-rendered” representations, IPS CaseDesigner 
v 1.1.3.1)       
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      Case 8: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a b

 .   Fig. 6.302    The sagittal position of the bony chin is evaluated in the right ( a ) and left profi le ( b ) views in patient 
V.E.W. (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1)       
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      Case 8: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a

b

 .   Fig. 6.303    The right profi le views show that a chin advancement of 6 mm ( a ) with 2 mm anterior and 1 mm 
posterior intrusion at the right ( b ) was virtually planned in patient V.E.W. (3D “surface-rendered” representations, IPS 
CaseDesigner v 1.1.3.1)       
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      Case 8: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a

b

 .   Fig. 6.304    The left profi le views show that a chin advancement of 6 mm ( a ) with 2 mm anterior and 2.5 mm 
posterior intrusion ( b ) at the left was virtually planned in patient V.E.W. (3D “surface-rendered” representations, IPS 
CaseDesigner v 1.1.3.1)       
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      Case 8: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a

b

 .   Fig. 6.305    The right ( a ) and left ( b ) profi le views show that a 6° CCW “Pitch” rotational movement of the chin was 
virtually planned in patient V.E.W. to better align the bony segments at the inferior mandibular border level (3D 
“surface-rendered” representations, IPS CaseDesigner v 1.1.3.1)       
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      Case 8: 3D-VPS 
5
   Step 8  3D Chin Position Evaluation/Correction 

a

b

 .   Fig. 6.306    The base views ( a ) show that additionally a 2° CW “Yaw” rotational movement ( b ) of the chin was 
virtually planned in patient V.E.W. (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1)       
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 z       Case 8: 3D-VPS 
5
   Step 9  Patient Communication of the Individualised Treatment Plan 

a

b c

 .   Fig. 6.307    Frontal ( a ), profi le right ( b ) and left ( c ) views of  the “Individualised 3D Virtual Treatment Plan”, as 
presented to patient V.E.W., before the actual surgery (3D “surface-rendered” representations, IPS CaseDesigner 
v 1.1.3.1). Note the current limit of 3D soft tissue simulation at the level of the lips       
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 z       Case 8: 3D-VPS 
5
   Step 10  Final Adjustments of the 3D Virtual Treatment Plan 

b

a

 .   Fig. 6.308    Right profi le views show potential adjustments of the “Individualised 3D Virtual Treatment Plan” 
consisting of more CCW “Pitch” movement of the “maxillo-mandibular complex”, to provide more chin advancement: 9° 
( a ) (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1). Finally it was decided after patient 
communication to perform an additional 2° CCW “Pitch” rotation of the “maxillo-mandibular complex” ( b )       
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      Case 8: 3D-VPS 
5
   Step 10  Final Adjustments of the 3D Virtual Treatment Plan 

b

a

 .   Fig. 6.309    Left profi le views show potential adjustments of the “Individualised 3D Virtual Treatment Plan” 
consisting of more CCW “Pitch” movement of the “maxillo-mandibular complex”, to provide more chin advancement: 9° 
( a ) (3D “surface-rendered” representations, IPS CaseDesigner v 1.1.3.1). Finally it was decided after patient 
communication to perform an additional 2° CCW “Pitch” rotation of the “maxillo-mandibular complex” ( b )       
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 z       Case 8: 3D-VPS 
5
 - Final integrated “Individualised 3D Virtual Treatment Plan” 

a

b

 .   Fig. 6.310    Initial situation ( a ), and fi nal “Individualised 3D Virtual Treatment Plan” ( b ), of patient V.E.W. in the frontal 
plane (3D combined “volume- and surface-rendered” hard tissue representations, IPS CaseDesigner v 1.1.3.1)       
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Case 8: 3D-VPS
5
- Final Integrated “Individualised 3D Virtual Treatment Plan”

a

b

.. Fig. 6.311  Initial situation (a), and final “Individualised 3D Virtual Treatment Plan” (b), of patient V.E.W. in the right 
profile plane (3D combined “volume- and surface-rendered” hard tissue representations, IPS CaseDesigner v 1.1.3.1)
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Case 8: 3D-VPS
5
- Final Integrated “Individualised 3D Virtual Treatment Plan”

a

b

.. Fig. 6.312  Initial situation (a), and final “Individualised 3D Virtual Treatment Plan” (b), of patient V.E.W. in the left 
profile plane (3D combined “volume- and surface-rendered” hard tissue representations, IPS CaseDesigner v 1.1.3.1)
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Case 8: 3D-VPS
5
- Final Integrated “Individualised 3D Virtual Treatment Plan”

a

b c

.. Fig. 6.313  Initial situation (a), and final “Individualised 3D Virtual Treatment Plan” (b, c), of patient V.E.W. in the base 
plane (3D combined “volume- and surface-rendered” hard tissue representations, IPS CaseDesigner v 1.1.3.1)
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 z       Case 8:  IPS CaseDesigner  “3D Virtual Treatment Planning, OR”  Template   

   

Maxillary osteotomy

2.0 mm

1.5 mm

6.0 mm

1.0
2.0 mm

2.0 mm

2.5 mm

Closed

CCW “Roll” / CW “Yaw” rotation

inbetween 31/41

“Yaw” CCW to the left

Mandibular osteotomy

6.0 mm 5.0 mm

lingual lingual

Chin osteotomy

Adjuvant Cosmetic Procedures

Miscellaneous

“Roll” 

16 13 11 23 26

2.5mm 3.5mm 3.5mm4.5mm 4.5mm

)(

Planning Requirements

“Pitch”
“Pitch”

Le Fort: I IIIII
One-piece

Maxilla first
Mandible first
Minimally Invasive Le Fort I
IO-CBCT
Kobayashi wires :
Skeletal anchorage :
Orthodontic buttons :
Occlusal grinding :
Other :

Segmental:
Pieces: ....................................

.......................... ..............................
........................

.....................
...........................

..................................................

.....................................
......................................

...................................................

........................................
................................................

.................................

..........................................
...............................................

........................................
............................................

....................................................

............................

..................................

...................

..............................
...................................................

.............

.............
.............
.............

.............
.........................

..................................

................   .......

...................................................

.........................

............

............

.............................................
............................

...................................................

.............

............................................

Interdental:
Advancement:
Set-back :
Midline:
Midline after Le Fort 1:
Vertical:

correction:
Other:

SSO
Inverted-L
VRO

Set-back:

Set-back:

CW
CCW
Midline split

Midline:

Anterior:
Posterior:

Anterior:
Extrusion:

Posterior:

Symmetric

Other:
Asymmetric

Symmetric
Asymmetric

“Shield” osteotomy
“Chin wing” osteotomy

Mental Foramen level:

IAN course:
Midline after BSSO:
Other:

Advancement:

rotation
rotation

Advancement: R L

R L

R L

R L
R correction:

Para-nasal cross sutures
Alar cinch
Septoplasty
Inferior turbinectomy
ANS: Shortening Midline
Nasal base plasty
Lateral nasal wall plasty
Bone graft(s):
Extraction(s):
Other:

Bichatectomy
Zygoma osteotomies

Otoplasty:
Rhinoplasty:
Browlift:
Blepharoplasty:

Facelift:
Upper Lower

Necklift:
Liposuction:
Lipofilling:
Other:

Infraorbital Foramen level:

CW CCWL

R L

R L

R L

R L

3D Virtual Planning of Orthognathic Surgery. Swennen GRJ. © Springer 2016
Addendum Template. Prof. Gwen Swennen and Dr. Martin Gaboury, Maxillofacial and Facial Plastic Surgery.

R L

R L
R L

R L
R L

R L

Intrusion:
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    “3D Virtual Step-by-Step Quality Control Checklist” Template 

    
3D Virtual Planning of Orthognathic Surgery. Swennen GRJ. © Springer 2016
Addendum Template. Prof. Gwen Swennen and Dr. Martin Gaboury, Maxillofacial and Facial Plastic Surgery.

(1) Verification of the overall Augmented Model (AUM) of the patient by the clinician

Accuracy of Registration of the upper dental arch
Accuracy of Registration of the lower dental arch

This is verified by evaluation of multiplanar orthogonal slices at molar, canine and incisal level and correlation with clinical 
photographs.

Quality of the 3D rendering of the bone
Quality of the 3D rendering of the soft tissues

…………………………………………………………………………………………………..

(2) Verification of the condyle (CR) position in the AUM of the patient by the clinician

Right condyle well seated in CR
Left condyle well seated in CR

This is verified by evaluation of sagittal and coronal slices.

…………………………………………………………………………………………………..

(3) Verification of the overall soft tissue quality of the AUM of the patient by the clinician

Absence of eyebrow distortion (> fixation band during CBCT scanning)
Absence of lip distortion (> wax bite)
Lips in repose
Mentalis muscle relaxed
Absence of chin distortion (> chin support during CBCT scanning)

This is verified by correlation with clinical photographs and the clinical examination.

…………………………………………………………………………………………………..

(4) Verification of the PHP of the patient by the clinician

In the frontal plane towards the NHP*
In the profile planes towards the TVP

This is verified by correlation with clinical photographs and the clinical examination.
* be always aware of the potential of a modified habitual NHP

…………………………………………………………………………………………………..

(5) Verification of the final virtual occlusion by the clinician

Dental midline
Angle class I canine relationship
Angle class I molar relationship
Absence of “yaw” at molar level

…………………………………………………………………………………………………..
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        “3D Virtual Treatment Planning: OR” Template 

    
3D Virtual Planning of Orthognathic Surgery. Swennen GRJ. © Springer 2016
Addendum Template. Prof. Gwen Swennen and Dr. Martin Gaboury, Maxillofacial and Facial Plastic Surgery.

Maxillary osteotomy
Le Fort: I II III
One-piece
Segmental:

Pieces:…………………….
Interdental:………………..

Advancement: ……………………..
Set-back : ………………...............
Midline: ……………….... R L
Midline after Le Fort I: ……………
Vertical: (®)
“Yaw” correction: ………………….
Other: ………………………………

Mandibular osteotomy
SSO R L
Inverted-L R  L
VRO R  L
Advancement: R ……... L ………
Set-back: R ……... L ………
CW “Pitch” rotation
CCW “Pitch” rotation
Midline split
IAN course: R ……… L ………
Midline after BSSO: ………………
Other: ………………………………

Chin osteotomy
Advancement: ……………………...
Set-back: ……………………………
Midline: …………………. R L
Intrusion:

Anterior: ………………..
Posterior: R ….. L …..

Extrusion:
Anterior:……………….
Posterior:  R ….. L……

“Shield” osteotomy
“Chin wing” osteotomy

Mental Foramen level: 
Symmetric
Asymmetric

Other: ……………………………….

Planning Requirements
Maxilla first
Mandible first
Minimally Invasive Le Fort I
IO-CBCT
Kobayashi wires: ………………….
Skeletal anchorage: ………………
Orthodontic buttons: ……………..
Occlusal grinding:………………….
Other: ………………………………

16 13 11 23 26

“Roll” correction: CW CCW

Miscellaneous
Para-nasal cross sutures
Alar cinch
Septoplasty
Inferior turbinectomy
ANS: Shortening Midline
Nasal base plasty R L
Lateral nasal wall plasty    R L
Bone graft(s): ………………………
Extraction(s): ……………………….
Other: …………….…………………

Adjuvant Cosmetic Procedures
Bichatectomy R L
Zygoma osteotomies R L

Infraorbital Foramen level: 
Symmetric
Asymmetric

Otoplasty: R L
Rhinoplasty: ………………………..   
Browlift: ………………………….…   
Blepharoplasty: …………………....

Upper Lower
Facelift: ………………………...
Necklift: …………………………….
Liposuction: ………………………...
Lipofilling: …………………………..
Other: ……………………………….
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  Additive Manufacturing        A group of production tech-
nologies to manufacture a 3D object by adding material 
(in contrast with milling, where material is being removed 
gradually). The process typically adds material layer by 
layer by a chemical reaction or sintering (also called rapid 
prototyping technology in the past).   

  Augmented Model (AUM)      The patient’s “surface-
rendered” hard and/or soft tissue representations of 
the head, respectively, enhanced with detailed dental 
surfaces and/or texture and colour from other 3D image 
datasets.   

  Augmented Virtual Reality      An innovative technology 
allowing co-registration of data from the real environ-
ment with virtual information, creating a hybrid world 
which is simultaneously visualised on a stereoscopic 
video display.   

  Euclidian Distance      The straight-line distance between 
two points, defi ned as the square root of the sum of the 
squares of the diff erences between the corresponding 
coordinates of the points. 

  d p q p q p q p q,( ) = -( ) + -( ) + -( )1 1

2

2 2

2

3 3

2

 
    

  Field of View (FOV)      The scanned volume of the image 
dataset. In CT imaging the FOV is typically adjustable 
according to the area of interest; however for some CBCT 
apparatus, the FOV is fi xed.   

  Iterative Closest Point (ICP) Algorithm      The iterative 
closest point algorithm aligns two surfaces by minimising 
the root mean square (RMS) of the distances between the 
point clouds of the two surfaces.   

  Image Fusion      The process of fusing data from two or 
more image datasets that were aligned using “Image 
Registration”.   

  Image Registration      The process of geometrically align-
ing image data from two or more image acquisitions.   

  Image Segmentation      The process of partitioning a 
digital image into multiple data segments, for example, 
by thresholding.   

  Natural Head Position (NHP)      The head orientation of 
the patient in a standing position with relaxed body and 
head posture looking at a distant point at eye level, per-
ceived by the clinician based on general experience.   

  Clinical Natural Head Position ( c -NHP)      Natural head 
position of the subject, as recorded during the clinical 
examination.   

  Virtual Natural Head Position ( v -NHP)      Virtual modifi ca-
tion of the scanned head position of the patient towards 
its  c -NHP, which is defi ned by the clinician.   

  Pitch      Rotational movement around the “x-axis” in the 
profi le plane that can be performed CW or CCW.   

  Planning Head Position (PHP)      At the onset of 3D virtual 
treatment planning, the  v -NHP is set as the PHP of the 
patient, which defi nes the 3D PHP coordinate (Cartesian) 
reference frame.   

  Rendering      The process of generating an image from a 
2D or 3D dataset by visualisation algorithms.   

  Rigid Registration      An algorithm that searches a rotation 
and translation which geometrically aligns the datasets. 
Diff erent types of rigid registration exist: point-based, 
surface-based, voxel-based and surface to image (STI) 
registration.   

  Roll      Rotational movement around the “z-axis” in the 
frontal plane that can be performed CW or CCW.   

  Stereolithography      The process of making a 3D object, 
in which a computer-controlled moving laser beam is 
used to build up the required structure, layer by layer, 
from a liquid monomer that polymerises with laser light.   

  Surface Rendering      The process of generating a view of 
a surface from a specifi c direction with specifi c lighting 
conditions. In medical visualisation of anatomical objects, 
this surface is typically generated by segmentation out of 
3D image data (grey values).   

  Thresholding      The process of defi ning a boundary 
between pixels or voxels with a value higher and lower 
than the threshold. When a 3D grey value image is 
segmented with thresholding, an isovalue surface is 
obtained, while with a 2D image, a contour is obtained.   

  Volume of Interest (VOI)      An area or volume of particular 
interest to be imaged during the acquisition procedure or 
to be further analysed.   

  Volume Rendering      A method to visualise a 3D image 
volume consisting of voxels by assigning to each voxel a 
colour and opacity and to further enhance the visualisa-
tion based on the variations in the image volume.   

  Yaw      Rotational movement around the “y-axis” in the base 
or frontal plane that can be performed CW or CCW, but 
sometimes more simply described to the right or to the 
left.        

         Defi nitions 

  Definitions
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 A 
  Airway 

 –  upper pharyngeal airway    
(see  3D upper pharyngeal 
airway )  

 –  virtual reorientation and 
upper airway 3D 
coordinate system , 90, 91  

   Anterior open bite (AOB) 
 –  Beckwith-Wiedemann 

syndrome    (see  Beckwith- 
Wiedemann syndrome )  

 –  midfacial hypoplasia    
(see  Midfacial hypoplasia, 
AOB )  

 –  orthofacial , 402–404, 
418–426  

   Anthropometry , 163  
   AOB   . See  Anterior open bite 

(AOB) 
   Augmented virtual 

reality , 309, 327  
   Axial slices, systematic virtual 

evaluation 
 –  airway , 61, 69  
 –  condylar morphology , 61, 66  
 –  ethmoid sinuses , 61, 63  
 –  frontal sinuses , 61, 62  
 –  lower face contour , 61, 69  
 –  mandibular dento-alveolar 

width , 61, 68  
 –  mandibular vertical ramus 

thickness above the 
lingula , 61, 66, 67  

 –  maxillary dento-alveolar 
width , 61, 68  

 –  maxillary sinuses , 61, 64  
 –  midfacial contour , 61, 63  
 –  nasal septum , 61, 65  
 –  nasal turbinates , 61, 65  
 –  orbits and bulbus position , 

61, 62  
 –  upper face contour , 61  

    B 
  Beckwith-Wiedemann 

syndrome , 481  
   Bilateral sagittal split 

osteotomy (BSSO) , 67, 76, 
80, 86, 230, 249, 251, 252, 
254, 284, 330  

   Bruges 3D soft tissue 
cephalometric analysis 

 –  base view , 206  
 –  frontal view , 205  
 –  profi le right view , 206  
 –  report , 207  

   Bruges target facial mask 3D 
cephalometric analysis , 159  

 –  frontal view , 160  
 –  profi le right view , 161  
 –  report , 162  

   BSSO   . See  Bilateral sagittal 
split osteotomy (BSSO) 

    C 
  CAD/CAM technology , 280, 

285–290  
   Centric relation (CR) , 2–5, 21, 

22, 26, 29, 42, 46–48, 88, 
219, 235, 282, 284, 532  

   Clinical natural head position 
( c -NHP) 

 –  facial soft tissue mask , 219  
 –  full frontal view , 260  
 –  lasers , 219  
 –   v -NHP , 245  

   Colour distance maps 
 –  CBCT , 354–358  
 –  inter-surface distance , 214  
 –  3D photographs    

(see  3D photographs )  
 –  3D virtual mirroring    

(see  3D virtual mirroring )  
   Condylar 2D coordinate 

system , 336  
   Condylar 3D coordinate 

system , 99–102, 336–338  
   Condyle/fossa units , 98  
   Coronal slices, systematic 

virtual evaluation 
 –  cervical spine , 70, 78  
 –  condylar morphology , 70, 77  
 –  ethmoidal sinuses , 70, 74  
 –  frontal sinuses , 70, 71  
 –  IAN course , 70, 75, 76  
 –  maxillary and mandibular 

interdental space in the 
frontal region , 70, 71  

 –  maxillary sinuses , 70, 72  
 –  nasal airway , 70  
 –  nasal septum , 70, 73  
 –  nasal turbinates , 70, 73  

 –  orbits and bulbus position , 
70, 72  

 –  posterior airway , 70, 77  
 –  transversal occlusal 

relationship , 70, 75  
 –  upper and lower molar/

premolar inclination in 
regard to the alveolar 
ridge , 70, 74  

   Cranio-cervical inclination   . 
See  Sagittal slices, 
systematic virtual 
evaluation 

    D 
  Dental arches 

 –  direct scanning 
impressions 

 –  all-in-one/separate 
impressions , 13–14  

 –  CBCT scanning , 12  
 –  Triple Tray® AlgiNot TM  

impression , 13, 14  
 –  intra-oral scanning , 16  
 –  plaster dental models, 

indirect scanning , 15  
   Digital Imaging and 

Communication in 
Medicine (DICOM) , 5, 6, 54  

    H 
  Hemimandibular hyperplasia 

(HH) , 504–507, 520–529  
 –  IO-CBCT    (see  Intra- operative 

cone-beam CT (IO-CBCT) )  

    I 
  IAN   . See  Inferior alveolar 

nerve (IAN) 
   Image acquisition 

 –  CBCT , 2  
 –  centric relation , 2  
 –  NHP , 2  
 –  patient’s dentition and 

occlusion 
 –  all-in-one/separate 

impressions, dental 
arches , 13–14  

 –  CBCT scanning , 12  

 –  intra-oral scanning , 16  
 –  plaster dental models, 

indirect scanning , 15  
 –  Triple Tray® AlgiNot TM  

impression , 13, 14  
 –  patient’s head 

 –  CBCT profi le scout view , 5  
 –  full face CBCT scanning , 3  
 –  surface rendering , 6  
 –  texture of , 17–19  
 –  volume rendering , 6, 10  
 –  wax-bite wafer , 4  

   Inferior alveolar nerve 
(IAN) , 265  

 –  coronal slices , 70, 75, 76  
 –  sagittal slices 

 –  left vertical level of 
entrance (lingula) , 
79, 86  

 –  right vertical level of 
entrance (lingula) , 
79, 80  

   Intra-operative cone-beam 
CT (IO-CBCT) 

 –  chin repositioning , 310, 
315–321  

 –  gonial angle reduction , 
310, 322–326  

 –  image acquisition , 310, 
312, 314  

 –  multi-modality 
workstation , 309–311  

 –  right mandibular lower 
border resection , 524  

 –  scout view , 310, 313  
   Intra-operative (IO) control 

 –  augmented virtual 
reality , 327  

 –  IO-CBCT 
 –  chin repositioning , 310, 

315–321  
 –  gonial angle reduction , 

310, 322–326  
 –  navigation , 327  

   Intra-oral optical scanning , 16  
   IPS CaseDesigner 

 –  Airway , 90–94  
 –  Augmented model (AUM) 

of the patient’s head , 
27–29  

 –  Case 8, clinical application 
of 3D virtual treatment 
planning of orthognathic 
surgery , 530–559  

A–I
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 –  Chin position evaluation / 
correction (step 8) , 545  

 –  Cranial base angle , 
89, 334  

 –  Cranio-cervical inclination , 
89, 334  

 –  Evaluation/correction of 
fl aring (step 4) , 540–541  

 –  Final adjustments of the 
3D virtual treatment 
plan , 554  

 –  Image acquisition and 
virtual rendering of the 
patient’s head , 8, 10, 11  

 –  Individualised 3D virtual 
treatment plan , 556–559  

 –  Maxillary occlusal cant 
evaluation/correction 
(step 1) , 535–536  

 –  Occlusal plane correction , 
544  

 –  Overall evaluation of facial 
asymmetry (step 3) , 539  

 –  Patient communication 
(step 9) , 553  

 –  “Pitch” 544, 551, 554 
Profi le evaluation / 
occlusal plane correction 
(step 7) , 544  

 –  Planning Head Position 
(PHP) , 223, 225, 228, 534  

 –  Quality control of the 
AUM , 531  

 –  Quality control of condyle 
(CR) position , 532  

 –  Quality control of soft 
tissue quality , 533  

 –  “Roll” , 535, 546  
 –  Sagittal upper incisal 

position evaluation / 
correction (step 6) , 543  

 –  “Step-by-step” planning , 
535–559  

 –  Systematic virtual 
diagnosis 

 –  Baseline axial 
slices 60–69 

 –  Reconstructed coronal 
slices 70–78 

 –  Reconstructed sagittal 
slices 79–87 

 –  Volume-rendered hard 
and soft tissue 
representations 
55–59 , 530  

 –  Systematic virtual 
evaluation of treatment 
outcome , 331–334  

 –  3D cephalometric 
landmarks , 163–203  

 –  3D Virtual Treatment 
Planning, OR template , 560  

 –   Upper dental midline 
evaluation/correction 
(step 2) , 537–538  

 –  Upper vertical incisal 
position evaluation/
correction 
(step 5) , 542  

 –  Verifi cation of the overall 
AUM , 34, 531  

 –  Virtual Natural Head 
Position ( v -NHP) , 223, 225, 
228, 534  

 –  Virtual occlusal defi nition 
 –  Non-segmental , 

239–241  
 –  Segmental , 242–244  

 –  “Yaw” , 540–541, 552  

    L 
  Long-face maxillofacial 

deformity, VME , 372–377  

    M 
  “Mandible-fi rst” sequence , 

280–281, 283–285, 287, 
291, 297, 327  

   Mandibular occlusal plane 
(Md-Occ-Pl) , 431  

   “Maxilla-fi rst” sequence , 
280–282, 284–287, 291, 
297, 306, 307, 327  

   Maxillary occlusal 
plane (Mx-Occ-Pl) , 154, 
258, 259  

   Midfacial hypoplasia 
 –  AOB , 427–430, 446–453  
 –  mandibular hyperplasia , 

454–457, 473–480  
   Multi-slice CT (MSCT) , 2, 65, 310  

    N 
  Natural head position (NHP) , 2  

 –  “ c -NHP,” 219 
 –  horizontal  c -NHP 

reference plane , 221  
 –  “Roll” movement , 224  
 –  TVL , 226  
 –  vertical  c -NHP reference 

plane , 221  
 –  “PHP,” 219 
 –  “Pitch” movement , 226  
 –  “Roll” and “Yaw” 

movements , 219, 222  
 –  “ v -NHP,” 219 

    P 
  Patient-specifi c implants (PSIs) , 

280, 301, 305–308, 327, 417  
   Planning head position (PHP) , 

102–107, 155–157, 208, 
209, 211, 212, 219, 
221–228, 231, 245, 256, 
258, 259, 261–263, 270, 
271, 273, 322, 339, 340, 
369, 482, 484, 485, 506, 
508–510, 514, 534–539  

   Point-based rigid registration , 
20, 345  

    R 
  Rapid prototyping techniques 

(RPTs) , 280–281, 286  
   Rigid registration , 20, 25, 29, 

239, 242, 354  

    S 
  Sagittal slices, systematic 

virtual evaluation 
 –  airway and cranio-cervical 

inclination , 79, 84  
 –  ethmoidal sinuses , 79, 82  
 –  frontal sinuses , 79, 83  
 –  incisal inclination, alveolar 

ridge , 79, 83  
 –  left condylar morphology 

and seating , 79, 87  
 –  left maxillary sinus , 79, 85  
 –  left orbit and bulbus 

position , 79, 85  
 –  left sagittal occlusal 

relationship , 79, 84  
 –  left vertical level of entrance 

(lingula), IAN , 79, 86  
 –  right condylar morphology 

and seating , 79  
 –  right maxillary 

sinus , 79, 81  
 –  right orbit and bulbus 

position , 79, 81  
 –  right sagittal occlusal 

relationship , 79, 82  
 –  right vertical level of 

entrance (lingula), 
IAN , 79, 80  

   Short-face maxillofacial 
deformity , 378  

   Smart fusion , 20, 21  
   Step-by-Step Quality Control 

Checklist 
 –  AUM accuracy , 531  
 –  condyles, CR , 532  

 –  soft tissue quality , 533  
   Stereo photogrammetry , 17  
   Superimposition, cranial 

base , 394, 395  
   Surface-based rigid 

registration , 20, 21, 25, 26  
   Surface rendering process , 6–8, 

11, 54, 55, 102, 330, 334  
   Surface to image registration 

(STI) , 20, 21  
   Systematic virtual diagnosis 

 –  airway , 54, 88–97, 102, 
334–335  

 –  dento-maxillo-facial 
deformity and bite 

 –  base views , 55, 57  
 –  cranial views , 55, 57  
 –  frontal view , 55  
 –  left profi le views , 55, 56  
 –  patient’s occlusion and 

dentition , 55, 58, 59  
 –  posterior views , 55, 57  
 –  right profi le views , 

55, 56  
 –  individual anatomy and 

pathology 
 –  axial slices    (see  Axial 

slices, systematic virtual 
evaluation )  

 –  coronal slices    
(see  Coronal slices, 
systematic virtual 
evaluation )  

 –  sagittal slices    
(see  Sagittal slices, 
systematic virtual 
evaluation )  

 –  3D cephalometric analysis    
(see  3D cephalometry )  

 –  3D soft and hard tissue 
representations , 54  

 –  TMJ    (see  TMJ )  
   Systematic virtual evaluation 

 –  airway , 334–335  
 –  anatomy and pathology , 330  
 –  colour distance maps 

 –  CBCT , 354–358  
 –  rigid registered 

surfaces , 354  
 –  3D photographs , 

359–361  
 –  dento-maxillo-facial 

 –  base view , 330, 333  
 –  cranial view , 330, 333  
 –  frontal view , 330, 331  
 –  posterior view , 330, 333  
 –  profi le view , 330–332  

 –  3D cephalometric analysis , 
339–344  

 –  TMJ , 336–338  

 Index



567

 –  voxel-based 
superimposition 

 –  anatomic reference 
system , 345  

 –  mutual information , 345  
 –  VOI    (see  Volume of 

interest (VOI) )  

    T 
  3D cephalometric analysis , 

339–344  
   3D cephalometric hard tissue 

and teeth (3D-VPS 
1
 ) , 108  

 –  additional landmarks 
 –  Antegonion , 153  
 –  Articulare acc. to 

Bjork , 153  
 –  Articulare acc. to 

Bolton , 153  
 –  Bolton point , 153  
 –  Bregma , 153  
 –  Coronoid process , 153  
 –  Dacryon , 153  
 –  Frontomaxillary nasal 

suture , 153  
 –  Frontotemporale , 154  
 –  Glabella , 154  
 –  Gnathion , 154  
 –  Inferior zygoma , 154  
 –  Infradentale , 154  
 –  Opisthion , 154  
 –  O-point , 154  
 –  Prosthion , 154  
 –  Sellion acc. to 

A.M. Schwarz , 154  
 –  Spheno-occipital 

synchondrosis , 154  
 –  Staphylion , 154  
 –  Supradentale , 154  
 –  Supraorbitale , 154  
 –  Temporale , 154  
 –  Vertex , 154  

 –  analysis of patient 
 –  angular 

measurements , 158  
 –  Bruges target facial 

mask    (see  Bruges target 
facial mask 3D 
cephalometric analysis )  

 –  linear 
measurements , 158  

 –  orthogonal 
measurements , 158  

 –  proportional correlation 
measurements , 158  

 –  landmark defi nitions 
 –  Anterior nasal spine 

(ANS) , 115–116  

 –  A-point (A) , 139–140  
 –  Basion (Ba) , 145  
 –  B-point (B) , 141–142  
 –  Condylion (Co) , 146–148  
 –  Frontozygomatic (Fz) 

point , 136  
 –  Gonion (Go) , 134–135  
 –  Lower incisor (LI) , 

120–121  
 –  Lower incisor apex 

(LIapex) , 124  
 –  Lower molar cusp 

(LMcusp) , 129–131  
 –  Menton (Men) , 132–133  
 –  Nasion (N) , 109–110  
 –  Orbitale (Or) , 114  
 –  Pogonion (Pog) , 

143–144  
 –  Porion (Po) , 113  
 –  Posterior nasal spine 

(PNS) , 117  
 –  Sella (S) , 111–112  
 –  Upper canine (UC) , 125  
 –  Upper incisor (UI) , 

118–119  
 –  Upper incisor apex 

(UIapex) , 122–123  
 –  Upper molar cusp 

(UMcusp) , 126–128  
 –  Zygion (Zy) point , 

137–138  
 –  landmark set-up 

 –  base view , 152  
 –  frontal view , 149  
 –  profi le left view , 151  
 –  profi le right view , 150  

 –  planes set-up 
 –  frontal views , 155  
 –  profi le right views , 156  
 –  2/3 profi le right 

views , 157  
 –  types , 154  

   3D cephalometric soft tissues 
(3D-VPS 

2
 ) 

 –  additional landmarks 
 –  eurion (eu) , 204  
 –  maxillofrontale 

(mf) , 204  
 –  opisthocranion (op) , 204  
 –  otobasion inferius 

(obi) , 204  
 –  otobasion superius 

(obs) , 204  
 –  porion (soft) (po) , 204  
 –  postaurale (pa) , 204  
 –  preaurale (pra) , 204  
 –  subaurale (sba) , 204  
 –  tragion (t) , 204  
 –  vertex (v) , 204  

 –  Bruges analysis 

 –  base view , 206  
 –  frontal view , 205  
 –  profi le right view , 206  
 –  report , 207  

 –  landmark defi nitions 
 –  alare (al) , 180  
 –  cheilion (ch) , 190  
 –  endocanthion (en) , 169  
 –  exocanthion (ex) , 170  
 –  glabella (g) , 163–164  
 –  labiale inferius (li) , 

191–192  
 –  labiale superius (ls) , 185  
 –  nostril base point (nb) , 182  
 –  nostril top point (nt) , 181  
 –  orbitale superius (os) , 173  
 –  pronasale (prn) , 

176–177  
 –  pupil (p) , 171  
 –  sellion (subnasion) 

(se) , 167–168  
 –  soft tissue gnathion 

(gn) , 199–200  
 –  soft tissue gonion 

(go) , 193–194  
 –  soft tissue nasion 

(n) , 165–166  
 –  soft tissue orbitale 

(or) , 172  
 –  soft tissue pogonion 

(pg) , 197–198  
 –  stomion inferius (st 

i
 ) , 

188–189  
 –  stomion superius (st 

s
 ) , 

186–187  
 –  sublabiale (sl) , 195–196  
 –  subnasale (sn) , 178–179  
 –  subspinale (ss) , 183–184  
 –  zygion (zy) , 174–175  

 –  landmarks set-up 
 –  frontal view , 201  
 –  profi le left view , 203  
 –  profi le right view , 202  

 –  measurements , 163  
 –  planes set-up , 163  

   3D cephalometry 
 –  patient’s hard tissues and 

teeth (3D-VPS 
1
 )    (see  3D 

cephalometric hard tissue 
and teeth (3D-VPS 

1
 ) )  

 –  patient’s soft tissues    
(see  3D cephalometric soft 
tissues (3D-VPS 

2
 ) )  

 –  3D PHP cephalometric 
reference frame , 102–107  

 –  true vertical line (TVL) , 102  
   3D photographs , 359–361  
   3D upper pharyngeal airway 

 –  segmentation , 88  
 –  subregions 

 –  anatomical boundaries, 
3D cephalometric hard 
tissue landmarks and 
planes , 88  

 –  hypopharyngeal airway , 
94  

 –  nasopharyngeal airway , 
92  

 –  oropharyngeal airway , 
93  

 –  subvolumes , 97  
 –  total volume , 95, 96  

   3D virtual augmented model 
(AUM) , 20–45, 58, 280  

   3D virtual mirroring 
 –  hard tissues of patient’s 

head , 211–213  
 –  soft tissues of patient’s 

head , 208–211  
   3D virtual occlusal defi nition 

(3D-VPS 
4
 ) 

 –  non-segmental occlusal 
defi nition 

 –  semi-virtual non- 
segmental occlusal 
defi nition , 239–241  

 –  virtual non-segmental 
occlusal defi nition , 
235–238  

 –  segmental occlusal 
defi nition , 242–244  

   3D virtual osteotomies 
(3D-VPS 

3
 ) 

 –  additional facial 
osteotomies 

 –  right inverted 
L-osteotomy , 232  

 –  right SSO with vertical 
corticotomy , 232  

 –  3D virtual bilateral 
“zygoma” osteotomies , 
233  

 –  3D virtual “chin shield” 
osteotomy , 234  

 –  3D virtual “chin wing” 
osteotomy , 234  

 –  3D virtual unilateral 
“zygoma” osteotomy , 233  

 –  two-piece Le Fort I 
midline osteotomy , 233  

 –  two-piece mandible 
midline osteotomy , 233  

 –  USSO , 232  
 –  VRO , 232  

 –  BSSO , 230  
 –  chin osteotomy , 231  
 –  Le Fort I osteotomy , 229  

   3D Virtual Scene Approach 
 –  dento-maxillo-facial 

deformity and bite 

L–T
Index
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 –  base views , 55, 57  
 –  cranial views , 55, 57  
 –  frontal view , 55  
 –  left profi le views , 55, 56  
 –  patient’s occlusion and 

dentition , 55, 58, 59  
 –  posterior views , 55, 57  
 –  right profi le 

views , 55, 56  
 –  individual anatomy and 

pathology 
 –  axial slices    (see  Axial 

slices, systematic virtual 
evaluation )  

 –  coronal slices    
(see  Coronal slices, 
systematic virtual 
evaluation )  

 –  sagittal slices    
(see  Sagittal slices, 
systematic virtual 
evaluation )  

 –  surface rendering 
and volume 
rendering , 54  

 –  3D soft and hard tissue 
representations , 54  

   3D virtual splints , 284  
 –  CAD/CAM technology , 280, 

285–290  
 –  mandible-fi rst sequence , 

280, 281, 283, 284  
 –  maxilla-fi rst sequence , 

280–284  
 –  RPTs , 280–281, 286, 287  

   3D virtual treatment 
planning 

 –  individualised treatment 
planning 

 –  clinical 
decisionmaking , 256  

 –  fi nal adjustments , 
274–276  

 –  fl aring, evaluation/
correction (“Yaw”) , 
265–267  

 –  maxillary occlusal cant 
evaluation/correction 
(“Roll”) , 257–259  

 –  overall facial symmetry/
asymmetry, virtual 
occlusal defi nition , 
263–264  

 –  patient 
communication , 273  

 –  profi le evaluation/
occlusal plane 
correction 
(“Pitch”) , 270  

 –  sagittal upper incisal 
position evaluation/
correction , 269  

 –  3D chin position 
evaluation/correction , 
271–272  

 –  upper dental midline 
evaluation/correction , 
260–262  

 –  upper vertical incisal 
position evaluation/
correction , 268  

 –  NHP    (see  Natural head 
position (NHP) )  

 –  “Pitch,” principle of 
 –  genioplasty , 255  
 –  mandibular 

surgery , 254  
 –  maxillary 

surgery , 253  
 –  occlusal plane 

modifi cation , 254  
 –  “X”-axis, rotational 

movements , 253  
 –  “Roll,” principle of 

 –  genioplasty , 250  
 –  mandibular 

surgery , 249  
 –  maxilla , 246–247  
 –  maxillary surgery , 248  
 –  “z”-axis, rotational 

movements , 248  
 –  3D-VPS 

3
  

 –  additional facial 
osteotomies , 232–234  

 –  BSSO , 230  
 –  chin osteotomy , 231  
 –  Le Fort I 

osteotomy , 229  
 –  3D-VPS 

4
  

 –  non-segmental 
occlusal defi nition , 
235–241  

 –  segmental occlusal 
defi nition , 242–244  

 –  “Yaw,” principle of 
 –  genioplasty , 252  
 –  mandibular surgery , 

251–252  
 –  maxillary surgery , 251  
 –  “Y”-axis, rotational 

movements , 250  
   3D virtual visualisation 

paradigm , 5, 46, 54, 88, 98, 
102, 103, 208, 214, 280, 
330, 334, 336, 339, 354  

   Thresholding process , 7  
   TMJ 

 –  individual condylar 2D 
coordinate system 

 –  condyles level, axial 
view , 98  

 –  multiple reconstructed 
views , 98  

 –  individual condylar 3D 
coordinate system, 
ramus-condyle-fossa unit 

 –  axial slices , 101  
 –  coronal slices , 101  
 –  individual anatomy , 99  
 –  individual angulation , 

100  
 –  sagittal slices , 101  

   Triple CBCT Scan Protocol 
 –  AUM , 21  
 –  CBCT scan N°1, wax-bite 

wafer , 22  
 –  “high-resolution” CBCT scan 

N°3, CBCT apparatus , 23  

 –  “low-dose” CBCT scan N°2, 
Triple Tray® AlgiNot TM  
impression , 22  

   Triple Tray® AlgiNot TM  
impression , 13, 14  

   True vertical line (TVL) , 102  
   True vertical plane (TVP) , 104, 

221, 226–228, 270, 273  
 –  true vertical line (TVL) , 102  

    U 
  Upper airway 3D coordinate 

system, virtual 
reorientation and 

 –  hypopharyngeal airway , 94  
 –  nasopharyngeal airway , 92  
 –  oropharyngeal airway , 93  

    V 
  Vertical maxillary excess 

(VME) , 220, 368–370, 402  
   Virtual mandibular 

autorotation , 46–51, 297, 
430, 437–439  

   Virtual modifi ed natural head 
position ( v -NHP) , 103, 
219–228, 245, 256, 369, 
379, 380, 403, 429, 456, 
482, 506, 534  

   Volume of interest (VOI) 
 –  automated 3D alignment , 

346, 348  
 –  manual rough 3D 

alignment , 346, 347  
   Volume rendering process , 6, 

10, 11, 54, 55, 59, 102, 330, 
334, 530  

   Voxel-based rigid registration , 
20, 21  

   Voxel-based superimposition 
 –  mutual information , 345  
 –  VOI    (see  Volume of 

interest (VOI) )         
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