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Orthoplastic Reconstruction of the Arms and Legs

L. Scott Levin

Orthoplastic Surgery
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Limb Salvage

Figure 1-1. Flailed bilateral lower extremities not amenable to salvage.
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a b

Figure 1-2. a) Standard below-knee prosthesis on the left, an energy-absorbing ankle on the left. b) An upper extremity myoelectric prosthesis.

a

b

c

Figure 1-3. a–c) Examples of foot filet flaps in below-knee amputation.
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a b

Figure 1-4. A transmetatarsal amputation augmented with a lateral arm free flap.
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a b

c

e

d

Figure 1-5. a–e) An example of aesthetic considerations using tissue expansion to remodel soft tissue after limb salvage.
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a
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c

d

Figure 1-6. a–d) One-stage reconstruction illustrated with solid fixation of bone with Arbeitsgemeinschaft für Osteosynthesefragen (AO, Association for the Study of 
Osteosynthesis) principles and free tissue transfer combined.

Figure 1-7. The osteocutaneous fibula in lower extremity tibia 
reconstruction.

Figure 1-8. The use of external ring fixation combined with soft tissue 
reconstruction.
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Other Applications of 
Orthoplastic Surgery

a

b

c

Figure 1-9. a–c) Osteomyelitis of the tibia with filling of the dead space with a free muscle flap after adequate sequestrectomy and split-thickness skin grafting.
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Figure 1-10. a–c) Sternal instability treated with custom plates.

a b c

The Future of Orthoplastic Surgery
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Conclusion

References
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Hand Transplants
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Table 2-2. Cases of Hand Transplantation as of January 1, 2005, 
Worldwide

Date Location Transplant Type

1963 Ecuador Unilateral
September 1998 Lyon (France) Unilateral
January 1999 Louisville (KY, USA) Unilateral
September 1999 Guangzhou (China) Unilateral
September 1999 Guangzhou (China) Unilateral
January 2000 Lyon (France) Bilateral
January 2000 Guangxi (China) Unilateral
January 2000 Guangxi (China) Unilateral
March 2000 Innsbruck (Austria) Bilateral
May 2000 Kuala Lumpur (Malaysia) Unilateral
October 2000 Guangzhou (China) Bilateral
August 2000 Monza (Italy) Unilateral
January 2001 Harping (China) Bilateral
February 2001 Louisville (KY, USA) Unilateral
October 2001 Monza (Italy) Unilateral
June 2002 Brussels (Belgium) Unilateral
November 2002 Milan (Italy) Unilateral
February 2003 Innsbruck (Austria) Bilateral
May 2003 Lyon (France) Bilateral
Total 19 patients 25 hands

Table 2-1. Number and Type of Composite Tissue Allografts Transplanted 
as of January 1, 2005, Worldwide

Hand 13 unilateral, 6 bilateral
Abdominal wall 9
Knee 3 femoral diaphysis, 5 whole knee
Flexor tendon apparatus 2
Nonvascularized nerve 7
Larynx 1
Muscle 1
Tongue 1
Trachea 2
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Abdominal Wall Transplants

Knee Transplants
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Flexor Tendon Apparatus Transplants

Nerve Transplants
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Larynx Transplants

Muscle Transplants

Tongue Transplants
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Trachea Transplants Immunosuppressive Drugs 
Currently Used in Composite 
Tissue Allograft Transplants

Immunosuppression Induction Protocols

Table 2-3. Immunosuppressive Therapy Regimens Used in Transplanting 
Composite Tissue Allografts

Maintenance 
Transplant Induction Therapy Therapy

Hand ATG Tacrolimus
Anti-CD25 MoAb MMF
Tacrolimus Prednisone
MMF
Basiliximab
Prednisone

Abdominal wall Anti-CD52 MoAb Tacrolimus
(alemtuzumab)

Daclizumab

Vascularized bone ATG CsA
CsA Azathioprine
Azathioprine
Prednisone

Nonvascularized CsA or tacrolimus CsA or tacrolimus
nerve Azathioprine Azathioprine

Prednisone Prednisone

Vascularized tendon CsA CsA

Nonvascularized CsA CsA
trachea MMF MMF

Larynx OKT3 CsA or tacrolimus
CsA MMF
MMF Prednisone

Muscle ATG CsA
Prednisone

ATG  antithymocyte globulins
MMF  mycophenolate mofetil
CsA  cyclosporine A
OKT3  anti-CD3 antibody
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Table 2-4. Immunosuppressive Drugs used in Transplanting Composite Tissue Allografts

Drug Mechanism of Action

Lymphocyte-Depleting Agents
Antithymocyte globulins/Antilymphocyte globulin (ATG/ALG) Binds multiple antigens on lymphocytes and causes complement mediated lysis and opsonization
Anti-CD3 antibody (OKT3) Blocks T-cell CD3 receptor and causes complement mediated lysis and opsonization

Interleukin-2 Receptor Antagonists
Daclizumab Binds Interleukin-2 receptor and down-regulates
Basiliximab Binds Interleukin-2 receptor and down-regulates

Cytokine Gene Expression Blockers
Steroids Blocks the transcription of cytokine genes

Nonspecific actions to decrease immune reactivity

Calcineurin Inhibitors
Cyclosporine Inhibits calcineurin, and Interleukin-2 production
Tacrolimus (FK-506) Inhibits calcineurin, and Interleukin-2 production

Antiproliferative Agents
Mycophenolate mofetil (MMF) Blocks de novo purine synthesis
Azathioprine Blocks synthesis

TOR (Target of Rapamycin) Inhibitor
Sirolimus Blocks IL-2–induced cell cycle progression

X X

X
X

X

X

XX

X

Antigen
Presenting

Cell

Glucocorticoids

OKT3

TCR-CD3
Engagement to APC

CsA/Tacrolimus

Sirolimus

IL-2 receptor expression
on T cells

IL-2 binding
to IL-2 receptor

T cell
G1 phase

T cell
G0 phase

IL-2 release

IL
-2 receptor signal

IL-1, IL-6 release

ATG

T cell depletion

T cell
M phase T cell

G2 phase

T cell
S phaseT cell

differentiation

MMF/AZA MMF/AZA

Sirolimus

T cell proliferation

Basiliximab
Daclizumab

Figure 2-1. Mechanisms and sites of action of different immunosuppressive drugs
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Immunosuppression Maintenance Protocols

Treatment of Acute Rejection
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Conclusion
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Principles of Intrinsic Flap Design

a b

Common
palmar
digital
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Radial
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Thumb
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Figure 3-1. (a) Arterial anatomy of the palm. (b) Dorsum of the hand.
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Classification of Intrinsic Flaps

Traditional Flaps

Cross-Finger Flaps

Size
Location
What is missing?

Free flaps
Distant pedicle flaps

Flap characteristics:

Availability of
flap options

Flap selection

Design of the flap

Qualities of
tissue needed
in the flap
Size of the flap, etc.

Personal profile

Donor site considerations

Reconstruction with
local means possible

Yes No

Figure 3-2. Algorithm for analyzing a defect before designing any flap.2

Palmar digital
nerve

Digital
nerve

Digitally
based

C-ring flap 

Proximally based 
C-ring flap 

Figure 3-3. Steps in elevating the C-ring digital flap.
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Reverse Cross-Finger Flaps

a

b

c

d e

Intact
skin
island Defect

Reversed flap covering
recipient defect and
reconstructing avulsed
eponychial defect

Thin full-
thickness
skin graft

Originally elevated
thin full-thickness
skin flap covering
donor defect

Elevated thin
full-thickness
skin flap

Elevated full-thickness
subcutaneous flap with
intact skin island

No tie-over dressing on
skin graft covering
reversed surface
of reverse cross
finger flap

Tie-over dressing on donor
area skin coverage

Figure 3-4. Reversed cross-finger flap.3



Advanced Concepts in Vascularized Tissue Transfer in the Hand 27

a

b

c

Dorsal tissue loss

Dermo-epidermal flap Subcutaneous flap

Grayson’s ligament

Cleland’s ligament

Areas of pedicle release

Split thickness skin graft

Figure 3-5. Homodigital adipofascial palmar flap. (Voche P, Merle M. The homodigital subcutaneous flap for cover of dorsal finger defects. Br J Plast Surg. 1994;47(6): 
435–439. Copyright (1994), with permission from The British Association of Plastic Surgeons.) 

Variations of Random-Pattern Flaps

Flaps With Axial-Pattern Perfusion
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Antegrade and Retrograde Homodigital 
Artery Flaps

Heterodigital Island Flaps

Heterodigital, Reversed Neurovascular 
Island Flaps

Retrograde
pedicle
design

(Homodigital
island flap)

Figure 3-6. Design of a reverse homodigital artery flap.1
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Thenar Flaps Based on the Superficial Palmar 
Branch of the Radial Artery

Figure 3-7. (above) Preoperative injury. Extensive injury to the radial side of the 
palm with damage to the radial digital artery of the index finger precludes har-
vesting the heterodigital arterialized flap from the ulnar side of the index finger, 
as this would risk necrosis of the donor finger. As the flap came from the noncon-
tiguous side of the ring finger, vein division was necessary to facilitate transfer of 

the flap. (below) Postoperative healing. Both the flap and the full-thickness skin 
graft have healed well. (Tay SC, Teoh LC, Tan SH, et al. Extending the reach of the 
heterodigital arterialized flap by vein division and repair. Plast Reconstr Surg.
2004;114(6):1450–1456.)
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Hypothenar Flaps Based on the Ulnar Palmar 
Digital Artery

a b c

Figure 3-8. Variations of the superficial palmar branch of the radial artery. (Schmidt HM, Lanz U. Chirurgische Anatomie der Hand, New York: Georg Thieme Verlag, 
2003.)

Superficial
palmar
branch

Radial
artery

Ulnar
artery

Superficial
palmar arch

Figure 3-9. Schematic drawing of a reverse flap from the thenar area. The super-
ficial palmar branch of the radial artery connects to the superficial palmar arch, 
which enables reverse-flow island flaps to cover palmar defects.
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Extended Dorsal Metacarpal Artery Flaps

Figure 3-10. Arterial anatomy of the little finger. (Schmidt HM, Lanz U. Chirur-
gische Anatomie der Hand. New York: Georg Thieme Verlag, 2003.)

Figure 3-11. Diagram of the reverse ulnar hypothenar flap. The flap is designed 
over the distal half of the ulnar aspect of the hypothenar eminence. UPDA  ulnar 
palmar digital artery; PP  pivot point of the reverse flap; SPA  superficial palmar 
arch; DUN  dorsal branch of the ulnar nerve. (Omokawa S, Yajima H, Inada Y, 
et al. A reverse ulnar hypothenar flap for finger reconstruction. Plast Reconstr Surg.
2000;106(4):828–833.)

Flaps Based on the Dorsal Metacarpal Network
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Composite Dorsal Metacarpal Artery Flaps

Figure 3-12. Vascular network supplying dorsum of the hand: (1) rete carpi
dorsale, (2) dorsal carpal arch, (3) dorsal metacarpal artery (DMCA), (4) junctura
tendineae, (5) cutaneous perforator from DMCA, (6) continuation of DMCA to join
the confluence of common digital artery and digital arteries, (7) lateral terminal
branches of DMCA anastomosing (C) with dorsal branches of digital artery,
(8) deep palmar arch, (9) proximal communication perforator between DMCA
and palmar metacarpal artery (PMCA), (10) superficial palmar arch, (11) PMCA,

(12) distal communicating perforator between DMCA and PMCA, (13) common
digital artery, (14) digital artery to the neighboring finger, (15) digital artery to
the same finger, (a-d) dorsal branches of the digital artery.(Vuppalapati G, Oberlin
C, Balakrishnan G. Distally based dorsal hand flaps: clinical experience, cadaveric
studies and an update. Br J Plast Surg. 2004;57(7):653–667. Copyright (2004),
with permission from The British Association of Plastic Surgeons.)

Figure 3-13. Extended reverse dorsal
metacarpal artery flap.  (Vuppalapati G,
Oberlin C, Balakrishnan G. Distally based
dorsal hand flaps: clinical experience, cadav-
eric studies and an update. Br J Plast Surg.
2004;57(7):653–667. Copyright (2004),
with permission from The British Associa-
tion of Plastic Surgeons.)
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Free “Kite” Flap

Venous Flaps

Vascularized Bone Grafts

Figure 3-14. Composite reverse dorsal 
metacarpal artery flap. (Vuppalapati G, 
Oberlin C, Balakrishnan G. Distally based 
dorsal hand flaps: clinical experience, cadav-
eric studies and an update. Br J Plast Surg. 
2004;57(7):653–667. Copyright (2004), 
with permission from The British Associa-
tion of Plastic Surgeons.)
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Figure 3-15. Free kite flap. a. Defect on the palmar aspect of the index finger. Both flexor tendons and the neurovascular bundles are exposed.9 b. Results intraop-
erative and c) postoperative.9 d. Follow-up 40 months with a good aesthetic result.9

dc

a b
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Modifications of Vascularized Bone Grafts

dSRa

4th EC br
of 5th ECA

5th ECA

4th ECA

ODA distal ulna

UA

pAnt Int A

2nd EC br
of 2,3 IC SRA

2,3 IC SRA

1,2 IC SRA

dRCa

dICa

2nd EC br
of 1,2 IC SRA

Post Int A

Ant Int A
aAnt Int A

RA

Figure 3-16. Dorsal distal radius and ulna showing extraosseous vessels. aAnt 
Int A  anterior division of the anterior interosseous artery; Ant Int A  anterior 
interosseous artery; dlCa  dorsal intercarpal arch; dRCa  dorsal radiocarpal arch; 
dSRa  dorsal supraretinacular arch; 2nd EC br of 1,2 IC SRA  second extensor 
compartment branch of 1,2 intercompartmental supraretinacular artery; 2nd EC 
br of 2,3 IC SRA  second extensor compartment of 2,3 intercompartmental 
artery; 4th EC br of 5th ECA  fourth extensor compartment branch of fifth exten-
sor compartment artery; 4th ECA  fourth extensor compartment artery; 5th ECA 

 fifth extensor compartment artery; 1,2 IC SRA  1,2 intercompartmental 
supraretinacular artery; 2,3 IC SRA  2,3 intercompartmental supraretinacular 
artery; ODA, distal ulna  oblique dorsal artery of the distal ulna; pAnt Int A 
posterior division of the anterior interosseous artery; Post Int A  posterior inter-
osseous artery; RA  radial artery; UA  ulnar artery.1
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Summary

Figure 3-18. Intraoperative view: the 4th extensor compartment artery
(ECA) is ligated distal to the bone graft and centered proximal to the radiocar-
pal joint margin. It is elevated, including the overlying 4th ECA, based on an
orthograde 4th ECA pedicle with retrograde flow from the 5th ECA.1

Figure 3-17. Vascularized pedicle bone graft based on the 1,2 intercompart-
mental supraretinacular artery.The incision is curvilinear, allowing wide exposure
for scaphoid vascular bone graft elevation and osteonecrosis visualization.1

S
R

1,2 IC SRA

RA
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“Microvacuola” and the Microvacuolar 
Collagenic-Absorbing System

a b

c

Figure 4-1. a) Traction on the paratendon 
during surgery. b) Searching for an epi-
tendinous plane. c) Network between the 
tendon and the peripheral system: the 
MVCAS. (A.D.F. Video-Productions with 
special permission)
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Microvacuola

Figure 4-2. MVCAS under the electron 
microscope. a) Histological and collagenous 
continuity between the epitendon and 
MVCAS. b) Sketch of this organization, in 
vacuoles. c) 3D tissue supports. d) 3D 
vacuola. (A.D.F. Video-Productions with 
special permission)
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Microvacuola Biomechanical Behavior: 
A Dynamic Absorbing System



Subcutaneous Tissue Function: The Multimicrovacuolar Absorbing Sliding System in Hand and Plastic Surgery 45

Figure 4-3. Notion as “combined trans-
mitted and absorbed stress.” Tension is 
applied to the link, the adjacent element 
undergoes tension and decreases in size 
little by little until deformation occurs. All of 
the component parts then turn so as to be 
oriented as far as possible in the direction of 
the applied force. (A.D.F. Video-Productions 
with special permission)
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Figure 4-4. MVCAS and physiopatholo-
gies. (A.D.F. Video-Productions with special 
permission)
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a

b c d

Figure 4-5. a) The MVCAS disappears in 
its basic network under mechanical con-
straint and adapts to the new situation 
with a megavacuola response. b) Different 
MVCAS distributions in the common carpal 
sheath. c) The digital canal is an efficient 
adaptation of the MVCAS as a megavacu-
ola with vincula: type III. d) A proposed 
new layout of the sliding sheaths in 
the finger flexor system. (A.D.F. Video-
Productions with special permission)
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a

b

Figure 4-6. Vascularization is continuous 
and permanent. a) Tendons are not hypo-
vascular. Like every organ, vascularization is 
adapted to its function. b) Bleeding of the 
flexor profundus at A3 pulley level. (A.D.F. 
Video-Productions with special permission)
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1st stage 2nd stage

3rd stage 4th stage

Figure 4-7. The transfer of a sliding flexion 
unit composed of a flexor tendon and its 
surrounding sheaths in a reverse island 
pedicled manner. 1st stage: Mesotendon 
identification. 2nd stage: Section of FSIVth 
flexor sublimis of the ring finger and ulnar 
pedicle. Island ulnar tendon transfer iso-
lated. 3rd stage: Insertion of the island trans-
fer into digital zone. 4th stage: Tendon 
sutures outside of the No Man’s Land and 
pulley reconstruction. (A.D.F. Video-
Productions with special permission)
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1st stage 2nd stage

3rd stage 4th stage

Figure 4-8. 1st stage: The mesotendon 
and ulnar artery branches. Flexor superficia-
lis section at the tendinomuscular junction 
and at the level of decussation. 2nd stage: 
The flexion sliding unit after revasculariza-
tion. 3rd stage: Forward translation of the 
sliding unit transfer. 4th stage: Before 
inserting and pulley reconstruction. (A.D.F. 
Video-Productions with special permission)
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a b c

d

fe g

Figure 4-9. a) Diagram of the different 
vascular branches emerging from the ulnar 
artery before Guyon’s canal entrance. Bone, 
skin, flexor tendons. b) Ulnar artery dissec-
tion before Guyon’s canal entrance. c) A 
bayonet-shaped incision including an 
outline of the skin flap is traced on the 
medial side of the forearm. d) Raising of the 
composite flexor tendon and skin flap island 
transfer for tendon repair and digital palmar 
resurfacing. Before and after tourniquet 
release. e) Other multiple combinations: 
combined island flexor superficialis tendon 
and palmaris longus transfer for flexor and 
pulley reconstruction. f) The double flexor 
tendons and double skin flaps transfer. 
g) The composite skin, flexor tendon, and 
bone transfer. (A.D.F. Video-Productions 
with special permission)
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Results of Tendon Reconstruction
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Human Allotransplant of a Digital 
Flexor System Vascularized on 
the Ulnar Pedicle

Transplantation Technique

Conclusion
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a

c

b

d

Figure 4-10. Flexor tendon unit allotrans-
plantation program. a) A monoflexor super-
ficialis allotransplant after tourniquet 
release. b) A bi flexor superficialis and pro-
fundus allotransplant after milking and 
washing, to be placed in a sterile refriger-
ated container. c) Layout of the allotrans-
plant before inserting. d) Insertion and 
anastomoses. (A.D.F. Video-Productions 
with special permission)
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Table 5-1. Results of Studies Treating Diabetic Neuropathy with Posterior 
Tibial Nerve Decompression

Patients Nerves Patients Improved (%)
Study (n) (n) Pain Sensibility

1992, Dellon12  31  32 85 72
1995, Wieman13  33  26 92 72
2000, Caffee14  58  36 86 50
2000, Aszmann15  16  12 NA 69
2001, Tambwekr16  10  10 80 70
2003, Wood17  33  33 90 70
2004, Biddinger18  15  22 86 80
2004, Valdivia19  60  60 85 85
2004, Lee29  46  46 92 92
2005, Steck32  25  25 84 72
2005, Rader89  49  49 90 72

Total 376 351 88 78

NA  not available
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Figure 5-1. Decompression of the four medial ankle tunnels. a) The medial 
ankle region contains the tibial nerve, which passes through four discreet 
anatomical tunnels, each of which must be decompressed. The tarsal tunnel itself 
is opened by dividing the flexor retinaculum to expose the tibial vessels and 
the tibial nerve. In this region, high origins of the calcaneal nerve are identified, 
and a high division of the tibial nerve is identified, if present. In this region, the 
tibial nerve is neurolyzed internally, if needed, and sympathetic innervation of 
the tibial artery can be disrupted. b) The abductor hallucis brevis muscle is 
retracted (not divided) after incising its superficial fascia. In 50% of patients, a 

small branch from the medial plantar nerve innervating the skin of the heel-arch 
region is present and is preserved. When the muscle is retracted, the thick fascia 
providing the roof of the medial and lateral plantar tunnels is identified. c) The 
roof of the medial plantar tunnel has been incised, and the roof of the lateral 
plantar tunnel is being incised. d) The septum between the two tunnels has been 
cauterized and is being incised to permit the removal of this “T” shaped structure, 
releasing the medial and lateral plantar nerves into the plantar aspect (porta 
pedis) of the foot. e) The incised calcaneal tunnel is shown, and the “T” structure 
is being removed.



58 Tissue Surgery

Nerve Reconstruction

Nerve Allografts

Table 5-2. Results of Studies Treating Neuropathy of Unknown Cause 
with Posterior Tibial Nerve Decompression

Patients Nerves Patients Improved (%)
Study (n) (n) Pain Sensibility

2004, Valdivia19  40  40 90 80
2004, Lee21  40  40 80 80
2005, Steck32  26  26 88 68

Total 106 106 85 72
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Nerve Conduits

Figure 5-2. Use of nerve allograft to reconstruct a peripheral nerve defect. The 
pale segment of nerve in the center is the allograft, sutured to the recipient’s 
common peroneal nerve to the right, with connection to the sciatic nerve’s 
common peroneal nerve component to the left. The patient recovered foot dorsi-
flexion and sensation to the dorsum of the foot. (Courtesy of Michael Rose, MD, 
and Andrew Elkwood, MD, Short Hills, New Jersey)
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Table 5-3. Reports of Clinical Applications of the Neurotube

Peripheral Nerve Reconstructed
Report Date of

Sensory Nerve: Arm
Digital and Median at the Wrist47 1990
Digital45 2000
Digital49 2003

Sensory Nerve: Foot50 2001

Cranial Nerves: Sensory
V (inferior alveoloar)51 1992

Cranail Nerve: Motor
VII (facial)52 2005
XI (spinal accessory)53 2005

Figure 5-3. Reconstruction of the neuroma-in-continuity of the median nerve 
in the forearm of a 37-year-old man. Previous primary repair was unsuccessful. 
a) Resection of the neuroma showing the 3-cm gap in the median nerve. The 
tourniquet is inflated. b) Interfascicular reconstruction of the defect with four, 
2.3-mm-diameter Neurotubes, each 4 cm long.

Figure 5-4. Reconstruction of the median and ulnar nerve at the level of the 
brachium 18 months ago in a 51-year-old man. Note the recovered bulk of the 
forearm muscles. Electromyographic evidence of reinnervation of the flexor carpi 
radialis, flexor profundus, flexor superficialis, pronator, and flexor carpi ulnaris was 
obtained. Sensation was recovered in the fingertips with two-point discrimination 
and good localization 24 months after the Neurotube reconstruction. Two tubes 
were placed for the ulnar nerve and three for the median nerve. (Courtesy of 
A. L. Dellon, MD.)
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Partial Joint Denervation

Table 5-4. Partial Joint Denervation: Relationship of Joint to its Innervation

Denervation
Painful Anatomic Site Nerve Innervating Site Described

Wrist, Dorsal Posterior interosseous, 197856 Dellon, 198557

Wrist, Volar anterior interosseous, 198458 Dellon, 198458

Knee medial & lateral retinacular, 199461 Dellon, 199562

Sinus Tarsi deep peroneal nerve, 200164 Dellon, 200265

Shoulder, Anterior lateral thoracic, 199566 Dellon, 200367

Elbow, Lateral Epicondyle Posterior brachial cutaneous nerve, 196283 DeJesus, 200484

Elbow, Medial Epicondyle br. to medial epicondyle, 200485 Dellon, 200486

Temporomandibular Joint auriculotemporal & br. of masseteric, 200368 Dellon, 200580
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Figure 5-5. The anterolateral ankle has a space described as the sinus tarsi that 
is illustrated in a) and b). In a), the deep peroneal nerve is shown innervating the 
extensor brevis muscle, and in b), the sinus tarsi is identified by the black arrow. 
In c), the deep peroneal nerve is shown innervating the sinus tarsi proximal to its 

innervating the brevis. Its terminal branch to the dorsal first webspace is also 
shown. In d), the deep peroneal nerve is resected through an approach in the 
lateral leg, to denervate the sinus tarsi.

a

c d

b



Innovations in Peripheral Nerve Surgery 63

Figure 5-6. Characteristics of recovery from different surgeries for sinus tarsi 
syndrome.

Figure 5-7. Innervation of the anterior shoulder capsule from a branch of the 
lateral pectoral nerve (arrow). Because this nerve crosses the coracoid, it is the site 
for a nerve block.
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Figure 5-8. Technique for nerve block of the anterior shoulder capsule. a) Identifying the coracoid as a site of pain and b) doing the nerve block. c) The site before 
surgery and d) after a successful block, establishing that this nerve was the source of shoulder pain.

a b

c d
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Figure 5-9. Intra-operative view of a nerve to the anterior shoulder capsule. 
a) The incision on the right shoulder of a patient who had a previous 
open-shoulder surgery. b) A nerve to the anterior shoulder capsule adjacent to 
vessels.
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Figure 5-10. Results of anterior shoulder 
denervation. A typical patient pre-
operatively and 6 months after surgery, 
showing increased range of motion.
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nerve. c) After resection of the auriculotemporal nerve, its proximal end is placed 
deep to the mandibular ramus (dark hole and arrow). The specimen is lying on the 
cheek skin. d) The branch of the masseteric nerve to the joint capsule is approa-
ched by elevating the masseter from the mandibular ramus (white area) and then 
grasping the nerve with a right-angle clamp, reaching behind the condyle.

Figure 5-11. Denervation of the temporomandibular joint (TMJ). a) Preopera-
tive view of the TMJ outlined with innervation, from the auriculotemporal nerve 
to the lateral and the masseteric nerve to the medial side of the joint capsule. 
b) Intra-operative view, with the blue vessel loop on a facial nerve branch (note 
nerve stimulator in use) and white vessel loop on branch of auriculotemporal 

a b

c d
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Endoscopic and Minimally Invasive 
Hand Surgery
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Carpal Tunnel Syndrome

Figure 6-1. Instruments for endoscopic nerve decompression: tunneling forces 
(top middle), speculum (bottom right), endoscope with dissector on tip (bottom 
left).
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Figure 6-2. Incision for the “author’s preferred method,” as described in Green’s 
hand surgery textbook.5

Figure 6-3. Small incision for minimally invasive, open carpal tunnel surgery. 
The motor branch of the median nerve has been dissected.
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Figure 6-4. a) Tunneling with the needle holder (see text). b) Speculum inserted for viewing the undivided part of the flexor retinaculum and forearm fascia.

Figure 6-5. “Endoscopic” view with speculum. a) The undivided part of the flexor retinaculum and forearm fascia are clearly visible, as are the blades of the speculum. 
b) The flexor and adjacent forearm fascia completely divided.
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Pronator Syndrome

Figure 6-6. Skin incision for a minimally invasive approach to pronator tunnel 
release.
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Figure 6-7. a) Exposure of the forearm fascia in a direct approach to dissecting the median nerve. b) Further direct dissection of the median nerve (left distal).The
muscular nerve branches, and first fibrous arcade are distal to the nerve.

Figure 6-8. Endoscopic view of the fibrous arcade in the proximal pronator
tunnel.

Figure 6-9. Fibrous arcade in the distal part of pronator tunnel a) before and
b) after endoscopic release.



Cubital Tunnel Syndrome

Anterior Interosseus Syndrome
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Figure 6-10. Endoscopic view of the anterior interosseus nerve branching off 
median nerve and crossing under the tendinous edge (right).

Figure 6-11. Endoscopic view of the flexor digitorum superficialis arc before 
division.
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Figure 6-12. Retrocondylar dissection of the ulnar nerve through a small inci-
sion. The nerve is always identifiable by the vasa nervorum.
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Figure 6-13. Distal tunneling of the cubital tunnel (see text).

the first part of the flexor carpi ulnaris (FCU) fascia. d) Osborne’s ligament and the 
first part of the FCU fascia released. The scissors blades are under the first fibrous 
arcade between the two heads of the FCU.

Figure 6-14. a) Speculum inserted for initial viewing of the distal cubital tunnel. 
b) Ulnar nerve entering the cubital tunnel under Osborne’s ligament (cubital 
retinaculum). c) Speculum view of scissors about to cut Osborne’s ligament and 

a c

b d
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Figure 6-15. Endoscopic dissection 10 cm to 12 cm from the ulnar epicondyle. Figure 6-16. Dissecting scissors “en route,” dividing the superficial forearm 
fascia 8 cm to 10 cm from the retro-condylar groove. A tiny nerve, identifiable by 
the vasa nervorum, crosses fascia distal from the scissors.

Figure 6-17. Magnified endoscopic view of nerve branches in the cubital tunnel.
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Figure 6-18. The 3rd fibrous arcade at the distal end of the cubital tunnel 
about 9 cm from the retro-condylar groove. The two layers of dissection are shown: 
the superficial fascia already split, and the arcade close to the nerve before 
release.

Figure 6-19. a) Cadaver dissection of the ulnar nerve in the cubital tunnel showing fibrous thickening around the nerve. b) “Anterior transposition” of the ulnar nerve 
demonstrating the possibility of a new nerve compression and kinking against the cut edge of the fascia and fibrous arcade.
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Tennis Elbow (Including Radial 
Tunnel Syndrome)

Figure 6-20. Incision, following the skin crease, for a minimally invasive 
approach to the peri-epicondylar area and radial tunnel of the posterior 
interosseus nerve.
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Figure 6-21. Insertion of the speculum (blade length, 11 cm) for viewing the 
peri-epicondylar area.

Figure 6-22. a) Endoscopic view of the peri-epicondylar area. The lateral epicondyle and extensor tendon origins are visible. b) The peri-epicondylar area after release 
of the extensor tendon origins.
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Radial Sensory Nerve Compression

Figure 6-23. Dissection of RSN through a small incision on the forearm.

Figure 6-24. Endoscopic view of a partially divided fascia between the 
tendons of brachioradialis (right) and the extensor carpi radialis longus muscles 
(left). 
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The Evolution of Perforator Flaps
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Perforator Flap Surgery

Figure 7-1. a,b) Preoperative pictures of a middle-aged woman with invasive ductular breast carcinoma of the left breast, immediately after open biopsy through a 
supra-areolar scar. c) Intraoperative picture (right  cranial; left  caudal) of the dissection of a lateral perforator of the left rectus abdominis muscle between the 
umbilicus and the pubis. The fat of the flap, seen in the top of the picture, is folded medially; the deep (rectus) fascia (bottom of the picture) and muscle are split; and 
the deep inferior epigastric vessels are dissected from in between. The perforator has been isolated (white arrow), as well as the medial and lateral branches of the 
motor nerves (black arrows). Wide exposure and a bloodless field are the keys to success. d,e) Postoperative images after skin-sparing mastectomy, immediate autolo-
gous breast reconstruction with a DIEAP flap, nipple reconstruction, and areolar tattooing.
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Types of Perforator Flaps
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Ischemia Reperfusion Injury

The Delay Procedure
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Classic Local Ischemic Preconditioning 
(“Preclamping”)

Remote Ischemic Preconditioning

Figure 8-1. A noninvasive tourniquet (Martin, Tuttlingen, Germany) applied to 
the hind limb of a rat to induce ischemia.
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Figure 8-2. Clamping the femoral artery is 
as effective at preconditioning the flap as a 
noninvasive tourniquet applied to the rat 
hind limb followed by 30 minutes limb 
reperfusion.27 Average flap necrosis was 
68.2% ( 18.1%) in the control group (CG), 
11  8.38% in the preclamping group (PG), 
12.5  5.83% in the femoral ischemic group 
(FG), and 24  11.75% in the tourniquet 
group (TG). All preconditioned animals had 
a significantly smaller area of flap necrosis 
than did the control animals (*p < 0.001 vs. 
CG). The differences between PG, FG and TG 
groups were not significant.
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Figure 8-3. Both classic and remote acute 
ischemic preconditioning improve microcir-
culation of muscle flaps after ischemia in a 
rat model.47 Capillary flow results; capillary 
flow was significantly higher in the groups 
with classic ischemic preconditioning (cIP) 
and remote ischemic preconditioning (rIP) 
than in the control group (p < 0.02). The 
difference within the groups cIP and rIP was 
not significant.
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The Role of Nitric Oxide in Preconditioning

Figure 8-4. Leukocyte count. A signifi-
cantly lower number of permanent adher-
ing leucocytes (stickers) was observed in 
both the preconditioned groups cIP and rIP, 
compared to the control group (p < 0.01).
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Advances in Facial Aesthetic Surgery: New Approaches to 
Old Problems and Current Approaches to New Problems

James E. Zins and Andrea Moreira-Gonzalez
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Figure 9-1. a) Preoperative view of 43-year-old woman with eyebrow ptosis treated by endoscopic subperiosteal browlift using the cortical tunnel technique for
fixation, a cheeklift, and submental liposuction. b) The patient 1 year later.

a b
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Midface Correction
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Perioral Rejuvenation

Figure 9-2. a) Preoperative view of a 52-year-old woman who underwent an endoscopically assisted cheeklift, with a combined intraoral incision and spanning sutures 
from the intraoral soft tissues to the temporalis fascia proper. b) The patient 1 year later.

a b
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Figure 9-3. The gull-wing excision at the 
base of the nose to shorten the upper lip and 
lip-lift procedure by direct excision of skin 
above the vermilion-cutaneous junction. 
(Reprinted from Plastic Surgery 2/e, Mathes 
SJ, chapter: Face Lift (Lower Face): Current 
Techniques by Fardo D, Zins JE, Nahai F, 
©2005 Elsevier Inc. With permission from 
Elsevier.)
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Figure 9-4. a) Corner of the lip lift per-
formed by marking the commissure. 
b) Drawing a line from the commissure 
11 mm long medially along the vermilion-
cutaneous junction and drawing a second 
line from “A” laterally toward the top of the 
ear. These lines create a triangle with the 
apex of the triangle at “A” and the base at 
“B-C.” The vertical distance from “A” is 5 mm
for minimal lip elevation, 7 mm for moder-
ate elevation (most common), and 9 mm
for high elevation. (Reprinted from Plastic 
Surgery 2/e, Mathes SJ, chapter: Face Lift 
(Lower Face): Current Techniques by Fardo D, 
Zins JE, Nahai F, ©2005 Elsevier Inc. With 
permission from Elsevier.)

Figure 9-5. a) Preoperative view of a 59-year-old woman with downturned corners of the mouth. b) The patient 1 year later.
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The Neck

a b

Figure 9-6. a) Preoperative view of a 68-year-old woman who underwent a facelift and perioral phenol-croton oil peel using 50% phenol and 1.1% croton oil. b) The 
patient 1 year later. (Reprinted from Plastic Surgery 2/e, Mathes SJ, chapter: Face Lift (Lower Face): Current Techniques by Fardo D, Zins JE, Nahai F, ©2005 Elsevier Inc. 
With permission from Elsevier.)
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a b

Figure 9-7. An anterior lipectomy and platysmaplasty. a) Platysmaplasty completed through a submental incision. The dotted line indicates the extent of dissection. 
b) Postauricular incision for access to the posterior neck.
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Figure 9-8. Preoperative a) frontal and b) lateral view of a 63-year old woman with moderate skin laxity. c) Frontal and d) lateral view of the patient 6 months after 
anterior lipectomy and platysmaplasty.
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Figure 9-9. Preoperative a) frontal and b) lateral view of a 50-year old woman with substantial submental and submandibular fat and mild skin laxity. c) Frontal and 
d) lateral view of the patient 6 months after anterior lipectomy and platysmaplasty.
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Postbariatric Surgery
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Figure 9-10. Preoperative a) frontal and b) lateral view of a 76-year-old man who underwent direct skin excision of the neck with Z-plasty and platysmaplasty. 
c) Frontal and d) lateral view of the patient 6 months after anterior lipectomy and platysmaplasty.
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Correcting Lipodystrophy in 
HIV/AIDS Patients

a b

Figure 9-11. a) Preoperative view of a 58-year-old woman who recently lost 110 pounds. b) The patient 1 year after a facelift, secondary direct excision of the 
nasolabial folds, and CO2 laser resurfacing of the scars. (Reprinted from Plastic Surgery 2/e, Mathes SJ, chapter: Face Lift (Lower Face): Current Techniques by Fardo D, Zins 
JE, Nahai F, ©2005 Elsevier Inc. With permission from Elsevier.)
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Figure 9-12. Preoperative a) frontal and b) lateral view of a 35-year-old [[man/woman]] with HIV-associated lipodystrophy characterized by submental and subman-
dibular fat excess and peripheral wasting after highly aggressive antiretroviral therapy (HAART). c) Frontal and d) lateral view of the patient 6 months later.
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Clinical Applications of Composite 
Tissue Allografts

Facial Allograft Transplantation
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Technical Feasibility and Applicability

Experimental, Vascularized Nonfacial 
 Skin Allografts
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Experimental Facial Allograft Transplantations
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Figure 10-1. The full-facial allograft trans-
plantation model across a major histocompat-
ibility barrier. Preoperative views of the donor 
rat showing markings of the facial skin flap, 
the dorsal surface a and the ventral surface b. 
Preoperative views of the recipient rat showing 
markings of the skin to be excised before the 
donor facial skin transplant inset, the dorsal 
surface c and the ventral surface d. (Reprinted 
from Siemionow MZ, Agaoglu G. Allotrans-
plantation of the Face: How Close Are We? 
Clinics in Plastic Surgery, Volume 32 (in press). 
Copyright 2005, with permission from 
Elsevier.)

a

c

b

d

Figure 10-2. The full-facial allograft trans-
plantation model. Late post-transplant views 
of face allograft recipient on low-dose of 
cyclosporine A monotherapy at day 200 
showing no signs of rejection. a) The frontal 
view. b) The lateral view. (Reprinted from 
Siemionow MZ, Agaoglus G. Allotransplanta-
tion of the Face: How Close Are We? Clinics in 
Plastic Surgery, Volume 32 (in press). Copy-
right 2005, with permission from Elsevier.)

a b
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ate post-transplant view of the hemiface allograft recipient c). The recipient 
of hemifacial allograft 200 days after transplant shows no signs of rejection 
on a low maintenance dose of cyclosporine A monotherapy d).

Figure 10-3. The hemi-facial allograft transplantation model. Preoperative 
view of the donor Lewis-Brown Norway rat showing markings of the facial 
skin flap a). Preoperative view of the recipient Lewis rat showing marking of 
the skin to be excised before the skin flap inset from the donor b). Immedi-

a b

c d
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Immunosuppressive Strategies in 
Composite Tissue Allograft Transplants
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c) Elevation of the flap showing arterial network of the flap. 1) The 
common carotid artery. 2) The external carotid artery. 3) The superficial temporal 
artery. 4) The facial artery. 5) The lower border of mandible. (Reprinted from 
Siemionow MZ, Agaoglu G. Allotransplantation of the Face: How Close Are We? 
Clinics in Plastic Surgery, Volume 32 (in press). Copyright 2005, with permission 
from Elsevier.)

Figure 10-4. Dissection of the facial-scalp flap. a) After marking the 
vascular structure of the flap. b) Through a midline incision, the flap was elevated 
in the subplatysmal plane, including external jugular vein in the flap. (Siemionow 
MZ, Unal S, Agaoglu G, et al. What are alternative sources for total facial defect 
coverage? A cadaver study in preparation for facial allograft transplantation 
in humans. Plastic and Reconstructive Surgery (PRS-D-04-00324, in press) 2005.)

a b

c

Figure 10-5. a) Harvested total facial-scalp flap. b) Harvested facial flap without scalp. (Siemionow MZ, Unal S, Agaoglu G, et al. What are alternative sources for total 
facial defect coverage? A cadaver study in preparation for facial allograft transplantation in humans. Plastic and Reconstructive Surgery (PRS-D-04-00324, in press) 
2005.)

a b
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a b

Figure 10-6. Outline of the percentage of the conventional flaps that covers the surface area of a) a total facial scalp defect and b) a facial defect without scalp.

Experimental Immunosuppressive Protocols
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Clinical Immunosuppressive Protocols
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Psychological, Social, and Ethical 
Considerations of Facial Transplantation

The First Institutional Review Board Approval 
for Facial Transplants

Conclusion
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Table 10-1. Advantages and Disadvantages of Facial Allograft 
Transplantation

Advantages Disadvantages

• No donor site morbidity • Adequate matching between the 
• Complete facial reconstruction in   donor and recipient is difficult 

single surgical procedure  (age, sex, race)
• Option for total external ear • Lifelong immunosuppression

replacement or reconstruction • Increased risks of comorbidities
• Better skin texture, pliability, and  (diabetes, infections, 

color match lymphoproliferative disorder, 
   avascular necrosis of bones)
   • Social, ethical, and psychological
   issues
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Applications of Stem Cells in 
Tissue Repair
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Growth Factors
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Hematopoietic Stem Cells From Fetal Liver Cells

Hematopoietic Stem Cells From 
Peripheral Blood
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Hematopoietic Stem Cells From 
Embryonic Stem Cells
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Hematopoietic Stem Cells From 
Umbilical Cord Blood
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In-Vitro Expansion of the Hematopoietic 
Stem Cells
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Recent Advances in Stem Cell Therapy

Adult Stem Cells
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Mesenchymal Stem Cells

Stem and Progenitor Cells in
 Allogeneic Transplantation

Figure 12-1. Plasticity of stem cells. Adult stem cells have the ability to differ-
entiate into multiple cell types. (ESC: Embryonic stem cells from the inner surface 
of the blastocyst).
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Figure 12-2. a) Intraosseous transplantation of the cellular bone-marrow-derived CD90  stem and progenitor cells as a therapeutic approach to composite limb 
allograft transplantation. b) Limb allograft recipients at 7 days posttransplantation after treatment with CD90  stem and progenitor cells without immunosuppression.

a b

Figure 12-3. Flow cytometric analysis 
revealed a higher donor specific chime-
rism level in the peripheral blood of the 
recipients from a) allograft treatment 
group (stem and progenitor cells injec-
tion) when compared with b) the chime-
rism level in the peripheral blood of the 
recipients from allograft control group 
(no stem and progenitor cells treat-
ment).

a b
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Stem and Progenitor Cells in 
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