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Abstract

A 27-year-old male suffered a severe work-related crush injury to his left dominant hand, resulting in a composite defect, including necrosis of the thumb
and fingers as well as soft tissues distal to the radiocarpal joint. An amputation of the affected fingers had to be performed at the level of the metacar-
pophalangeal joints. In an attempt to prevent necrosis of the exposed carpal bones and metacarpal stumps, immediate coverage was achieved by recon-
struction with a free rectus abdominis muscle flap, two weeks after the initial trauma. After six months, thumb reconstruction was accomplished by second
toe transfer from the right foot. After another four months, the contralateral second toe was utilized for reconstruction of the fifth digit. Within two years
after the accident, the patient returned to full-time occupational activities. He demonstrated excellent motor function, satisfactory discriminatory sensation
to the transferred toes as well as protective sensation to the skin graft covering the flap. The donor site morbidity of both the toes and the rectus abdominis
muscle was acceptable. After ten years following reconstruction, the patient had fully adjusted to his disability and was in full-time occupational activity

with only minor limitations in his everyday life.

Introduction

Free tissue transfers, including composite tissues, e.g., toes, have become a
routine procedure in reconstructive hand surgery. However, consecutive
microsurgical transplants to the same defect area, particularly to the hand,
with subsequent long-term follow-up, have rarely been reported. For
complete loss of hand function, the alternatives are limited. Prostheses have
the drawback of lacking sensational feedback, and hand transplantation may
be justified in the setting of bilateral amputees to avoid unnecessary
immunosuppression [1]. Thus, any attempt to preserve all viable tissues by
early coverage with vascularized tissues is mandatory. Ideally, the chosen
procedure should have several characteristics for immediate reconstruction,
i.e., be technically simple, safe and allow for coverage of large soft tissue
defects.

Free toe transfers for thumb and finger reconstruction are established
techniques. However, adequate preoperative planning with consideration as
to the choice of the donor, either first or second toe or an en-bloc transfer of
two toes, has to be carried out. Advantages and pitfalls of the respective
procedures with regard to safety and donor site morbidity have to be
considered.

Here, we describe a case of an early staged reconstruction by which the
exposed carpal and metacarpal bones were salvaged by a free rectus muscle
transfer, followed by two second toe transfers with a functional follow-up
after ten years.
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Case Report

A 27-year-old manual worker suffered a severe occupational crush injury to
the entire left dominant hand (Figure 1A). In detail, the volar aspect of the
affected hand was completely degloved with an avulsion injury to the arteries
distal to the proximal interphalangeal joints. The volar arch was intact, and
the volar arteries were in continuation, but severely elongated. Furthermore,
the work-related accident caused a complete avulsion of the thumb and large
soft tissue defect of the fifth digit. At the time of the initial presentation in
our unit, the perfusion of all fingers seemed to be sufficient, and, thus, no
attempt was made at this stage to reconstruct the arteries by using vein grafts.
Consequently, the soft tissue defects were carefully debrided and readapted.
However, after several days, the perfusion of all fingers proved to be insuffi-
cient, which ultimately led to necrosis of the fingers including the soft tissue
coverage of the hand distal to the radiocarpal joint (Figure 1B).

After complete demarcation of the necrotic tissue, we performed a radical
necrectomy of all non-vital tissues, including the amputation of the thumb
and fingers. Immediate vascularized coverage to salvage the remnant ex-
posed carpal and metacarpal bones was achieved by transferring of the right
rectus abdominis muscle as a free flap. The microsurgical reconstruction was
established with an end-to-side anastomosis of the deep inferior epigastric
vessels to the radial artery and an end-to-end anastomosis to the cephalic
vein, respectively. Subsequently, the free muscle transfer was covered by
split-thickness skin grafting (Figure 1C). The postoperative recovery was un-
eventful. The skin graft and flap finally became thin and pliable due to re-
gression of the initial edema and neurogenic atrophy. Furthermore, the pa-
tient did not develop any abdominal herniation due to harvesting of the rectus
abdominis muscle.

After six months, a second toe transfer from the right foot to the first
metacarpal ray was performed to reconstruct the thumb. An anatomic varia-
tion of the first dorsal metatarsal artery complicated the harvest of the toe.
The dorsalis pedis artery was rudimentary and ended just distal to the exten-
sor retinaculum. Thus, the very short plantar vascular pedicles supplied by
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Figure 1. A, severe crush injury to the left dominant hand of a 27-year-old patient causing a complete degloving distal to the radiocarpal joint. B, subsequent necrosis of the
thumb and fingers. C, postoperative result after amputation of the thumb and fingers, and stable defect coverage with a split-thickness skin grafted myocutaneous rectus

abdominis free flap.

the medial plantar artery had to be dissected via a dorsal approach estab-
lished between the first and second metatarsal bones. Microsurgical anasto-
mosis was accomplished between the inferior epigastric artery of the previ-
ously transferred rectus abdominis muscle and the first plantar metatarsal
artery of the second toe in an end-to-side manner. Sufficient venous drainage

Figure 2. A, postoperative view after second toe transfer for thumb reconstruction.
B, postoperative physiotherapy regime after transplantation of the second toe.
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was ensured by two anastomoses between the subcutaneous veins of the toe
and tributaries to the cephalic vein. Additionally, the plantar nerves of the toe
were coapted to the former radial and ulnar nerves of the thumb. Care was
taken to perform a stable wire-based osteosynthesis between the first meta-
carpal stump and the base of the proximal phalanx of the toe in a 30° flexed
angulation to compensate for the anatomic hyperextension of the toe (Figure
2A). Active physiotherapy was initiated 14 days postoperatively.

After another four months, a standard second toe transfer from the left
foot was performed to reconstruct the fifth ray. The harvesting of the toe
revealed the same anatomic variation of the vessels described above for the
right foot. In accordance with the thumb reconstruction, the arterial blood
supply was established via microvascular end-to-side anastomosing of the
first plantar metatarsal artery of the toe to the inferior epigastric artery of the
rectus abdominis muscle. Venous drainage was ensured by two anastomoses
between the subcutaneous veins of the toe and tributaries to the cephalic
vein. Again, the microsurgical reconstruction was accompanied by an inten-
sive physiotherapeutic regime postoperatively (Figure 2B). The wound heal-
ing process at all sites was uneventful.

The donor site morbidity of both the second toe transfers occurred to be
relatively low. Shortly after the initial use of the orthopedic shoes, the patient
could change to normal shoes. The patient did not complain about any long-
term gait disorders or impairments in his everyday life. Within 21 months
after the initial accident, the patient returned to his occupational activities.
However, a change of his duties had to be arranged, resulting in the patient
being full-time occupied as an industrial clerk.

Due to complaints involving the hypothenar and intermetacarpal areas of
the fourth and fifth metacarpal bones, the patient returned to our clinic ten
years after the initial reconstruction (Figure 3A). The patient complained pain,
fatigue, and spasms of the intrinsic hand muscles; e.g., when driving a car
for more than two hours. Psychologically, the patient adapted very well to the
appearance of the hand and used his hand in everyday-life situations without
any technical aids or attempts to cover the hand. Functionally, the patient
achieved a good range of motion of the wrist with 40°-0°-40° wrist exten-
sion/flexion, 15°-0°-25° radial and ulnar abduction of the wrist, and free wrist
pronation/supination. For the reconstructed thumb, a range of motion of
0°-15°-30° extension/flexion of the metacarpal joint and 0°-10°-50° exten-
sion/flexion of the proximal interphalangeal joint were documented. The dis-
tal interphalangeal joint of the reconstructed thumb only presented with a
flexion of approximately 5° and, therefore, was not measured specifically. For
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Figure 3. Long-term outcome, ten years after reconstruction. A, clinical appearance. B, stable pinch grip. C, powerful grip carrying up to five kg of weight.

the reconstructed ulnar finger, a range of motion of 0°-0°-30° extension/flex-
ion of the metacarpal joint and 15°-15°-70° extension/flexion of the proximal
interphalangeal joint was documented. The distal interphalangeal joint of this
finger was documented with an active flexion of approximately 20°. Further-
more, the patient developed a good discriminatory sensation of the trans-
ferred toes and protective sensation in the flap area. In detail, the radial nerve
of the reconstructed thumb revealed a 2-point discrimination of 10 mm,
whereas the ulnar nerve showed a 2-PD of 8 mm. For the reconstructed ulnar
digit, 2-PD measurements resulted in 10 mm for the radial nerve and protec-
tive sensation (>10 mm) for the ulnar nerve. The patient adapted well for
motor use of the two reconstructed fingers for two-point fixation by direct
opposition, as well as for three-point fixation (Figure 3B) and power grip (Fig-
ure 3C) by using the stumps of the remaining metacarpal bones as a counter
pole. The postoperative radiographs showed a stable bony fixation with ap-
propriate angulation of the reconstructed digits.

Nevertheless, the patient has to make some effort to turn the
reconstructed thumb into exact opposition due to missing thinner muscles
and compensate this well with the ulnar intrinsic muscles, which may be the
cause of the experienced pain when exercising a forced grip for more than
two hours. Therefore, we recommended a pronational osteotomy of the
thumb metacarpal of about 15°. However, the patient refused to undergo
further surgery.

Discussion

Using the full armamentarium of reconstructive microsurgery allows a mul-
titude of options for hand reconstruction. When distal skeleton still is pre-
served, any attempt should be made to salvage as much length and prevent
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infection by debridement and early, or even emergency vascularized coverage
[2]. We generally prefer free vascularized tissue transfers over pedicled flaps
like the pedicled groin or the pedicled contralateral lateral arm flap for
complex hand reconstruction, as the use of pedicled flaps delays the post-
operative physiotherapy regime. For large defects, as in this case, the use of
a free rectus abdominis muscle flap covered with a split thickness skin graft
is a valuable option, due to its size, technical ease, acceptable donor-site
defect, and significant potential for subsequent thinning [3].

A muscle offers the best prerequisites to prevent infection [4] and, thus,
we generally prefer it over perforator flaps like the thin anterolateral thigh
flap [5] in the acute trauma situation. Another possible option for defects of
similar size is the free gracilis muscle flap and free latissimus dorsi flap. In
our experience, revisions or secondary procedures for thinning are usually
not necessary with these pliable flaps, which even may develop some protec-
tive sensation. Clearly, perforator flaps are valuable options for complex hand
reconstructions [6], but applying the above demonstrated reconstructive con-
cept allows for performance of additional functional procedures. However,
with the broad distribution and access to super-microsurgical techniques and
instruments, severe degloving injuries similar to the demonstrated case are
likely to be dealt more aggressively nowadays. Precisely, the perfusion of the
fingers and soft tissue can be secured by replacing all affected arteries with
vein grafts in the course of the initial surgical care.

Performing free microsurgical toe transfers for thumb reconstruction is
undebatable [7], and the preference of the entire or tailored form of the great
toe for this indication has been established for functional as well as aesthetic
reasons [8]. With all fingers, including the thumb, being lost, considerations
must be addressed to reconstruct at least two opposing rays. The harvest of
the great toe and its concomitant donor site morbidity are not trivial with
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regard to foot function [9]. The second toe transfer has less associated donor
site morbidity, and the donor site can usually be closed primarily with an
inconspicuous scar hidden within the web space dorsally and on the no-
weight-bearing area of the plantar foot. Another important pitfall for both
reconstructive options is the anatomical variations in the origin of the first
dorsal metatarsal (FDMA) artery [10,11]. In half of the patients, the FDMA
arises directly from the dorsalis pedis artery or the superficial part of its deep
perforating branch. The distal course of the FDMA in these patients is in a
superficial plane. In 40% of the cases, the FDMA takes origin from the lower
part of the deep communicating branch or the deep plantar arch. The artery
runs within the first interosseous muscle and eventually becomes superficial
between the head of the first and second metatarsal. In the remaining 10%
of the patients, the FDMA is very narrow or completely absent. As demon-
strated in our case, these patients’ blood supply to the great and second toe
largely depends on the first plantar metatarsal artery.

Furthermore, the willingness of a patient to accept a toe transfer has to
be taken into consideration before performing such a procedure. In this
context, aesthetic considerations may become secondary due to the goal of
regaining grip function after the loss of the thumb and fingers, and, thus, a
visible mutilation is unavoidable. Also, a thorough planning of the aspired grip
function is necessary for a good match of the two poles. In the above-
described case, this goal was achieved by the bilateral use of two second toes.
An alternative option for this case might have been a double digit transfer
from the same foot [12] or a great toe transfer for thumb reconstruction
combined with an en-bloc-transfer of the second and third toes [13]. However,
the concomitant donor site morbidity with these reconstructive procedures is
not deniable. The risk for permanent gait disorders is higher with multiple
toes sacrificed from the same foot. This is particularly the case for thumb
reconstructions using the great toe flap because the great toe is mainly
responsible for the push-off phase of gait. Thus, sacrificing the second toe
only ensures minimal disruption to the gait function. In addition, achieving
stable bony fixation of the transplanted toes in a sufficient palmar angulation
is crucial to compensate for the anatomic hyperextension, as seen in our case.

Conclusion

Health care systems in many countries are confronted with increasing
economic limitations. Thus, complex microsurgical procedures and extensive
rehabilitation programs are poorly compensated. However, this case
demonstrates a dramatic reduction of socioeconomic expenses by allowing a
potential radiocarpal amputee to return to work for another estimated 30
years.
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