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INTRODUCTION

The functional deficit is often profound following
mutilating hand injuries with loss of multiple
digits'?. The aim of surgery should be directed
towards the restoration of opposable digits.
Although local procedures such as osteoplastic
reconstruction, pollicization and phalangization are
useful, they require the use of adjacent functioning
digits. In severe hand injuries, the remaining digits
may be stiff and unsuitable for conventional
reconstructive techniques. Multiple toe transfer,
performed either sequentially or simultaneously'”
can tremendously improve hand function by
bringing additional functioning units to the hand.
Selection of a specific set of transfers must take into
consideration both the anatomic and functional
requirements as well as the patient’s concerns
regarding appearance and donor site morbidity.
This article provides the guidelines for restoring
function and appearance to severely mutilated
hands utilizing a variety of toe-to-hand transfers.

INITIAL CARE

Toe transfer is to be considered in the context of a
prioritized system for acute care of complex hand
injuries. Replantation, of course, should be
performed when feasible. Initial care should be
directed to thorough debridement of all nonviable
tissues followed by adequate soft tissue coverage.
Length of bone, tendon, and neurovascular bundle
must be properly preserved if reconstruction with
toe transfer is considered. Excessive shortening of
the digital skeleton, especially removing a mobile
PIP or MP joint, and using local flaps to achieve
primary coverage should be avoided. Soft tissue
can be augmented with a pedicled groin flap or
free flap transfer. The redundant skin will later
prove useful particularly for covering the lateral
aspect of the transferred toes to protect the pedicle
and improve scar quality. Reconstruction by toe
transfer can be performed either primarily when

the wound is still open or secondarily after the
wound heals. Primary reconstruction is
recommended in patients with clean wounds and
good general condition since it has been shown to
add no statistically significant risk of failure or
complications®.

THUMB RECONSTRUCTION
Reconstructive considerations

In the normal hand, the thumb is said to contribute
40-50% of total hand function®. In the mutilated
hand, the thumb is even more important since it
has to compensate for the reduced mobility and
length of the transferred toes. Therefore, a non-
replantable thumb amputation, even as distal as
the IP joint, should be considered for toe transfer
reconstruction. A remaining trapeziometacarpal
mobility is required for functioning thumb
reconstruction. In the absence of trapeziometacarpal
mobility, the reconstructed thumb will function as
a stable post.

Consideration of residual thenar muscle function is
important’®. When thenar function is preserved, a
more “static” reconstruction may suffice. When
thenar function is impaired, restoration of MP, and
possibly IP, joint function becomes a priority.
Thenar function also has a bearing on timing of
reconstruction. With intact thenar muscles,
simultaneous reconstruction of the thumb and digits
is preferable. If there is doubt about thenar function,
fingers should be reconstructed first. Temporary use
of a prosthetic post helps to determine the required
length and position of the transferred toe when the
thumb is reconstructed. If thenar function is
defective, performing tendon transfer for restoration
of opposition at the time of toe transfer markedly
shortens the rehabilitation period.

Reconstructive options

Since the introduction of free toe to hand transfer
by Cobbett in 1969 and Bunke et al. in 1973, several
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techniques have been developed'?. Current
transfers utilize the whole great toe'*?, the great
toe wrap-around flap®?, the trimmed great toe%,
and the second toe”®. There is no universal
agreement as to which microsurgical method of
thumb reconstruction is ideal. Each has its pros
and cons. In general the great toe makes a better
thumb than the second toe both functionally and
cosmetically, as the second toe provides limited
contact surface for pinch and tends to claw.
However, the donor site of the great toe is
esthetically worse than that of the second toe.
Second toe transfer can be combined with metatarsal
transfer to restore length and reconstruct MP joint
mobility in case of transmetacarpal thumb
amputation. Although not recommended by the
senior author, a dorsalis pedis flap can be harvested
in conjunction with the second toe provided the
foot defect is carefully skin grafted. The great toe
wrap-around flap with iliac bone graft designed by
Morrison et al. preserves the stump of the great
toe, thus improving the appearance of the donor
foot®. However, absence of distal joint mobility,
pulp instability and iliac bone fracture or resorption
miakes this technique not suitable for all thumb
reconstructions. Several modifications have been
suggested to solve these problems but all provide
immobile composite thumb®*3%. For mobility, Yu
advocated elevating the great toe flap in conjunction
with the vascularized bony framework and tendons
of the second toe®*. The trimmed great toe transfer
advocated by Wei et al. is a combination of the
wrap-around and the whole great toe transfer
methods®. In this method excess bone, joint and
soft tissue are removed from the medial aspect of
the great toe prior to transfer. An average of 10°
loss of active motion in the trimmed joints is
expected as compared with the whole great toe
transfer, but, contrary to the wrap-around
technique, the interphalangeal flexibility needed for
fine pinch is maintained. Table 1 summarizes the

Table 1

Functional and cosmetic evaluation of the various
transfer techniques for thumb reconstruction®.

Second toe ~ Whole Great toe ~ Wrap around  Trimmed Great toe
Stability F E G E
Pinch F G G G/E
Joint Motion F/G F/G N F/G
Thumb appearance F F/G E E
Donor Foot appearance  E P/F F/G P/F
Donor foot function E F F/G F

*None : N, poor : P, fair : F, good : G, excellent : E

differences between the various toe to thumb
transfer techniques.

Wei et al. have proposed the indications for the

various transfers based on their experience of 103
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cases over 9 years®?®®. Second toe transfer is best
suited for patients with a second toe almost equal
to the thumb in size, demand for minimum “foot
deformity and tolerance of suboptimal function and
appearance of the reconstructed thumb (as in
nondominant hand or in old age). Second toe
should be used exclusively for thumb recon-
struction in patients requiring transmetatarsal
transfer to restore a foreshortened first meta-
carpal, since harvesting the first metatarsal in
conjunction with the great toe would result in
significant morbidity. It should also be used for
thumb reconstruction in children because of
potential involvement in running athletics and
future job adaptability. Whole great toe transfer
provides optimal functional qualities when either
the thenar function or motion of the remaining
fingers is diminished. It is suitable for those patients
with reasonably sized great toe and a distal first
metacarpal amputation. The great toe wrap-around
transfer is an excellent option for the distal first ray
degloving injuries or distal phalangeal amputation
in the presence of reasonable MP and IP joint
mobility (Fig. 1). Trimmed great toe transfer can
be used for reconstruction of an esthetic, mobile
thumb at the MP joint or proximal phalangeal level
regardless of the size of the great toe (Fig. 2).
Because toe trimming involves osteotomy through
the epiphyseal region, trimmed toe transfer
may theoretically influence skeletal growth in
children.

Technical considerations

In the whole great toe, trimmed great toe, and the
great toe wrap-around methods, the toe is
amputated at any level distal to the metatar
sophalangeal joint depending on the length needed
for thumb reconstruction as well as soft tissues left
after toe harvest. Preservation of one cm of the
proximal phalanx improves the appearance and push
off function of the donor foot.

In the great toe wrap-around transfer, the distal
phalanx is osteotomized longitudinally at one-third
to one-half its tibial side. This allows reduction of
the wide transverse diameter. The plantar side of
the distal phalanx is also burred to reduce the
anteroposterior diameter. Preservation of the
vascularized distal phalanx on its fibular side helps
to maintain stability of the wrap-around flap and
normal nail growth. The extensor hallucis longus
and flexor hallucis longus are included in the
harvest if necessary.
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(¥Fig - 1) (A) Thumb amputation distal to the IP joint (B) One year after wrap around
great toe transfer (C) IP extension (D) Donor site appearance

(Fig - 2) (A) Thump amputation proximal to the IP joint
(B) 3.5 years after trimmed great toe transfer and subsequent pulp plasty (Fig. continues)
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(Fig - 2) (C) IP flexion (D) IP extension (E) Radiegraph showing sound union of the transferred toe
after interosseous wiring and very mild degenerative change at the lateral aspect to the trimmed joint.

In the trimmed great toe transfer, the reduction in
soft tissue is similar to that in the great toe wrap-
around transfer. Skeletal debulking is achieved by
a longitudinal osteotomy through both the proxi-
mal and distal phalanges and the interphalangeal
joint. In order to preserve joint stability, medial
periosteum, capsule and collateral ligaments are
elevated as a flap which is then repositioned after
trimming.

In the second toe transfer, metatarsophalangeal
disarticulation or transmetatarsal amputation are
always performed regardless of the length needed.
A tighter extensor than flexor repair, a longitudinal
K-pin though the distal and proximal
interphalangeal joints to keep the second toe in full
extension for six weeks, and night extension
splinting for at least one year help to overcome the
flexion habitus of the second toe.

FINGER RECONSTRUCTION
Reconstructive considerations

Following consideration of the first ray possibilities,
attention is then given to the restoration of
opposable fingers. The surgeon poses three
questions:

1) How many digits are to be restored?

2) Where these digits are to be positioned? and

3) Which technique of reconstruction is to be
selected?

According to Tsai and Wei et al., it is best to aim at
reconstructing at least two adjacent digits to allow
useful chuck (tripod) pinch and provide support
against ulnar drift with lateral pinch.
Reconstruction of two fingers also provides a
stronger hook grip and a wider span for grasping
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large objects®* Additional toe-to-finger transfer
after restoration of the tripod pinch is controversial.
When the ring or middie finger is missing, small

objects may fall through the gap during grasp.
This problem can be solved with ray amputation.
Additional toe transfer for this defect is sometimes
indicated on cosmetic basis®45%  However, a
reasonable result can only be achieved when
amputation is distal to the PIP joint with the joint
function preserved.

The exact placement of the reconstructed digits is
controversial?. In any case, the reconstructed digits
must be accessible for opposition by the thumb.
The decision is often individually tailored.
Reconstruction of ulnar digits is best for labourers
who require power grasp and large objects
handling. Preservation of the web space is also
important in this consideration. Reconstructioh of
the second and third digits is more cosmetic and
better suited for patients with occupations requiring
fine manipulation. Reconstruction of the long and
ring fingers present a suitable compromise that
provides a hand span adequate for both power
grasp and pinch*.

Reconstructive options

Amputations proximal to the MP joint can be
reconstructed by total lesser toe, usually second toe
transfer. However, this results in inadequate flexion
since the transferred metatarsophalangeal joint has
an average range of motion of only 30°%%°, This is

aggravated by the short length of the toe and
inevitable cilawing from lack of intrinsic
reconstruction®. In transarticular amputations
sparing the metacarpal articular surface, it is
possible to reconstruct the MP joint
the toe down to the articular surface of the proximal
phalanx including the joint capsule®. This technique
provides an average range of motion of 40°°. When
amputation is distal to the MP joint, the choice is
between two separate second toe transfers or
combined second and third toes transfer on a single’
vascular pedicle*¥¥4, Two second toe transfers
are preferred when amputation is distal to the web
space (Fig. 3) and when the remaining digits are
longer than the small finger since transfer of a
double toe unit in these cases would create
syndactyly and incongruent grasp arc
respectively®>®®, The third toe can be used instead
of the second toe*, 1) when the second toe is not
available or unsuitable because of previous surgery
or injury, 2) when the third toe provides a better
size match, and 3) to minimize donor site deformity
when the only second toe available is located in the
same foot in which the great toe had already been
harvested.

| O .

by harvesting

Combined second and third toes transfer is only
suited for amputations proximal to the web space
with absent or shortened remaining fingers*#
(Fig. 4). The main advantage of combined toe
transfer is that it requires only one set of recipient

(Fig - 3) (A) Amputation through the proximal phalanges to the index and middle fingers and
the DIP joint to the ring finger (B) Two second toes separately harvested (Fig. continues)
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(Fig - 3) (C) Two years after transfer of two second toes to the index and middle fingers (D) Good tripod pinch was
achieved (E) Donor site appearance (F) Radiograph showing sound union of the transferred toes after interosseous wiring

vessels, which is important in a severely
traumatized hand. Various donor site complications
have been reported including delayed wound
healing, standing and ambulation discomfort and
migration of the fourth toe towards the first toe
(scissoring)38294148,

Technical considerations®

For the combined second and third toes transfer,
Wei et al. have advocated limited dorsal and plantar
skin flaps extending only to the midpoint of the
first and third digital web spaces which allow for
direct donor site closure®%. 'The plantar
metatarsal arch should be maintained by avoiding

metatarsal shaft osteotomy unless mobile MP joints
are required.

Secondary procedures

The circumference of the transferred great toe
atrophies by 10-15% within the first three years®.
However, in almost all patients, the thumb pulp is
still larger than that of the normal thumb. Wei and
Yim advocated pulp plasty by removing a
longitudinal wedge of skin and subcutaneous tissue
as soon as three months after the transfer?. They
also suggested that pulp plasty be performed as an
initial procedure while harvesting the toe with the
exception of the trimmed toe and wrap-around
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(Fig - 4) (A) Pedicled groin flap used for soft tissue coverage and augmentation following traumatic amputation to
the four fingers (B) One month after division of the groin pedicle (C) Combined second and third toes harvested on
a single vascular pedicle (D) One year after combined second and third toes transfer to the index and middie
fingers showing good opposition (E) Extension of the transferred toes (F) Donor site appearance
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techniques for fear of devascularizing the pulp. The
reduction of bulky soft tissue in the pulp reduces
shearing movement with pinch. Results showed
subjective and functional improvement with almost
no residual scarring. In a study of 139 toe-to-hand
transfer by Yim and Wei, secondary procedures,
other than soft tissue revision, was necessary to
improve function in 15.8% of the cases. Tenolysis
was the most common secondary procedure and

its incidence was 6.8%%.
Rehabilitation

Rehabilitation after successful toe-to-hand transfer
should aim at optimizing both motor and sensory
recovery. Wei et al, advocated a five-stage
rehabilitation program in which gentle passive
movement is performed as early as the first
postoperative day'’. This program is outlined in
table 2. Early sensory reeducation should aim at
facilitating perception of touch submodalities with
correct localization. Specific sensory exercises are
utilized such as having the patient stroke the end
of the transferred toe with the eraser of the pencil
while verbalizing to himself “I feel something

Table 2

Postoperative rehabilitation protocol

Stage Timing

Day 1-3 -

Rehabilitation technique

Protective Psychological Support
- Viability monitoring
- Gentle exercise with
protective splinting
- Donor site desensitization
Early mobilization Day 4week 3 - Controlled passive ROM
- Edema control
- Protective splinting
Week 4-week 5 -

Active motion Passive and active exercises

- Edema control and scar
management
- Dynamic splinting
- Gait training
4. ADL training Week 6-week 7 - Muscle power strengthening
- ROM improvement
- ADL designs
- Sensory reeducation
Week 8 onwards -

5. Prevocational training Muscle power strengthening

- Coordination and dexterity
training

- Vocational activities design

- Dsychological adjustment
reinforcement

moving on my finger”. Following the recovery of
constant and moving touch sensation, late-phase
sensory reeducation is begun utilizing a group of
objects differing in texture, size and shape for which
the patient atiempts to appreciate the object’s nature
with the tip of the transferred toe instead of the
adjacent normal finger surface. Wei and Ma have
evaluated a delayed sensory reeducation program
in 22 toe transfers using a Disk-Criminator (TM)
(Disk-Criminator, P.O. Box 16392, Baltimore, MD,
21210) as a home rehabilitation device. At an
average of 3.3 months final evaluation,
improvement averaged 7mm in static and 6mm in
moving two-point discrimination. They attributed
the improvement to cortical reorganization rather
than stimulation of peripheral neural regeneration®.
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