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Abstract Introduction Hand amputation at the wrist level is severely disabling, especially when
bilateral. It is paramount to restore the hand function to the best possible level for the
patient’s daily living activities, as well as optimal social and occupational rehabilitation.
There are various options for restoration of function after amputation at wrist and
distal forearm levels including Krukenberg’s operation, variations of toe transfers, hand
allotransplantation, and prosthesis. Krukenberg’s procedure and the reconstruction
using toe transfer like Vilkki’s procedure or two-toe transfers, restore only the pinch.
Hand allotransplantation, although it gives excellent function, has limitations due to
the complications of immunosuppression. Functional hand prosthesis, though superior
in cosmetic appearance, have again limitations in function, and the cost is prohibitive
for most patients in our country.
Materials andMethods We present the unique case of a bilateral hand amputation at
the wrist level reconstructed with three toes and free anterolateral thigh (ALT) flap in a
single-stage surgery for each hand. In two stages, the patient had six toes transferred to
both hands.
Result All transferred toes and all three free (two ALT and one thoracodorsal artery
perforator) flaps survived completely. Three-finger grip (tripod pinch) was thus
restored in each hand. The hook grip was also restored well by the reconstructed
two fingers. Within 3 months after surgery, the patient could perform all activities of
daily living. He resumed his original job with some modification of his work within
6 months postinjury.
Conclusion Hand reconstruction using three toes and a free flap is an excellent option
for functional restoration for amputation at the wrist and distal forearm level. It allows
an early return to function and good social and professional integration of the patient.
This procedure is a potential alternative to expensive prosthesis and allotransplantation
for a bilateral hand amputation.
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Introduction

Amputation of the thumb and fingers at various levels leads
to degrees of mutilation and significant loss of function. The
mutilating hand injuries and guidelines for their reconstruc-
tive options are classified by del Piñal and Wei et al.1,2

Different sets of toe transfers have been described in the
literature for the restoration of amputated thumb andfingers
done in multiple stages with prior skin cover of the stump.1

For reconstruction of the bilateral metacarpal hand,Wei et al
have advised transferring three toes to the dominant hand
and two toes to the nondominant hand as a multistaged
procedure.2 Pisarek was the first to transfer six toes in three
stages in a patient with bilateral metacarpal hand due to
frostbite.3 Jones et al have described the reconstruction of
bilateral metacarpal hands in a child with postburn deformi-
ty, using six-toe transfers in four stages of surgery, three for
each hand with a good functional result.4

While reconstructing a metacarpal hand by toe transfer
can give an excellent result, the same does not hold true if the
amputation is at the wrist level.5 Functional restoration for a
patient with amputation at thewrist level can be achieved by
reconstruction or by prosthesis.6,7 The reconstructive
options described for unilateral amputation at thewrist level
are hand transplantation,8,9 Krukenberg’s operation,10,11 or
various sets of toe transfers as described by Vilkki and
Kotkansalo12 or by del Piñal.1

Wepresent the unique case of a bilateral hand amputation
at thewrist level reconstructedwith three toes and a freeflap
in one stage for each hand at a time. We intended to give
three-finger grip for each hand for better functional results.

Material and Methods

A 28-year-old male presented with bilateral hand crush
injury while working in a factory. The right hand was
completely amputated at the wrist level, whereas the left
hand was hanging on the limb with small skin tags at the
wrist level. Distal parts of the hand were crushed to the
extent that salvage or replantation was not feasible. Ampu-
tation in both hands was at the transcarpal level with intact
proximal row of carpal bones (►Fig. 1).

Various options for reconstruction of both hands, includ-
ing fitting of prostheses were discussed with the patient and
his relatives. Prosthesis fitting was considered functionally
and financially nonviable. Allotransplantation in the acute
settingwas out of consideration. To rehabilitatehim early, we
planned the reconstruction of both hands in two stages, that
is, one hand at a time with an interval of 1 week.

The aim of reconstruction was to give pinch on the right
hand and wide grasp on the left hand so that both hands
complementeachother forbetter function. The righthandwas
reconstructedusing the ipsilateral three toes and contralateral
anterolateral thigh skin flap, in the following manner:

(►Fig. 2A–H, ►Table 1)
Surgical plan and technical details:

1. The thumbwas reconstructed by using the great toe distal
to the level of the metatarsophalangeal joint.

2. Two fingers were reconstructed by the ipsilateral com-
bined 2nd and 3rd toes.

3. Positioning of the toes: To restore three-finger grip (tripod
pinch) in the hand, it is essential that the toe used for the
thumbcanoppose to those for thefingers. The great toewas
positioned in pronated manner by proximal phalanx fixa-
tion on the scaphoid to aid motion at the radiocarpal joint.
This was intended to increase the range of motion of the
transferred toe and achieve some palmar grip rather than
the straight pincer grip (►Fig. 3). Combined second and
third toes were fixed on the triquetrum and distal ulna in a
manner that on flexion they would receive the opposing
thumb to restore the palmar grip. Bone fixation was
achievedby interosseouswires andobliqueKirschnerwires
(K-wires).

4. The resultant soft tissue defect in the web space and the
circumferential defect over the base of the toes and that
on the wrist was covered using the contralateral antero-
lateral thigh skin flap at the same time.

At the end of surgery for 14.5 hours all the three toes and
the flap had good circulation and patient withstood the
procedure well.

After 1 week when the reconstruction was stable with
good circulation, the reconstruction of the left hand was
planned as follows (►Fig. 4A–F, ►Table 1).

Fig. 1 Bilateral hand crush injury at presentation and preop X-rays. (A) Right hand, (B) left hand, (C) right hand, and (D) left hand.
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Fig. 2 Right hand reconstruction. (A) Amputation stump. (B) Incisions for toes harvest. (C) Plantar incision. (D) Harvested right great toe and
combined 2nd and 3rd toes. (E) Resultant defect after toe transfers. (F) Harvested anterolateral thigh (ALT) skin flap. (G) On table postop result.

Table 1 Surgical plan and technical details

Surgical plan for reconstruction of right and left hand

Arterial
anastomosis

Venous
anastomoses

Nerve
reconstruction

Flexor tendon
reconstruction

Extensor tendon
reconstruction

Thumb
reconstruction
using great toe

Dorsalis pedis
artery to radial
artery

Dorsalis pedis
Vena-comitans
and medial arch
vein to cephalic
vein and
radial artery
Vena-comitantes

Plantar digital
nerves to median
nerve

FHL to FPL EHL to EDL of
index finger

Fingers
reconstruction
using combined
2nd and 3rd toes

Plantar common
digital
artery to ulnar
artery

Dorsal vein and
the lateral arch
vein to ulnar artery
vena-comitantes

Plantar digital
nerves to ulnar
nerve

FDL of the toes to
FDPs of middle
and ring fingers

EDL of the toes to
EDL of middle and
ring fingers

ALT flap cover Descending
branch of lateral
circumflex femoral
artery to radial
artery end to side

Vena-comitantes
to cephalic vein
and its tributary

– – –

TDAP for left hand Thoracodorsal
artery to ulnar
artery end to side

Vena-comitans to
basilic vein

– – –

Abbreviations: ALT, anterolateral thigh; EDL, extensor digitorum longus; EHL, extensor hallucis longus; FDL, flexor digitorum longus; FDP, flexor
digitorum profundus; FHL, flexor hallucis longus; FPL, flexor pollicis longus; TDAP, thoracodorsal artery perforator.
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Fig. 3 Reconstructed palmar grip like normal palmar grip.

Fig. 4 Left hand reconstruction. (A) Amputation stump. (B) Harvested left great toe and combined 2nd and 3rd toes. (C) Primary closure of the
foot defect. (D) Resultant defect after toe transfers. (E) Harvested anterolateral thigh (ALT) skin flap. (F) On table postop result. (G) Harvested
thoracodorsal artery perforator (TDAP) flap. (H) TDAP flap inset complete.
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An exactly similar plan of transfer was used for the left
hand using ipsilateral three toes and the contralateral ante-
rolateral skin flap, except that the bony fixation and tendon
balancing which were done to create a wider grasp. It took
11 hours for the reconstruction of the left hand. On the first
postop day after left hand reconstruction, transferred
combined second and third toes developed loss of arterial
blood flow. Immediate reexploration revealed anastomotic
thrombosis, which was revised with a vein graft harvested
from the dorsum of the foot. As wound closure was not
possible over the pedicle due to edema, a small thoracodorsal
artery perforator flap, harvested from the right side, was
used as cover (►Fig. 4G and H, ►Table 1).

The postoperative period after that was uneventful. Hand
therapy and rehabilitation were started after 3 weeks in a

graded manner by an experienced physiotherapist. The K-
wires were removed after 4 weeks of surgery.

Results

All the transfers were successful and the patient was dis-
charged within 3 weeks of admission after all the wounds
had healed (►Fig. 5).

The patient did not have any limitation inwalking or in his
daily activities, though the donor site deformity of the feet
was unaesthetic (►Fig. 6).

Thepatientwas followedupeveryweek initially for thefirst
2months and then everymonth for next 1 year. After a period
of 1 year theprogress in the functionplateaued.13At the end of
1 year hand function was evaluated using the Tamai score for
activities of daily living14 (►Fig. 7, ►Videos 1–7).

Video 1

Drinkingwater. Online content including video sequen-
ces viewable at: https://www.thieme-connect.com/
products/ejournals/html/10.1055/s-0044-1787870.

Video 2

Eating with spoon. Online content including video
sequences viewable at: https://www.thieme-connect.
com/products/ejournals/html/10.1055/s-0044-1787870.

Fig. 5 Late postop results of bilateral hand reconstruction.

Fig. 6 Donor site deformity of the feet.
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Video 3

Combing hair. Online content including video sequen-
ces viewable at: https://www.thieme-connect.com/
products/ejournals/html/10.1055/s-0044-1787870.

Video 4

Using mobile phone. Online content including video
sequences viewable at: https://www.thieme-connect.
com/products/ejournals/html/10.1055/s-0044-1787870.

Video 5

Walking.Online content including video sequences view-
able at: https://www.thieme-connect.com/products/
ejournals/html/10.1055/s-0044-1787870.

Video 6

Cycling. Online content including video sequences view-
able at: https://www.thieme-connect.com/products/
ejournals/html/10.1055/s-0044-1787870.

Video 7

Writing. Online content including video sequences view-
able at: https://www.thieme-connect.com/products/
ejournals/html/10.1055/s-0044-1787870.

Discussion

Bilateral hand amputation at the wrist level is a great
challenge for reconstruction, as there is complete loss of
all the functional components of the hand. The following
options have been suggested in the literature for the resto-
ration of hand function in such patients:

Fig. 7 Postop function with different activities.
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1. Krukenberg’s operation

2. Vilkki’s procedure of toe to antebrachial stump trans–
plantation

3. Hand prosthesis

4. Hand allotransplantation

5. Various sets of toe transfers

Krukenberg’s procedure was described in the literature in
1930 for amputation at the wrist and distal forearm level
leading to optimum restoration of grip function.15,16

Vilkki’s procedure to restore pinch function by transfer-
ring the second toe onto the radial aspect of the distal
forearm using muscle tendon units in the forearm was
designed by the author in 1981, first performed in 1983.
The long-term results were published in 2007 showing good
function.12 None of these procedures achieved tripod pinch
which is recommended since it offers lateral stability in key
pinch, provides stronger hook grip, and a wider grasp com-
pared to a single-digit reconstruction.17 Despite advances in
upper extremity prosthetics, sensate hand reconstructions
or transferred toes have better functional outcomes un-
matched by the prosthetic hand.18

The worthiness of hand allotransplantation is still being
debated due to the costs involved, the risk of rejection, and
the need for lifelong immunosuppression with its possible
risks to the patient.19,20 Therefore, though hand transplan-
tation is a clinical reality, it has not yet become the “standard
of care” for bilateral amputees in the acute setting.8

Pisarek was the first to transfer six toes for reconstruction
of bilateral metacarpal hand in three surgeries using three
toes on each side.3 Later, Tan et al suggested using three toes
on the dominant hand and two toes for the other hand for
reconstruction of bilateral metacarpal hands.21 Similar com-
binations of toe transfers for reconstruction after amputa-
tion at the wrist level can be classified as follows:

1. Two-toe transfers: one for thumb and other for finger
2. Three-toe transfer: one for thumb and double toe for

fingers

For the unilateral amputation at the wrist level, a two-toe
transfer to achieve pinch can achieve optimum function as
the opposite hand is normal. In case of the bilateral hand
amputation at the wrist level, there is increased demand on
the reconstruction wherein reconstructing a three-finger
pinch/grasp achieves better function.12,20

The fixation of the toes in flexed position over thewrist to
achieve palmar grip simulates the palmar grip by thumb and
fingers in the normal hand. It has definite advantage in
function over the straight positioning of the toes in line
with the forearm which gives only the straight pincer pinch.

On functional evaluation, the shortcomings of the recon-
struction at thewrist level are evident like the short length of
the reconstructed thumbs and fingers, moderately poor
cosmetic appearance, and lack of power grasp and strength.
Because of these, total Tamai score for activities of daily living
was 8 out of 20. Though the score seems poor, the patient is
completely independent for activities of daily living. He has

also retained his job in the same company with some
modification and earns for his family.

Conclusion

The evidence in this case demonstrates that three toes transfer
and free flap cover in one stage surgery as a viable option for
the restoration of function in hand amputation at the wrist
level. This kind of reconstruction is not for the faint hearted. It
should be attempted only by microsurgeons or centers which
have a long experience in complex microsurgical reconstruc-
tions. It involves technically demanding intense surgery, long
surgical time, a setup geared for close monitoring, and emer-
gency reexplorations to salvagea failingflapor toe.However, it
involvesmuch less cost than allotransplantation, no chances of
rejection, and no immunosuppression and complications re-
lated to it.Wei et al has clearly explained the superiority of the
hand reconstruction over the bilateral hand transplantation in
select situations and need for hybrid approach for better
functional restoration.20

Considering all these factors, we are of the opinion that
three toes transfer and a flap cover is the best treatment
option for patients with bilateral amputation at the wrist
level.
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