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Case Report

Transmetacarpal Cross-Hand Replantation as
a Salvage Procedure in a Case of Traumatic
Bilateral Upper Extremity Amputation
Serkan Yildirim, M.D., Mithat Akan, M.D., and Tayfun Aköz, M.D.
Istanbul, Turkey

The replantation of amputated extremities is
one of the routine procedures in plastic sur-
gery today. Successful replantation can be per-
formed when the amputation stump and the
amputated part are suitable for microvascular
repair. A very limited number of cases for cross-
extremity transfers have been reported for
traumatic bilateral upper and lower extremity
amputations.1– 8 Cross-extremity replantation
or temporary ectopic implantation can be at-
tempted when the wound conditions preclude
orthotopic or immediate replantation. The re-
ported cases of ectopic extremity implantation
are sparse, as are the cross-replantation cas-
es.9–12 We report successful salvage of one ex-
tremity by cross-hand transfer in a patient with
traumatic bilateral upper extremity amputa-
tions at different levels.

CASE REPORT

A 32-year-old man presented with severe crush injury to
both upper extremities at different levels. He had been in-
jured 7 hours previously by an industrial compress machine.
The right arm was amputated at the level of the distal one-
third of the arm. In addition, the right arm showed extensive
crush injury of soft tissue and bone centered at the elbow
extending 8 cm both proximally and distally (Fig. 1, above).
On the left hand, the index, long, ring, and small fingers were
avulsed from the metacarpophalangeal joints and were ex-
tremely crushed (Fig. 1, below). The left thumb was subtotally
amputated at the level of the proximal one-third of the distal
phalanx. Cross-replantation of the good, preserved right
hand to the left hand at the midmetacarpal level was decided,
to maintain some degree of hand function in at least in one
extremity.

With the patient under general anesthesia, two teams car-
ried out the surgical procedure simultaneously. After
débridement of the left hand, the metacarpal bones were

shortened through the midmetacarpal level. The left thumb
was revascularized by repair of the ulnar digital artery, and
both of the digital nerves were repaired with 10-0 nylon su-
tures. The radial artery and median nerve were preserved to
maintain thumb viability and sensation while the recipient
site was being prepared. On the left hand, the ulnar artery
and nerve were transected and prepared as the recipient
artery and nerve.

On the amputated right upper extremity, all tendons,
ulnar and radial arteries, and ulnar and median nerves were
transected approximately 6 to 8 cm proximal to the wrist (Fig.
2). These structures were dissected to the midmetacarpal
level. The thumb skin was also prepared as fillet flap, and the
right hand was separated from the forearm at the midmeta-
carpal level (Fig. 2). All intrinsic muscles, including dorsal
and palmar interosseous and lumbricals, were removed com-
pletely. The right hand was adapted to the left hand and
fixation was maintained with a Kirschner wire inserted from
the metacarpophalangeal joint for each finger. Thus, the
index digit of the donor right hand became the left fifth digit
and the donor fifth digit became the left index finger (Fig.
3). All tendons were repaired with a modified Kessler tech-
nique using 4-0 nylon sutures, and all microsurgical repairs
were performed with 9-0 nylon sutures under loupe magni-
fication. The details of connected structures of the right and
left hands are outlined in Table I. At the end of the repairs,
the fingers, thumb, and wrist were maintained in the resting
position. The postoperative course was uneventful.

Passive physiotherapy and antiedema exercises were
started during the first postoperative week. Four weeks post-
operatively, the patient began active range-of-motion exer-
cises. The patient’s metacarpophalangeal joints were splinted
in 45 degrees of flexion for 6 weeks to prevent hyperextension
of the metacarpophalangeal joints. Also, a protective splint
was used to prevent contracture of the first web space.

Objective testing showed a satisfactory range of active wrist,
thumb, and finger motion at 6 months postoperatively (Table
II). He had opposition function, but there was no intrinsic
function of the other fingers, including adduction and ab-
duction. Grip strength was 9.3 kg with the Jamar dynamom-
eter, and key pinch strength was 2.5 kg. He experienced cold
intolerance in the four fingers but not the thumb. The
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Semmes-Weinstein monofilament test showed good light
touch sensibility and protective sensation of the thumb. Two-
point discrimination was 3.61 mm in the palmar and dorsal
aspects of the thumb. Two-point discrimination was not as-
sessed in other fingers. The Tinel sign was positive on the
distal half of the middle phalanx of the third finger and the
distal half of the distal phalanx of the fifth finger. He was able
to perform many of his daily activities satisfactorily. He was
able to feed himself, comb his hair, grasp large objects, and
write legibly (Fig. 4). He had difficulty in taking a bath,
dressing, and shaving himself. He expressed satisfaction with
the function and appearance of the cross-replanted
extremity.

DISCUSSION

Cross-extremity transfer with satisfactory
functional results was first performed by Chi-
nese surgeons in the early of 1970s, and it was
reported by Malt and McDowell in 1973.13 A
limited number of cases have been reported in
the literature regarding the cross-extremity
transfer because it has exceptional indica-
tions.1–9 Cross-extremity transfer can be consid-
ered when there is bilateral total or subtotal
amputation with massive tissue loss at different
levels and if there is no possibility for ortho-
topic replantation. This unusual procedure is
performed to obtain at least one functional

extremity for daily activities. To our knowl-
edge, only four cross-hand replantation cases
have been reported in the literature. Adkins et
al.2 reported a case of cross-hand replantation
in which the right hand was transferred to the
left distal forearm, with satisfactory functional
results. In 1989, May et al.3 described an elec-
tive partial cross-hand transfer in which the
index, long, ring, and small fingers were trans-
ferred together to the contralateral limb from
a hand paralyzed by a brachial plexus injury.
Marked improvement of left hand function was
noted. The first report of transmetacarpal am-
putation was a similar case report from Zhang
et al. in China.4 They described transpalmar
transplantation of the undamaged left hand to
the opposite side with satisfactory functions of
the new hand. Emergency cross-arm transfer
was reported in a patient in whom the right
hand was replanted to the left forearm with
satisfactory results, including good protective
sensation, excellent grip strength, and surpris-
ingly good return to daily activities.5

In the presented case, replantation of four
fingers of the left hand was not possible be-

FIG. 1. Preoperative views of both upper extremities.
(Above) Complete amputation of the right arm and (below)
severely crushed fingers of the left hand.

FIG. 2. (Above) Pretransfer planning of the right hand
and (below) view of the right hand prepared for the
cross-replantation.
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cause it was injured at multiple levels and se-
verely crushed. The right upper extremity was
amputated at the proximal level with excessive
crush injury, including the elbow joint. This

extremity required excessive shortening (12 to
14 cm) and the ischemia time was quite long.
We thought the possibility of successful replan-
tation of the right arm was very low if the
orthotopic replantation was performed. We de-
cided to perform the partial cross-hand replan-
tation from the amputated right arm to the left
hand to restore hand function to at least one
upper extremity.

Radial structures from the donor right hand
were connected with ulnar structures of the left
hand. The tendons of the index, middle, ring,
and small fingers of the right hand were su-
tured to the small, ring, middle, and index
fingers of the left hand, respectively, at the
distal forearm level. Despite this mirror image
repair of the tendons, the patient did not have
problems in adaptation, and he had good
range of motion in a short time (Table II).
Nerve repairs were also performed in a non-
anatomic position. Ulnar and median nerves of
the donor hand were coapted to the median
and ulnar nerves of the recipient hand, respec-
tively. The ulnar nerve of the right hand was
coapted to the median nerve of the left hand in
an end-to-side manner to preserve innervation
of the thenar muscles and sensation of the
thumb.

The Tinel sign was reached at almost the
fingertip on the four replanted fingers at 6

FIG. 3. (Above, left) Revascularized thumb and prepared recipient right and donor left hand.
(Below, left) Dorsal view of the hand after the cross-replantation. (Right) The appearance of the
new anatomic position of the fingers and good thumb-to-index pinch.

TABLE I
Cross-Hand Replantation Connections

Structure
Left Hand (Proximal),

Recipient Hand
Right Hand (Distal),

Donor Hand

Bones Index metacarpal Small metacarpal
Long metacarpal Ring metacarpal
Ring metacarpal Long metacarpal
Small metacarpal Index metacarpal

Tendons Extensor indicis proprius EDC small
EDC index Extensor digiti

minimi
EDC long EDC ring
EDC ring EDC long
EDC small Extensor indicis

proprius
Extensor digiti minimi EDC index
FDP index FDP small
FDP long FDP ring
FDP ring FDP long
FDP small FDP index
FDS index FDS small
FDS long FDS ring
FDS ring FDS long
FDS small FDS index

Artery Ulnar artery (end to end) Radial artery
Veins Three dorsal veins

(end to end)
Three dorsal

veins
Nerves Median nerve (end to side) Ulnar nerve

Ulnar nerve (end to end) Median nerve

EDC, extensor digitorum communis; FDP, flexor digitorum profundus;
FDS, flexor digitorum superficialis.
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months postoperatively. The patient was able
to perform many of his daily activities in a short
time. The patient is extremely pleased with the
functional status of the cross-replanted hand.

When compared with the other reported
cases, the preserved thumb in its anatomic po-
sition is the major advantage for our patient.
The “thumb-down” position that blocked the
patient’s view of pinch during manipulation of
objects was reported.5 Protective sensation and
opposition of the thumb are excellent in our
patient. In addition, flexion, extension, and
rotation of the wrist are satisfactory because
cross-hand replantation was performed distal
to the wrist. In this manner, the patient’s ad-
aptation to the new anatomic configuration of
the left hand was completed in a short time.

The functional status of the replanted hand
is usually better than that of a prosthetic de-
vice, and cross-hand transfer can be used effec-
tively to obtain at least one functional extrem-
ity, as seen in our case. Cross-hand transfer
must be considered an excellent salvage proce-
dure in bilateral upper extremity amputation,
if the wound condition is unsuitable for ortho-
topic replantation.

SUMMARY

This article describes a successful case of
cross-replantation of the right hand to the
stump of the left hand to save one upper ex-
tremity. The upper extremities were ampu-
tated at different levels. On the right side,
there was a complete amputation in the distal
half of the arm. There was an extensive soft-
tissue and bone defect on the amputation
stump and amputated extremity. On the left
side, there was a severe crush injury of the four
fingers distal to the metacarpophalangeal
joints, excluding the thumb. The right hand
was transferred to the left hand, and satisfac-
tory function was restored. The patient re-
turned to his daily activities in a short time.
Cross-hand replantation seems to be a logical
treatment option in situations where bilateral
arm amputations are present at different levels
but the orthotopic replantation of the ampu-
tated parts is not possible. Cross-hand replan-
tation should be considered to obtain at least
one functional extremity.

FIG. 4. (Above) Patient writing name with formerly non-
dominant hand. (Below) Patient grasping a large object.

TABLE II
Left Hand Active and Passive Range of Motion

Joint

Second Postoperative Month Sixth Postoperative Month

Active ROM
E/F

(degrees)
Passive ROM

E/F (degrees)

Active ROM
E/F

(degrees)
Passive ROM

E/F (degrees)

Wrist 20/40 25/70 45/45 55/55
Thumb

MP –25/40 0/45 –10/50 –10/55
PIP –40/40 –35/40 –55/40 –30/65
Total 15 50 25 80

Index
MP –20/20 –10/40 –40/55 –20/80
PIP –45/55 –15/85 –60/90 –20/110
DIP –30/35 –10/70 –30/65 –20/80
Total 14 160 80 200

Long
MP –15/15 –10/40 –35/75 –20/95
PIP –40/45 –10/75 –40/85 –5/100
DIP –30/40 –20/70 –30/35 –5/60
Total 15 145 100 225

Ring
MP –10/10 –5/30 –60/80 –50/90
PIP –30/35 –5/60 –20/60 0/80
DIP –20/35 0/70 –25/35 –15/60
Total 20 150 110 165

Little
MP –20/20 –10/30 –55/80 –45/90
PIP –40/50 –10/70 –30/70 –10/95
DIP –30/35 0/50 –20/20 –10/90
Total 15 130 65 210

MP, metacarpophalangeal; PIP, proximal interphalangeal; DIP, distal in-
terphalangeal; E/F, extension/flexion; ROM, range of motion.
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