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Complex upper-limb trauma, in particular crush and avulsion injuries, present an ongoing challenge
for the reconstructive hand surgeon given the extensive zone of injury, particularly involving the
neurovascular structures. When replantation is deemed unsuitable, the reconstruction must be both
robust and flexible enough to meet the functional needs of the patient. The authors present a case of
a ring avulsion amputation of the middle digit of a young patient’s dominant hand. Due to the distal
extent of avulsion, the amputated digit was determined to be nonreplantable, and the patient’s
medical comorbidities precluded traditional delayed pedicle flap options. Therefore, a reverse radial
adipofascial flap was used as a single-stage reconstruction to resurface the entirety of the circum-
ferential digital defect. At 8 months of follow up, the patient demonstrated exceptional passive and
active range of motion with excellent contour and cosmesis, illustrating the utility of this recon-
structive option.
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Complex upper-limb trauma, in particular crush and avulsion
injuries, present an ongoing challenge for reconstructive hand
surgeons despite increasing innovation in the field of hand
surgery and improved microsurgical techniques. Ring avulsion
amputations, categorized by Urbaniak,! involve severely
compromised degloved skin, often with a lengthy zone of injury
involving the tendons and neurovascular structures with variable
bony amputation. Even if replantation is successful, full func-
tional restoration is difficult. Due to the extensive degloving and
distal neurovascular injury, alternative reconstruction is required
when replantation is deemed unsuitable. Traditionally described
staged, buried flaps, such as of the chest wall or groin, often
result in bulky, stiff digits which are of limited use for patients’
day to day requirements.

The pedicled radial forearm flap is known for its versatility in
composition and use for reconstruction around the elbow and
the hand.>? It is not often used in finger defects, due to the
availability of more suitable local and free flap options. We
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present a case report of a ring avulsion amputation which was
resurfaced with a reverse radial adipofascial forearm flap
(RRAFF). At 8 months of follow up, it was demonstrated to be
both robust and flexible, allowing the patient to undertake both
vocational activities and hobbies with minimal donor site
morbidity.

Case Report

A 36-year-old male, right-hand dominant schoolteacher pre-
sented with a traumatic ring avulsion amputation of his right
middle finger after his digit was caught on the rear tray of a utility
vehicle as it pulled away. This resulted in bony amputation through
the distal interphalangeal joint, avulsion of his flexor digitorum
profundus from the musculotendinous junction, digital neuro-
vascular structures avulsed distal to the distal interphalangeal joint,
and soft tissue degloving from the base of the metacarpal bone and
proximal phalanx (Fig. 1).

The patient’s medical history was important for severe chronic
kidney disease secondary to immunoglobulin A nephropathy,
awaiting renal transplant. He neither presented with preexisting
arteriovenous fistulas nor the need for any as a bridge to
transplant.
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Figure 1. A—E. Degloved middle finger with remant proximal and middle phalanx. F—G. Reverese radial adipofascial forearm flap. H—I. Flap covered with split skin graft from upper
thigh.
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Figure 2. A, B. Two month of follow up showing healed flap with early palmar contracture. C—E. Six month of follow up post tenolysis and palmar scar release with Z-plasty.

Management

The patient was taken to the operating room within 5 hours of
the injury, and examination of the amputated digit determined it
nonreplantable given the distal extent of avulsion of the digital
vessels. Preoperative discussion with his nephrologist highlighted
that his immunosuppression notably increased the morbidity
associated with buried pedicled flaps from the groin or abdominal
region due to the increased risks of infection and subsequent sepsis.
After establishing intact collateral circulation with Allen’s test, the
decision was made to reconstruct with a RRAFF.

Following the preoperative template, a curvilinear incision was
made from palm to volar forearm. An 8 cm by 6 cm segment of
fascia was raised, islanded on proximal perforators. The radial ar-
tery was ligated proximally, while the cephalic vein was ligated and
kept in the flap for a supercharge option. The carpal tunnel was
released, and a palmar incision was made over the middle finger
ray. The radial and ulnar digital arteries were ligated, while the
radial and ulnar digital nerves were neurolyzed and coapted at the
level of midway on the middle phalanx to prevent symptomatic
neuroma. The flap was inset circumferentially over the middle
finger stump and surfaced with a fenestrated split thickness skin
graft. The donor was closed directly.

Postoperative Course

The patient recovered well after surgery and was discharged on
the fourth day after presentation.

At 2 months of follow up, his wounds had healed, with excellent
contour and cosmesis. However, functionally he demonstrated
restricted passive flexion and no demonstrable active flexion at his
proximal interphalangeal (PIP) joint. He retained good finger
movement from the metacarpophalangeal joint, including laterally;
however, he was unable to fully extend his metacarpophalangeal
joint due to contracture. A functional ultrasound determined PIP
joint dorsal capsule thickening with intrinsic tightness with an
intact and gliding flexor digitorum superficialis tendon (Fig. 2).

At 6 months of follow up, after maximizing hand therapy and
passive range of motion, he underwent a dorsal PIP joint capsule
and intrinsic release in conjunction with a Z-plasty scar revision of
his longitudinal palmar scar and tenolysis of his flexor digitorum
superficialis tendon in the palm (Fig. 2). This intervention resulted
in nearly full passive range of motion in his middle finger and
notably improved active PIP joint flexion to 36° (42° composite),
aided by use of his ring finger to guide middle finger flexion (see
video, available online on the Journal’s website at www.jhandsurg.

org/.)
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The patient returned to work with reduced hours approximately
2 months after the initial operation. After the revision procedure at
6 months after surgery, the patient was able to return to work full
time; however, he was unable to perform some tasks requiring
advanced dexterity such as manipulating network infrastructure
and cabling. At 10 months after surgery, the patient completed the
Disabilities of the Arm, Shoulder, and Hand questionnaire with a
score of 43.3. He was able to perform most regular daily activities
with mild to moderate limitation, experiencing greater difficulty
with tasks requiring a prolonged grip such as carrying a heavy bag
or using a knife.

Discussion

The patient’s age, hand dominance, occupation, and medical
comorbidities were major considerations in the reconstructive
decision. Although advances in hand surgery have improved long-
term functional outcomes and cosmetic results for primary ray
amputation in traumatic finger injures, we decided against this
approach in the first instance. We wanted to preserve as much as
possible the patient’s ability to type accurately for his work in in-
formation technology, as well as his ability to manipulate fine ob-
jects such as computer cabling and wiring. Secondly, we wanted to
avoid injuring intact metacarpal and carpal bones in a patient with
an already increased risk of infection in the trauma setting. Once
the decision was made to retain the middle metacarpal, the pri-
mary aim was to maintain length of the digit and resurface it with
durable soft tissue to facilitate middle finger function. A RRAFF was
chosen as a single-stage operation with advantages of using
regional tissue of both adequate dimension and pliability for
circumferential coverage. Previous cases have reported the success
of adipofascial-only flaps in reducing donor site morbidity associ-
ated with skin grafts for wound closure, an often-cited drawback of
forearm flaps.* In these cases, as in ours, a skin graft was applied
over the flap instead, and the donor site closed primarily.

First described over 30 years ago, the radial forearm flap is well
regarded for its versatility, ability to supply soft tissue and bone
with a long, predictable pedicle that facilitates microvascular
anastomosis, and sufficiently large tissue coverage.®’” While often
used as a free flap, the radial forearm flap and the reverse variant
are also used in the reconstruction of locoregional injuries of the
upper-limb. Other options for hand wounds include delayed pedi-
cled groin and abdominal flaps (options deemed unsuitable for this
patient given the high risk of infection and sepsis), as well as other
locoregional flaps of the forearm such as the ulnar artery and lateral
arm flaps.>®

While free flaps are also used for soft tissue coverage of the
fingers, nonfree flap options have predominantly been locally
based, such as the cross finger or dorsal metacarpal artery flaps,
which in this case would fail to resurface a circumferential defect.
Additional consideration is given to the specific amputated digit
and stumps, particularly of the thumb, as coverage should ideally
provide sufficient soft tissue for further reconstructive procedures

without compromising microvascular recipients such as the radial
artery and branches for toe transfers.> Less commonly, a circum-
ferential loss of soft tissue, caused by distal finger or thumb
degloving injuries, may require the use of multiple flaps for
reconstruction, which again is not ideal as it leaves multiple donor
sites in an already injured hand.’

Following the principle of replacing like with like, we selected a
RRAFF to circumferentially resurface a degloved middle and prox-
imal phalanx. This case is distinguished by the fact that recon-
struction required more soft tissue than could be adequately
provided by other local options. The staged groin or chest flap and
other free flap options carried an unacceptably high morbidity due
to the patient’s immunosuppression. We needed a single-stage,
robust option that was simultaneously thin and pliable, while
allowing glide without adhesions. An additional benefit of this
procedure is the protection of other hand and finger structures
during the reconstructive process, facilitating the patient’s reha-
bilitation while maintaining the dexterity required for his
occupation.

We demonstrate one of the first reported cases of a RRAFF cir-
cumferentially resurfacing a partially amputated, degloved finger.
As surgical techniques become more refined, we demonstrate with
this case that the reconstructive hand surgeon should consider the
utility of less conventional flaps, such as the RRAFF, to achieve the
goal of digital resurfacing with thin, pliable tissue in a single-stage
operation.
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