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Abstract

Thumb reconstruction following a traumatic injury challenge depends on the
extent of the injury. Ideally, reconstruction should restore thumb length and
position and retain thumb stability, mobility, and strength, while preserving
sensation and aesthetics. Achieving these outcomes can be especially chal-
lenging in severe cases of soft tissue and bony loss. The authors present a case
of a 20-year-old right-hand dominant female involved in a motor vehicle ac-
cident who sustained severe crush injuries and burns to her right hand. Her
injuries included soft tissue and bony defects extending from the thumb to
the distal radius, namely avulsion of the thumb and significant loss of the
distal radial and carpal column, resulting in severe wrist instability. We em-
ployed a three-segment vascularized osteocutaneous fibula flap to reconstruct
the thumb and wrist to restore bony construct, carpal support, and soft tissue
coverage. Thumb motion could not be achieved, but this technique offered a
sensate, functional post for opposition and the appearance of an anatomic
hand. Because of this surgery, the patient was enabled to graduate from col-
lege and pursue full-time employment. The authors hope that this report will
add to the fund of knowledge and surgeon armamentarium for similar de-
vastating injuries demanding thumb and wrist reconstruction.
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1. Introduction

Thumb and wrist reconstruction in the setting of traumatic amputation requires
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complex surgical planning, beginning with early and aggressive debridement [1].
Of the options available for reconstruction, the vascularized free fibula flap
(FFF) has been described as the best overall choice for traumatic injuries [2] [3]
[4]. Taylor et al. first reported successful free vascularized bone transfer in 1975
[5]. In 1986, Wei et al. expanded the idea of vascularized bone transfer to include
an osteocutaneous flap to provide additional skin coverage when needed [6].
Since then, there have been various applications of the free vascularized osteo-
cutaneous fibula flap, the most notable of which has been the reconstruction of
long, segmental bone defects [3].

FFF is used following tumor resection in most case reports of thumb and wrist
reconstruction [7] [8]. Reconstruction following oncologic resection for tumor
ablation is designed based on bony and soft tissue defects that are surgically
planned according to necessary oncologic margins. However, traumatic injuries
can be more challenging as anatomic structures are not preserved compared to
surgically planned cases. Instead, reconstruction is planned based on what re-
mains intact following traumatic tissue loss in these cases. The size of the bony
defect, the number of bony segments needed, the presence of soft tissue loss, and
the amount of soft tissue coverage required are variable and often unpredictable,
often requiring more complex reconstructive decision-making [9] [10].

The FFF is the best reconstructive option for significant bony defects with
concomitant soft tissue loss. The bone can be divided into segments that bridge
multiple defects—providing three-dimensional reconstruction—and the skin pad-
dle can be tailored for broad soft tissue coverage [11]. Pederson notes that conta-
minated wounds are best covered with muscle or other vascularized soft tissue,
which increases infection resistance due to hypervascularity [1]. Additionally,
FFF provides better healing quality and a higher incorporation rate than non-
vascularized grafts due to its innate promotion of osteogenesis [2] [3] [4] [12]
[13]. Dailiana ef al. and Humail ef al report that the FFF is useful for defects in-
volving the distal radius and hand, as the architecture of the fibula matches that
of the proximal carpal row [13] [14]. Problems with the FFF include infection,
nonunion, secondary fracture, joint instability, and arthritis, yet, even so, the ben-
efits of FFF still outweigh those of other bone grafts [15]. Thus, this case report
describes a multi-segmental osteocutaneous free fibula flap for post-traumatic

three-dimensional thumb and wrist reconstruction.

2. Case Report

A 20-year-old, right-hand-dominant female with no past medical history pre-
sented to the emergency department following a motor vehicle accident. At the
time of presentation, she sustained significant avulsion of the right dorsal radial
skin with surrounding full-thickness thermal injury, complete loss of the radial
aspect of the distal radius at the radial styloid and scaphoid fossae, displacement
of the scapho-trapezio-trapezoid complex and carpometacarpal joint, bony loss

of 75% of the thumb proximal phalanx and metacarpal, and an open index me-
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tacarpal base fracture (Figures 1(a)-(c)). The radial dorsal tips of each distal in-
terphalangeal joint demonstrated full-thickness abrasions, but the remaining
skin contained good capillary refill and normal sensation throughout. The flexor
digitorum superficialis and profundus were intact to all digits, as were all exten-
sors. The flexor pollicis longus remained intact, and the thumb tip demonstrated
sensate volar skin. The thumb extensors and abductors were avulsed, abraded,
and unable to be salvaged.

The patient was taken emergently to the operating room for debridement of
all devitalized tissue, removal of foreign debris, reduction of fractures, and eval-
uation of remaining soft tissue and its viability. The distal radioulnar joint was
found to be preserved on supination and pronation. However, a significant loss
of radial height and radial buttress effect led to severe carpal instability and radi-
al subluxation. After complete debridement, the index finger metacarpophalan-
geal joint was pinned percutaneously with Kirchner wires, the distal radioulnar
dislocation was reduced, and the radiocarpal joint was stabilized with an external
fixator (Figure 2). Finally, the wound was temporized with a loose approxima-
tion of remaining skin, and a negative pressure dressing was placed over the re-
maining open wounds.

Given the patient’s injuries, much consideration was taken in determining a
reconstructive course that would allow for a maximal functional and aesthetic
outcome. Ultimately, we planned a complex reconstruction of the thumb and
distal radius with a multi-segment osteocutaneous free fibula flap. Osteotomies
were measured and planned to achieve optimal shape and position of the thumb
using contralateral radiographs and digital planning using 3D CT imaging
(Figure 3). Before reconstruction, we irrigated and debrided any residual devita-
lized tissue and ensured a clean and healthy wound bed (Figure 4). A free fibula
flap was then marked and harvested from the ipsilateral leg (Figure 5(a) & Fig-
ure 5(b)). Three segments of vascularized bone based on the peroneal artery pe-
dicle were created using these osteotomies, starting distally with a 2 cm segment
for the proximal phalanx, followed by a 4 cm segment for the thumb metacarpal
and a 3.5 cm segment for the reconstruction of the radial carpal column. An ad-
ditional 3 cm segment of bone graft was harvested from the fibula to restore the
radial styloid as a buttress for the carpus (Figure 6).

The neo-thumb was secured with plates into an anatomic position onto the
remaining native bony segments, and the new carpal construct (most proximal
segment) was secured to the ulnar carpus with two compression screws. The
bone graft was secured to the remnant radius to serve as a radial buttress to pre-
vent radial translation of the carpus. Vascular anastomoses were made from the
flap pedicle to the radial artery and a superficial vein. The skin paddle was used
to cover the bony construct and all vital structures, while a split-thickness skin
graft was used to cover the remaining soft tissue defect (Figure 7). The vascula-
rized skin flap and native muscle covered all bone, hardware, and neurovascular
structures. An implantable doppler was placed around the artery for flap moni-

toring.
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Figure 1. (a) Right radial wrist demonstrating intact volar thumb soft tissue; (b) Right
radial wrist on presentation with debris and cross contamination; (c) Radiograph of right
hand on presentation demonstrating significant loss of distal radius and destruction of
thumb metacarpal and radial carpal bones.

Figure 2. Status post initial debridement, external fixation for stability of hand and wrist,
partial soft tissue closure.

Figure 3. Computed tomography 3D reconstruction of right hand.
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Figure 4. After irrigation and debridement, demonstrating a healthy wound bed.

il

Figure 5. (a) Free fibula flap marking and skin paddle design from ipsilateral lower leg;
(b) Free fibula flap after dissection.

Figure 6. Intraoperative fluoroscopic lateral view after bony reconstruction with free fi-
bula flap.
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Figure 7. Closure and coverage after microvascular anastomosis to the proximal radial
artery and inset and fixation of osteocutaneous construct.

Over the subsequent days, the skin paddle suffered from venous congestion;
however, the bone and muscle remained vascularized. Despite multiple attempts
at salvaging the skin paddle, this was eventually taken back to the operating
room and debrided. A salvage groin flap was employed to provide skin coverage
and protect the bony construct of the wrist, which was ultimately successful. Af-
ter the flap was separated and allowed time to heal, the patient underwent exten-
sive hand therapy. At her one year follow-up appointment, she maintained a
sensate and functional thumb with an index-thumb pinch. She graduated from

college, returned to driving, and began working full-time.

3. Discussion

The importance of the thumb is well-documented in the surgical literature. Ac-
cording to the AMA Guides to the Evaluation of Permanent Impairment, thumb
amputation results in 40% loss of hand function, while amputation of the index
or long finger accounts for only 20% loss of hand function [16]. The thumb’s vi-
tal role in hand function is attributed to its unique ability to flex across the
palm’s width [17]. It maintains this extensive range of motion because the
thumb only has two phalanges, a short metacarpal, and a saddle-shaped carpo-
metacarpal joint. When trauma and destructive changes are introduced to this
joint, it inevitably affects the posture and function of the entire hand. For car-
pometacarpal joint destruction, stability of the thumb is more critical than func-
tional movement [17]. Addressing the complexities of thumb injuries is para-
mount to restoring the hand’s functionality and improving the patient’s quality
of life.

Hand trauma occurs frequently and represents a significant portion of non-
fatal injuries requiring medical intervention. The global incidence of hand trau-
ma has been unchanged since 1990, with thumb amputation accounting for the
most significant burden of disability internationally [18]. With the high inci-
dence and morbidity associated with thumb trauma, it is essential to define re-

constructive objectives. Pet et al state that reconstructive goals should seek to
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restore thumb length, strength, position, stability, mobility, sensation, and aes-
thetics [19]. Reconstructive methods are based on two thumb injury classifica-
tions: defects and amputations. The primary objective of thumb defect recon-
struction is to resurface or replace damaged components, whereas the recon-
structive goal for thumb amputation is to restore with replantation, and often
these objectives of reconstruction overlap. For example, a thumb amputation with
a substantial volar pulp defect may require replantation and flap coverage for
skin resurfacing [20].

A functional thumb should be stable enough to perform pulp-to-pulp or tri-
pod pinch for fine object manipulation and hand-digital cylinder grasp for larger
objects. These functional demands require a post for opposition that rests out-
side the plane of the palm. There needs to be sufficient length to oppose the re-
maining digits, mobility of all joints involved in opposition, adequate sensa-
tion for pulp pinch, and acceptable aesthetic appearance when reconstructing
the thumb.

A recent case report by Graham et a/ demonstrated a similar approach to
thumb reconstruction. [21] Their patient had disruption of the thumb’s meta-
carpophalangeal joint and were able to successfully restore the joint’s form a
function with preserved sensation using a vascularized FFF. In the current case,
the authors describe a traumatic injury extending proximally from the thumb to
the distal radius. This injury created a combination of functional demands, in-
cluding the restoration of 1) wrist stability, 2) thumb length, 3) thumb position,
and 4) aesthetic appearance. A multi-segmental free fibula flap construct was de-
signed to recreate the functional position of the thumb and stability of the wrist.
While full functionality of the thumb could not be preserved, this reconstructive
approach allowed for an anatomic-appearing hand with a sensate thumb and
restoration of index-thumb pinch and opposition. Given the severity of the in-
jury, the overall outcome of the reconstruction was considered successful as we
achieved stable bony construct and soft tissue coverage and avoided more proxim-

al surgical amputation of the hand.

4. Conclusion

A free fibula flap is a viable option for post-traumatic total thumb and wrist re-
construction. This technique allows for a sensate post for opposition and a nor-

mal hand aesthetic.
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