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Abstract

Reconstruction of osseous defects of the distal phalanx of the thumb is usually

addressed with free bone grafts or free vascularized bone flaps. Some reports

demonstrated the possibility to harvest an osteo-cutaneous flap in the dorso-

ulnar side of the first metacarpal bone with success. In the same manner, no

reports are present in the literature in which bone deficits were reconstructed

with this flap elevated as an exclusively osseous flap. We report our successful

experience with one case of distal phalanx reconstruction of the thumb by mean

of the dorso-ulnar reverse flow pedicled osseous flap. The patient was a 45-year-

old woman with symptoms related to a cystic bone tumor that involved the

entirety of the distal phalanx of the thumb. Flap dimensions were calculated based

on x-ray gap measures, which resulted in need of 1.5 ! 0.8 ! 0.5 cm flap dimen-

sions. An osseous flap was harvested and transposed from the ulnar side of the

first metacarpal bone. K-wire fixation was utilized for bone flap stabilization. No

complications occurred and excellent functional result was evaluated at 6 months

follow-up. In our opinion, the flap may be considered as an alternative to free

bone grafts in situations in which perilesional tissues may jeopardize the process

of free graft taking and in cases in which free vascularized bone flaps are not

feasible for patient or surgeon decision.

1 | INTRODUCTION

Reconstruction of osseous defects of the distal phalanx of the thumb

remains a challenging procedure in hand surgery. Historically, its

reconstruction had been addressed only by mean of bone grafting

techniques (Rinaldi & Fiornovelli, 1978), mainly harvested from the

radius or the iliac crest (Kurz et al., 1989). Reconstruction with free

bone grafts require many factors to prevent graft resorption, such as

graft stability and compression or its placement in between well vas-

cularized bone stumps (LaTrenta et al., 1989).

Recently, free vascularized bone flaps, such as the medial femo-

ral condyle free flap (Ruston et al., 2015) or the Great Toe flap

(Hamilton & Morrison, 1980), have showed their reliability as useful

alternatives to bone grafts in microsurgical reconstruction of bone

deficits of the thumb, but the donor site morbidity related to these tech-

niques may not always be accepted by the patient. Pedicled vascularized

bone flaps for thumb reconstruction were firstly described by Pellisier

et al. (Brunelli et al., 1999; Pellissier et al., 2001; Pistre et al., 2001). They

reported three cases of distal phalanx reconstruction of the thumb with

an osteo-cutaneous dorso-ulnar flap, which included a bone fragment

harvested from the first metacarpal bone. Getting inspiration from those

reports and anatomical findings, we revived this reconstructive method

using a dorso-ulnar reverse flow pedicled osseous flap. At best of our

knowledge, this is one of the few cases reported in the literature.
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2 | CASE REPORT

A 45-year-old woman referred to our Reconstructive Unit for symp-

toms related to a cystic bone tumor that gradually growth over a

10-year period, which caused an almost complete erosion of the distal

phalanx of the thumb. She complained about pain in thumb flexion,

reduction in pinch grip, hippocratic nail deformity and shape deformity

of the distal phalanx of the thumb.

The x-ray showed a complete absence of volar and dorsal

cortical bone and a cystic dilatation of the central portion of the

phalanx. The distal inter phalangeal (DIP) joint was slightly

deformed but still preserved (Figure 1a). The MRI confirmed these

findings and suggested a diagnosis of enchondroma or aneurismatic

cyst of the distal phalanx.

Many different techniques were proposed to the patient for

excising the bone tumor, restoring thumb functionality and aesthetic

appearance of the thumb (Figure 1b,c). A Trimmed Toe to thumb

reconstruction was firstly proposed for restoring thumb functionality

and aesthetic appearance. Reconstruction with a trimmed toe to

thumb could have ameliorated both aspects complained by the

patient, but it was rejected by the patient for its high donor site

morbidity. To overcome patient's apprehension on the donor site area,

we proposed a dorso-ulnar reverse flow osseous flap harvested from

the ulnar side of the first metacarpal bone.

Skin markings were performed preoperatively, with a “lazy S”
shaped line representing the skin incision (Figure 2a). The pivot point

of the pedicle was marked 2 cm proximal to the nail fold; the dorso-

ulnar artery was identified 1 cm lateral to the median axis of the proxi-

mal phalanx. In Figure 2, the dotted line represented the width of the

harvested pedicle including artery and veins. The location of bone

harvesting was determined by measuring, along the finger axis, the

distance between the pivot point and the distal extension of the

bone defect. Flap dimensions were calculated based on x-ray an intra-

operative gap measures and resulted in 1.5 ! 0.8 ! 0.5 cm in flap

dimensions.

The surgical procedure was performed under loco-regional

anesthesia, using an arm tourniquet and under loupe magnification.

The skin was incised at the level of the “lazy S” marking in a subder-

mal plane in order to expose the subcutaneous pedicle of the flap. At

the level of the first metacarpal bone, the incision was prolonged on

the radial edge deep to the paratenon of the extensor pollicis longus

(EPL) tendon and on the ulnar edge deep to the fascia of the first

dorsal interosseous muscle (Figure 2b). The EPL tendon was then

retracted radially, allowing the incision of the periosteum and the

osteotomy at the level of the first metacarpal shaft on the radial side.

On the ulnar side, a sling of the first interosseous aponeurosis was

included in the flap preserving its continuity with the periosteum

elevated by the ulnar osteotomy. To obtain a rectangular shaped bone

segment, longitudinal radial and ulnar sided osteotomies were

performed first, while proximal and distal transverse osteotomies

were executed conserving distally the continuity between the adipose

pedicle and the periosteum of the flap. The flap was then elevated in

a proximal to distal direction till the pivot point was reached

(Figure 2c). The tourniquet was released confirming flap vasculariza-

tion by evaluating bone edges bleeding. Once performed this assess-

ment, the flap was rotated to fill the bone defect and fixed under

fluoroscopy with K-wires temporarily blocking the IPj (Figure 2d,e).

At the pivot point level, a small area of pedicle was left healed by

secondary intention to avoid compression on the pedicle (Figure 2f).

Skin was sutured avoiding excessive tension of the skin flaps. A volar

thumb split was positioned to immobilize the IPj.

The final pathology report stated the diagnosis of enchondroma.

The patient was discharged the first postoperative day. X-rays evalua-

tions were performed at two (Figure 3a), four, eight (Figure 3b,c) and

16 weeks (Figure 3d) postoperatively. Mobilization started 2 weeks

after surgery with thumb opposition exercises; K-wires were removed

at 8 weeks when the x-ray evaluation demonstrated complete bone

consolidation and healing of the donor site area at the first metacarpal

bone with restoration of bone radiopacity. The patient returned to

heavy manual work 12 weeks after surgery with a ROM of 0-0-70"

F IGURE 1 X-ray
documenting erosion of the
cortical bone and deformity of the
distal inter phalangeal (DIP) joint.
The low radiopacity of the lesion
of the distal phalanx of the thumb
was consistent with the diagnosis
of enchondroma or bone cyst (a).
Hippocratic nail and shape
deformity of the distal phalanx of
the right thumb (b,c).
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F IGURE 3 X-ray evaluation at 2 weeks (a), 2 months (b,c) and 6 months (d) follow-up. The increase of radiopacity of the bone flap was sign of
flap vitality and determined by the periosteal reaction of the flap with its surrounding tissues. Optimal union between the flap and the dital bone
stump of the distal phalanx was obtained (d). X-rays showed progressive healing of the donor site area at the first metacarpal bone with
restoration of bone radiopacity.

F IGURE 2 Preoperative
markings. The dotted line
represented the width of the
harvested pedicle including artery
and veins (a). Bone gap
dimensions were taken
intraoperatively and marked on
the donor site area (b). Asterisks
indicate the bone flap and the
arrows mark the vascular pedicle.
Intraoperative view of the flap
transposition (c–e). Immediate
postoperative result. A small part
of the pedicle was left healed by
secondary intention (f).
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and a restored pinch force, confirmed by Jamar pinch test without

pain. At 2- (Figure 4a,b) and 6 months (Figure 4c) follow-up the thumb

presented full stability of the distal phalanx and an adequate

pinch movement, with complete restoration of thumb function. At

6 months, postoperatively no signs of recurrence were noted.

3 | DISCUSSION

It is widely recognized that bone gap reconstruction requires a

vascularized bone graft if the deficit is interposed between two bone

segments not optimally vascularized (Arai et al., 1999; Cutting &

McCarthy, 1983). This is why it is highly probable that free bone

grafts could be resorbed without an adequate environment. Recon-

struction by mean of free vascularized bone flaps could be considered

an excessive option in some cases in terms of time consume and costs

or refused by the patient due to donor site morbidity. In this case, a

bone graft reconstruction was considered at high risk of failure. In

fact, the proximal and distal portions of the distal phalanx of the

patient's thumb were not considered adequate for allowing a

sufficient compression and stability of the whole reconstruction,

leading to bone resorption, chronic instability and inability to perform

pinch movements, finally requiring surgical revision. On the other

hand, a well vascularized bone flap was deemed to overcome this

situation, stimulating bone union even with moderate stability and

compression between the bone stumps.

Despite various osteo-cutaneous flaps are described in the litera-

ture, such as composite radial or posterior interosseous bone flaps, in

some cases these flaps may be considered excessive for the type of

defect or still not feasible. A reverse radiodorsal artery-pedicled

thumb metacarpal vascularized bone graft was described for the treat-

ment of an osteochondral fracture of the thumb interphalangeal joint

(Hirose et al., 2021). Even if it could be considered a good alternative

to the ulnar sided flap, We believe that the pedicle is too short and it

is not adequate to allow reconstruction of bone defects distal to the

DIP. Basing on the anatomical and case series studies published by

Brunelli et al. (1996) and (Pellissier et al., 2001), the dorsal ulnar

vascular supply of the first metacarpal bone is guaranteed by the

dorso-ulnar artery. This artery shows a constant distal anastomosis

with the volar proper digital artery at the level of the neck of the

thumb's proximal phalanx. Basing on these anatomical findings, a case

series of three distal phalanx reconstruction using osteocutaneous

reverse flow flaps was reported (Pellissier et al., 2001).

We report a case of extended bone defect of the distal phalanx

of the thumb reconstructed with a dorso-ulnar reverse flow pedicled

osseous flap. In this case, a skin deficit was not present but a well

vascularized pedicled bone flap was necessary. At 2- and 6-months

follow-up, the radiographs showed that size and density of the bone

flap was greater than the donor site area. According to the authors,

this fact was due to the strong periostal reaction of the bone flap. The

periosteal reaction of the flap was quite evident and noticeable with a

high radiopacity of the bone flap and with calcification of the subcuta-

neous tissue around the flap. We believe that this reaction allowed to

connect the bone flap with the bone stumps of the distal phalanx. In

case of reconstruction after malignant tumor resection, a longer

follow-up is strongly suggested. In this case, clinical examination

confirmed optimal bone healing with normal pinch movement and

complete restoration of thumb function.

As the anatomy of the flap is well established and documented

in the literature, we believe that this flap is a solution that may

overcome donor site related concerns in distal phalanx bone

reconstruction.
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F IGURE 4 Postoperative
result at 2 (a,b) and 6 (c) months
with good flexion of the DIP.
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