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INTRODUCTION

Fingertip injuries are one of the most frequent types of hand in-
juries, regardless of age [1,2]. However, reconstruction of a volar 
pulp defect with loss of the nail bed is challenging. Replantation 
may be a preferable option if the amputated segment is present. 
Other reconstructive methods for fingertip amputation, such as 

the Moberg flap, volar V-Y advancement flap, thenar flap, and 
small free flap have been verified as good treatments; however, 
these options cannot reconstruct the nail bed. Therefore, we 
present a subcutaneous flap and subsequent composite graft 
composed of nail bed and volar pulp skin, which could be con-
sidered in the reconstruction of defects of both the pulp and nail 
bed.
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METHODS

This reconstructive method was performed in 10 patients with 
an exposed distal phalanx and full-thickness nail bed defect be-
tween February 2018 and December 2020. All patients were 
treated with a two-stage surgical procedure, first involving cov-
erage of the exposed distal phalanx using a subcutaneous flap, 
followed 3 weeks later by a composite graft consisting of nail 
bed and volar pulp skin from the great toe. We performed this 
method for cases of fingertip amputation without the amputat-
ed segment and patients with severe crush injuries of the finger-
tip. We also included failed cases of replantation.

Operative technique
Stage 1: subcutaneous flap
A subcutaneous flap is used to cover the exposed bone (Fig. 
1A). The ulnar and radial digital arteries meet at the lunular lev-
el and become the distal transverse palmar arch (DTPA) [3]. 
More than two branches arise longitudinally from the DTPA, 
which supply arterial blood up to the fingertip [4]. It is possible 
to maintain arterial circulation on both sides of the fingertip, 
even if one of the digital arteries is cut. 

If there is a fracture, the distal phalanx is fixed with a Kirschner 
wire. The nail plate is removed, and the crushed nail bed and 
pulp tissue are adequately debrided. The size and location of the 
tissue defect are measured, and the surgeon evaluates which side 
the skin incision should start from and how large of a flap is nec-
essary.

The longitudinal skin incision starts on the opposite side of 
the defect around the distal interphalangeal (DIP) joint level. 
The subdermal dissection is at least half the defect size to elevate 
a sufficiently large subcutaneous flap. After subdermal dissec-
tion, the subcutaneous vein is observed just below the skin flap. 
It is beneficial to save the subcutaneous veins, but if doing so is 
not possible, the circulation of the subcutaneous flap will be ad-
equate because the elevated subcutaneous flap also has venae 
comitantes.

More extensive subcutaneous dissection is needed to find a 
digital artery and nerve in the deeper level of the subcutaneous 
tissue. If an artery and nerve are detected, sufficient dissection 
along the subcutaneous plane, only cutting branches of the digi-
tal artery, will enable coverage of a small fingertip defect. If the 
fingertip defect is large, the digital artery should be cut around 
the DIP joint level, and the subcutaneous flap should include 
more proximal subcutaneous tissue from the cutting side.

If the defect is small, the digital nerve can be pulled without 
severing it. If the defect is large, the subcutaneous flap can be 
transposed with intraneural dissection at the bifurcation of the 
digital nerve. Nevertheless, if the subcutaneous flap cannot be 
transferred, the digital nerve should be cut.

After trimming the pedicle, the flap is transposed to cover the 
exposed bone and nail bed defects [5]. Appropriate rotation to-
ward the defect is necessary, depending on the location and size 
of the defect. Approximation of the ruptured nail bed is per-
formed, and the flap is sutured in a tension-free manner (Fig. 
1B). The flap circulation can be checked by observing the 
bleeding through the subcutaneous fat tissue. Moist dressing 
with ointment and a short arm splint are applied after absorb-
able hemostat is put on the flap.

Stage 2: composite graft
The composite graft consisting of the nail bed and volar skin is 
performed roughly 3 weeks after flap surgery. The graft is har-
vested from a big toe under a digital nerve block and a digital 
tourniquet. According to the “like-with-like” principle, the com-
posite graft is designed to resemble the defect in terms of loca-
tion and size (Fig. 1C). Splint-thickness sterile matrix, hypo-
nychium, and volar pulp skin are harvested with continuity and 
fitted for the shape and size of the defect using the freehand 
technique. While the nail bed is harvested as deep as the defect 
of the recipient, the full-thickness volar pulp skin is harvested 
with sufficient thickness to contain a small amount of subcuta-
neous tissue. The toenail is reinserted into the eponychial fold of 
the donor toe, and trephination over the toenail is performed to 

Fig. 1. Schematic diagrams of the surgical technique: a subcutaneous flap and composite graft. (A) Tuft bone is exposed with nail bed and volar 
pulp defect. The subcutaneous flap is elevated, including the distal transverse palmar arch. (B) The amputated fingertip is covered with the sub-
cutaneous flap after cutting a digital artery. (C) The composite tissue is harvested from the great toe, and grafted over the subcutaneous flap of 
the finger.
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Table 1. Patient data

Patient 
no. Sex/age (yr) Injured 

finger
Reconstructive 

type Cause of trauma Size of flap 
(cm)

Size of graft 
(cm)

Interval between 
operations (wk)

Donor site 
of graft

Complications 
at the donor site

  1 M/57 Rt. index Immediate Jamming in a door 1.3×0.8 1.3×0.8 3 Rt. big toe None

  2 F/50 Lt. index Immediate Press machine 1.5×0.8 1.5×1.0 3 Rt. big toe None

  3 M/5 Rt. middle Delayed Animal bite 0.8×0.8 0.8×0.8 3 Rt. big toe None

  4 M/2 Lt. index Immediate Jamming in a moving walkway 0.7×0.6 0.7×0.6 3 Lt. big toe None

  5 F/61 Lt. index Failed replantation Press machine 1.2×0.6 1.2×1.0 4 Lt. big toe None

  6 M/50 Rt. middle Immediate Press machine 1.2×1.0 1.2×1.0 3 Rt. big toe None

  7 M/42 Rt. middle Immediate Press machine 1.0×0.8 1.0×0.8 3 Rt. big toe None

  8 M/57 Lt. thumb Immediate Press machine 1.7×0.7 2.0×1.5 3 Lt. big toe None

  9 M/46 Rt. middle Failed replantation Press machine 1.1×1.0 1.1×1.0 4 Lt. big toe None

10 M/54 Rt. thumb Immediate Press machine 1.4×1.0 1.2×1.0 6 Rt. big toe None

M, male; F, female; Rt., right; Lt., left.

prevent subungual hematoma. The composite tissue is grafted 
and sutured on the recipient fingertip defect previously treated 
with a subcutaneous flap (Fig. 1C), followed by a tie-over dress-
ing. The tie-over dressing is removed 7 days postoperatively.

RESULTS

The average age of the 10 patients was 42.4 years (range, 2–61 
years) with eight men and two women. All injured fingers were 
crushed and had Allen classification type 3 amputations with 
significant exposure of the distal phalanx, as well as defects in 
both the nail bed and pulp area [6]. Of the 10 fingers treated, 
there were two thumbs, four index fingers, and four middle fin-

gers. Eight patients received the subcutaneous flap as an initial 
operation due to the absence of the amputated segment, and 
two patients underwent this flap surgery as a secondary opera-
tion due to necrosis after replantation (Table 1). Fractures of the 
distal phalanx were present in two cases.

All flaps survived and all composite grafts were successful. 
Two cases of tuft fractures healed well. We examined the shape 
of the pulp area and nail growth, and the average follow-up was 
11.2 months (range, 4–27 months). The recipient and donor 
sites healed without any significant complications. Although the 
donor site usually had a subungual hematoma in the immediate 
postoperative period, none had significant morbidity during 
long-term follow-up. The nails of all patients did not have any 

Table 2. Evaluation of nail bed reconstruction according to Zook’s criteria

Variation
Patient no.

1 2 3 4 5 6 7 8 9 10

Nail shape Identical ● ● ● ● ● ●

Shorter Minor ● ● ● ●

Narrower Minor

Longitudinal curve Minor

Transverse curve Minor

Nail adherence Complete ● ● ● ● ● ● ● ● ● ●

≥2/3 Minor

<2/3 Major

Eponychium Identical ● ● ● ● ● ● ● ● ●

Notched Minor

Synechia Minor ●

Nail surface Identical ● ● ● ● ● ● ● ●

Slightly rough Minor ● ●

Very rough Major

Longitudinal ribs Minor

Transverse grooves Minor

Split Absent ● ● ● ● ● ● ● ● ● ●

Present Major

Total Major 0 0 0 0 0 0 0 0 0 0

Minor 0 1 0 0 3 0 1 0 1 1

Grade A B A A D A B A B B

Grade A: excellent (no variations), grade B: very good (1 minor), grade C: good (2 minor), grade D: fair (3 minor or 1 major), grade E: poor (>3 minor or >1 major).
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serious deformity such as nail ridge, split nail, pterygium, or 
hooked nail, except for one patient (patient no. 5) who had loss 
of almost the entire nail bed and distal phalanx after replantation 
failure. The outcomes of nail growth were excellent in five pa-
tients (50%), very good in four patients (40%), and fair in one 
patient (10%), in accordance with Zook’s criteria (Table 2) [7].

Case 1
A 50-year-old woman presented with amputation of her left in-
dex finger by a press machine. The amputated segment was 
small and severely crushed, and we decided to operate with a 
subcutaneous flap for the exposed distal phalanx. She under-
went composite graft surgery 3 weeks later. At a 27-month fol-
low-up, a minor variation of the shortened nail was observed, 

and the nail was graded as “very good” (Fig. 2).

Case 2 
A 5-year-old boy was involved in a horse bite accident, leading 
to necrosis of the right middle fingertip. After debridement, a 
soft-tissue defect of the fingertip was observed with an exposed 
distal phalanx. A subcutaneous flap was applied, and a subse-
quent composite graft was performed 3 weeks after flap surgery. 
At a 12-month follow-up, the new nail was graded as “excellent” 
(Fig. 3A).

DISCUSSION

Fingertip injuries are among the most common hand injuries 

Fig. 2. Preoperative, intraoperative, and long-term follow-up photographs (case 1). (A) The tip of distal phalanx bone is exposed (yellow arrow) 
with a nail bed defect. (B) A digital artery (red arrow) and nerve (yellow arrow) are exposed around the distal interphalangeal joint level. (C) The 
subcutaneous flap is fully covered up to the bone exposure of the nail bed. (D) The subcutaneous flap maintains the coverage of the volar and 
dorsal sides of the fingertip defect 3 weeks after flap surgery. (E) A composite tissue graft is designed on the fibular side of the great toe accord-
ing to the defect and consisting of nail bed, hyponychium, and pulp skin. (F) The fingertip defect is covered with the three-component tissue: nail 
bed (yellow arrow), hyponychium (red arrow), and pulp skin (blue arrow). The dorsal (G) and lateral view (H) of the reconstructed finger. A minor 
scar is seen without any nail deformity 27 months after the fingertip reconstruction. (I) No complication is seen at the donor site of the compos-
ite graft at a 27-month follow-up.

Fig. 3. Long-term follow-up photographs (case 2). The dorsal (A) and tip view (B) of the healed finger. A minor scar is seen without any nail de-
formity at a 12-month follow-up. (C) No complication is seen at the donor site of the composite graft at a 12-month follow-up.

A B C
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regardless of age, as the fingertip is a prominent and frequently 
used part of the hand [1,2]. However, no consensus yet exists 
regarding the ideal reconstruction of fingertip injuries with nail 
bed defects, and its reconstructive methods are limited.

Fingertip injuries are managed according to the Allen classifi-
cation as follows [6]: (1) Type 1 has only a pulp defect without 
nail bed and bone exposure. If the amputated segment is pres-
ent, a composite graft is the treatment of choice. If not, second-
ary healing is usually an adequate option; (2) Type 2 has both 
nail bed and pulp defects, but without bone exposure. If the am-
putated segment is present, the treatment depends on the shape 
of the defect. For the transverse type, acceptable options include 
various local and regional flaps, such as the thenar flap, Moberg 
flap, volar V-Y advancement flap, bilateral V-Y advancement flap, 
and cross-finger flap [8-11]. However, if the shape is oblique, a 
free flap is recommended; (3) Type 3 has an exposed distal pha-
lanx as well as both nail bed and volar pulp defects. In these cas-
es, replantation or flap surgery is required.

Although conventional fingertip reconstructions such as the 
volar V-Y advancement flap and the Moberg flap are often ap-
plied in cases of transverse amputation over Allen classification 
type 3 injuries, the Moberg flap is difficult to apply for fingers 
other than the thumb [8,9]. Additionally, although the bilateral 
V-Y advancement flap is suitable for central fingertip defects ow-
ing to its limited bilateral advancement, postoperative pain is 
one of the worst complications related to fingertip scars [10]. 
These conventional flaps may not be ideal reconstructive meth-
ods for nail bed defects.

After the development of acellular dermal matrix (ADM), nail 
bed reconstruction with ADM and a split-thickness skin graft 
(STSG) were recently introduced [11]. Although this method 
has certain advantages, including minimal functional deficits 
and donor site morbidity, it may not be suitable for complex 
crush trauma patients. It also cannot be applied to large defects 
or volar pulp defects with bone exposure.

Several methods of reconstruction exist for nail bed and volar 
pulp defects with an exposed distal phalanx. A nail bed graft is 
possible for the nail bed over the bone. If the nail bed defect is 
small, a nail bed graft over the bone can be done. However, if the 
defect is larger, graft survival tends to be low due to the presence 
of less viable vascularity over the exposed bone [12,13]. A nail 
bed graft cannot be used to reconstruct a volar pulp defect; 
therefore, it is only an option for the dorsal side of the exposed 
distal phalanx.

Microvascular toenail transfer involves the transfer of a com-
posite of nail and a finite portion of pulp from the toe. It can be 
applied from partial to full defects of the fingertip. However, its 
indications for nail reconstruction are relatively rare, and it re-

quires advanced microsurgical techniques [14].
Lee et al. [15] introduced a thin thenar fascial flap for coverage 

of exposed bone with subsequent nail bed grafts. The fascial flap 
provides a healthy wound bed for nail bed grafting. However, 
this method may induce joint stiffness due to immobilization 
before flap division.

Thus, we propose a subcutaneous flap to cover the exposed 
distal phalanx and a composite graft composed of nail bed, hy-
ponychium, and volar skin. The composite graft was taken from 
the fibular hyponychial side of the great toe to decrease irrita-
tion around the donor site when patients wore their shoes. The 
donor site healed by secondary intention in the first four cases. 
However, the patient complained of pain during dressing of the 
donor site; therefore, we used an additional STSG from the fib-
ular side of the big toe. The thin STSG was used as the donor 
for the composite graft in the last six cases. This was done to 
achieve faster healing of the donor site of the composite graft 
and to reduce pain.

The present study has limitations in that it included a relatively 
small number of cases. It is expected that the subcutaneous tis-
sue of the donor site will be reduced after transposing adjacent 
volar tissue to the defect site. Four patients complained of insuf-
ficient volume of the volar pad compared to normal fingertips. 
However, no patients reported experiencing pain in the recon-
structed finger that caused discomfort in daily life. We suggest 
that this is because the incision of the subcutaneous flap was on 
the lateral side (i.e., the non-pinching side of the finger), unlike 
the volar V-Y advancement flap.

The subcutaneous flap from the adjacent tissue covered the 
exposed bone sufficiently and became a good recipient bed for 
the nail bed graft. The reconstructed hyponychial fold is natural 
because the composite graft was harvested from the nail bed, 
hyponychium, and pulp skin of the big toe as one piece (Table 
2). If the graft is done with an STSG only, excluding the nail bed 
graft, the possibility of hook nail deformity may be high. While 
the nail bed was harvested at a depth equal to that of the defect, 
the volar pulp skin was harvested with a sufficient thickness to 
contain some subcutaneous tissue. This reconstruction does 
not require long-term immobilization and minimizes major 
complications, such as shortened nail, hook nail deformity 
(Figs. 2G, 3A), and a bulky volar pulp. These techniques require 
a relatively short learning curve as they are not microsurgical 
procedures.

The subcutaneous flap was obtained from tissue adjacent to 
the injured tissue without extensive sacrifice. The donor scar 
was minimal and was not distinguishable from a traumatic scar 
(Figs. 2H, 3B). The composite graft required a small and thin 
volume of tissue from the great toe. No donor site morbidity 
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and minimal scarring was observed in the great toe (Figs. 2I, 
3C).

A subcutaneous flap and composite graft fitting the defect 
shape could constitute a new reconstructive paradigm for fin-
gertip injuries with nail bed defects and distal phalanx exposure.
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