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ABSTRACT
The use of homodigital dorsal neurofascial broaden pedicle island flaps (HDNBPIF) to treat fingertip
amputations is an ongoing research topic. Here, we evaluated the clinical effects of resurfacing fingertip
amputations in long fingers using HDNBPIF. Seventeen patients with 18 long fingers were treated with
HDNBPIF from December 2018 to May 2021. Total active motion (TAM) scores, Semmes Weinstein mono-
filament (SWM) test, static 2PD test, visual analogue scale (VAS), Vancouver scar scales (VSS), and quick
DASH scores were evaluated at 12–25months postoperation. The aesthetic satisfaction of the patients
was estimated subjectively using a 5-point Likert scale. The mean defect size was 1.11� 1.13 cm and
mean flap size was 1.32� 1.32 cm. All flaps survived and the mean TAM of injured fingers was 255.6�
(Contralateral side: 268.4�, p< 0.05). Mean SWM score in the flap was 3.90 g, and 3.22 g in the donor
zone. Mean static 2PD discrimination in the flap was 5.61mm and 4.33mm in the donor zone. Mean
quick Dash scores were 5.81 whereas Mean VAS score in the flap was 0.7 and 0.2 in the donor site.
Vancouver scar scales at the donor and recipient sites ranged from 0 to 2. At the end of the follow-up,
all patients reported good aesthetic appearance and curative effects. These results show that HDNBPIF is
a promising strategy that achieves good curative effects and recovery of fingertip functions.
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Introduction

With the rapid development of modern industry, thousands of peo-
ple suffer devastating hand injuries each year, often leading to
fingertip amputation. It is estimated that over 4.8 million people visit
emergency rooms with hand and finger injuries each year [1]. Finger
soft tissue defect is more common in hand trauma. Currently, the
treatment of fingertip defects mainly involves VY advancing flap,
cross finger flap, antegrade homodigital island flap, and free flap [2].
Currently available surgical methods have their unique advantages
and disadvantages and no perfect flap can handle all, making recon-
struction of fingertip defects a challenging procedure. To meet
patients’ demands for the preservation of finger length and restor-
ation of fingertips’ appearance, movement and sensory functions,
we designed homodigital dorsal neurofascial broaden pedicle island
flaps (HDNBPIF) for treating fingertip defects.

In flap design for fingertip repair, some studies suggest the
wide subcutaneous tissue improves flap blood transport. Here, we
designed a broaden pedicle at the junction between the island
flap and the nutrient fascia, which appropriately buffers skin suture
tension and ensures adequate blood supply. Dissecting and sutur-
ing the digital dorsal nerve are performed to improve the sensory
function of the transplanted flap. Without the need for vascular
bundle dissection and postoperative fixation, the possibility of
back skin necrosis [3] and joint stiffness is reduced significantly

[4,5]. As skin color, texture, and thickness of the donor area of the
flap are similar to that of the fingertip, HDNBPIF has good cos-
metic and functional value. Here, we report the use of HDNBPIF in
the treatment of fingertip amputation and highlight its clinical
value by presenting functional and aesthetic outcomes.

Patients and methods

This study involved 17 patients (14 males and 3 females) with 18
fingertip amputation (11 Allen type II and 7 type III) treated at
our hospital from December 2018 to May 2021. The inclusion cri-
teria were: a) patients with acute fingertip amputations in long
fingers (excluding thumb injuries), b) patients suffering from Allen
type II and III without being replantation candidates, c) patients
aged 16–70 years, d) patients who met surgical indications.
Exclusion criteria were: a) patients with skin and subcutaneous
soft tissue injury on the back of long fingers (flap cutting and flip-
ping area), b) patients with old scars on the flap cutting and flip-
ping area, patients with fasting blood-glucose levels of
>10.0mmol/L, c) patients with surgical contraindications, such as
severe infectious diseases and allergy to anesthetics, d) patients
with injuries that were acquired >6 h before surgery, e) patients
who refused to participate in the study and requested other treat-
ment methods. After discharge, all patients were followed up at
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2-week intervals for the first month and then bimonthly for a
year. All patients gave written informed consent. Ethical approval
for the study was granted by the local ethics committee. The
study adhered to declaration of Helsinki guidelines.

Surgical technique

Under brachial plexus block anesthesia, an inflatable tourniquet was
tied to the upper arm at a pressure of 40kPa and relaxed for 10min
every hour. Wound contamination and necrotic tissue were completely
removed, and an island like flap designed depending on the size of
the amputation with the cusp pointing to the distal. Flap design
range: the distal edge of the flap end to the line 0.3 cm proximal to
proximal interphalangeal joint, while the proximal edge of the flap
end to the line 0.3 cm distal to metacarpophalangeal joint line and
the two sides end to the line 1.5cm within axis line. The designed
flap should be about 2–6mm2 bigger than the damaged range of the
fingertip amputation area. To decrease suture tension and guarantee
flap survive, the broaden pedicle (Figure 1, Green Arrow) of the flap
was designed in the shape of a droplet with a length of 0.3–0.5cm.

After the flap and broaden pedicle were designed, the skin
was cut along the designed outline. The flap was cut at the
superficial layer of the extensor tendon so as to protect the fascia
and inner venous plexus. Postoperative tendon adhesion was also
prevented and survival rate of the grafted skin was improved
since the integrity of the aponeurosis was not destroyed upon
separation at this level. Aiming to restore the sensory function of
the amputated fingertip, digital nerves within the scope of the
flap (Figure 1, Black Arrow) were dissected and traversed in order
to flip with the distal end of the flap, being anastomosed with
the severed radial or ulnar proper digital nerve (Figure 1, Gray
Arrow) at the amputated finger end.

To form a superficial skin channel for creating and accommo-
dating the nutrient stripe of the flap (Figure 1, Blue Arrow), the
whole skin layer from distal end of the flap to the proximal end
of the defect was cut in a large zigzag incision and the skin inci-
sion placed laterally (ulnar or radial, according to the oblique dir-
ection of amputation) at the distal level of the distal
interphalangeal joint in order to protect the nail bed and maxi-
mize the distal interphalangeal joint’s range of motion.

After the skin channel was cut and formed, the fascia tissue
beneath the skin layer was dissected and 0.5–0.7 cm wide fascia

tissue was reserved as the flap’s vascular nutrient stripe. Next, we
rotated the flap in the pivot point by about 180� to cover the
defect area. The pivot point (Figure 1, Red Arrow) was designed
at 0.5–0.8 cm proximal to the distal interphalangeal joint. The axis
line refers to the finger dorsal midline, which includes the con-
necting line of dorsal midpoints of the distal and proximal inter-
phalangeal joints and its extension line.

The transected digital nerve in the flap was then seamed to the
stump of the radial or ulnar proper digital nerve (9-0 Prolene
Polypropylene Suture; Ethicon US, LLC, Somerville, NJ) using the epi-
neurium suture method. The flap was sutured with silk thread (5-0
non-absorbable suture, Ethicon US, LLC, Somerville, NJ) starting from
the top of the flap (i.e. the opposite side of the broaden pedicle tip),
followed by the two sides of the flap. The superficial skin channel
was closed after completely suturing the skin flap. When suturing
the skin edge near the pivot point, one should ensure that the ten-
sion at the skin edge is not too high and that the skin edge on
both sides is slightly aligned to guarantee blood supply of the flap
due to the existence of a double fascia layer around the pivot point.
Finally, direct suture or free skin grafts can be used depending on
size of the donor wound based on following principles: a) if the flap
width was within 1.0 cm, the donor wound surface can be directly
sutured, b) if the flap width is larger than 1.0 cm, free skin graft was
appropriate. Forced suture should not be used on either. Typical sur-
gical procedure was shown in Figure 2(A–D).

Postoperative management

Postoperative wound coverage was performed using a gauze to
provide suitable pressure. Warmth was provided to the fingertip
by light illumination. Antibiotics, anti-spastic, and anti-thrombotic
treatments were given. Flap circulation was monitored for at least
2 days by visually inspecting tissue color and capillary refilling.
Based on flap condition, sutures were removed in a timely man-
ner to reduce wound tension and venous obstruction. Active
range-of-motion exercises were initiated after the removal of
sutures. All patients underwent formal hand motion exercises.

Outcome evaluation

Outcomes were evaluated by a hand surgeon at our department
who did not attend the operation. The wounded finger’s range of

Figure 1. Schematic illustration of the use of HDNBPIF in treating fingertip amputation. HDNBPIF is designed and superficial skin channel is cut like shown in (A).
Black arrow shows the dissected digital nerve in flap. Green arrow shows the broaden pedicle. Grey arrow shows the stump of the proper digital nerve. We rotated
the flap with the flap’s vascular nutrient stripe and the broaden pedicle is also shown in (B). Red arrow shows the pivot point. Green arrow shows the rotated
broaden pedicle. Blue arrow shows the nutrient stripe of flap.
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motion (ROM) was assessed using the total active motion (TAM)
scoring system of the American Society for Surgery of the Hand.
The parameters were compared with the contralateral side (100%
excellent; 75%–99% good; 50%–74% fair; <50% poor) [6]. The
sensibility of the flap and the donor site were evaluated using the
Semmes Weinstein monofilament test with a five-piece hand kit
(2.83: normal sensation, 3.61: residual texture sensation, 4.31:
residual protective sensation, 4.56: loss of protective sensation,
and 6.65: residual deep pressure sensation) [7]. Static 2PD tests
were rated using the modified American Society for Surgery of
the Hand guidelines (<6mm excellent; 6–10mm good; 11–15mm
fair; >15mm poor) [8,9]. The visual analogue scale (VAS) was
used to evaluate residual pain in the flap and the donor site,
ranging from 0 (no pain) to 10 (worst pain) [10]. To quantify post-
operative physical function and symptoms, all patients were eval-
uated using the Quick Disabilities of the Arm, Shoulder, and Hand
score (quick DASH) [11]. Scars were assessed using the Vancouver
scar scale (VSS), ranging from 0 to 3 in 4 categories [12,13].
Follow-up assessments were completed by a hand surgeon at our
department who did not participate in the operation or therapy.

Results

Patients

After rigorous screening, follow-up was available for 17 patients
(14 males and 3 females, mean age: 44.7 ± 12.9 years) and 18 long
fingers. The mean follow-up was 16.6 ± 4.0months (range:
12–25months). 13 fingers were on the left hand (72.2%) and 5 on
the right hand (27.8%). The operations involved 6 index fingers
(33.3%), 6 middle fingers (33.3%), 4 ring fingers (22.3%), and 2 lit-
tle fingers (11.1%). The average size of fingertip defects was
1.11� 1.13 cm (range: 0.6� 1.0–2.0� 1.8 cm). The mean flap size

was 1.32� 1.32 cm (range: 0.8� 1.2–2.3� 2.0 cm). Mean nutrient
stripe length was 4.18 ± 0.34 cm (range: 3.4� 4.6 cm). Mean
broaden pedicle length was 0.44 ± 0.08 cm (range: 0.3� 0.5 cm).
Mean operating time was 123 ± 32min (range: 90–185min). The
main etiology for fingertip wounds was crush amputations
(55.6%) and clear-cut injuries (44.4%) (Tables 1 and 2). All flaps
survived. One flap showed partial necrosis and two cases showed
tension blister but healed with wound care. No wound infections
were observed.

Motor ability

At the final follow-up, the mean TAM for the injured fingers was
255.6�±8.0�, which was over 95% of the contralateral side
(unaffected side: 268.4�±5.7�, p< 0.05), with all fingers scored as
good grade. Detailed statistics are shown in Table 3.

Neurological assessment

Mean Semmes Weinstein monofilament score in the flap was
3.89 ± 0.37 g (range: 3.6–4.56 g, contralateral side 3.18 ± 0.39 g,
range: 2.83–3.61 g, p< 0.05). Mean Semmes Weinstein monofila-
ment score at the donor site was 3.22 ± 0.40 g (range: 2.83–3.61 g)
(contralateral side 3.00 ± 0.33 g, range 2.83–3.61 g, p< 0.05). Mean
values for static two-point discrimination in the flap was
5.6 ± 1.2mm (range: 4–8mm), including 9 excellent and 9 good
results (contralateral side: 3.7 ± 0.8mm, range: 3–5mm, p< 0.05).
Mean values of the static two-point discrimination in the donor
zone was 4.3 ± 0.6mm (range: 4–6mm), including 17 excellent
and 1 good results (contralateral side. 3.6 ± 0.6mm, range
3–5mm, p> 0.05). Mean quick dash scores was 5.81 (range: 0–20).
Mean VAS score in the flap and donor site was 0.7 (range: 0–4)
and 0.2 (range: 0–2) (Table 3).

Figure 2. Typical case presentation. An Allen’s type 3 fingertip amputation is shown in (A). The exact location and width of flap and broaden pedicle is shown in (B).
During operation, we dissected the digital nerve in the flap (C). Postoperative status was shown in (D). At 18months follow-up, the index finger showed good con-
touring and appearance (E and F).
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Appearance and satisfaction

Based on the 5-point Likert scale, aesthetic satisfaction was rated
‘sufficient’ by 3 patients, ‘good’ by 8 patients, and ‘excellent’ by 6
patients (Table 3). Vancouver scar scale results at the donor and
recipient sites are shown in Table 4. Typical follow-up appearance
was shown in Figure 2(E,F). By the end of follow-up, all patients
were satisfied with the curative effects and aesthetic appearance.

Discussion

After ruling out post-traumatic infection, the main objective of
fingertip defect treatment is to preserve the joints’ range of
motion, restore sensory function, preserve the length of affected
long fingers, and to improve post-treatment appearance as much
as possible [14]. In all Allen type I injuries and a part of Allen II
type injuries, conservative treatment with a closed dressing cover-
ing the wound is acceptable [15–17]. However, for patients with
Allen II and III amputations, especially those with large defects
and bone exposure, conservative treatment is not effective and
urgent surgery is often needed [18].

Currently, the treatment of fingertip defects mainly involves
finger replantation, amputation, and flap reconstruction [19–21].
For acute transverse injury, fingertip reconstruction is considered
the best treatment for fingertip amputation. However, due to the
harsh conditions, high technical requirements and high risk of
failed replantation, it is difficult to carry out this technique in pri-
mary hospitals [22]. Amputation surgery is simple and convenient
for postoperative management, but due to loss of aesthetics and
function, it is not performed routinely [23]. Due to these factors,

flap therapy is an ideal treatment strategy. Common surgical
methods for repairing fingertip defects in long fingers include: 1)
V–Y advancement flap, whereby the flap is mainly aimed at the
dorsal or oblique defect, and can be usually be repaired in a small
area but not a large area of defect. The most popular methods
include Segmuller, extended Segmuller, Mouchet-Gilbert, and
Venkataswami [24,25]; 2) cross-finger flap, whereby the flap is
mainly used to repair the dorsal defect of the finger and can
cover a large area of the defect. However, it requires a long time
of two-finger fixation and a second operation to open the flap
[26]; 3) antegrade homodigital island flap, whereby the flap effect-
ively covers digital abdomen defects. However, it is also not suit-
able for large defects and requires dissection of bilateral
neurovascular bundles, which is difficult to conduct [27]; 4) heter-
odigital island flap, which is a complementary option to the
homodigital island flap. It can be considered when adjacent soft
tissue is damaged [28]; 5) Free flap, which is suited for small
fingertip defects, or for patients with low sensory requirements,
such as fingertip defects in the little finger in which sensation is
much smaller than in other fingers [25].

The fingertip is a special anatomical structure. Its main func-
tion is to grasp and feel objects. Tactile recognition is a key func-
tion of the hand, especially the fingertip. Achieving the best
sensory function is the aim of fingertip reconstruction [29,30].
Sensory function can be assessed clinically using the 2PD and
SWM tests. Kim and colleagues examined 8 patients with static
2PD, 12months post-surgery and obtained a mean 2PD result of
5.0mm [31]. Da�ghan Da�gdelen and colleagues measured static
2PD at 7months after repairing fingertip injury, with an average
measurement value of 4.5mm [32]. Comparison of our findings
with past reports revealed that the sensory function of the recipi-
ent flap in this study was acceptable, although the mean static
2PD and SWM scores in the flap differed significantly from the
contralateral side

Another major function of the fingertips is gripping and resist-
ance to mechanical forces [33]. A major goal of therapy after
fingertip amputation is to restore normal active motion without
the development of flexion contracture. In this study, injured fin-
gers had a mean TAM of 255.6�±8.0�, while contralateral fingers
had a mean TAM of 268.4�±5.7�. The IS/CS rate was 95.16%,
which corresponds to ‘good’ according to Kleiner [34] – no signifi-
cant limitation in active and passive activity was observed. Forced

Table 2. Demographic and surgical details of the cases in this study.

Items Mean (range)

Age (years) 47 (26–70)
Sex (M/F) 14/3
Side (L/R) 13/5
Recipient fingers (I/M/R/L） 6/6/4/2
Defect size (cm� cm) 1.11� 1.13 (0.6� 1.0 to 2.0� 1.8)
Flap size (cm� cm) 1.32� 1.32 (0.8� 1.2 to 2.3� 2.0)
Broden pedicle length (cm) 0.45 (0.3–0.5)
Nutrient stripe length (cm) 4.18 (3.4–4.6)
Operating time (min) 122.9 (80–185)
Etiology (Crush/Clean cut) 10/8
Follow-up time (months) 16.6 (12–25)

Table 1. Patients and results.

Patients Age Sex Finger
Detect
size (cm) Flap size (cm)

Nutrient
stripe
length
(cm)

Broden
pedicle
length
(cm) Allen’s type Etiology

Duration of
operation
(min)

Final
follow-
up

(months)

1 53 M III 1.5� 1.5 1.7� 1.6 4.5 0.5 3 Crush 90 24
2 38 M IV 1.0� 1.0 1.1� 1.2 4 0.3 2 Clean cut 140 25
3 32 F II 1.5� 1.2 1.8� 1.4 4.3 0.5 3 Crush 165 21
4 34 M IV 1.5� 1.0 1.8� 1.2 4.1 0.4 2 Clean cut 115 22
5 26 M IV 1.0� 1.0 1.1� 1.2 4.2 0.4 2 Clean cut 105 18
6 49 F III 1.0� 1.2 1.2� 1.0 4.6 0.5 2 Crush 110 16
7 30 M V 0.8� 1.0 1.0� 1.2 3.5 0.3 2 Crush 90 16
8 50 F II 1.0� 1.2 1.1� 1.4 4.2 0.5 2 Clean cut 85 18
9 50 M III 0.8� 1.3 1.0� 1.6 4.5 0.5 2 Crush 105 17
10 42 M II 1.0� 1.0 1.2� 1.3 4.3 0.5 3 Crush 145 16
11 51 M II 0.8� 1.0 1.0� 1.2 4.1 0.5 2 Clean cut 115 12
12 25 M II 0.6� 1.0 0.8� 1.2 4 0.5 2 Clean cut 80 12
13 53 M III 0.8� 1.1 1.0� 1.3 4.6 0.5 2 Clean cut 105 13
14 44 M III 1.4� 1.3 1.7� 1.6 4.4 0.5 3 Crush 145 14
15 70 M III 1.5� 0.8 1.8� 0.9 4.5 0.5 3 Crush 185 13
15 70 M IV 1.0� 1.0 1.2� 1.2 3.9 0.4 3 Crush 185 13
16 41 M V 0.8� 1.0 1.0� 1.2 3.4 0.3 2 Clean cut 125 14
17 47 M II 2.0� 1.8 2.3� 2.0 4.2 0.4 3 Crush 140 14
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splints and cross-finger flaps require additional postoperative
fixation and increase the risk of joint stiffness [27]. Here, TAM
results showed that the affected finger’s postoperative mobility
recovered well and benefited from the avoidance of postoperative
fixation of the affected finger and early postoperative joint activity
and rehabilitation exercise.

In addition to motor and sensory functions, aesthetic recovery
is important aim when treating fingertip defects [35]. VSS analysis
indicated that our study had satisfactory aesthetic clinical out-
comes. Quick DASH scores and VAS scores indicated that few
patients suffered postoperative pain that affected their daily life
and work, which is consistent with the results of all patients being
satisfied.

HDNBPIF has several advantages in the repair of fingertip
defects. First, the flap relies on the vascular network within the
fascia to provide circulation support, without the need to dissect
specific digital arteries, which reduces the operation’s difficulty.
Secondly, the dorsal finger nerve is dissected in the flap and
transplanted to the stump of digital proper nerves, leading to sat-
isfying sensory function recovery in the long term. Third, the flap’s
broaden pedicle design appropriately increases the width of the
skin at the junction between the flap and the stump, which can
reduce the suture tension and soft tissue pressure and ensure the
blood supply of the distal flap and reduce the possibility of necro-
sis of the distal flap. Furthermore, compared with cross finger
flaps, each long finger can be treated separately without affecting
each other when multiple fingers are injured. Additionally, the
flap is designed on the dorsal of the lacerated finger, which does
not affect other fingers. In the case of multiple fingertip amputa-
tions, all wounded long fingers can receive HDNBPIF therapy sim-
ultaneously and in a timely manner. Besides, HDNBPIF avoids

long-term splint fixation after surgery and second operation,
allowing early functional exercise of the affected finger. Finally,
the skin flap has similar texture and color as the surrounding tis-
sue, as well as good blood supply, friction resistance, and
cold resistance.

However, HDNBPIF also has some disadvantages: First, it
requires dissection of the dorsal digital nerve and suture of the
severed digital proper nerve. Secondly, as the blood supply
source of the flap is not as steady as digital artery’s supply, mild
ischemia and flap retraction, as well as blister formation may
occur after surgery. After surgery, it is necessary to promptly
aspirate effusion and release pedicle sutures. Finally, compared
with palmar flaps, this method is more invasive and requires
more soft tissue dissection.

This study also has some limitations. First, this is a single-
center cohort study. Second, because the study lacked a control
group, it could only be compared with past studies. Third, the
study had a small sample size (only 17 patients were followed
up). Finally, the follow-up time was short in some cases.

In this study, clinical data on the use of homodigital dorsal
neurofascial broaden pedicle island flaps (HDNBPIF) to treat Allen
type II and III fingertip injury were analyzed. The results show that
HDNBPIF has several advantages including preservation of finger
length, restoration of sensory function, good aesthetic appear-
ance, and does not impair joint activity, all of which results in
high patients’ satisfaction. In summary, HDNBPIF can be used to
reliably repair fingertip defects in long fingers at primary clinics.
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Table 3. Outcomes at the final follow-up.

Item Mean (range)

IS CS

TAM MCP 91.3 92.1
PIP 99.5 101.0
DIP 64.8 75.3
Total 255.6 268.4
Grade (excellent/good/fair/poor) 0/18/0/0 /

SWM test IS CS
In flap 3.90 3.22
At donor site 3.22 3.00

Static 2PD test IS CS
In flap 5.61 3.72
Grade (excellent/good/fair/poor) 9/9/0/0 18/0/0/0
At donor site 4.33 3.56
Grade (excellent/good/fair/poor) 17/1/0/0 18/0/0/0

VAS scores IS CS
0.7 (0–4) 0.2 (0–2)

Quick DASH scores 5.81 (0–20.46)
Aesthetic Satisfaction Grade (very poor/poor/sufficient/good/excellent) 0/0/3/8/6

Table 4. Vancouver scar scale results at the donor and recipient sites.

Scale

Item Range 0 1 2 3

On donor site, n (%)
Pigmentation 0–2 7 (38) 10 (56) 1 (6) 0
Height 0–1 6 (33) 12 (67) 0 0
Pliability 0–2 5 (27) 12 (67) 1 (6) 0
Vascularity 0–2 8 (44) 9 (50) 1 (6) 0

On donor site, n (%)
Pigmentation 0–2 10 (56) 7 (38) 1 (6) 0
Height 0–1 10 (56) 8 (44) 0 0
Pliability 0–2 8 (44) 9 (50) 1 (6) 0
Vascularity 0–1 12 (67) 6 (33) 0 0
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