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Introduction

Over the past years, many flaps, such as cross-finger flap [1], thenar flap 
[2], digital artery flap [3], and dorsal metacarpal flap [4] have been unin-
terruptedly introduced to cover various soft tissue defects of long fin-
gers successfully. However, the versatile optimal flap for soft tissue 
reconstruction of thumb and multi-fingers defects with bone, tendon 
or nerve exposed has not been clearly defined in the literature. 

Identifying the versatile optimal alternative has become a must to 
avoid the disadvantages including second surgery, sacrifice of one 
proper digital artery (PDA), incapacity of simultaneous reconstruction of 
multi-fingers defects. The flap pedicled on the dorsal branch (DB) of PDA 
has been reported in a few literatures and has been proved to be a 
promising alternative to solve those problems excellently [56–7]. Here, we 
report the use of homodigital DB of PDA flaps (HDBPDAF) on repairing 
soft tissue defects of fingers, including thumb and multi-fingers defects 
and evaluate the clinical effects by presenting functional and aesthetic 
outcomes. The purpose of this study was to describe outcomes of 
reconstruction soft tissue defects of fingers with HDBPDAF, introduce our 
experiences and summarize the indications of the HDBPDAF.

Materials and Methods

Patients

From August of 2014 to December of 2021, a total of 40 patients (31 
males and nine females) with 44 finger defects, aged 20 to 56 years 

(mean age: 45 ± 13.6 years), were treated with DB digital flaps. The 
causes of injuries included machine crushing (n = 23), electrical saw-
ing injury (n = 15) and chronic infection (n = 2). Twenty-eight digital 
defects were located on the fingertip and pulp of injured fingers, 
10 on the finger pulp, and six on the dorsum with bone, tendon or 
nerve exposed. Among these, four patients had multiple fingers 
injured at the same time. A total of 26 fingers were on the left hand 
and 18 on the right hand. There were 10 thumbs, 14 index fingers, 10 
middle fingers, eight ring fingers and two little fingers injuries (Table 
1). All patients gave written informed consent. The study was 
approved by the ethical review committee of the Second Affiliated 
Hospital of Soochow University. The study adhered to declaration of 
Helsinki guidelines.

Surgical technique

Patients were administered under brachial plexus anesthesia and an 
inflatable tourniquet was applied to the upper arm to occlude blood 
flow at a pressure of 30 kPa. After thorough debridement, the flap was 
designed on the dorsal aspect of middle or proximal phalanx of 
injured finger according to the pattern and area of the defect. The 
pivot point of the flap was located around the midportion of midlat-
eral line of middle or proximal phalanx, where one constant DB origi-
nating from the PDA could be identified predictably (Figure 1). With 
the aid of operating loupes, the flap was elevated carefully, avoiding 
damage of the vascular networks between DBs of PDAs and making 
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sure that the skin was not separated from subcutaneous tissues. The 
paratenon should be left in situ to ensure the take of the skin graft. To 
avoid kinking and reduce tension on the vascular pedicle, a 0.5 cm 
wide subcutaneous fascial tissue incorporating DB of PDA and tiny 
perivascular venules, should be dissected and thoroughly released to 
the originating point of DB from PDA, thus the length of the pedicle 
could be significantly increased and the torsion stress of the pedicle 
could be dispersed after the rotation of the flap. Tourniquet was 
loosed after full flap elevation to observe the blood supply of the flap. 
An opened tunnel was prepared for the transfer of the flap, which was 
then sutured to the defect loosely. Whereas for those who had a 
larger defect, our extended flaps based on the DB of PDA at the mid-
dle or proximal phalanx was raised by extending the distal end of the 
flap to the middle level of proximal phalanx or the base of the proxi-
mal phalanx and the length of injured fingers was maintained to the 
most extent successfully. Similarly, large defect of fingertip and pulp 
of the thumb was also resurfaced by extending the flap to the middle 
third of the first metacarpal. The proximal donor site was sutured 
directly or covered with a full-thickness skin graft according to the 
size of the donor site. The operation time for one injured finger was 
within 1 h in all cases.

Postoperative management

Patients were instructed to stop smoking for 2 weeks after surgery. 
The fingers were kept warm by a medical electric baking lamp. Blood 
supply of each flap was monitored hourly for 7 days. The partial suture 
was removed when severe swelling occurred. Antibiotic was used to 
prevent postoperative infections and papaverine was used to prevent 
vasospasm for 5 days after surgery.

Measurement of sensory recovery 

The sensibility of the flaps was evaluated using the Semmes Weinstein 
monofilament (SWM) test with a five-piece hand kit (normal, ≤2.83; 
diminished light touch, 2.84–3.61; diminished protective sensation, 
3.62–4.31; loss of protective sensation, 4.32–4.56; and anesthetic, 
≥6.10) [8]. The static two-point discrimination (2-PD) test was per-
formed to quantitatively evaluate sensory recovery using a caliper 
with two small needles. Patients were instructed to close their eyes 
and touch the needles on the caliper against the skin at different dis-
tances from each other. The test determines the minimal distance at 
which the patient cannot distinguish two points in contact with the 
skin. The patient must be comfortable, and the examiner must avoid 
pushing against the calipers with his/her fingers, thereby artificially 
increasing the pressure. The higher the pressure, the wider the area of 
skin that was deformed and stimulated. One or two points were 

touched in a random sequence along a longitudinal axis in the center 
of the fingertip. The normal distance was 3–5 mm. The closer the 
defected finger to the normal range, the better the recovery of the 
sense [9].

Measurement of functional recovery

The range of motion (ROM) of the injured fingers was performed to 
evaluate functional recovery and was assessed using the total active 
motion (TAM) scoring system of the American Society for Surgery of 
the Hand. TAM = active flexion [metacarpophalangeal (MP) + proxi-
mal interphalangeal (PIP) + distal interphalangeal (DIP) − exten-
sion deficit (MP + PIP + DIP). The parameters were compared with the 
contralateral side (100% of normal as excellent, 75–99% as good, 
50–74% as fair and < 50% as poor) [10]. 

To quantify postoperative physical function and symptoms, all 
patients were evaluated using the Disabilities of the Arm, Shoulder, 
and Hand (DASH) score. The main part of the DASH is a 30-item 
disability/symptom scale concerning the patient’s health status 
during the preceding week. The items ask about the degree of 
difficulty in performing different physical activities because of the 
arm, shoulder, or hand problem (21 items), the severity of each of the 
symptoms of pain, activity-related pain, tingling, weakness and 
stiffness (5 items), as well as the problem’s impact on social activities, 
work, sleep, and self-image (4 items). Each item has five response 
options. The scores for all items are then used to calculate a scale 
score ranging from 0 (no disability) to 100 (most severe disability) [11].

Results 

The finger defects size ranged from 1.7 × 1.8 cm to 2.3 × 4.7 cm. The 
average size of the finger defects was 1.6 × 3.6 cm. The flaps size 
ranged from 2.0 × 2.0 cm to 2.5 × 5.0 cm. The average size of the flaps 
was 1.9 × 3.9 cm. Fingertip and pulp defect of the thumb was repaired 
in 10 cases. Multiple finger defects were covered simultaneously in 
four cases. Forty-two flaps survived completely and uneventfully, 
whereas partial flap loss occurred in the remaining two case because 
of the absence of DB of PDA. The mean follow-up period was 22.8 ± 
5.3 months, ranged from 13 to 28 months. Visible scar contracture in 
flap donor sites and joint motion limitation of injured fingers were 
not observed in our patients even if linear scar was observed on the 
first metacarpophalangeal joint in one case. Good aesthetic and func-
tional outcomes were obtained in our patients. The mean SWM score 
of the flaps was 4.11 ± 0.4 g (range: 3.59–4.61 g). The average 2-PD of 
the flaps was 8.9 ± 0.9 mm, ranged from 7 to 11 mm. The mean TAM 
for the injured fingers was 268.7 ± 5.2° (range: 202–285°), which was 
over 95% of the contralateral side (283.2 ± 6.4°, p < 0.05), with six fin-
gers scored as excellent and 38 fingers scored as good grade. The 
mean DASH score value was 29.7 ± 7.9, ranged from 0 to 35 (Table 1).

Typical case 

One case of thumb defect and one of two finger defects were pre-
sented, respectively.

Case 1 

A 42-year-old female had her left thumb crushed seriously in a 
machine. The defect of fingertip and pulp of her thumb was identified 
with phalanx exposed. The extended and oversized area of the 
HDBPDAF was about 2.5 × 5.0 cm. The distal end of the flap 
approached the middle third of the first metacarpal. In a two-year 

Table 1. Characteristics and surgical details of participants in this study
Items Mean (range)
Sex (M/F) 31/9
Age (years) 45 ± 13.6 (20–56)
Etiology (Crush/Cut/Infection) 23/15/2
Side (L/R) 26/18
Injured finger (T/I/M/R/L) 10/14/10/8/2
Defect size (cm × cm) 1.6 × 3.6 (1.7 × 1.8 to 2.3 × 4.7)
Flap size (cm × cm) 1.9 × 3.9 (2.0 × 2.0 to 2.5 × 5.0)
Follow-up time (months)
SWM score of the flaps (g)

22.8 ± 5.3 (13–28)
4.11 ± 0.4 (3.59–4.61)

2-PD of the flaps (mm) 8.9 ± 0.9 (7–11)
TAM of injured fingers (°) 268.7 ± 5.2 (202–285)
DASH score value 29.7 ± 7.9 (0–35)
SWM: Semmes Weinstein monofilament; TAM: total active motion; DASH, 
disabilities of the arm, shoulder, and hand.
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postoperative period, the follow-up did not reveal any morbidity, 
such as claw nail deformity and joint motion limitation, related to the 
flap (Figures 1–3). The mean SWM score of the flap was 4.29 g. The 
2-PD of her flap was 7.5 mm and her DASH score was 19.

Case 2 

A 38-year-old male sustained a severe crushing injury to his right mid-
dle through little finger, with extensive pulp loss of middle and ring 
finger with bone and tendon exposed. His little finger was amputated 
and the amputation stump healed uneventfully. The defects of mid-

dle and ring finger were reconstructed with two HDBPDAFs of the 
same size (2.0 × 4.0 cm) pedicled on the DB of PDA at the proximal 
phalanx of injured finger, respectively (Figures 4–6). Satisfactory aes-
thetic and functional outcomes were obtained at follow-up. The 
mean SWM score of the flaps was 4.31 g and 4.36 g, respectively. The 
2-PD of the flaps was 8.8 mm and 8.5 mm, respectively, and his DASH 
score was 36.

Discussion

It has been identified that, for long fingers, four constant DBs of PDA 
(i.e. two pairs of proximal and distal DBs located at the middle and 
distal third of the proximal phalanx, and at the proximal and middle 
third of the middle phalanx, respectively) supply the dorsal skin of 
proximal and middle phalanx [11,12]. Among them, two DBs, located 
at the middle third of the proximal and middle phalanx, respectively, 
were commonly used as the pedicle of DB of PDA flap [6,7,13,14]. 

Simultaneous reconstruction of multiple separate finger defects was 
successfully performed and minimal morbidity was ultimately 
observed by the HDBPDAFs. 

To our knowledge, the dorsal arteries of the thumb have rarely 
been the subject of an in-depth anatomic study. Few literatures have 

Figure 1. Intraoperative view. The DB of the ulnar PDA was visible at the base 
of the flap. 

Figure 2. Preoperative view. The left thumb was crushed seriously in a machine. The size of the flap was 2.5 × 5.0 cm. 

Figure 3. Postoperative view 24 months after surgery. Good aesthetic and 
functional outcomes were obtained. 

Figure 4. Preoperative view. The patient sustained a severe crushing injury to 
his right middle through little finger, with extensive pulp loss of middle and 
ring finger.
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been reported about the vascular blood supply on the dorsal aspect 
of the thumb. The dorsal vascular system of the thumb was supplied 
by two constant arteries, the radial and ulnar collateral dorsal artery. 

At the level of the middle third of the proximal phalanx of the thumb, 
the collateral dorsal artery anastomosed with the DB of the volar 
digital artery and dorsally with the collateral dorsal artery opposite 
[151–17]. Taking into account these anatomical characteristics of the 
thumb, it has been proved possible to raise an extended and oversized 
flap pedicled on the DB of the volar digital artery. Ten extended 
HDBPDAFs pedicled on the DB of the volar ulnar PDA have been 
employed for repair of fingertip and pulp defects of the thumb in our 
patients. 

It was reported that innervated flap with a sensory nerve to 
resurfacing the volar aspect of the tip or finger pulp would better 
restore sensation of the injured finger [18]. However, whether an 
innervated flap is superior to a non-innervated flap still remains 
controversial. The extent of sensory recovery of the non-insensate 
flap depends on the size of the flap and the extent of peripheral nerve 
regeneration around the flap [19]. Although previous studies had 
demonstrated that flaps larger than 1.0 × 1.0 cm had a reduced 

capacity for recovery of sensation without nerve coaptation, many 
studies obtained a protective 2-PD at a satisfactory level by using 
non-innervated flaps [20,21]. Although the innervated flap provided 
fairly rapid and satisfactory sensory recovery of the repair area, it 
caused noticeable sensory loss of the donor site on the dorsal side of 
the proximal or middle phalanges. In addition, it is sometimes difficult 
to dissect small nerves and requires a longer operation time and 
microsurgical expertise. For neurorrhaphy, carrying nerves may lead 
to flap pedicle torsion or excessive tension [18]. Therefore, we did not 
actively use innervated flap surgery technology. In the retrospective 
study by Chen et al., the average 2-PD of 12 non-innervated digital 
flaps was 7.5 mm at 28 months postoperatively [22]. This outcome 
was 1.4 mm better than our non-innervated flaps, possibly related to 
the longer follow-up period, indicating that sensory function can 
improve over time.

It may be necessary to shorten the phalanx when resurfacing the 
defect of fingertip with flaps [1,23,24]. Practically, conventional flaps 
used to cover the exposed bone were not large enough to preserve 
the length of phalanx to the most extent. The purpose of our extended 
flaps for fingertip reconstruction was to maintain the length of injured 
fingers as much as possible. 

With the angiography in a dog model raised various flaps to 
predict the safe survival lengths of flaps, Taylor concluded that one of 
the main determinants of flap survival length was related to the 
distance between the perforator at the base of the flap and the next 
dominant perforator along a chosen axis. And the necrosis line of the 
flap appeared in the zone of choke vessels connecting adjacent 
territories [252–27]. Similar theory was subsequently presented by 
Rikimaru [28] and Thomas [29]. The largest area of skin viability was 
defined as the summation of the vascular territories of both the 
source vessel and its immediately neighboring perforator. Beyond 
this territory, flaps would not survive [27]. 

Based on the given theory, we concluded that the distal end of 
HDBPDAF at the middle phalanx could approach the proximal DB by 
capturing the distal DB in the proximal phalanx for long fingers 
because the next adjacent territory was near the spot. Whereas for 
the thumb, four dominant DBs, with one originating from the volar 
PDA of the thumb (located at the level of the middle third of the 
proximal phalanx) and the other three from the first dorsal metacarpal 
artery (located at the level of the base, the middle and distal third of 

Figure 5. Intraoperative view. The two flaps were harvested from the dorsum 
of proximal phalanx of middle and ring finger, respectively. The DB of PDA at 
the proximal phalanx of injured finger was identified. 

Figure 6. Postoperative view 18 months after surgery. Satisfactory aesthetic and functional outcomes were obtained. 
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the first metacarpal, respectively) were constantly present and two 
consistent anastomoses with the corresponding branches were 
located in the middle third of the first metacarpal and the proximal 
phalanx of the thumb, respectively [17]. According to its anatomic 
basis, the distal end of our HDBPDAF pedicled on the DB of the volar 
PDA at the proximal phalanx of the thumb could reach the middle 
third of the first metacarpal. 

Quite interestingly, the distance between the two branches 
located at the middle third of the proximal phalanx of the thumb and 
the first metacarpal, respectively, was substantially equal to the 
distance between the DB of the proximal phalanx and fingertip. So, 
our extended and oversized HDBPDAF could adequately cover large 
fingertip and pulp defects of the thumb with the length of digital 
bone saved as much as possible. Similarly, for long fingers, the length 
of our extended HDBPDAF was equal to the distance between the DB 
located at the midpoint of middle phalanx and fingertip. Therefore, 
whether thumb or other fingers, it is more possible to maintain the 
length of injured fingers with our extended HDBPDAF. Moreover, 
satisfactory aesthetic and functional outcomes were successfully 
obtained in our patients.

Therefore, we prefer the use of HDBPDAFs on repairing distal soft 
tissue defects of fingers. The indications of our HDBPDAF include 
defect coverage of fingertip and pulp, dorsal, lateral or ventral side of 
thumb and other fingers, and even multiple fingers. Furthermore, our 
HDBPDAF could be an optimal alternative when the fingertip and 
pulp defects of thumb and other fingers were large enough and 
shortening the digital bone was against the will of the patient.

Despite many anatomical studies of DB of PDA published in the 
literature, the absence rate of DB has never been reported and 
discussed [12,13,30]. In our 44-digital series, the DB of PDA of two 
fingers were found to be absent during operation. Reluctantly, other 
flaps had to be taken into account accordingly. 

In our experience, it’s better to incise only one side when initially 
harvesting the flap, and to confirm the presence of the DB of PDA at 
first. Although the introduction of advanced vessel detection 
technology, such as Doppler sonography [31] and computed 
tomographic angiography [32] may provide useful information on 
the DB anatomy, the availability of the equipment and expertise, 
added cost, and scheduling issues may prove impractical for most 
surgeons in the one-stage procedure. In fact, we rarely use any 
detection technology to predict the DB of PDA, preoperatively. We 
believe that designing and harvesting the HDBPDAF, based on the 
anatomical landmarks and our experience, are simple, effective, 
reliable, and applicable for any reconstructive surgeon. 

After harvesting the HDBPDAF, an optimal aesthetic and functional 
restitution of the donor site was required. In order to cover the 
secondary defect and decrease morbidity of the donor site, dermal 
substitutes have been used in the wound management with excellent 
functional and aesthetic outcomes [33,34]. However, the price of 
dermal substitutes is relatively expensive, some patients refuse to use 
it in clinic, especially for the patients with finger injury. In this study, 
the donor site of the HDBPDAF was sutured directly or covered with 
autologous full-thickness skin graft according to the size of the donor 
site. The injured fingers had a mean TAM of 268.7 ± 5.2°, which was 
over 95% of the contralateral side (283.2 ± 6.4°, p < 0.05), with six 
fingers scored as excellent and 38 fingers scored as good grade. No 
significant limitation in active and passive activity was observed. 
Here, the TAM results showed that the postoperative mobility of the 
affected fingers recovered well.

In spite of the lower absent rate of DB, the HDBPDAF proves to be 
an optimal option for one-stage reconstruction of various defects of 
thumb and even multiple fingers, because of its thinness, good 
pliability, minimal donor site deformity, and the simplicity and 

rapidity of the procedure. Further anatomy should be made to 
identify the real absent rate of DB of PDA and map them precisely.
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