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Abstract
Purpose  Assessing the clinical effectiveness of combining with the first dorsal (plantar) metatarsal artery pedicle free 
bilobed flap with a cell scaffold to repair mid-distal defects in adjacent fingers.

Methods  From September 2012 to April 2022, 21 patients with 42 mid-distal defects of adjacent fingers underwent 
treatment using combined with the first dorsal (plantar) metatarsal artery pedicle free bilobed flap with a cell scaffold. 
The flaps size ranged from 2.1 cm * 1.6 to 4.9 cm * 3.2 cm. Follow-up evaluations included assessing function, 
sensation, and appearance, etc. of the injured fingers and donor areas.

Results  All 42 flaps survived in 21 patients without any vascular crises, and the wounds healed in phase I. The mean 
follow-up time was 12.2 months (range 7–22 months). During follow-up, in injured fingers, according to the Michigan 
Hand Outcomes Questionnaire (MHOQ), the functional recovery and appearance were satisfactory; in Dargan 
Function Evaluation (DFE), the results were both “excellent” in fourteen patients, “excellent” and “good” in five patients, 
both “good” in one patient, “good” and “general” in one. In static two-point discrimination (2PD), the variation ranges 
from 4 to 9 mm in injured fingers and 6—10 mm in donor toes. Cold Intolerance Severity Score (CISS) is mild in all 
patients. The visual analogue score (VAS) showed no pain in the injured fingers and donor toes. No deformities or 
other complications were noted at the donor toes. According to Chinese Manchester Foot Pain and Disability Index 
(C-MFPDI), there was no morbidity on foot function in all donor areas.
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Introduction
In recent years, China’s industrial and technological level 
has rapidly developed, leading to increased incidence 
of hand trauma despite the facilitation of people’s daily 
working lives. The number of people with defects in the 
mid-distal area of adjacent fingers is also high [1–3]. The 
unique skin texture of the fingers often leading to expo-
sure of tendons and bones, causing poor appearance and 
severe loss of sensation and function. Skin grafting alone 
does not provide adequate blood supply, necessitating the 
use of flaps for treatment [4–6]. However the treatment 
of mid-distal finger defects has long posed a challenge for 
hand surgeons. With the in-depth study of clinical anat-
omy and the development of microsurgical techniques, 
various methods for repairing soft tissue defects of the 
hand have emerged. These methods include adjacent 
flaps such as V-Y flaps, adjacent finger flaps, and island 
flaps of the intrinsic arteries on the metacarpal side of 
the finger, as well as distal ones like abdominal flaps, free 
limb miniature flaps, and free flaps of the foot. The best 
treatment options remain controversial due to the vary-
ing injury types and extents [7–13].

Due to the homologous nature of toe and finger skin 
tissues, finger defects are often repaired by tissue flap 
transplantation from the foot. The use of free flaps from 
the fibular side of the toe or the tibial side of the 2nd toe 
to repair finger defects can maximize the restoration of 
finger shape and fine sensation, while minimizing dam-
age to the donor foot [14–16]. However, for mid-distal 
defects of adjacent fingers, it is often necessary to com-
bine multiple methods or repeat the use of a method, 
thereby increasing the time and difficulty of surgery. 
Scholars have attempted to address this by designing 
the free first dorsal metatarsal artery pedicle bilobed 
flap, which has shown promising results. Although the 
method had become a classic technique for repairing 
the proximal skin and soft tissue defects of two adjacent 
fingers, it presents significant challenges in repairing the 
mid-distal defects, certain problems with the handling 
of the skin in the donor toes either. Many scholars have 
attempted to improve this technique, but with unsatis-
factory results. Therefore, there is an urgent need for a 
surgery that is less invasive, shorter, and less difficult, 
and that takes into account the function, sensibility, and 
appearance of both the injured finger and the donor toes 
[17, 18].

Based on clinical and previous experience, satisfactory 
results were obtained in the application of cell scaffolds 
for the treatment of hand and foot injuries, and the use 
of skin grafting the pedicle of the island flap wounds in 
the distal area breaks the conventional practice of requir-
ing the vascular pedicle flap to be buried under the skin 
[19–21]. Inspired by both the approaches, we designed 
combined with the first dorsal (plantar) metatarsal artery 
pedicle free bilobed flap with a cell scaffold for the repair 
of a mid-distal adjacent finger defect, good results were 
obtained for both the injured fingers and the donor toes. 
So we are currently conducting a retrospective study to 
use more scientific approaches to examine the clinical 
effectiveness of this operation, aiming at provide hand 
surgeons with a novel treatment modality for repairing 
mid-distal finger defects of adjacent fingers.

Materials and methods
General information
Between September 2012 and April 2022, 21 patients 
(thirteen males and eight females) with mid-distal defects 
in two adjacent fingers were treated at our hospital. The 
treatment involved combined with the first dorsal (plan-
tar) metatarsal artery pedicle free bilobed flap with a 
cell scaffold for the repair of a mid-distal adjacent finger 
defect. The patients, with an average age of 45.4 years 
(ranging from 25 to 58), had defects in various fingers: 
twelve cases in the middle and ring fingers, six in the 
middle and index fingers, and three in the ring and little 
fingers. The cases included eleven instances of postopera-
tive soft tissue necrosis due to machine crush injuries, six 
cases due to thermal compression injuries, and four cases 
of cuts. After debridement, the finger defects ranged 
from 1.9  cm × 1.4 to 4.7  cm × 3.0  cm, while the free 
flaps ranged from 2.1 cm × 1.6 to 4.9 cm × 3.2 cm. Aver-
age Surgery time is 197 min ranged from 180 to 230 min 
(Table  1). All patients underwent preoperative workup, 
including anteroposterior and oblique X-rays to rule out 
finger fractures.

Cell scaffold
The cell scaffold (Pelnac) we applied is produced by 
GUNZE limited. The cell scaffold is designed to tem-
porarily replace dermal tissue and promote healing. Its 
unique structure, with a silicone outer layer and colla-
gen inner layer, allows for high histocompatibility and 

Conclusion  The surgical procedure of combined with the first dorsal (plantar) metatarsal artery pedicle free bilobed 
flap with a cell scaffold for the repair of mid-distal adjacent fingers defect is highly satisfactory. This approach helps 
the injured fingers to achieve good function, sensibility and appearance, while also achieving satisfactory results in 
the donor toes.

Keywords  Free bilobed flap, First dorsal (plantar) metatarsal artery pedicle, Cell scaffold, a mid-distal adjacent finger 
defect, Microsurgery
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low antigenicity. The use of pig tendon-derived collagen 
processed into terminal-free collagen ensures a biocom-
patible material for medical applications. This scaffold 
provides a supportive framework for cells to grow and 
regenerate, making it a valuable tool in tissue engineering 
and wound healing [21, 22]. (Fig. 1).

Inclusion criteria
(1) Patients aged between 15 and 60, sober, without psy-
chological disorders, and willing to participate in treat-
ment and follow-up. (2) Skin and soft tissue defects in 
the mid-distal segments of two adjacent fingers with an 
area of more than 1 square centimeter. (3) Patients with a 
strong desire to preserve the finger and restore sensation, 
function, and appearance. (4) Patients with no history of 
previous injury to the affected finger.

Exclusion criteria
(1) Age below 15 or above 60. (2) Single finger injury 
or injury to more than 2 fingers. (3) Proximal injury or 
mid-distal defects of two adjacent fingers with an area of 
less than 1 square centimeter. (4) Smokers and patients 
with poor compliance with treatment and bed rest 
requirements.

This clinical study was approved by our institutional 
review board.

Surgical treatment procedure
Treatment of hand recipient site: The surgery was per-
formed under brachial plexus block anesthesia combined 
with continuous epidural anesthesia. Balloon tourniquet 

were applied to the upper and lower limbs (with a pres-
sure of 30  kPa for the upper limb and 50  kPa for the 
lower limb). The injured finger was debrided, removing 
necrotic skin and subcutaneous tissue until a rich vascu-
lar bed was formed. At one of the injured finger sites, a 
zigzag incision was made on the palmar side near com-
mon finger artery to open the subcutaneous tunnel and 
expose the normal segment of the finger artery or the 
common finger artery. Then, a longitudinal arc-shaped 
incision approximately 1–2  cm long was made between 
the dorsal aspects of the two injured fingers, exposing 
the cephalic or one dorsal vein of the hand, and a wide 
subcutaneous tunnel was created from the incision to 
the wound surface using vascular forceps, allowing it to 
communicate with the finger wound through the subcu-
taneous tunnel. Based on the external shape of the two 
wounds, fabric was cut and used for the design of flaps. 
After the fabric cutting was completed, the tourniquet 
was released, and the wound was thoroughly hemostatic, 
followed by dressing the wound with sterile gauze and 
bandages. (Fig. 2).

Flap design and cutting
The choice of the donor area of the foot: as far as pos-
sible, the defect of the larger trauma will be designed 
on the big toe is preferred. Based on the required size 
and shape of the nail bed, select a suitable donor site on 
the foot for harvesting. Outline the size of the skin flap 
according to the pattern and draw the incision line (on 
the same side or opposite side is optional). Once the sup-
ply area has been selected, along the flap design line of 

Fig. 1  Physical diagram of the cell scaffold
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the proximal dorsal incision, and along the 1st dorsal 
metatarsal artery in the first, second metatarsal dorsal to 
make a longitudinal “S” shaped incision to the subcuta-
neous, then the dorsal metatarsal vein and its associated 
plantar dorsal vein or plantar vein arch were then rou-
tinely isolated from distal to proximal according to the 
flap design line. Move deeper and further apart, find the 
first dorsal metatarsal artery and its connected plantar 
artery of the fibular side of the toe and tibial side of the 
second toe When the first dorsal metatarsal artery is thin 
or absent, you can first find plantar artery of the fibular 
side of the toe and tibial side of the second toe, and make 
a longitudinal incision on the sole of the foot and locate 
the first plantar metatarsal artery proximally.

The plantar nerve of the fibular side of the great toe and 
the tibial side of the second toe, which run concomitantly 
with the plantar artery of the toe, are cut as needed. The 
distal and metatarsal sides of the flap are incised after the 
flap has been dissected along the pedicle to an appropri-
ate length, then separate the flaps anterograde distally 
along nerve pedicle of the plantar internal artery respec-
tively, with care taken to preserve part of the soft tissue in 
the donor area and the peritendinous membrane as much 
as possible. The toenail is removed using sharp dissection 
method for complete excision. After the flap is obtained, 
the tourniquet is loosened, and after the blood supply is 
restored, the flap pedicle is cut off to free the flap (Fig. 3).

Treatment of the foot donor area
After achieving complete hemostasis in the wound, the 
tourniquet is carefully loosened. The cell scaffold is then 
immersed in a 0.9% sodium chloride solution to ensure 
full saturation. Following this, the scaffold is meticulously 
trimmed to an appropriate size based on the shape of 
the donor area. The collagen sponge surface is delicately 
applied to the wound surface using separate sutures, 
and then slightly compressed and carefully bandaged. In 
cases where the defect area is large, the pressure can be 
increased appropriately to ensure optimal application 
and coverage.

Flap transfer process
After transferring the flap to cover the wound on the 
hand, secure it with 5 − 0/4 − 0 prolene sutures. Then, 
we anastomosed the plantar nerve with the finger nerve 
stumps, leading the dorsal (plantar) metatarsal artery to 
the palm of the hand to anastomose with the common 
artery of the finger and anastomose the dorsal metatar-
sal vein/ plantar dorsal vein or plantar vein arch to the 
cephalic vein or (and) dorsal vein of the hand through 
subcutaneous tunnels. The pedicle between the flaps is 
covered with the cell scaffold.

Postoperative treatment
After the phase I surgery, the patient received anti-
inflammatory, anticoagulation, antispasmodic, and other 

Fig. 2  Thoroughly debride and obtain a cloth pattern of the defect shape. A: Skin necrosis after machine crush injury. B-C: Appearance after debridement 
surgery. D: Cutting cloth pattern according to the shape of the defect
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symptomatic treatments. After 7 days post-surgery, 
the patient was instructed to perform hand flexion and 
extension functional exercises. Three weeks after the sur-
gery, the collagen will be degraded and replaced by the 
new granulation tissue, forming the pink dermoid tissue 
seen in clinical practice, and establishing a blood circula-
tion connection with the bone or tendon covered by it, 
effectively covering the wound. When the cell scaffold 
silicone film layer was separated from collagen sponge 
layer and the cell scaffold provides an adequate substrate 
for skin grafting, this is followed by skin graft, and then 
the pedicle was severed between the free flaps of the two 
fingers (Figs. 4 and 5).

Observation index and evaluation method
All assessments were conducted by a senior hand sur-
geon not involved in the surgery. Patients were followed 
up for more than 6 months. During the final follow-up, 
we used the Michigan Hand Outcome Questionnaire 
(MHOQ) to assess the function and appearance of the 
injured fingers [23]. In this questionnaire, higher scores 
indicate better appearance and function. The function 
of the interphalangeal joints of the fingers was evaluated 
using the Dargan function evaluation (DFE) as follows: 
Excellent: flexed fingertip passes through the transverse 
pattern of the palm; Good: flexed fingertip reaches the 
transverse pattern of the palm; General: the distance 
between the flexed fingertip and the transverse pattern of 
the palm is less than 2  cm; Poor: distance between fin-
gertip flexion and the transverse pattern of the palm is 

> 2 cm [24]. We used the static two-point discrimination 
(2PD) test to assess the sensitivity of the injured finger 
and donor area [25]. The home-made Cold Intolerance 
Severity Score (CISS) questionnaire was used to assess 
the degree of cold intolerance, categorized into four 
grades: 0–25 (mild), 26–50 (moderate), 51–75 (severe), 
or 76–100 (very severe) [26]. Pain levels were evalu-
ated using a pain visual analog score (VAS) for both the 
injured fingers and the donor toes. The functions of the 
donor foot were assessed according to the Chinese Man-
chester Foot Pain and Disability Index (C-MFPDI), which 
consists of 17 questions, each divided into three levels of 
severity [27]. A score of 1, 2, or 3 was assigned to indicate 
the degree from severe to mild, with a minimum score of 
17 out of 51, and higher scores representing better foot 
functioning.

Results
All 42 flaps were successful in 21 patients, with no vas-
cular crises occurring in any of the bilobed flap cases, 
and the wounds healing in one stage. The average patient 
follow-up was 12.2 months (range 7–22 months). Dur-
ing follow-up, the functional recovery and appearance 
of the reconstructed fingers, as assessed by the MHOQ, 
were found to be satisfactory. In the DFE, both “excel-
lent” in fourteen patients, “excellent” and “good” in five 
patients, both “good” in one patient, “good” and “general” 
in one. The static 2PD ranged from 4 to 9 mm, and the 
CISS was mild in all patients, with the VAS showing no 
pain in the reconstructed finger. At the final follow-up, 

Fig. 3  Design and harvesting of the free bilobed flap. A-B: Design of the free bilobed flap. C-F: Harvesting of the free bilobed flap
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Fig. 5  Treatment of the hand recipient area. A-B: Appearance one week after free bilobed flap combined with cell scaffold repair surgery. C-D: Appear-
ance three weeks after surgery. E-F: Appearance after pedicle division surgery

 

Fig. 4  Treatment of the foot donor area. A: Appearance one week after cell scaffold implantation surgery. B: Appearance three weeks after cell scaffold 
implantation surgery. C: Appearance after removal of the cell scaffold membrane. D: Appearance after skin grafting
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no deformities or complications were observed at the 
donor site, and the static 2PD ranged from 6 to 10 mm. 
According to the VAS results, there was no residual pain 
in the donor foot. All patients scored 51 points in the 
C-MFPDI, indicating no adverse effect on the function of 
the donor foot in any patient (Table 2). Typical cases are 
illustrated in Figs. 6 and 7.

Discussion
Structure of the fingers
Hand trauma is very common in the clinic. Due to the 
special structure of the fingers: the skin of the finger pulp 
has thick keratinized layer, and the deep surface has ver-
tical fiber bundles connecting the skin with the superfi-
cial fascia, deep fascia, tendon sheaths and other deep 
structures, so that the skin of the finger pulp lack elastic-
ity and is not easy to move, but is conducive to grasping, 
gripping, and holding objects, and the pulp of the finger 
has abundant nerve endings and sensory bodies; the dor-
sal side of the finger has thin subcutaneous soft tissues, 
which can easily lead to the skin defect when trauma 
occurs, exposing the tendons and bones, so it is very nec-
essary to repair the middle and distal part of the finger 
when it is defective [1–3].

Research status of flap repair for finger defects
Repair of finger injuries has always been a challenge for 
hand surgeons. In order to preserve the function, appear-
ance, and sensation of the finger, a simple skin graft can-
not meet the needs of finger injuries, and flap repair is 
often required. There are many methods of repair with 
varying results. Traditional repair methods include the 
V-Y flap, the adjacent finger flap, the abdominal flap, 
the island flap of the finger artery, and the dorsal fas-
ciocu taneous flap, etc. The V-Y flap has a limited scope 
of repair and does not provide adequate coverage for 
defects larger than 1 cm2 in size. Neighboring finger flaps 
and abdominal flaps require prolonged forced positional 
immobilization, which is difficult for most patients to 
tolerate and does not allow reconstruction of sensation. 
The adjacent finger flap requires sacrifice of the integrity 
of the adjacent finger, but in this cases, the defects were 
located in the mid-distal segment of the adjacent finger, 
making this approach unfeasible. Abdominal flaps are 
also not optimal because of their bulky appearance, poor 
abrasion resistance, and severe hyperpigmentation. Fin-
ger artery island flaps have a reliable blood supply, but 
the sacrifice of one of the finger arteries makes the finger 
less cold-tolerant and does not allow for the reconstruc-
tion of sensation. In addition, the large size of the defects 
and the fact that some of the defects crossed the distal 
transverse finger stripe in the present patients made it 

Table 2  Follow up outcomes
Reconstructed Donor

Case MHOQ (score) DFE 2PD(mm) CISS Pain(VAS) 2PD(mm) Pain(VAS) C- MFPDI(score)

Function Appearance Great / 2nd
1 85 81.25 Excellent/Excellent 4/5 Mild 0 9/10 0 51
2 90 75 Excellent/Excellent 5/5 Mild 0 7/8 0 51
3 80 87.5 Excellent/Good 6/7 Mild 0 8/7 0 51
4 85 87.5 Good/Excellent 8/5 Mild 0 7/6 0 51
5 85 93.75 Excellent/Good 6/7 Mild 0 7/8 0 51
6 95 81.25 Excellent/Excellent 6/5 Mild 0 9/7 0 51
7 80 81.25 Excellent/Excellent 6/5 Mild 0 10/9 0 51
8 95 81.25 Excellent/Excellent 6/7 Mild 0 8/8 0 51
9 75 75 Good/General 7/6 Mild 0 7/8 0 51
10 80 87.5 Excellent/Excellent 4/6 Mild 0 8/6 0 51
11 90 81.5 Excellent/Excellent 7/5 Mild 0 10/8 0 51
12 80 93.75 Excellent/Excellent 5/7 Mild 0 9/7 0 51
13 75 81.25 Good/Good 7/9 Mild 0 8/9 0 51
14 95 75 Excellent/Excellent 6/5 Mild 0 7/8 0 51
15 90 87.5 Excellent/Excellent 4/5 Mild 0 8/9 0 51
16 95 93.75 Excellent/Excellent 4/5 Mild 0 9/10 0 51
17 90 87.5 Excellent/Excellent 5/6 Mild 0 8/10 0 51
18 85 87.5 Excellent/Good 5/4 Mild 0 10/8 0 51
19 80 81.25 Excellent/Good 6/6 Mild 0 7/9 0 51
20 90 93.75 Excellent/Excellent 7/5 Mild 0 10/7 0 51
21 90 81.25 Excellent/Excellent 6/8 Mild 0 8/8 0 51
MHOQ: Michigan Hand Outcomes Questionnaire; 2PD: Statically measured two-point discrimination; CISS: Cold Intolerance Severity Score; DFE: Dargan function 
evaluation; C-MFPDI: Chinese Manchester Foot Pain and Disability Index
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impossible to perform the retrograde island flap tech-
nique in the finger arteries. The dorsal finger fasciocuta-
neous flap has poor blood supply, is prone to blistering, 
and has mild atrophy in the later stages of the flap, and 
in the case of large dorsal finger defects, this technique is 
not feasible. The dorsal metacarpal artery perforator flap 
has been reported by some authors to have a fair efficacy 
in multiple finger injuries, but it has a large postopera-
tive scar in the donor area on the dorsal part of the hand, 
which is often a major obstacle in patients with high 
demands on the appearance of the hand. Patients with 
high demands on the appearance of the hand are often 
difficult to accept [7–13, 28].

Flap from the foot is used to repair finger defects
The skin of the toes and fingers are similar tissues, and 
due to this natural similarity, tissue flap transplantation 
from the foot is often used to repair finger defects. By 
grafting the fibular side of the great toe or the tibial side 
of the second toe, it is possible to maximize the restora-
tion of finger shape and sensation. This method keeps 
the donor area hidden, maintains constant vascularity, 
causes minimal damage to the donor foot, and does not 
affect walking. This approach aligns with the principle of 
tissue transplantation, aiming to restore and reconstruct 
the recipient area while minimizing traumatic loss to the 
donor area [14–16]. Therefore, some scholars have tried 

Fig. 7  Case 12. A: Skin and soft tissue defects after machine crush injury. B: Skin necrosis. C: Appearance after free bilobed flap combined with cell scaf-
fold repair surgery. D: Appearance after removal of the cell scaffold membrane. E: Appearance after pedicle division surgery. F: Appearance and function 
three months after pedicle division surgery. G-H: Appearance and function eight months after pedicle division surgery

 

Fig. 6  Case 6. A: Skin and soft tissue defects after machine crush injury. B: Harvested free bilobed flap. C-D: Appearance after free bilobed flap combined 
with cell scaffold repair surgery. E: Appearance after removal of the outer layer of the cell scaffold. F: Appearance after pedicle division surgery. G-H: Ap-
pearance six months after pedicle division surgery
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to solve this problem by designing a free first metatarsal 
dorsal artery bilobed flap with good results. Although the 
free first dorsal metatarsal artery bilobed flap had become 
a classic technique for repairing the proximal skin and 
soft tissue defects of two adjacent fingers, the combined 
transplantation of the fibular side of the great toe and the 
tibial side of the second toe with the first dorsal meta-
tarsal artery as the pedicle for repairing the middle and 
distal defects of adjacent fingers has a lot of difficulties, 
because the transplanted fingers need to share the vascu-
lar pedicle, and there is the problem of insufficient vas-
cular span, and it is often necessary to make two tissue 
flaps separately, which makes the surgical difficulty and 
the risk is higher. At the same time, when the toe tissue 
flap is cut, improper operation will often leave bone and 
tendon exposed, and it is not easy for the skin graft to 
survive, and it is often necessary to close the trauma by 
using a skin flap or amputation of the toe, and even if the 
skin graft survives, it is not wear-resistant, and the effect 
is less satisfactory.

In order to solve the problem of insufficient vascular 
span when the first and second toe tissue flaps share vas-
cular pedicle for repairing mid-distal defects in adjacent 
fingers, many people have carried out a lot of explora-
tions. Based on the type of anastomosis between the 1st 
dorsal metatarsal artery and the first plantar artery and 
the thickness of the arteries entering the great toe and the 
second toe, Xu YJ et al. used to cut off the plantar artery 
entering the lesser toe or the 2nd toe and then anasto-
mosed with the plantar deep branch of the dorsal artery 
of the foot, respectively [16]. Although this method can 
increase the length of the vascular pedicle between one 
tissue flap, it is also necessary to do the vascular anasto-
mosis in two places, and the surgical difficulty and risk is 
not reduced with the cutting of two tissue flaps respec-
tively, which is not convenient for clinical promotion. 
Some scholars also use the free second toe of the first 
dorsal (basal) artery pedicle to reconstruct the fingers. at 
the same time carrying great toes fibular flap repair adja-
cent finger defects, the great fibular toe bottom artery 
surface with a skin bridge or suture into the skin tube, 
the same three weeks later cut off the skin bridge to break 
the tip [17]. Although the operation requires two times, it 
significantly reduces the risk and difficulty of the opera-
tion. However, cutting the skin between the toe webs of 
the 1st and 2nd toes or rolling it into a skin tube to cover 
the exposed vascular tip is easy to cause vascular com-
pression or spasm due to swelling or exposed vascular 
tip, resulting in vascular complications of one side of the 
flap. At the same time, it is wasteful to the skin between 
the toe webs.

Surgical exploration
In clinical practice, we have used the cell scaffold to 
cover the donor area after the foot flap has been cut in 
the clinical phase I. The skin is implanted after the der-
mis grows to cover the exposed tendon and phalanx 
about three weeks after surgery. This method greatly 
improves the survival rate and quality of the implanted 
skin and solves the problem of handling the donor area. 
At the same time, using of pedicle island flap skin graft-
ing to repair wounds in the distal area in clinical practice, 
breaking the routine that the pedicle of the vascular ped-
icle flap needs to be buried under the skin. So that the 
repair has become more casual, and good results have 
been achieved. Combined with the previous experience, 
we use the free bilobed flap with the first dorsal (plantar) 
metatarsal artery pedicle repair the mid-distal defects in 
adjacent fingers, and apply the cell scaffold to cover the 
donor area of the foot, and at the same time, the excess 
cell scaffold is sewn into a leather tube to wrap the ped-
icle between the flaps. This surgery not only reduces the 
damage of the donor area and solves the embarrassment 
of the skin grafted of the donor area that is not abrasion-
resistant and not easy to be viable, but also solves the 
defect that the bifurcation between the first and second 
toe base arteries is short, and the flap cannot be co-
trunked to reach the middle distal segment through the 
subcutaneous tunnel. The use of a single vessel pedicle 
to supply blood to both traumas saves surgical time and 
reduces the risk and difficulty of the procedure.

Mechanism of action of the cell scaffold
The silicone film on the outer layer of the cell scaf-
fold mimics the epidermis, providing some resistance 
to infection and preventing water evaporation. Mean-
while, the inner layer consists of a collagen sponge with 
a porous reticular three-dimensional structure, capable 
of temporarily replacing dermal tissue. This structure can 
stimulate wound fibroblasts and capillary to grow and 
produce extracellular matrix, ultimately forming new tis-
sue similar to the dermis. Overall, the cell scaffold’s struc-
ture closely resembles that of human skin, and the inner 
layer’s mesh scaffold creates a microenvironment condu-
cive to the organized growth of capillaries, fibroblasts, 
and other components around the wound [29].

2–3 weeks later, the collagen will degrade and be 
replaced by new granulation tissue, forming visible pink 
granulation tissue in the clinic, which establishes blood 
circulation with the bone or tendon it covers, effectively 
covering the wound. When the cell scaffold provides 
enough matrix for skin grafting, we will perform a skin 
graft, which greatly improves the survival rate of the skin. 
The transplanted skin is elastic, durable, and scar-free.



Page 11 of 13Ge et al. Journal of Orthopaedic Surgery and Research          (2024) 19:267 

Advantages and disadvantages of surgery
Advantages
1. The trauma of adjacent fingers is repaired by a bilobed 
flap, only one set of blood vessels need to be anasto-
mosed, which reduces the risk, time and difficulty of the 
operation. 2. The length of the exposed vessel pedicle 
between the bilobed flap can meet the the activity of fin-
ger splitting (two adjacent fingers can be separated in the 
coronal and sagittal plane), which is more conducive to 
the flexion and extension of the patient’s two injured fin-
gers in a sagittal plane, so as to avoid the vascular ped-
icle being torn. 3. After the cell scaffold is covered, the 
granulation tissue under the wound surface of the donor 
area grows quickly, the quality is good, this improves the 
repair effect of the supply area. which avoids the trauma 
of toe amputation and flap repair in the donor area. 4. 
The vascular pedicle between the flaps is narrow, and it 
is easy to cut the pedicle and trim the shape, which can 
make the fingers get a satisfying look and good function-
ality. 5. The root of the toe nerve anastomosed with the 
nerve stumps of the fingers, giving a satisfactory restora-
tion of sensation to the fingers.

Disadvantages
(1) The pedicle of the blood vessel between the flaps 
needs to be cut off twice. (2) The cell scaffold is expen-
sive, requires a second surgical skin grafting. However, 
compared with other methods currently used in clinical 
practice, this method has obvious advantages and is wor-
thy of clinical promotion. (3) Although the.

length of our vascular pedicle is longer than before, it 
still cannot meet the normal range of activity required for 
adjacent fingers. The movement of the two fingers needs.

to be synchronized to some extent, which may cause 
some patients to experience a temporary syndactylization 

effect. Therefore, we will promptly sever the pedicle to 
reduce the risk of syndactyly in patients. 4. The harvest-
ing of the first dorsal ( plantar) metatarsal artery reduces 
the possibility of toe transfer on the same side due to the 
primary vascular deficiency during toe transplantation. 
(Table 3)

Intraoperative and postoperative points
In order to obtain a better clinical effect, we should pay 
attention to the following points: (1) The donor area 
of the foot should completely stop bleeding, rinse the 
wound with normal saline, and try to maintain the ste-
rility of the wound in the surgical area (2). For larger 
wounds, the cell scaffold needs to be compressed to 
ensure good contact between the cell scaffold and the 
wound (3). The time of the skin graft should be 3 weeks 
after the phase I surgery. When the silica gel film sepa-
rates from the collagen sponge layer, the amount of 
granulation tissue is sufficient and turns from dark red 
to pink (4). Generally, 7–9 days postoperatively, after the 
risk period of the flap blood vessels, the patients should 
be actively instructed to carry out finger flexion and 
extension exercises to promote the maximum functional 
recovery of the joint. (Table 4)

There are certain limitations in this article: (1) It is a 
single-center study and has a small sample size. (2) Some 
cases have a short follow-up period. Further multicenter 
large-scale prospective studies are necessary to further 
confirm the efficacy and safety of this procedure. Despite 
some of the limitations, we believe that our study is still 
instructive.

Table 3  Advantages and disadvantages
Advantages Disadvantage
1. Using a bilobed flap for adjacent finger trauma reduces surgical complexity by requiring 
fewer blood vessel connections.
2. The length of the exposed vessel pedicle between the flaps allows for finger movement and 
helps prevent damage to the vascular pedicle.
3. Rapid granulation tissue growth in the donor area after covering the cell scaffold improves 
repair without the need for toe amputation or additional flap repair.
4. The narrow vascular pedicle between the flaps allows for easy trimming, resulting in aes-
thetically pleasing and functional fingers.
5. Nerve anastomosis provides satisfactory sensation restoration.

1. The blood vessel pedicle between the flaps needs 
to be cut twice.
2. The cell scaffold is costly and requires a second 
skin grafting surgery.
3. The vascular pedicle, although longer, cannot fully 
support normal finger movement, potentially caus-
ing temporary syndactylization.
4. Harvesting the first dorsal (plantar) metatarsal ar-
tery reduces the possibility of same-side toe transfer 
due to vascular deficiency during toe transplantation.

Table 4  Intraoperative and postoperative points
POINTS
(1) Stop bleeding in the donor area, rinse the wound with saline, and maintain sterility in the surgical area.
(2) For larger wounds, compress the cell scaffold to ensure good contact with the wound.
(3) Skin graft should be done 3 weeks after phase I surgery, when granulation tissue is sufficient and turns from dark red to pink.
(4) After 7–9 days post-surgery, instruct patients to perform finger exercises for joint recovery.
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Conclusion
The surgical procedure of combined with the first dorsal 
(plantar) metatarsal artery pedicle free bilobed flap with 
a cell scaffold for the repair of mid-distal adjacent fin-
gers defect is highly satisfactory. This approach helps the 
injured fingers to achieve good function, sensibility and 
appearance, while also achieving satisfactory results in 
the donor areas.
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