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Abstract: Objectives: To study the anatomy of the dorsal metacarpal arteries and their branches, to understand 
the positions and shapes of the arteries and their branches, and to observe the capillary network formed on the 
lateral and the dorsal sides of the finger under a microscope. Based on this anatomy, a finger fascia pedicled skin 
artery branch flap was designed to repair fingertip wounds. Methods: A total of 5 fresh adult cadaveric hand speci-
mens were infused with red latex. The anatomy of the dorsal finger intrinsic arteries of the 40 fingers (excluding 
the thumbs) were observed under a microscope, and a capillary network was formed on the lateral and the dorsal 
sides of the fingers. Then, 10 cases of finger soft tissue defects were repaired using an anatomy-based design finger 
fascia pedicled skin artery branch flap. Results: The anatomical observations indicated that the intrinsic artery on 
each side of the finger sends four thicker cutaneous branches toward to the dorsal side, wherein the descending 
branch of the upper cutaneous branch coincides with the ascending branch of the next cutaneous branch to form a 
lateral vascular chain. A fascia flap pedicled (>0.5 cm) skin artery branch flap was used to repair the patients’ finger 
injuries (8 males and 2 females, aged 21 to 52 years). The wound surface ranges were about 2.8 cm × 1.9, and the 
flap ranges were about 3 cm × 2.1 cm. During the 5-12 months of follow-up, all the flaps survived well. Conclusion: 
The bilateral finger arteries emit a number of macroscopically identifiable capillary branches and form a capillary 
network using anastomosis between the cutaneous branches. The finger fascia pedicled skin artery branches flap, 
not <0.5 cm wide, contains the capillary branch of the dorsal finger artery as the flap for the blood supply. The flap 
can cover various types of distal finger wounds.
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Introduction

Fingertip defects usually occur due to life and 
work accidents, especially in factories and at 
construction sites where cutting and crushing 
injuries are more common. Because of fingers’ 
important functions, it is necessary to cover a 
finger end wound using a graft. There are cer-
tain difficulties in the clinical repair and recon-
struction of those wounds. Reportedly, there 
have been many repair methods. Flap surgery 
is a subspecialty of plastic and reconstructive 
surgery. It is a piece of tissue transferred from 
the donor site to the recipient site that main-
tains its own blood supply, including: 1. Local 
flaps. 2. Regional flaps. 3. Distant flaps [1].

For local flaps, Atasoy flaps (transverse and 
dorsal oblique tip amputations) [2], Kutler  

flaps (V-Y advancement flaps from both sides  
of the finger for midlateral distal amputations) 
[3], first dorsal metacarpal artery flaps (kite 
flaps) [4], cross-finger flaps (in volar soft-tissue 
defects) [5], thenar and hypothenar flaps (pulp 
and fingertip defects in young patients) [3],  
and digital artery perforator flaps (transverse  
or side oblique fingertip defects with exposed 
bone) [6] are among the most commonly-used 
options which can be performed in emergency 
settings [7]. The local skin flaps can be further 
classified into random or axial pattern flaps 
according to their blood supply [8, 9]. How- 
ever, the conventional flap design has certain 
limitations, because it reduces the clinical effi-
cacy of soft tissue repair due to the tension of 
the subcutaneous tunnel and the flap’s lower 
survival rate. 
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Over the past decades, several reconstructive 
procedures and their modifications have 
evolved to provide the ideal soft tissue cover-
age of the hand [10]. Conventionally, these 
included a range of options of primary wound 
closures, skin grafts, local flaps, distant flaps, 
and micro-vascular free tissue transfers [10-
13]. Selecting the most suitable type of soft  
tissue cover for a particular defect can be chal-
lenging process. According to the distribution 
of finger vessels, we designed a new type of 
finger fascia pedicled skin artery branch flap, 
and we repaired ten fingertip defects in ten 
patients, and the clinical results were satisfac-
tory. The report is as follows.

Materials and methods

Anatomy

The project was approved by the ethics com- 
mittee of Southern Hospital of Southern Me- 
dical University. All the patients were informed 
of the contents of the study and signed an 
informed consent form. During the period from 
2013-2016, we dissected five pairs of hand 
specimens together with the Department of 
Anatomy of Shenzhen University. The anatomi-
cal work was done by the same person. Red 
silica gel (20 ml) was perfused into the ulnar 
artery, and after it was solidified, a longitudi- 
nal incision was made in the middle of the 
metacarpophalangeal joint, and the skin was 
cut to the fingertips along the palm side, deep 
enough to reach the flexor tendon.

The flexor tendon of the finger was separated  
to expose the intrinsic artery, and the dermis 
was carefully dissected to find all the cutane-
ous branches on the dorsal side. Then the sub-
cutaneous tissue was separated into the nail 

bed in the aponeurotic layer of the extensor 
tendon, taking care to protect the integrity of 
the dorsal cutaneous branch of the artery. 

We removed the subcutaneous fat from the 
back of the finger, dissected the intact vascular 
network of the finger, and observed the direc-
tion and spacing of all the dorsal branches 
under the microscope. The distance between 
the starting point of the dorsal cutaneous 
branch and the proximal interphalangeal joint 
with a constant position were recorded. 

Flap design

According to the size of the finger defect, the 
flap was designed near the finger to be repair- 
ed (as shown in Figure 1). Rotation point: l 0.5 
cm near the proximal edge of the finger artery. 
Axis line: placed at an arbitrary angle with the 
finger artery. Flap position: located on the back 
of the finger. The far side did not surpass the 
midline of the opposite side of the finger, and 
the size should be <3 cm × 2.5 cm.

The patients’ information

From October 2015 to September 2017, we 
operated on ten patients with finger wounds, 
including 8 males and 2 females (aged 21-52 
years), with an average age of 34 years. Of 
them, 5 cases had machine cutting injuries, 3 
cases had crushing and bruising injuries, and  
2 cases had knife cutting injuries. 5 cases had 
distal phalanx fractures, 8 cases were wound-
ed at the distal interphalangeal joint, and 2 
cases were wounded in the middle segment of 
the finger. All the injured fingers were previous- 
ly healthy (Table 1). All the cases were emer-
gency cases, and the times to the medical 

Figure 1. Dorsal cutaneous branches of the digital artery. A: A longitudinal incision is made on the side of the palm 
of the finger. B: The dorsal cutaneous branch of the finger’s intrinsic artery. C: The dorsal cutaneous branch of the 
artery forms a vascular chain between the lateral and the dorsal sides of the finger.
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treatment after the injuries ranged from 0.5 
hours to 8 hours.

Surgical methods

The patients were in placed in a supine posi-
tion, and nerve block anesthesia was per-
formed at the base of the finger. Each flap was 
cut distally from the proximal edge along the 
design line of the flap. The free flap was open- 
ed at the proximal edge of the flap to reveal  
the deep fascia, and measures were taken to 
retain the tendon outer membrane tissue and 
cut the marginal vein of the flap and ligature to 
stop any bleeding. Only the skin layer was cut. 
The fascia pedicle was 5 mm wide, and the 
rotation angle was 180° without any tension 
sutures.

Postoperative follow-up

The surgery was evaluated using the following 
parameters: the skin scar contracture in the 
donor and recipient areas of the flap, the cold 
tolerance, the static and moving two-point dis-
crimination (S2PD and M2PD), the Semmes-
Weinstein monofilament (SWMtest) and pati- 
ent subjective evaluations (satisfied, general, 
poor). Our statistical analysis was performed 

constant position, facing the dorsal side of the 
finger. The distance between these fingers and 
the proximal interphalangeal joint is substan-
tially constant (Table 2), and the arteries are 
symmetrically presented on both sides. In ad- 
dition, the intrinsic artery also branches out a 
number of macroscopically identifiable skin 
capillaries that are unequal in thickness, un- 
evenly spaced (<5 mm), and asymmetrical to 
the contralateral side. Their diameter can be 
measured under a microscope. The dorsal  
skin branches of these internal arteries, from 
both sides of the finger toward the dorsal side 
of the finger, also emit multiple secondary 
branches, wherein the descending branch  
coincides with the ascending branch of the 
next skin branch to form an outer vascular 
chain. The cutaneous branch on one side coin-
cides with the cutaneous branch on the oppo-
site side of the finger, forming the dorsal capil-
lary chain of the finger (Figure 1A-C).

Clinical surgery

In this group of 10 patients, all the flaps sur-
vived after the operations, and the wounds 
healed in the first stage without any arterial  
crises. Two of the flaps showed local cutane- 

Table 1. Clinical data
Cases Gender Age (yr) Cause Finger injured Segment Flap size Complications
1 M 28 Cut Index Distal 2.8 cm × 2 cm No
2 M 45 Bruised Ring Distal 2.5 cm × 1.8 cm No
3 M 33 Cut Small Distal 3 cm × 2 cm No
4 M 38 Cut Index Distal 2 cm × 1.8 cm Venous crisis 
5 M 29 Cut Index Middle 2.3 cm × 2 cm No
6 M 52 Cut Middle Distal 2.5 cm × 2 cm Venous crisis 
7 F 21 Bruised Index Distal 2.4 cm × 1.9 cm No
8 F 36 Cut Ring Distal 2.8 cm × 2 cm No
9 M 37 Bruised Middle Distal 2.2 cm × 1.9 cm No
10 M 21 Cut Middle Distal 2.9 cm × 2.5 cm No

Table 2. Distances between the dorsal artery of the finger 
and the joint between the proximal fingers (mm)

Finger 
Proximal artery branch Mid-arterial branch
The first  

artery branch
The second  

artery branch
The 3rd 

artery branch
The fourth 

artery branch
Index 10 4 7 11
Middle 11 5 8 12
Ring 11 4 7 11
Small 9 3 6 10

using SPSS 22.0 software (SPSS 
Inc., Chicago, IL).

Results

Anatomy

In the proximal and middle seg-
ments of the index, middle, ring fin-
ger, and small fingers, the intrinsic 
artery on each side branches out  
to four thicker blood vessels at a 
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ous venous return obstructions at the distal 
ends of the flaps, which were caused by tight 
sutures at the distal ends of the flaps. After 
efforts were made to remove some surgical 
sutures, keeping the fingers warm, clearing the 
blood stasis, etc., the wound healed after two 
weeks of dressing changes.

The postoperative evaluation is shown in Table 
3. All the patients’ flaps presented good blood 
supplies, moderate suture tension, and balan- 
ced pressure, and no significant scarring. The 
static and dynamic two-point discrimination on 

the wound surface, and the texture of the do- 
nor area is similar to the texture of the reci- 
pient area. However, the procedure requires a 
sacrifice from the finger on one side of the 
native artery, and the cold tolerance of the 
injured finger will decrease.

V-Y advancement flaps can repair wounds with 
small defects, but wounds with large defects 
are difficult to cover.

Although cross-finger flaps are large enough, 
they limit the activities of the injured fingers 

Table 3. Evaluation index

Cases
Follow-up 

time  
(months)

Two-point  
discrimination test 

postoperative-
sensing 

threshold 

Subjective 
evaluation

Static dynamic
1 8 11 8 3.25 Satisfaction
2 12 14 12 3.32 Satisfaction
3 11 11 10 3.46 Satisfaction
3 12 9 15 Normal Satisfaction
4 10 7 9 3.85 Satisfaction
5 9 12 8 3.29 Satisfaction
6 11 5 7 3.28 Satisfaction
7 10 11 12 3.52 Satisfaction
8 8 10 8 4.3 Satisfaction
9 10 10 11 Normal Satisfaction
10 11 9 8 3.65 Satisfaction

Figure 2. Clinical cases. A: Shows the fingertip defect of the small finger. 
B: Shows that the flap is cut during the operation. C: Shows that the blood 
supply of the postoperative flap is good. D: The follow-up at six months after 
the surgery showed the finger in good shape.

the flap was tested between 7 
mm and 15 mm. As a result, 2 
patients felt normal, 6 had 
weakened tactile sensations, 
and 2 had weakened protec-
tion; all the patients were sub-
jectively satisfied with the sur-
gical results. A representative 
case is shown in Figure 2.

After 5-12 months of follow- 
up, all the flaps survived and 
looked good. 

Discussion

The currents status of flaps

A flap is a mass of skin and 
subcutaneous tissue that cov-
ers the wound and has a spe-
cific blood supply (not relying 
on the surface of the tissue it 
covers to obtain a blood sup-
ply). The part of the flap re- 
sponsible for supplying blood 
is called the vascular pedicle 
[14]. The skin graft is a tissue 
that has no intrinsic blood  
supply and must be revas- 
cularized by the tissue bed 
below it to survive [14]. The 
blood supply to the flap is not 
from a single arteriovenous 
vascular pedicle, but from tiny 
blood vessels in the subder- 
mal or subcutaneous vascular 
network. The design should 
generally follow the 1:1 princi-
ple (the length of the flap can-
not exceed its width). 

The reverse digital artery is- 
land flap can effectively cover 
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and the cross-finger, and this technique re- 
quires grafting of the donor site and a second 
operation for the flap separation. It is not suit-
able for patients who do not wish to have their 
fingers remain attached to each other for 2-3 
weeks. Physical therapy is necessary to attain 
normal movements, and this delays the return 
of the patient to work [15].

The survival mechanism

Based on the anatomical study, we found that 
the finger artery constantly sends cutaneous 
branches or capillary branches of different 
diameters to the lateral back of the finger. The 
capillary chain is formed between the ascend-
ing branch and the descending branch on the 
same side cutaneous branch and between the 
ipsilateral cutaneous branch and the contralat-
eral cutaneous branch. This is the anatomical 
basis for cutting the skin branch flap. To this 
end, we have designed a new skin-branch flap 
called the finger fascia pedicled skin arteries 
branch flap. The flap is designed on the finger 
back near the wound, and the dorsal subcuta-
neous fascia is its pedicle with a width of not 
less than 0.5 cm. 

According to the blood supply theory of chain 
flaps, the pedicle should contain a number of 
macroscopic capillaries with a diameter of at 
least 20 μm. The capillary chains of the finger 
fascia pedicled skin arteries branch flap are 
formed between the lateral and dorsal sides  
of the finger and the ipsilateral and contralat-
eral cutaneous branches, which is the blood 
supply principle of the finger fascia pedicled 
skin arteries branch flap. It is pedicled with the 
subcutaneous fascia adjacent to the finger 
artery. The capillary chain of the dorsal side of 
the finger is the source of the blood supply to 
the flap.

The V-Y advancement flap is mostly suitable  
for the coverage of transverse or dorsal obli- 
que fingertip amputations with exposed bone 
and sufficient nail bed support and length  
[16]. The thenar flap is indicated for volar skin 
avulsions over the pulp of the finger [17]. The 
cross-finger flap is for more distal defects in 
which more tissue is required for coverage  
than what can be obtained from a local ad- 
vancement flap such as the V-Y flap [18]. The 
homodigital island flap that is based on the 
volar blood supply of the fingers, either the ra- 
dial or ulnar digital artery and its venae comi-

tantes [19]. The dorsal metacarpal artery flap 
that is based on a constant palmar-dorsal per-
forator is seen in the digital web-space, and it 
increases the span of the flap to reach even 
more distal defects [20].

The finger fascia pedicled skin arteries branch 
flap retains the advantages of the reverse digi-
tal artery island flap, for covering the area of 
the donor site of the finger end is large enough 
and does not require secondary pedicle sur-
gery. In comparison, it has a greater clinical 
significance.

Advantages and disadvantages

The current literature reports a variety of 
designed arterial skin flaps that require sur-
geons to find the exact finger artery cutaneous 
branch, but searching for skin branches in cli- 
nical operations is quite difficult [21]. In addi-
tion, the reported arterial skin branch flaps are 
designed in the direction of the finger artery 
axis. The flaps need to be rotated 180° after 
they are cut, which increases the torsion of the 
pedicle with a large scar [22].

Conclusion

This new type of flap is designed on the dorsal 
side of the finger near the wound with a shorter 
cutting path. Its blood supply is derived from 
the capillary branch in the lateral fascia. The 
base of the flap is not limited to the vicinity of 
the interphalangeal joint, and the flap rotation 
point can be selected according to the size and 
location of the wound. The axis of the flap is at 
an arbitrary angle with the native artery of the 
finger, and the smaller the angle is, the easier it 
is to rotate after cutting it, and the effect on the 
blood flow is small. The main disadvantage of 
this flap is the blood supply from the capillary 
branch of the finger artery, so the area of the 
flap should not be too large, and we recom-
mend it be no more than 3 cm × 2 cm in size.

Limitations

First, the number of samples we used did not 
meet the standards required by evidence-bas- 
ed medicine. Second, a study of small blood 
vessels should include comparisons of the sur-
gery and specimens, which was not limited by 
the study design. In addition, the clinical cases 
in this study were relatively small and the fol-
low-up period was relatively short, which also 
requires improvement.
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Prospects

The repair of finger wounds has high require-
ments for function and beauty, and traditional 
repair methods will inevitably have a certain 
impact on the function and appearance of the 
fingers. With the further development of micro-
anatomy, the research on the vascular system 
of the hand will be more in-depth, followed by 
the emergence of some new ideas and new 
skin flaps, which will advance the repair of fin-
ger wounds.
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