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Abstract 

Objectives: To locate an anastomosable constant perforator of the radial artery on the proximal forearm using 
ultrasonography and describe the application of a free radial artery flap based on a single proximal perforator for the 
reconstruction of soft tissue defects in finger.

Methods: In 20 forearms (ten right and ten left) from ten volunteers, the perforators in the proximal half of the 
forearm from the radial artery were visualized using ultrasonography. The free radial artery perforator flaps based on 
the single perforator were used to reconstruct digital soft tissue defects in four cases between October 2017 and May 
2018.

Results: Of the 20 forearms, an anastomosable perforator was consistently detected in the radial artery in the fore-
arm’s proximal half. The perforator diameter was 0.7 ± 0.1 mm, and the pedicle length was 12 ± 3 mm according to 
ultrasonography. The perforator’s location was far from the elbow crease (8.8 ± 1.4 cm), and the relative distance of 
the perforator’s location from the elbow crease to the wrist crease was 37.2% ± 4.8%. In clinical cases, all flaps sur-
vived. Flap size ranged from 3.5 to 6.5 cm in length and 2.3–3.0 cm in width. Donor sites of the forearm were closed 
primarily in all cases. During a mean period of 12 months (8–14 months) follow-up, the average static 2-PD was 
13.8 mm (10–18 mm) in the flap area, and the ROM of DIP was 35° (30–40°), PIP was 82° (45–110°), and MP was 85° 
(70–90°) of the affected finger. The mean Brief Michigan Hand Questionnaire (BMHQ) score was 72.9 (60.4–85.4) in the 
affected hand.

Conclusions: An anastomosable perforator is consistently located on the radial artery in the proximal half of the fore-
arm. The free radial artery flap based on this single perforator provides acceptable functional and cosmetic outcomes 
for reconstructing digital soft tissue defects. With the preservation of the forearm’s main vessel (radial artery), this flap 
provides another reliable option for hand surgeons to reconstruct small soft tissue defects in finger.
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Introduction
There are many options for reconstructing soft tissue 
defects in the fingers, including traditional or regional 
pedicled flaps and free flaps. In contrast, while the recon-
struction of small digital defects (especially multiple digi-
tal defects) still presents a challenge to hand surgeons 
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due to the apparent limitations of pedicled flaps (bulk, 
color, texture mismatch, and donor morbidity); free flaps 
have been recognized as the best reconstructive option 
for small digital soft tissue defects [1–3]. Various small 
free flaps can be harvested from the thenar, forearm 
(including venous flap), groin, partial toe, and plantar 
surface of the foot to reconstruct small soft tissue defects 
in finger [4–9]. Simultaneously, there is no ideal donor 
site for digital soft tissue defects reconstruction using the 
small free flap.

The standard radial forearm flap to reconstruct the 
soft tissue defects is familiar to plastic surgeons, but it 
is not suitable for digital defects due to the mismatch 
of vessel diameter. Only transferring a perforator of the 
radial artery for the flap to repair the digital soft tissue 
defects would be much more suitable than the standard 
one. Since the radial forearm flap was first described 
by Yang in 1978 [10], the anatomy of perforators of the 
radial artery in the forearm has been studied in cadav-
eric studies [11, 12]. This perforator cluster pedicle flap 
has been widely used in head or neck reconstruction 
as a free transfer [13], and in hand or elbow soft defect 
reconstructions as regional transfers [14, 15]. Never-
theless, either free or pedicle radial forearm flaps that 
are harvested using the traditional surgical technique 
are limited. The flap must sacrifice a major axial artery 
from the upper extremity. To preserve the radial artery, 
Lin and Omer first attempted to harvest the proximal 
perforator cluster flaps from the forearm’s radial artery 
to reconstruct head and hand defects in 2004 and 2005, 
respectively [16, 17]. Nevertheless, few studies are on the 
anastomosable perforators of the proximal radial artery 

in living patients. Duplex ultrasonography is a well-
known method of evaluating the perforators for free flap 
transfer. This study aimed to locate a consistent anasto-
mosable perforator of the radial artery on the proximal 
forearm using ultrasonography and then raise a free flap 
based on this single perforator in actual cases to assess 
the flap’s potential application for reconstruction of soft 
tissue defects in finger.

Materials and methods
Ultrasonography study
In 20 forearms (ten right and ten left) from ten healthy 
volunteers (five women and five men) with a mean age 
of 32  years (range 23–49  years), the perforators arising 
from the radial artery were identified in the proximal 
half of forearm using Doppler ultrasonography (Sie-
mens, Acuson s2000; Siemens Medical Solutions USA, 
Inc; CA, USA). All ten volunteers were right-handed and 
had no histories of upper limb trauma, surgery, periph-
eral vascular disorders, or systemic metabolic diseases. 
When the radial artery and its perforator of the forearm 
were identified and located using a 14L5 high-frequency 
probe (5–14  MHz) in a supinated position, the internal 
diameter of the perforator and the pedicle length from 
radial artery to deep fascia were measured and recorded 
(Fig. 1). The distance from the perforator location to the 
elbow crease (Dp) and the elbow crease’s distance to the 
wrist crease (DE–W) was measured. The perforator loca-
tion’s relative distance on the ratio from the elbow crease 
to the wrist crease was calculated (Dp/DE–W × 100%) 
(Fig.  2). All data were recorded as mean ± standard 
deviation.

Fig.1 Perforator of Duplex ultrasound image: a perforator arising from the radial artery between the brachioradialis muscle and pronatorteres 
muscle in the proximal half of forearm. Diameter(+): the internal diameter of the perforator; Pedicle length(×): the pedicle distance from its 
origination of radial artery to deep fascia; RA radial artery; P perforator; BR brachioradialis muscle; PT pronatorteres muscle
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Patients
Between Oct 2017 and May 2018, four patients (one man 
and three women) underwent reconstruction of digital 
soft tissue defects using the free radial artery perforator 
flaps based on the single perforator according to a pro-
tocol approved by the China–Japan Union Hospital. The 
ages of the patients ranged from 21 to 47 years. Soft tis-
sue defects of digits were caused by various traumas (one 
friction injury, one stamping injury, and two crush inju-
ries). All digital defects involved the tendon or exposed 
bone, including two digits with tendon defects; two digits 
were stumps of the fingers (one stump was a defect from 
the DIP, and one stump was a defect from the PIP). One 
patient had a single digital defect (left index finger), and 
the other three patients had two digital defects (two right 
middle and ring fingers; one right index and ring finger). 
The defects’ sizes ranged from 3.0 cm to 6.0 cm in length 
and 2.0 cm to 2.8 cm in width. The free radial artery per-
forator flap was used to reconstruct one digital soft-tissue 
defect (one right middle finger, one left index finger, two 
right ring finger, including two stumps of the fingers), 
other digital soft tissue defects were reconstructed by 
other free flaps or stump repair (two superficial palmar 
branch of radial artery free flaps, one stump repair).

Surgical technique
Before the operation, the perforator’s location from the 
radial artery was determined and marked in the forearm’s 
proximal half using ultrasonography. Under general anes-
thesia or brachial plexus block anesthesia, the patient 
was placed in a supine position, with upper extremity 90° 

abduction resting on a well-padded arm board. The oper-
ation was performed under pneumatic tourniquet con-
trol without limb exsanguination and under microscopic 
magnification to identify the perforator vessels better. 
After the devitalized tissue in the wound was debrided, 
the recipient’s vessels were prepared in the defect. 
Depending on the size, the shape of the resulting defect, 
a free flap was drawn on the proximal forearm. The flap 
center was designed at the perforator’s location, entering 
into the deep fascia, which was marked using ultrasonog-
raphy pre-operatively. The designed flap axis was the line 
from the middle point of the cubital fossa to the pulsation 
point of the radial artery at the styloid process. The flap 
elevation was started from the lateral border until the 
perforator vessel originating from the radial artery was 
determined between the brachioradialis and the pronator 
teres muscles. Then, the flap’s medial border was incised, 
and retrograde dissection of the single perforator was 
conducted to the fascia, where the pedicle arose. Another 
subcutaneous vein was preserved and harvested into the 
designed flap to guarantee the flap’s venous drainage. 
The branch of the lateral antebrachial cutaneous nerve 
was harvested into the flap if possible. However, there 
was no constant proper branch of the lateral antebrachial 
cutaneous nerve coursing into these small flaps, so nerve 
anastomosis was not routinely performed in this study.

The flap was then wholly elevated from the deep fas-
cia. After releasing the tourniquet, the flap’s perfusion 
was confirmed, and the perforator pedicle was divided at 
its origin from the radial artery. One subcutaneous vein 
coursing across the flap was also harvested according 
to the length of the recipient’s vein. The raised flap was 
placed on the digital defect, and the perforator artery of 
the flap was anastomosed in an end-to-end fashion to the 
digital artery, the flap’s subcutaneous vein was anasto-
mosed to the dorsal vein of the finger using 10–0 Prolene 
suture (Ethicon, USA) under the microscope. The flap 
margin was sutured to the defect margin, and the donor 
site was closed primarily.

Postoperative management and follow‑up
Standard postoperative free flap care and monitoring 
were performed for 7  days. Routine wound cleansing 
was accomplished using iodophor postoperatively. Low-
molecular-weight heparin (5000  IU per day) and lower-
molecular-weight dextran (500  mL per day) were used 
continuously to prevent thrombosis of the microsurgical 
anastomoses. All patients were instructed to avoid stren-
uous exercise of the operated fingers for 3  weeks, and 
one patient with the extensor tendon reconstruction was 
immobilized for 6 weeks. All skin sutures were removed 
2 weeks after the operation. During this period, the sur-
vival of flap, early complications (e.g., infection, wound 

Fig.2 Location of the perforator of the radial artery in the proximal 
forearm. P perforator; Dp the distance from location of the perforator 
to the elbow crease; DE–W the distance from the elbow crease to 
the wrist crease. Perforator Location = Dp/DE–W × 100% the relative 
distance of the perforator location beyond the elbow crease
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dehiscence, hematoma, and venous congestion) were 
intensively observed and recorded.

All patients were followed up regularly every 
1–2  months. At the final follow-up, functional evalua-
tion, including sensory recovery and range of motion 
(ROM) of the affected finger, were assessed and recorded. 
Sensory recovery was evaluated with static two-point 
discrimination (2-PD), and ROM of the distal inter-
phalangeal joint (DIP), proximal interphalangeal joint 
(PIP) metacarpophalangeal joint (MP) were evaluated 
using a goniometer. The Brief Michigan Hand Question-
naire (BMHQ) was used for self-evaluating hand func-
tion. The BMHQ contained 12 questions with an original 
score of 1 (poor) to 5 (ideal) regarding six domains of 
hand function (overall function, daily life activities, work 
performance, pain, aesthetics, and satisfaction). The orig-
inal scores were then calculated and recorded on a scale 
from 0 (poorest) to 100 (ideal function) [18].

Results
Ultrasonography
The anastomosable perforator was consistently detected 
from the radial artery in the proximal half of 20 forearms 

from ten healthy volunteers by ultrasonography. The 
internal diameter of the perforator was 0.7 ± 0.1 mm; the 
pedicle length from the radial artery to the deep fascia 
was 12 ± 3 mm; the distance from the perforator location 
to the elbow crease (Dp) was 8.8 ± 1.4 cm, and the rela-
tive distance of the perforator location beyond the elbow 
crease (Dp/DE–W × 100%) was 37.2% ± 4.8% (Elbow crease 
was 0%; wrist crease was 100%) (Table 1).

Clinical result
The cases of the flap are shown in Figs.  3, 4, and 5. All 
flaps were harvested from the ipsilateral forearm, and 
the donor sites were closed directly. The size of the flaps 
ranged from 3.5–6.5 to 2.3–3.0 cm. The diameter of the 
single perforator was 0.5–0.7  mm. There were no early 
complications (e.g., infection, wound dehiscence, hema-
toma, or venous congestion) in the cases, and all flaps 
were survived. During a mean period of 12  months 
(8–14  months) follow-up, no patient experienced cold 
intolerance, abnormal sensory, or scar pain. There were 
no functional impairments at the donor sites, and there 
were no secondary surgeries performed (tenolysis, scar 
adhesions, or flap debulking). The average static 2-PD 

Table 1 Location and ultrasonography findings of the radial artery perforator in the proximal forearm.(n = 20)

Diameter: the internal diameter of the perforator vessel of radial artery measured by e ultrasonography. Pedicle length: the pedicle distance from its origination of 
radial artery to deep fascia by ultrasonography. Perforator Location = Dp/DE–W × 100%: the relative distance of the perforator location beyond the elbow crease

Dp: the distance from location of the perforator to the elbow crease; DE–W: the distance from the elbow crease to the wrist crease

No. Sex Age Side Diameter (mm) Pedicle length 
(mm)

Dp/DE–W (cm) Perforator 
location 
(%)

1 Male 36 L 0.6 15 7.7/23.4 32.9

R 0.7 15 9.0/23.5 38.3

2 Male 28 L 0.5 15 9.3/26.4 35.2

R 0.5 20 10.8/25.1 43.0

3 Female 33 L 0.5 14 9.8/23.4 41.9

R 0.5 13 6.7/23.5 28.5

4 Male 29 L 0.5 11 9.6/24.6 39.0

R 0.8 14 8.5/24.4 34.8

5 Female 23 L 0.8 7 7.7/22.7 33.9

R 0.6 14 8.6/22.8 37.7

6 Female 49 L 0.6 13 9.9/22.7 43.6

R 0.8 10 8.3/22.7 36.6

7 Male 26 L 0.8 14 10.0/25.0 40.0

R 0.9 15 9.3/23.9 38.9

8 Female 42 L 0.8 9 9.6/24.3 39.5%

R 0.8 9 7.7/23.6 32.6

9 Male 24 L 0.7 11 11.1/25.0 44.4

R 0.8 11 9.8/24.5 40.0

10 Female 34 L 0.7 5 5.6/21.1 26.5

R 0.5 10 7.4/20.8 35.6

AVE (x ± s) 32 ± 8 – 0.7 ± 0.1 12 ± 3 8.8 ± 1.4/23.7 ± 1.3 37.2 ± 4.8



Page 5 of 10Wu et al. European Journal of Medical Research           (2022) 27:85  

was 13.8 mm (10–18 mm) in the flap area, and the aver-
age active ROM of the DIP was 35° (30–40°), PIP was 
82° (45–110°), and MP was 85° (70–90°) on the affected 

finger. The data of patients and outcomes are shown in 
Table 2. The mean BMHQ total score for all patients was 
72.9 (range 60.4–85.4); the overall hand function score of 
78.1 (range 62.5–87.5); the activities of daily living score 
was 78.1 (range 62.5–100); the work performance score 
was 62.5 (range 50–75); the pain score was 62.5 (range 
50–75); the aesthetics score was 68.8 (50–87.5), self-sat-
isfaction score was 87.5 (range 75–100). The functional 
outcomes estimated by BMHQ of all patients are shown 
in Table 3.

Discussion
Trauma often leaves the hand surgeon with complex 
defects in the hand. Small defects (especially multiple 
digital defects) are challenging to reconstruct. The ideal 
reconstruction of digital soft tissue defects preserves the 
hand’s function as much as possible while providing an 

Fig.3 Case one-friction injury causing the multiple soft tissue defects 
in middle finger, ring finger and hypothenar area (A). A free radial 
artery perforator flap was designed (B) to reconstruct the defect in 
middle finger, basing on the single perforator in the proximal half of 
forearm (C).The appearance of the flap post-operatively immediately 
(D) and at 14 months after surgery (E), the functional result (F) and 
donor site scar (G) were acceptable. (Another free superficial palmar 
branch of the radial artery flap was designed to reconstruct the 
defect in ring finger; the full-thickness skin graft harvesting from 
forearm.to reconstruct the defect in hypothenar area.)

Fig.4 Case two-crush injury causing the volar soft tissue defects in 
index finger (A–B). A free radial artery perforator flap was designed, 
basing on the single perforator in the proximal half of forearm (C).The 
appearance of the flap at 12 months after surgery (D), the functional 
result (E) and donor site scar (F) were acceptable
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aesthetic appearance both in the recipient and donor 
region. Among the various options for reconstructing 
small soft tissue defects in the finger, the free flaps have 
been recognized as the best reconstructive option [1–3].

Yang first described the radial forearm flap in 1978 
[10]. This pedicle flap has been established in the plas-
tic reconstructive field [13–15]. However, for either free 
or pedicle radial forearm flaps, the primary disadvan-
tage is sacrificing a major artery in the upper extremity. 

In general, the radial artery’s sacrifice does not cause an 
ischemic problem unless the ulnar artery has been pre-
viously injured. Nevertheless, several studies reported 
severe complications (e.g., hypothenar hammer syn-
drome or dry gangrene of fingers) after harvesting a 
radial forearm flap [19, 20]. Based on the anatomical 
study of proximal perforators of the radial artery in the 
forearm [11, 12], Lin and Omer attempted to harvest this 
perforator free flap to preserve the radial artery [16, 17]. 

Fig.5 Case three-crush injury causing the volar soft tissue defects in index finger and ring finger (A). A free radial artery perforator flap was 
designed (B) to reconstruct the defect in ring finger, basing on the single perforator in the proximal half of forearm (C). The appearance of the flap 
post-operatively immediately (D) and at 8 months after surgery (E), the functional result (F) and donor site scar (E) were acceptable. (Another free 
superficial palmar branch of the radial artery flap was designed to reconstruct the defect in index finger.)
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Few studies describe the proximal perforator’s use from 
the radial artery of the forearm for a free transfer.

Several radial artery perforators’ analyses found that 
two main clusters of perforators (≥ 0.5  mm diameter; 
distal cluster, and proximal cluster) in the forearm could 
potentially be used for flap transfer [11, 14]. In a cadav-
eric anatomical study, Michel determined that the radial 
artery’s proximal cluster perforators were located 61.7% 
of the distance along with the radial styloid-to-lateral 
epicondyle interval. There are few studies on the anasto-
mosable perforators of the proximal radial artery in living 
patients. In our study, an anastomosable perforator origi-
nating from the radial artery was detected in all proximal 
forearms. This perforator location was located at about 
8.8 cm from the elbow crease. The relative distance was 
about 37.2%, along with the elbow crease-to-wrist crease 
interval, consistent with previous anatomical cadaver 
studies.

Furthermore, this perforator follows an intermuscular 
septal-type course between the brachioradialis and the 
pronator teres muscles. The pedicle length was 12  mm, 
and the internal diameter was 0.7 mm according to ultra-
sonography. These ultrasonography data showed that this 
perforator is consistently located at the radial artery in 
the forearm’s proximal half; designing a free flap based 
on this single perforator could be achieved. Furthermore, 
the perforator’s diameter can match the digit artery well 
in the reconstruction of the finger. The multiple super-
ficial veins in the forearm can be harvested as an alter-
native donor vein for venous drainage. Our study also 
demonstrated the importance of ultrasonography preop-
eratively. Ultrasonography is a non-invasive and straight-
forward inspection method to locate a small perforator 
for designing a flap. Therefore, we suggest that perforator 
inspection and location using ultrasonography should be 
a routine examination before flap operation.

How much area could the free flap based on a single 
perforator of radial artery be done? According to the ana-
tomical study of the radial artery’s proximal perforators, 

several perforators coming off the radial artery travel to 
the skin and form linking networks with one another 
along the radial artery as an axis (about 2-cm wide) [11]. 
This network of vessels between the fascia and the dermis 
ensures an adequate blood supply for designing a long 
flap (10–18 cm reported by Lin [16]). However, the width 
of this flap is limited (usually ≤ 4 cm). This shape features 
of an oblong flap is especially suited to reconstructing 
defects in long fingers.

There are some other advantages of this flap: first, sin-
gle-perforator flap harvesting preserves the radial artery, 
avoiding the potential ischemic problem of the upper 
extremity. Second, the flap provides similar color and 
texture and aesthetic appearance to the finger. Finally, 
the operation can be performed in one stage in a single 
operative field.

The Brief Michigan Hand Questionnaire is a reliable 
and valid hand-specific instrument for evaluating hand 
function, including six distinct domains (overall func-
tion, daily life activities, work performance, pain, aesthet-
ics, and satisfaction). The average original score in each 
domain is calculated to generate a score that is scaled 
from 0 (poorest) to 100 (ideal) [18]. In this study, the 
average total score of BMHQ in four patients was 72.9 
(range 60.4–85.4), and the average satisfaction score was 
87.5, and the overall function and ADL scores were 78.1. 
These data suggest that the hand function fully meets 
daily life needs, and the patients are satisfied with hand 
function after the surgery. The work performance score 
and the pain score were 62.5, possibly attributed to the 
double defects in two fingers or compound tissue damage 
(including tendon injury) that limit the affected hand’s 
functional recovery.

In theory, the lateral antebrachial cutaneous nerve 
branch could be harvested into the flap and anasto-
mosed to a cutaneous sensorial nerve of the recipient 
site. There are usually no proper nerve branches cours-
ing into the small or medium-sized flap; furthermore, 
some studies found a high potential of spontaneous 

Table 3 Functional outcome of the free radial artery perforator flap estimated by BMHQ

BMHQ (Brief Michigan Hand Outcomes Questionnaire) includes 12 questions divided into following 6 domains: overall function, daily life activities (ADL), work 
performance, pain, esthetics and satisfaction. The score of every item is normalized on a scale from 0 (poorest function) to 100 (ideal function) as the formula: 
100 × (BMHQ original score −1)/4. The total score is the average of every item [18]

No. BMHQ Score

Overall function ADL Work performance Pain Aesthetics Satisfaction Total score

1 87.5 87.5 75 75 87.5 100 85.4

2 62.5 62.5 50 50 50 87.5 60.4

3 75 62.5 50 50 62.5 75 62.5

4 87.5 100 75 75 75 87.5 83.3

AVE (x ± s) 78.1 78.1 62.5 62.5 68.8 87.5 72.9
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reinnervation after flap repair [21, 22]. Therefore, nerve 
anastomoses were not routinely performed in our 
cases, and we also obtained 13.8-mm mean static 2-PD 
in the flap area, which is acceptable sensory recovery. 
The average ROM of DIP, PIP, and MP were 35°, 82°, 
and 85°, respectively, in the affected finger, all of which 
are satisfactory for reconstructed fingers. The hand 
function and patient self-evaluations are consistent 
with previous studies using other free flaps (i.e., super-
ficial palmar branches of the radial artery free flap) for 
reconstructing digital defects [23].

Some disadvantages of the radial artery proximal per-
forator free flap include non-concealed enough morbidity 
in the donor site, some bulkiness of the flap in the recon-
structed finger, dissection, and anastomosis of microves-
sels. The aesthetics scores self-evaluated by the patients 
in our study were lower than 70.

There are several limitations in this study. First, we 
could not perform objective examinations for precise 
marking of the perforator directly and evaluate this sin-
gle perforator’s blood supply area. Second, the popula-
tion sample was not large enough in the ultrasonography 
study and the clinical cases.

Conclusions
There is an anastomosable perforator consistently located 
on the radial artery in the proximal half of the forearm. 
Preoperative detection and locating this perforator using 
ultrasonography can facilitate elevation of the flap. With 
consistent anatomy of the perforator and the satisfac-
tory outcome in clinic application, the free radial artery 
flap based on this single perforator (preservation radial 
artery) is a reliable and useful option for reconstructing 
soft tissue defects in finger.
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