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Wounds of the hands and fingers are a com-
mon challenge for most hand surgeons, 
and frequently, the wounds are complex 

and extensive. Larger soft-tissue defects of the fin-
gers and hands are generally reconstructed by ped-
icled or free flaps.1–3 Gao et al4 described a trilobar 
combined flap based on the circumflex scapular 
vessels to cover an extensive defect of the palm and 
volar aspect of the fingers. Stahl et al5 reported the 

reconstruction of complex hand trauma using an 
iliac crest bone graft and 2 pedicled fasciocutaneous 
skin flaps. Recently, Wang et al6 and Yang et al7 re-
ported the reconstruction of hand defects with the 
free medial sural artery perforator flaps and antero-
lateral leg perforator flaps, respectively. These ideas 
are good in theory, but the flap donor sites are far 
from the hand. There are possible reconstructive op-
tions that could be undertaken in the upper limb, 

Received for publication July 16, 2013; accepted April 8, 
2014.

From the *Hand and Foot Trauma Surgery Hospital, Nan-
hai, Guangdong, People’s Republic of China; †Department 
of Anatomy, Hainan Medical College, Haikou, Hainan, 
People’s Republic of China; ‡Department of Anatomy, Wen-
zhou Medical University, Wenzhou, Zhejiang, People’s Re-
public of China; and §Department of Orthopedics, Affiliated 
Hospital of Air Force Institute of Aviation Medicine, Beijing, 
People’s Republic of China.

Background: There is a dearth of detailed published work on the anatomy 
of ulnar artery perforators. The objective of this study was to fully docu-
ment the vascular basis of the free proximal ulnar artery perforator flap 
and report its use in reconstruction of the hand.
Methods: (1) The ulnar artery perforators were studied in 25 fresh cadav-
ers and 10 cast preparations. Cadavers were injected with lead oxide for 
3-dimensional reconstruction. The origin, course, and distribution of the 
ulnar artery perforators were comprehensively documented. (2) Between 
August 2011 and January 2013, 29 free proximal ulnar artery perforator 
flaps were utilized for reconstruction of soft-tissue defects of the hand in 25 
patients. Flap size varied from 3.5 × 2.0 cm to 24.0 × 4.0 cm, with a consistent 
thickness of approximately 3 mm.
Results: (1) There were 7 ± 2.0 ulnar artery perforators. The average exter-
nal diameter was 0.6 ± 0.2 mm. Each perforator supplied an average area of 
26 ± 7.0 cm2. Extensive anastomoses were found between the ulnar artery 
perforators and multiple adjacent source arteries. (2) All flaps survived. The 
clinical results were satisfactory after 10.2 ± 5.3 months of follow-up. The 
flaps were considered cosmetically acceptable by both patients and doctors.
Conclusions: The main advantage of the proximal ulnar artery perforator 
flap is that it is a thin flap that is ideal for upper extremity reconstruction, 
either as proximally or distally based local perforator flap or as a free flap. 
The donor site is excellent, and the vascular anatomy is very consistent. (Plast 
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including the posterior interosseous forearm flap,8 
the dorsal ulnar artery flap,9 the radial artery pedicle 
perforator flap,3 the ulnar artery perforator flap,10 
and the neurocutaneous flap in upper extremities.11 
The advantages of using upper limb flaps include su-
perior color and thickness match and the possibility 
of using a local pedicled perforator flap rather than 
a free microvascular transfer.

Several authors have recently reported on the 
anatomy of the perforators of the ulnar artery.12–14 
Yu et al14 described the anatomy of the ulnar artery 
perforators and classed them as A, B, and C in 3 ar-
eas from the pisiform to epicondyle. Mathy et al12 
showed the position and number of the ulnar artery 
perforators in the area within 3 cm of the midpoint 
between the medial epicondyle and the pisiform. Sun 
et al13 demonstrated that the ulnar artery has 2 main 
clusters of perforators in the proximal one-third and 
distal one-fourth of the forearm. These showed that 
the ulnar artery perforator flap is an excellent source 
of thin, pliable, and sensate skin with favorable tis-
sue characteristics, easy to harvest, and low donor-site 
morbidity. However, a large, systematic, and detailed 
investigation of the ulnar artery perforators has not 
been performed. To date, no study has shown that 
each perforator supplied an area and extensive anas-
tomoses between the ulnar artery perforators and 
multiple adjacent source arteries. There also has not 
been a 3-dimensional anatomical study of the ulnar 
artery perforators. Therefore, we describe a digi-
talized model of perforator flaps of the forearm using 
angiography and a 3-dimensional imaging technique, 
Mimics (Materialise, Leuven).15 The advantage of this 
technique includes its clear display of vascular net-
work of the source artery with its adjacent vessels. The 
objective of this report is to comprehensively docu-
ment the 3-dimensional anatomy of the proximal ul-
nar artery perforators and to demonstrate the clinical 
applications of proximal ulnar artery perforator flap.

ANATOMY PROTOCOL
The ulnar artery perforators were investigated in 

25 fresh cadavers and 10 casts of arteries. Twenty-five 
cadavers (50 sides, 8 women and 17 men; mean age, 
71 years; range, 50–88 years; mean height, 168 cm; 
range, 156–182 cm) were obtained through the Wen-
zhou Medical University Donor Program. Ten arte-
rial casts of arteries of the upper limb were prepared. 
The project was approved by the institutional health 
sciences human Ethics Committee.

Fifteen fresh cadavers underwent whole-body 
lead oxide injection. The injection technique was 
originally described by Rees and Taylor16 and modi-
fied by Tang et al.17,18 Then, cadavers were scanned 
using spiral computed tomography (General Electric 
Lightspeed H16; General Electric Medical Systems, 
Milwaukee, Wis.). Three-dimensional reconstruc-
tions of the forearm were then performed using 
MIMICS software (Materialise, Leuven).15 Ten speci-
mens received whole-body injection with red latex.

All 25 specimens were dissected and 3-dimen-
sional radiography was performed in a layer-by-layer 
fashion to document each perforator in the proximal 
forearm.17 The origin, course, and distribution of the 
perforators in the forearm region were observed.

Dissection and Image Processing
The anterior forearm was defined by the follow-

ing anatomical landmarks (Fig. 1): proximal hori-
zontal line across the level of the medial epicondyle 
and distal horizontal line across the level of the pisi-
form. The region between the superior and inferior 
border was divided into 3 equal zones (proximal, 
middle, and distal).

Digitalization and assembly of the angiograms 
were performed in Adobe Photoshop.17 To outline 
vascular territories, we combined the cutaneous an-
giosome concept with the 6 physiologic criteria of 
Cormack and Lamberty.19,20 The vascular territory of 
one angiosome ends at the anastomotic site of the 
next angiosome.

Cutaneous angiosomes and perforator zones 
were measured using Scion Image (Scion Corpora-
tion, Frederick, Md.),17 which is an image processing 
and analysis program. It can acquire, display, edit, 
enhance, analyze, and animate images. Scion Im-
age can be used to measure area, mean, centroid, 
perimeter, and other characteristics of user-defined 
regions of interest. Spatial calibration is supported 
to provide area and length measurements. In addi-
tion, the options dialog box can be used to enable 
other measurements, such as perimeter. The area of 
the selection will be given in calibrated units, such 
as square millimeters, if the set scale command has 
been used to establish the spatial scale. Finally, the 
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show results feature can be used to display the list of 
measurement results.

PATIENTS AND METHODS
Between August 2011 and January 2013, we used 

29 free proximal ulnar artery perforator flaps for re-
construction of soft-tissue defects of the hand in 25 
patients. The patients’ clinical data are summarized 
in Table 1. There were 18 men (72%) and 7 women 
(28%) with a mean age of 32.3 ± 7.7 years (range, 
18–48 years). The size of the defects ranged from 
2.5 × 2.0 cm to 12.0 × 3.0 cm. The soft-tissue defects 
were on the fingers [23 of 25 (92%)], on the palm 
[1 of 25 (4%)], and on the dorsum of the hand [1 
of 25 (4%)]. The causes of the defects were crush 
injury [13 of 25 (52%)], machine injury [11 of 25 
(44%)], and burn [1 of 25 (4%)]. The size of the 
flaps ranged from 3.5 × 2.0 cm to 24.0 × 4.0 cm. All the 
transferred perforator flaps were nourished with the 
perforator vessel of the ulnar artery. Most flaps were 

long strips, and donor sites were closed primarily in 
25 of 29 cases (86%) and skin grafted in 4 of 29 cases 
(14%). The patient follow-up was between 4 and 20 
months (mean, 10 months).

Operative Technique
A line connecting the pisiform and the volar as-

pect of the medial epicondyle was drawn. Based on 
our digitalized model of the perforators, the point 
of emergence of the major perforator was usually lo-
cated in the area of the anteromedial forearm. It was 
at the intersection of the proximal and middle thirds 
or at the junction of the middle and distal thirds 
along the axis between the pisiform and the medial 
epicondyle (Figs. 1–3). The flap design was modi-
fied once the perforator location was determined by 
high-frequency color ultrasound.

Flap elevation begins with an incision along the 
radial aspect of the flap. Suprafascial dissection pro-
ceeds ulnarward until the perforators can be visual-
ized. The medial cutaneous nerve of the forearm 
is preserved in the flap as far as possible. The flap 
design is recentered, if necessary, based on the ac-
tual location of the perforators. Slightly radial to the 
perforators, the fascia is incised and the septum en-
tered, exposing the ulnar vessels and nerve. Once an 
adequate pedicle length and suitable caliber of the 
perforator and its vena comitans has been achieved, 
the medial (ulnar) border of the flap is incised and 
the flap is detached. Great care is taken to avoid in-
jury to the ulnar nerve. The tourniquet is then re-
leased to allow the hand and flap to reperfuse before 
dividing the vascular pedicle. After detaching the 
flap, the pedicle vessels are anastomosed with those 
of the recipient site. When possible, we attempt to 
improve innervation with sensory nerve anastomo-
sis. The donor-site defect can be closed directly if the 
flap width is less than approximately 5 cm.

RESULTS
The cutaneous blood supply of the forearm is pro-

vided by a rich vascular network lying beneath the 
subcutaneous tissue and the underlying fascia (Figs. 1 
and 2). The anteromedial area of the forearm is sup-
plied by the ulnar artery. The proximal ulnar artery 
has several branches, including perforators that are 
directly derived from the ulnar artery and anterior 
ulnar recurrent arteries. There are 4–9 perforators 
from the ulnar artery, supplying an area of approxi-
mately 190 cm2. Each perforator supplied an average 
area of 26 ± 7.0 cm2. The mean superficial perforator 
pedicle length was 27 ± 14 mm. There were 7 ± 2.0 ul-
nar artery perforators with diameters of greater than 
or equal to 0.5 mm. The average  external diameter 

Fig. 1. angiogram of the integument of the anterior  forearm 
and hand. the region between the superior and inferior bor-
der was divided into 3 equal zones: proximal horizontal line 
across the level of the medial epicondyle, distal horizontal 
line across the possible level of the pisiform. PZ indicates 
proximal zone; MZ, middle zone; DZ, distal zone. Blue arrows 
indicate the links of the ulnar  artery  perforators. Ulnar recur-
rent artery was shown in the  proximal zone.
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was 0.6 ± 0.2 mm. Our data clearly show that greater 
and constant perforators are located at the junction 
of the proximal and middle thirds of the axis between 
the pisiform and the medial epicondyle (Figs. 1–3).

The Ulnar Artery Perforators
The ulnar artery was present in all specimens. The 

larger branch of the ulnar artery was the  anterior ulnar 
recurrent artery at the proximal third of  anteromedial 
forearm. It supplied the medial  aspect of the el-
bow (Figs. 1 and 2). There were 2 ± 1  perforators in  

the ulnar recurrent artery territory. The mean vessel 
diameter was 0.8 ± 0.2 mm. In 85% (51 of 60) of the 
specimens, we found 5 consistent perforators, which 
we marked as P1–5. P2 and P4 were located around 
the junction of the proximal and middle thirds 
and the junction of the middle and distal thirds of 
the distance between the pisiform and the medial 
 epicondyle, respectively. P3 was found in middle third 
zone. In fact, P1 is the anterior ulnar recurrent  artery,21 
and P5 is the dorsal ulnar artery22,23 or the  so-called  
above-wrist cutaneous branch of the ulnar artery.24 

Fig. 2. the ulnar artery perforators and perforator chain (green arrows). a, three-
dimensional reconstruction of forearm by fast volume rendering technique (Vrt) 
to show subcutaneous vascular network. B, three-dimensional reconstruction by 
surface rendering technique (same specimen with a). c, a vascular cast specimen 
of arteries of the forearm. U indicates ulnar artery; r, radial artery; P1–5, ulnar artery 
perforators.

Fig. 3. Schematic diagram of the free proximal ulnar artery perforator flap. green 
circles indicate the junction of the proximal and middle thirds and the junction of 
the middle and distal thirds of the distance between the pisiform and the medial 
epicondyle, respectively. Both are locations of the consistent ulnar artery perfora-
tors, and a free proximal ulnar artery perforator flap is shown.
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The diameter of P2, P4, and P5 was 0.7 ± 0.2, 0.6 ± 0.3, 
and 1.0 ± 0.4 mm, respectively. These perforators anas-
tomosed with each other to form a longitudinal per-
forator chain (Fig. 2).

Case Reports
All proximal ulnar artery perforator flaps were 

transferred to defects in the hand without any compli-
cations. The clinical results were satisfactory after 4–20 
months of follow-up (Table 1). All flaps in this series 
were thin, 2.9 ± 0.3 mm (range, 2.5–3.5 mm). The ped-
icle length was 3.3 ± 0.4 mm (range, 2.5–4.0 mm). The 
flaps were considered cosmetically acceptable by both 
patients and physicians. The flaps healed well, and the 
color match between flap and surrounding skin was ex-
cellent (Figs. 4 and 5). The donor site also healed well, 
and the scars were quite inconspicuous in the forearm.

Case 1 (Patient 2). A 23-year-old man was admitted 
emergently with a soft-tissue defect over the right 
middle, ring, and little fingers that resulted from 
a planer injury. The distal third of the little finger 
was destroyed, and the middle and ring fingers were 
contused, with skin defects 4.5 × 2.0 cm. The middle 
finger was repaired by a full-thickness skin graft. The 

ring finger was covered by a free proximal ulnar artery 
perforator flap (5.0 × 2.0 cm, 2.5 mm thick). The 
pedicles of the flap were anastomosed to the ulnar 
digital artery and the superficial dorsal vein. The flap 
and donor site healed well, with no complications. Six 
months after surgery, the flap and the recipient site 
matched well (Fig. 4).

Case 2 (Patient 19). A 35-year-old man was admitted 
emergently with right index, middle, and ring 
fingers destruction that was the result of an 
industrial accident. Debridement and fracture 
fixation were performed in the 3 fingers. After 
the operation, nonviable and nonreplantable soft 
tissue was removed (Fig. 5). The skin defect sizes 
were 5.5 × 6.0 cm, 7.0 × 6.0 cm, and 7.0 × 6.0 cm in the 
index, middle, and ring finger, respectively. Two free 
proximal ulnar artery perforator flaps were designed 
and harvested from both forearms. The size of the 
flap was 24.0 × 4.0 cm and 13.0 × 3.0 cm from right 
and left forearms, respectively (Fig. 5). The right 
ring finger was covered by the left forearm flap 
(13.0 × 3.0 cm, 2.5 mm thick). The pedicle of the flap 
was anastomosed to the ulnar digital artery and the 
superficial dorsal vein. The medial cutaneous nerve 

Fig. 4. case 1. a free proximal ulnar artery perforator flap was used for coverage of a defect over the right 
ring finger. a, Preoperative view of the soft-tissue defect over the right middle, ring, and little fingers. B, 
anatomical landmark and perforator flap design after the little finger amputation. c, the perforator nour-
ishing the proximal ulnar artery perforator flap had been dissected. Blue arrows pointed to the medial cu-
taneous nerve of the forearm in the flap. D, appearance of the flap and donor site 6 months after surgery.
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of the forearm was anastomosed to the ulnar digital 
nerve. There were 2 pedicles in the right forearm 
flap (24.0 × 4.0 cm, 2.5 mm thick). The proximal 
pedicle was anastomosed to the ulnar digital artery 
and the superficial dorsal vein of the index finger 
to repair the index finger. The medial cutaneous 
nerve of the forearm was anastomosed to the ulnar 
digital nerve. Another pedicle was anastomosed to 
the radial digital artery and superficial dorsal vein 
of the middle finger. The flaps and the donor sites 
healed well, with no complications. Four months 

after surgery, the flaps and the recipient sites were 
well matched.

DISCUSSION

Characteristics of the Ulnar Artery Perforators
The perforators of the ulnar artery pierce the deep 

fascia in longitudinal rows along with the medial cuta-
neous nerve of the forearm. The majority (69%) are 
musculocutaneous perforators.21,25 The musculocuta-
neous perforators in the proximal forearm passed to 

Fig. 5. case 2. two free ulnar artery perforator flaps were used for coverage of a right index, middle, 
and ring fingers destruction. a, Preoperative view of the extensive devastating injuries that was the 
result of an industrial accident. B, after debridement and fracture fixation of the 3 fingers. c and D, 
anatomical landmark and 2 perforator flap design. e, View of the flaps postoperatively.
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the skin after a short intramuscular course through 
the flexor carpi ulnaris or flexor digitorum superfi-
cialis muscle belly. The others were septocutaneous 
perforators. Because skin and nerves both originate 
from the ectoderm, their intimate relationship in 
the vascular supply is not surprising.11 In general, the 
paraneural vascular arcade was more developed in 
the proximal and middle thirds of the forearm. The 
paraneural vessels linked the cutaneous perforators 
to form a longitudinal perforator chain (Fig. 2). We 
found 5 consistent perforators; 2 perforators were lo-
cated around the junction of the proximal and mid-
dle thirds and the junction of the middle and distal 
thirds of the distance between the pisiform and the 
medial epicondyle, respectively. The perforators in-
crease in number and decrease in size more distally 
except the dorsal ulnar artery. Generally, the distribu-
tion of the musculocutaneous perforators is branch 
style and the distribution of the septocutaneous per-
forators is axial. With the same diameter, the area of 
the flap supplied by branch-style artery is larger than 
the one supplied by the axial-style artery.26 Due to the 
reliability of the vasculature of the proximal ulnar 
artery perforator flap, its thinness, and the ability to 
close the donor site, it has become our first choice to 
cover soft-tissue defects of the hand.

The New Design of the Ulnar Artery Perforator Flaps
In this study, the greater and constant perfora-

tors are located at 2 junctions: the junction of the 
proximal and middle thirds and the junction of the 
middle and distal thirds of the distance between the 
pisiform and the medial epicondyle (Figs. 1–3). Ex-
tensive anastomoses were found between the perfo-
rators and multiple adjacent source arteries. Most 
of these vessels also communicate in the skin. This 
offers surgeons multiple perforator options for any 
given paddle of skin in this area, although we have 
only used free proximal ulnar artery perforator flap, 
as follows:
 1. Free ulnar artery perforator flap based on P1–3 

or others close to proximal as near as possible.
 2. Proximally based perforator flap or propeller 

flap based on P1, which is also known as the ul-
nar recurrent artery. This perforator has true 
anastomoses with P2 and/or P3 along the medial 
cutaneous nerve of the forearm, so its cutaneous 
perforator allows a long arc of rotation, extend-
ing the flap as far proximally as the medial side 
of the elbow.

 3. Distally based perforator flap based on P5, the 
dorsal ulnar artery. The P4 anastomoses with as-
cending branch of the dorsal ulnar artery. It is 
easy to harvest a perforator-based propeller flap 
for repairing hand defects.

Both the proximally and distally based perfora-
tor flaps have 2 distinct advantages. Not only do they 
save the ulnar artery but they also allow arterial and 
venous flow in physiologic directions. This avoids the 
need for a venous anastomosis at the recipient site.

The maximum size possible for ulnar artery per-
forator flap is unknown. However, the largest flap in 
this series was 24.0 × 4.0 cm. Until now, we have used 
only the free proximal ulnar artery perforator flaps, 
although we defined 3 types of anteromedial fore-
arm flaps—free perforator flap, proximally based 
perforator flap, and distally based perforator flap.

Advantages and Drawbacks of the Proximal Ulnar 
Artery Perforator Flap

The advantages of the proximal ulnar artery per-
forator flap include the following:
 1.  Most of the proximal ulnar artery perforators are 

musculocutaneous perforators; with the same di-
ameter, the area of the flap supplied by the mus-
culocutaneous perforator is larger than the one 
supplied by the septocutaneous perforator.26

 2.  The forearm is bigger proximally, and this facili-
tates the larger skin flap.

 3.  The flap can be innervated if the medial cutane-
ous nerve of the forearm is included.27 The sen-
sory deficit is minimal because there is a sensory 
overlap in the cutaneous territory.11

 4.  Compared with the radial forearm flap, the ulnar 
forearm flap has several advantages, including 
ease of donor-site management, more inconspicu-
ous scar location, and there was a lower incidence 
of skin graft loss at the ulnar forearm donor site.14

However, if this flap is harvested with a width 
greater than 5 cm, the donor site cannot be closed 
and requires skin grafting. Therefore, we believe that 
the proximal ulnar artery perforator flap is suitable 
for wound repair, especially for repair of small- to 
medium-sized shallow skin defects of hand or head.

CONCLUSIONS
The proximal ulnar artery perforator flaps have a 

consistent, reliable blood supply, and good texture. The 
donor site not only supplies a thin free flap but also pro-
vides the option of harvesting cross-boundary proximal-
ly or distally based perforator flaps that could be useful 
for repairing widespread traumatic soft-tissue defects. 
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