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Repair of a finger pulp or fingertip o

defect using a palmar rotatory flap pedicled
with the perforating branch of the proper
palmar digital artery: a retrospective study
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Abstract

Background Soft tissue defects in the hand may result from trauma, oncological procedures, or severe infections.
This study aimed to introduce an innovative method for repairing soft tissue defects on the palmar side of the distal
segment of the affected finger or fingertip. We explored this surgical method and its curative effect on the volar rota-
tion pedicled flap base on a perforator of the palmar digital artery (VRPF-PPDA) for repairing ventral or fingertip soft
tissue defects of the distal segment of the affected finger without impairing its main blood vessels.

Methods Between June 2019 and January 2021, 13 patients with finger pulp or fingertip soft tissue defects were
treated with VRPF-PPDA. Flap survival rate, complication rate, two-point discrimination (2PD), and patient satisfaction
were used to evaluate the efficacy of this method. The function of the affected finger was evaluated using the upper
limb function evaluation method issued by the Trial Standards for Evaluation of Partial Function of the Upper Extrem-
ity of the Chinese Society for Surgery of the Hand of the Chinese Medical Association (CMA) and the Disabilities

of the Arm, Shoulder, and Head (DASH) score, 6-12 months after the flap-based operation.

Results Thirteen patients (18 fingers) achieved complete flap survival. The finger pulp flap was full, and no compli-
cations occurred. 2PD checks of the flaps revealed that all of them were 4-10 mm in length. According to the Trial
Standards for Evaluation of Partial Function of the Upper Extremity of the Chinese Society for Surgery of the Hand

of the CMA, hand function was excellent in 12 patients (17 fingers) and good in one patient, with a mean DASH score
of 26.05+0.45. Eleven patients selected “excellent”on the subjective satisfaction survey, while the other two selected
“‘good”

Conclusion VRPF-PPDA surgery is a simple, effective, minimally invasive, and reliable method for repairing soft tissue
defects in the distal finger pulp or fingertips. Optimal esthetic reconstruction and anatomical and functional repair
can be achieved in fingers repaired using the VRPF-PPDA surgical approach.
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Background

Defects in the distal finger pulp and fingertip are com-
mon emergencies during hand surgery, and these soft
tissue hand defects may result from trauma, oncologi-
cal procedures, or severe infections [1]. Plastic and hand
surgeons have always been faced with the challenges of
achieving robust repair of the distal end of fingers, good
soft tissue coverage to protect underlying structure, func-
tional recovery as quickly and completely as possible, and
obtaining the best esthetic effect [2]. A perforating flap
was proposed by the Japanese researchers Koshima and
Soeda in 1989 [3]. It is a flap comprising the perforator
vessels as the direct source of blood supply. The perfo-
rating flap carries vascular perforators into the flap, and
this differs from use of the random skin resection of the
deep fascia as a source of blood supply or a necessary
part of reflux. This flap is based on the blood supply to
small perforator vessels, signifying a new development in
microsurgical flap transplantation.

The stratum corneum of the palmar skin of the finger is
thick, with a fat pad under the skin. Bone and skin were
connected via vertical ligaments structures. The skin of
the finger pulp contains threads that can increase its fric-
tion; thus, the functions of grasping, holding, and pinch-
ing are more stable, and the finger pulp is sensitive to
these movements. These special attributes of the soft tis-
sue of the distal finger pulp necessitate the use of the full
thickness of the soft tissue to repair this extremity [4, 5].
Currently, several repair methods are available, includ-
ing cross-finger [6], Thenar flaps [7], the first toe fibular
free flap [8], partial second-toe transfers [9], and the dor-
sal flap of the first web [10]. However, there is no surgical
method that considers the characteristics of minimally
invasive, convenient, economical and anatomical repair
involving physical similarity of tissues.

The soft tissue adjacent to the wound may provide the
optimal solution for pedicle transfer of the flap donor
area. In 2016, Zhou et al. employed the digital artery
rotation flap to repair a fingertip skin defect connected to
the digital artery pedicle, following soft tissue resection
of the middle phalanx [11]. Fingertip rotation flap sur-
gery is gradually becoming more widespread. Although
the skin texture of the finger pulp repaired by this sur-
gical method is similar to that of physiologically nor-
mal tissue, the blood supply of the flap is provided by
the proper artery of the finger. Since the proper artery
and nerve of the finger need to be dissected to enter the
flap, the resulting surgical trauma is extensive. To over-
come these surgical hurdles, a minimally invasive proce-
dure was developed to repair the defect. This procedure
involves cutting the second pulp of the finger; this allows
avoidance of the main trunk of the proper digital artery
(PDA), and selection of the perforator of the PDA as
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blood supply for the flap. This study aimed to analyze the
anatomical feasibility of using the perforating branch of
the proper artery as the pivot point to rotate the flap to
the distal finger pulp and fingertip. We present our novel
surgical technique and assess its outcome in a series of
patients.

Methods

Patients

Between June 2019 and January 2021, soft tissue defects
of the finger pulp or fingertip in 13 patients were repaired
using a volar rotation flap pedicled with the perforator of
the proper palmar digital artery (VRPF-PPDA), includ-
ing ten males and three females, with an average age of
34.23 +12.94 years. Among them was one case of a three-
finger pulp soft tissue defect, three cases of a two-finger
pulp soft tissue defect, and the rest were single-finger
pulp soft tissue defects. Each patient had bone expo-
sure; five had nail bed injuries, and seven had distal pha-
lanx fractures or defects. The proximal end of the defect
was no longer than the distal fingertip, and neither side
exceeded the midline of the finger (Table 1). All injured
patients underwent preoperative routine blood exami-
nation, oblique hand X-ray examination, and emergency
surgery and >6 months of follow-up by the same group
of doctors.

This clinical study was conducted with the approval
of our institutional review board. We retrospectively
analyzed patients with soft tissue defects of the finger-
tip or finger pulp. All patients were treated using the
VRPE-PPDA.

Anatomical basis of flap design

The common digital artery bifurcates into two palmar
proper digital arteries at the level of the metacarpal head.
The palmar PDA has several palmar and dorsal branches
in each phalanx, and these branches converge into the
palmar arch of the proximal phalanx, the palmar arch
of the middle phalanx, and the arterial arch of the distal
phalanx. The dorsal branch of the PDA gives off the joint
branch, the medullary branch, and the dorsal arch of the
distal finger. The PDA has two relatively large branches at
the distal interphalangeal joint (DIP) level: one is located
on the proximal side and is the main source of the trans-
verse arch.

The perforating branch of the PDA is located far away
from the transverse arch. Approximately 2—-3 mm after
the PDA separates, it is divided into a bifurcated “Y”
shape and enters the skin to nourish the skin and soft
tissue of the middle and distal parts of the finger pulp
[12]. The number of perforators on the dominant side
is greater than that on the non-dominant side. The ven-
tral sensation of the second pulp of the finger and the
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Table 1 Demographic date
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Patient no. Sex Age (Y) Injury finger Defect size (cm?) Mechanism of injury

1 M 27 LMF 1.7cm* 2.1 cm Crush

2 M 13 RMF 1.5cm*23cm Crush

3 M 48 RLF 1.5cm*19cm Crush

4 F 54 RIF 22cm*1.8cm Crush

5 M 49 LMF, LRF 21cm*19cm/22cm* 1.7.cm Mechanical extrusion

[§ M 37 RRF 21cm*1.8cm Door extrusion

7 M 47 LIF, LMF, LRF 1.9cm*1.3cm/22.cm * 1.6 cm/2.0cm  Mechanical extrusion
*18cm

8 F 21 LRF 20cm*1.8cm Cut

9 M 25 LMF, LRF 23cm*19cm/1.9cm*1.9cm Crush

10 M 26 RIF 2.1 cm*1.6cm Cut

11 M 40 RIF, RRF 1.6cm*1.7cm/22cm*1.7cm Cut

12 F 17 LMF 24cm*1.8cm Crush

13 M 41 RMF 21cm*24cm Crush

Mean+SD 34.23+£12.94 3.67+0.57

LIF Left index finger, LMF Left middle finger, LRF Left ring finger, LLF Left little finger, RIF Right index finger, RMF Right middle finger, RRF Right ring finger, RLF Right

little finger

proximal end of the distal phalanx mainly originates from
the proper digital nerve (PDN) and its joint branch. The
PDN runs toward the distal end, and the nerve endings
retract from the soft tissue of the fingertip. The anatomy
of the blood vessels and nerves forms the basis for flap
survival and sensory recovery. Therefore, it is feasible to
remove the ventral rotation flap without separating the
PDA and only bring the DIP perforator of the PDA into
the flap pedicle.

Surgical treatment process

Wound debridement was performed using a tourniquet
under the brachial plexus or by finger root nerve block-
ing anesthesia. The contaminated wounds were cleaned
and disinfected. Approximately 1 mm of skin around the
wound edge was removed using a surgical blade. From
the outside to the inside, dirt and inactivated tissue were
debrided from shallow to deep to create a clean wound,
and the skin, nail bed, and distal fracture ends were
trimmed.

Flap design The flap was designed on the palmar side
of the middle segment of the injured finger according
to the size and shape of the defect. The flap was pedi-
cled with a surface projection of the perforators at the
PDA joint of the proximal normal skin on the side of
the wounded finger. The rotation point of the flap is
often selected on the dominant side of the blood ves-
sels. A rectangular flap is placed on the palmar side of
the middle segment. The transverse width of the flap
was approximately 3 mm longer than the longitudinal

length of the wound, and its longitudinal length was
approximately 2 mm longer than the width of the
wound. The opposing side of the vascular pedicle was
designed based on flap shape. The shapes of the distal
defect edges of the wounds were similar. The distal side
of the flap can also be cut as needed to the midline of
the finger side, but should not exceed the midline.

Cutting of the flap First, skin was cut from the side of
the pedicle and the subcutaneous tissue; the superficial
fascial layer was cut in depth; the flap was cut from the
superficial layer of the pedicle side blood vessels and
nerves, retaining the PDA and PDN. A small amount
of tissue was covered, and the contralateral side was
removed from the upper layer of the blood vessels and
nerves. The flap was precisely resected in the superficial
fascial layer without separating the main blood vessels
and nerves. The flap was freed up to the distal end, and
healthy skin and soft tissue of approximately 4—6 mm
around the pedicle of the DIP were retained to ensure
that the PDA perforator and PDN branch entered the
flap. After appropriate dissociation to obtain sufficient
rotation range, the flap was rotated 90° with the perfo-
rator at the joint of the PDA as the pedicle and sutured
to the wound edge (Fig. 1).

Flap donor site treatment Skin grafts at the flap donor
site can be divided into two categories: 1. The remain-
ing tissue block of the severed finger is trimmed to full
thickness. 2. When a tissue block is missing or unavail-
able, skin of the same size is removed from the medial
upper arm and trimmed into full-thickness skin for
skin grafting.
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Fig. 1 Schematic showing flap resection details. A Finger pulp

soft tissue defect and distal phalanx exposed; B Flap carrying

the perforator of the proper digital artery joint; C The flap was rotated
90 degrees after it was removed and sutured to the finger pulp
wound

Postoperative treatment

After the operation, the patient lay in bed for approxi-
mately 3 days with the hand fixed in the functional posi-
tion and cushioned at the heart level. The dressing was
windowed, and part of the flap was exposed to evaluate
blood supply and to avoid the flap being pressed after
bleeding. The dressing was replaced in time. Appropri-
ate anticoagulation therapy and routine use of antibiot-
ics was continued up to 5 days after the start of flexion
and extension functional exercises. After approximately
2 weeks, the wound suture was removed and functional
exercises were intensified to achieve timely tactile stimu-
lation of the injured fingertips, until the patient entered
recovery work [13].

Postoperative functional evaluation

Postoperative flap survival rate, incidence of complica-
tions, flap fullness, 2PD, and a subjective patient sat-
isfaction survey [9] were used to evaluate the flap. In a
later follow-up, we added the self-administered Cold
Intolerance Severity Score (CISS) to evaluate the cold
intolerance of the injured and donor fingers [14]. Pain
was evaluated using the following ratings: grade 1, no
pain; grade 2, mild pain, not interfering with daily activi-
ties; grade 3, moderate pain allowing the patient to work
normally, but with certain restrictions on the use of the
hands due to pain; and grade 4, intense pain, with the
patient unable to work or use hands. For the flap donor
site, we increased the Tinel sign classification to grade
1, no signs of nerve stimulation; grade 2, mild tingling
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stimulation; grade 3, moderate stimulation, very uncom-
fortable; and grade 4, severe stimulation with the patient
being unable to use the hand in response to any neuronal
stimulation [15, 16]. The function of the affected limb
was evaluated using the Disabilities of the Arm, Shoul-
der, and Head (DASH) score and upper limb function
evaluation criteria issued by the Hand Surgery Society
of the Chinese Medical Association (CMA) [17] from 6
to 12 months after the flap operation. All tests were per-
formed by an independent senior hand surgeon.

Results

The intraoperative blood loss was 5-8 mL, and opera-
tion time was confined to<40 min. All flaps healed
12-17 days after the operation. No necrosis was observed
in the 18 fingers of the 13 patients. One patient had local
infection and exudation on the third postoperative day,
and the wound healed after a change in dressing.

Eleven patients selected “excellent” on the subjective
satisfaction survey, while the remaining two selected
“good” No patient required secondary surgery to reduce
the flap volume. DIP flexion and extension activities were
normal in all the patients. The flap survival rate was 100%.
After half a year of follow-up, no obvious scar contrac-
ture was observed in the donor or recipient areas of the
injured finger flap. A total of 92.3% of the patients said
there was no difference in the shape and function of their
affected fingers compared to the contralateral healthy fin-
gers. Some patients even claimed that they had forgotten
that the finger pulp was reconstructed via flap transplan-
tation. All finger pulp flaps of the patients regained sensa-
tion, 2PD was 4—10 mm, and 13 patients had a mild CISS
score (0—25 points). The pain scores of all patients were
grade 1, and there was no interference with their daily
work or lives. Among the 13 patients with Tinel’s sign at
the donor site, 18 fingers were graded, of which 16 were
grade 1, and two were grade 2. After 6—12 months of fol-
low-up, according to the upper limb function evaluation
criteria issued by the Hand Surgery Society of the CMA
[17], 12 patients (17 fingers) reported excellent hand
function, and one patient showed good hand function,
with a mean DASH [18] score of 26.05 +0.45 (Table 2).

Case 1

A 37-year-old man was injured on the right ring finger
by a car door. The exposed distal phalanx was observed
in the wound, and a palmar rotation flap pedicled with
a perforating branch of the proper palmar digital artery
was used to repair the defect. The flap size was 2.1 cm
by 1.8 cm (Fig. 2). The flap survived completely. Clinical
evaluation of 9 weeks of postoperative follow-up showed
that the flap scar was not obvious, there was no scar con-
tracture, finger pulp of the patient was full, flexion and
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Table 2 Postoperative findings and final follow-up

Patientno 2PD(mm) DASH Function evaluation by Hand Surgery CISS Painscores Subjective  Tinel sign classification
Society of the Chinese Medical satisfaction  to grade in the donor
Association site

1 6 25.86 Excellent Mild  No pain Excellent Grade 1

2 7 2586  Excellent Mild  No pain Excellent Grade 1

3 7 2586  Excellent Mild  No pain Excellent Grade 1

4 8 2586  Good Mild  No pain Excellent Grade 1

5 5/7 25.86 Excellent Mild  No pain Excellent Grade 2 (LMF)

6 7 25.86 Excellent Mild ~ No pain Excellent Grade 1

7 6/7/10 27.58 Excellent Mild  No pain Good Grade 2 (LRF)

8 5 2586  Excellent Mild  No pain Excellent Grade 1

9 5/8 2586  Excellent Mild  No pain Excellent Grade 1

10 4 25.86 Excellent Mild  No pain Excellent Grade 1

1 7/8 25.86 Excellent Mild  No pain Good Grade 1

12 5 25.86 Excellent Mild  No pain Excellent Grade 1

13 7 26.72 Excellent Mild ~ No pain Excellent Grade 1

LMF Left middle finger; LRF Left ring finger, 2PD Statically measured two-point discrimination, DASH The Disabilities of the Arm, Shoulder, and Head score, CISS Cold
Intolerance Severity Score

\

Fig. 2 Details of the injury and surgical process. A The right finger
was clipped by a car door, and the soft tissue mass of the distal
segment was damaged. There was no replantation; B The right ring
finger palmar rotary flap pedicled with the perforator of the proper
palmar artery of the finger was used to repair the soft tissue defect.
The edge of the flap donor area was cut, and the dominant pedicle
of the blood vessel was preserved; C The ring finger flap was cut,

and the pedicle of approximately 5 mm length on the radial side

was retained so that the cutaneous branch of the proper digital artery
could enter the flap to provide blood supply. The flap was rotated

to the distal end to cover the distal wound of the finger pulp; D

The flap was sutured to the recipient area, and free skin grafting

was performed on the donor area of the flap

Fig. 3 Appearance and function of the injured finger flap were
reviewed 9 weeks after surgery. A After repair of the injured

finger with the flap, the finger pulp was full, and the appearance

. . i was satisfactory; B No difference in finger extension function
extension function of the DIP was normal, and the ring was observed between the injured side and the healthy side; C The
finger was unaffected when holding objects (Fig. 3). The hand grip of the injured side was normal, and ring finger flexion

static and moving 2PDs of the flap were 7.0 and 5.0 mm, activity was the same as that of the healthy side’s finger body
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Fig. 4 The appearance of the finger 6 months after surgery. A From
the radial side of the finger, the finger pulp was full; B The color
and texture of the finger pulp after surgery were nearly normal

Fig.5 Appearance of the finger 1 year after the operation. A From
the side of the finger, the finger pulp that underwent surgery

was full, and without scar hyperplasia; B After the operation, the color
and texture were nearly normal

A
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respectively. The CISS score was mild at 6 months after
the operation. The pain scores of the injured fingers were
all grade 1, and the Tinel’s sign of the donor area was
grade 1 (Fig. 4). According to the upper limb function
evaluation criteria issued by the Hand Surgery Society
of the CMA, hand function was excellent, and the DASH
score was 25.86 (Fig. 5).

Case 2

A 41-year-old right-handed male patient had the mid-
dle finger of his right hand clipped off by a machine from
the middle of the distal segment onward, and there was
no replantation far from the severed finger. Bone expo-
sure was also observed in the wound. No distal phalanx
fractures were observed. The nail fell off, exposing the
nail bed. A palmar rotation flap pedicled with the per-
forating branch of the proper palmar artery of the finger
was used to repair the defect. The length of the scar was
extensive and completely preserved, and the integrity of
the reconstructed fingertip and pulp was as full as that
of the normal finger. After 3 months of follow-up, the
static and moving 2PDs of the flap were 7.0 and 6.0 cm,
respectively. There was no significant difference in the
flexion and extension functions between the affected and
the healthy sides, and the CISS score was mild. The pain
scores of the injured fingers were all grade 1, and Tinel’s
sign at the donor site was grade 1. According to the upper
limb function evaluation criteria issued by the Hand Sur-
gery Society of the CMA, hand function was excellent,
with a DASH score of 26.72 (Fig. 6).

C

Fig. 6 Details of injury and surgical process for case number 2. A The soft tissue mass of the distal phalanx of the middle finger was separated
from the finger body, and only the proper digital artery of one side of the contusion was retained. The separated tissue mass had subcutaneous
congestion, soft tissue contusion, and no blood supply; B Distal phalanx exposed to show the lack of soft tissue coverage; C The volar rotation flap
pedicled with the perforator of the proper palmar digital artery was used to repair the defect of the distal phalanx. After the repair, the finger pulp
was full, and free skin grafting was performed on the flap donor site
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Discussion

Conventional repair methods for finger pulp soft tissue
defects include the V-Y flap, cross-finger flap, proximal
finger flap [19], digital artery inverted flap, dorsal flap
of the first web [10], partial second toe transfer [9], and
covering the wound with biomaterials to repair it [20].
Various flaps require different adaptation conditions
[21]. The V-Y advancement flap is no longer indicated
when the distal volar defect area of the finger exceeds
7 mm in length [2]. In the V-Y advancement flap [22],
the wound is located at the center of the finger pulp.
After wound healing, the Y-shaped scar of the finger pulp
considerably impacts the appearance of the healed area.
The VRPEF-PPDA procedure completely neutralizes the
impact of the wound located at the center of the finger
pulp on the appearance of the healed area [2]. The cross-
finger flap was originally proposed as a random-pattern
flap [19]. Thus, the flap is safe and reliable. The skin can
be removed to cover the entire defect of the distal fin-
ger pulp. The resection area is limited to the skin on the
dorsal side of the donor finger. However, the cross-finger
flap procedure must be completed in two operations: flap
transplantation and an additional pedicle-cutting opera-
tion. When the donor finger flap is cut, it is necessary
to plant the skin on the tendon aponeurosis, as there is
less soft tissue in the fascial layer. The central area of the
skin graft may increase the possibility of skin necrosis
owing to blood accumulation and the presence of uneven
stress [23, 24]. Using a proximal finger flap [20], a digital
artery inverted flap or a dorsal flap of the first web [10]
to repair the defect of the distal finger pulp and finger-
tip is tantamount to demolishing an expensive wall and
constructing a cheaper wall to replace it; the gain is lost.
This approach does not conform to the principles of flap
economics. The free flap procedure includes a partial
second toe transfer [9, 25] and the inclusion of a first toe
fibular free flap. It is widely used; however, microsurgi-
cal vascular anastomosis technology limits any further
increase in its application. Recently, biological materials
have been used for wound repair. Owing to the mini-
mal trauma involved in their use and few complications,
robust repair results have been achieved. However, this
method increases the burden on patients, and the treat-
ment period is longer than the operation itself, and this
limits their application [21, 28].

The finger pulp rotary flap [11] is a pedicled flap nour-
ished by the palmar proper artery of one finger and is
widely used to repair finger pulp soft tissue defects in the
distal segment of the hand. However, the flap needs to
sacrifice or free one side of the PDA and the PDN. The
fingertip rotation flap must completely free the flap [11],
and only the vascular pedicle of the finger artery should
be retained. After the flap is rotated by 90°, the wound in
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the flap donor area is exposed on the finger side, and free
skin grafting is required on this side [26]. In our surgical
approach, the donor-site skin defect on the palmar side
of the finger is more conducive to the application of a
full-thickness skin graft. After the flap is removed, more
soft tissue remains in the donor area than in the fingertip
rotation flap [27]: this is more conducive to the survival
of the skin graft and does not cause a significant depres-
sion after the skin graft heals.

Generally, for a wound located far from the transverse
striation of the DIP, the length of the wound should not
be greater than the length of the line connecting the two
sides of the middle finger pulp, and this is the best indi-
cation for VRPF-PPDA. High-tension sutures increase
flap tension, the venous return pressure of the flap, and
the incidence of hook nail deformity. Soft tissue wounds
should be evaluated after debridement to maintain the
fullness of the distal finger pulp and reduce flap ten-
sion. The flap design should be more prominent than
that of the wound defect. Thorough debridement is cru-
cial to preventing infection and is also important for flap
removal. Attention should be paid to protecting the PDA
and PDN on the rotating side. Some soft tissue should be
left on the surface of the nerve and blood vessels to pre-
vent the skin graft from surviving or forming scars that
compress the blood vessels and nerves, leading to nerve
sensitivity. VRPE-PPDA is a relatively simple procedure.
The operation can be completed without a microscope
or a surgical magnifying glass because of minimal blood
vessel disturbance [28]. The skin is highly similar to the
normal finger pulp skin. There is no additional wounding
of the surgical area, and the trauma is minimal. Postoper-
ative flap reflux is good; extra-arterial pressurization and
venous super-reflux are not required. The branch of the
proper nerve joint of the finger enters the flap, and the
sensory function of the flap improves after surgery. There
is no significant difference in the 2PD examination of the
flap carrying the PDN trunk. However, the application of
VRPE-PPDA for repairing soft tissue defects of the distal
thumb requires further investigation.

Conclusion

The VRPF-PPDA procedure, that involves only a perfo-
rating branch of the PDA, is a simple, effective, minimally
invasive, and reliable method for repairing soft tissue
defects in the distal finger pulp or fingertip. Optimal
aesthetic reconstruction with anatomical and functional
repair can be achieved using the VRPF-PPDA surgical
approach to repair the distal finger pulp or fingertip.

Abbreviations
VRPF-PPDA  Volar rotation pedicled flap base on a perforator of the palmar
digital artery
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2PD Two-point discrimination

DASH Disabilities of the arm, shoulder, and head
DIP Distal interphalangeal joint

PDA Proper digital artery

PDN Proper digital nerve

CISS Cold intolerance severity score
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