
RECONSTRUCTIVE SURGERY
Clover-Style Fasciocutaneous Perforator Flap for Reconstruction
of Massive Sacral Pressure Sores
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Background: As a common complication of the long-term bedridden patients,
pressure sore is a great challenge for surgeons. The purpose of this study was
to explore the surgical method of using a clover-style fasciocutaneous perforator
flap raised on the buttocks for the treatment of massive sacral pressure sores and
report the clinical outcomes.
Methods: The study included 15 patients from January 2015 to June 2017 with
an average age of 52.87 years (range, 32–73 years). The size of the sacral pressure
sores ranged from 10 cm � 13 cm to 18 cm � 20 cm. The defects were recon-
structed using a fasciocutaneous perforator flap raised on the buttocks after de-
bridement and vacuum sealing drainage treatment for 1 to 2 weeks. All the
donor areas were sutured directly.
Results: All flaps survived completely; 13 patients achieved healing by primary
intention, and the other 2 patients achieved healing by secondary intention. At the
mean follow-up period of 20.8 months (range, 12–46 months), the appearance of
the flap, including its texture and color, in all patientswas satisfactory. No patients
had deep infection, necrosis, or shrinkage of the flap during the follow-up period.
One patient had a recurrent bedsore during the 2-year follow-up.
Conclusions: The clover-style fasciocutaneous perforator flap is ideal for the re-
construction of massive sacral pressure sores because it is a relatively simple pro-
cedure and results in good appearance and function, few complications, and a
low recurrence rate.
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P ressure sores are a common complication of long-term bedridden
patients; they are also observed among patients with spinal cord

injury, cerebrovascular accident, hip fracture, and advanced tumors.
Pressure sores are mainly caused by long-term compression, tissue
ischemia, and hypoxia. Infection, friction, and malnutrition are also im-
portant factors for the aggravation of bedsores.1,2 Currently, gluteus
maximus myocutaneous flaps are mainly used for the surgical repair
of sacral bedsores.3,4 These flaps have advantages of good blood supply
and strong anti-infection ability, but they also have shortcomings, such
as bloated appearance, limited donor areas, and impairment of gluteus
maximus function.5,6
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A perforator vascular flap raised on the buttocks was first re-
ported by Koshima et al7 in 1993, and it addressed the deficiencies of
gluteus maximus myocutaneous flaps. Currently, the perforator vascu-
lar flap is increasingly being used to repair sacral wounds8,9; however,
the operation is complicated, and it is still difficult to repair large bed-
sores. We have modified the perforator vascular flap and designed the
clover-style fasciocutaneous perforator flap for the repair of massive sacral
pressure sores.Here,we report our experienceof the successful reconstruction
of sacral pressure sores using this modified flap technique.
PATIENTS AND METHODS

General Information
We retrospectively reviewed 15 patients with massive sacral

pressure sores who underwent reconstruction with a clover-style
fasciocutaneous perforator flap from January 2015 to June 2017. The
patients included 8 men and 7 women, and their mean age was
52.87 years (range, 32–73 years). There were 10 cases of spinal cord in-
jury with paraplegia, 3 cases of severe craniocerebral trauma, 1 case of
hip fracture, and 1 case of multiple fractures. All patients had a long his-
tory of bed rest. According to Shea classification,10 there were 10 cases
of grade III sores and 5 cases of grade IV sores. The sizes of the sacral
defects ranged from 10 cm � 13 cm to 18 cm � 20 cm (mean,
13.13 cm � 16.73 cm). Most of the patients had soft tissue or bone
infections with deep wounds. In addition, the areas of the wounds after
debridement ranged from 11 cm � 14 cm to 20 cm � 23 cm (mean,
14.86 cm � 18.33 cm). The flap size ranged from 12 cm � 15 cm to
22 cm � 24 cm (mean, 16.0 cm � 19.87 cm). Detailed patient factor
information can be found in Table 1. All patients with sacral sores were
transferred from other departments to our department, and pressure
sores were treated by a dressing change in the original department; how-
ever, the results were poor. The research conducted in human subjects
complied with the ethical rules for human experimentation, and ap-
proval was obtained by the research ethics board of Xuzhou Central
Hospital. All patients or their legal guardians had given their written in-
formed consent for patient information and images to be published.

Preoperative Preparation
After admission, all patients underwent bacterial culture of wound

secretions and drug sensitivity detection before operation. Paraplegic pa-
tients were catheterized to keep the perineum clean. Sensitive antibiotics
were prescribed according to the results of the bacterial culture of secre-
tions. Patients maintained the prone position; however, if that position
was difficult for some patients, they could maintain the lateral position.

Debridement
Necrotic and scar tissues were debrided as completely as possi-

ble during the operation; in addition, any bone tissue in the sacral
wound was removed if it would impede coverage by the flap. Vacuum
sealing drainage (VSD) was applied to the wounds after debridement
in all patients for 1 week. If the wounds still had abundant secretions
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TABLE 1. General Information of Patients

Case Age, y Sex Primary Diseases
Shea

Classification
Defect Size,
cm � cm Flap Size, cm � cm

Pedicle
Length, cm

1 32 Male C5/6 spinal cord injury with paraplegia III 10 � 14 12 � 15 2.5
2 37 Male C4/5 spinal cord injury with paraplegia IV 18 � 20 22 � 24 (12 � 24 + 10 � 24) 3.5/4.0
3 53 Male Fracture of bilateral femurs and the second lumbar

vertebrae
III 12 � 16 15 � 18 (8 � 15 + 10 � 15) 2.5/3.5

4 66 Female Severe craniocerebral trauma IV 15 � 18 18 � 22 (8 � 22 + 10 � 22) 3.0/3.5
5 56 Female C6/7 spinal cord injury with paraplegia III 12 � 15 15 � 18 (8 � 15 + 10 � 15) 2.0/3.0
6 62 Male Severe craniocerebral trauma III 10 � 14 12 � 16 3.0
7 45 Female C7/T1 spinal cord injury with paraplegia III 15 � 16 18 � 20 (8 � 20 + 10 � 20) 3.5/3.5
8 73 Female Fracture of right femoral neck III 12 � 18 15 � 22 (10 � 15 + 12 � 15) 2.5/3.0
9 43 Male T3/4 spinal cord injury with paraplegia III 10 � 15 14 � 18 (8 � 14 + 10 � 14) 2.0/2.5
10 58 Female C6/7 spinal cord injury with paraplegia IV 16 � 20 20 � 24 (12 � 20 + 12 � 20) 3.0/4.5
11 65 Male C5/6 spinal cord injury with paraplegia III 10 � 13 12 � 15 2.5
12 49 Male T1/2 spinal cord injury with paraplegia III 15 � 20 18 � 24 (10 � 18 + 14 � 18) 2.5/4.0
13 36 Male Severe craniocerebral trauma IV 16 � 18 18 � 22 (10 � 18 + 12 � 18) 3.0/3.0
14 53 Female C5/6 spinal cord injury with paraplegia IV 12 � 18 15 � 20 (10 � 15 + 10 � 15) 2.5/3.0
15 65 Female C4/5 spinal cord injury with paraplegia III 14 � 16 16 � 20 (8 � 20 + 8 � 20) 3.0/3.5
Mean 52.87 13.13 � 16.73 16.0 � 19.87 3.04

Demographics and clinical characteristics of the patients enrolled in the research.

C, cervical vertebra; T, thoracic vertebra.

FIGURE 1. Point A was set at the junction of themedial one third
and lateral two thirds of the line drawn between the PSIS and
the apex of the GTF, and point B was set at the junction of the
midpoint of the line between the PSIS and the IT.
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after 1 week, they were treated with debridement and VSD again. The
flap repair was performed when the wound tissue was fresh and the
amount of secretion was low.

Surgical Procedure

Design of Flap
As is well known, the fasciocutaneous perforator vessels of the

superior gluteal artery and the inferior gluteal artery are the main nutri-
ent vessels of the sacrococcygeal skin, which is the basis of our flap de-
sign. Point Awas set at the junction of the medial one third and lateral
two thirds of the line drawn between the posterior-superior iliac spine
(PSIS) and the apex of the greater trochanter of the femur (GTF), and
this was the projection of the superficial branch of the superior gluteal
artery on the body surface. Point B was set at the junction of the mid-
point of the line between the PSIS and the ischial tuberosity (IT), and
this was the projection of the muscular branch of the inferior gluteal ar-
tery on the body surface.11 The clover-style fasciocutaneous perforator
flap from 1 or 2 sides of the buttocks was designed according to the size
of the sacral pressure sores (Fig. 1). The inferior lobewas the main lobe,
and the range of the inferior lobe was designed according to the size of
the wound. The distance measured between the pedicle and the furthest
end of thewoundwas the same as that between the pedicle and the distal end
of the inferior lobe. The skin of the main lobe of the donor flap was pinched
to simulate the tension of the donor areawhen the donor flap was cut and su-
tured directly. The size of the defect area thatmay appear in the proximal side
was marked, and the shape of the lateral lobe was determined according to
the size of the defect area. It was important that the edge of the lateral lobe
did not exceed the front edge of the great trochanter of the femur. The shape
of the upper lobewas determined according to the size of the lateral lobe. The
flap and the pedicle were drawn on the body surface with methylene blue.
The flap was simulated by gauze to determine whether the flap design was
appropriate and was later rotated to cover the defect.

Flap Section
The full-thickness skin of the flap was cut vertically along the

outer edge of the marking line to the deep fascia layer. First, the flaps
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
of the upper and lateral lobes were separated by clinging to the deep fas-
cia layer; at this point, the doctors carefully located perforator vessels
(superior or inferior gluteal artery and its communicating branch) while
www.annalsplasticsurgery.com 63
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separating the flaps. The flap of the inferior lobe was separated after the
main perforating vessel was separated. Finally, the clover-style
fasciocutaneous perforator flap was rotated clockwise or counterclock-
wise. The skin around the inferior lobe flap was properly separated, the
distal skin was directly sutured, and the triangular defect at the proximal
end was covered by the lateral lobe. The larger perforating branch be-
tween the superior and inferior gluteal vessels was preferred as the flap
pedicle. The perforating branch close to the main lobe should be se-
lected as the flap pedicle to ensure the flap supplement in the case
that no sizable perforating branch was observed. An approximately
3 cm � 3 cm muscle cuff was preserved with the pedicle for flap.
Preservation of some gluteus maximus tissue around the pedicle is
critical for flap survival. Details regarding flap size and pedicle
length can be found in Table 1. The color of the flap was observed
during the operation to ensure that the blood supply was not injured.
Whole-layer sutures were used on the skin, and a negative-pressure
drainage tube was placed under the flap after the operation.

Postoperative Management
Sensitive antibiotics were used postoperatively. For the first

2 weeks, the patients were placed in the prone position until the stitches
were removed. Partial pressure was indicated on the site of the flap cov-
erage in the following 2 weeks. The patients were not allowed to lie or
sit on their buttocks for 4 weeks after surgery. The flap was closely
monitored to ensure adequate blood supply and optimal tension of the
flap; moreover, the partial sutures were removed intermittently if the
tension was high. If the patient had flexion contracture of the hip, mus-
cle relaxants could be taken orally. To prevent poor wound healing
caused by blood stasis under the flap, the drainage tube was removed
when less than 5 mL of drainage fluid was detected in 24 hours.

RESULTS
The donor and recipient sites of 15 patients were closed in a

1-stage procedurewithout skin grafting; bilateral clover-style perforator
FIGURE 2. A, Preoperative appearance of the sacral pressure sore. B,
during the operation. C, The recipient and donor sites were closed in
flap. D, The flap survived well after the 3-year follow-up, the appearan
the bedsore.
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flaps were used in 12 patients, and unilateral perforator flaps were
used in 3 patients. The negative-pressure drainage tubes were re-
moved 3 to 7 days (mean, 5.2 days) postoperatively. In 2 patients,
venous congestion was observed in the flap after the operation but
did not affect flap survival. All the flaps survived, and 13 patients
achieved healing by primary intention, whereas the other 2 patients
healed by secondary intention. There was minor exudation from
the incision of 1 patient when the sutures were removed on the
14th day after surgery, and the exudate was primrose yellow. How-
ever, the inflammatory index in the blood examination of the patient
was not high, whereas the plasma albumin was low, and the patient
was treated with intravenous albumin. Finally, the wound healed af-
ter 1 week of daily dressing changes. Another patient with diabetes
mellitus experienced partial wound dehiscence on the sixth day after
surgery. The patient's incision was close to the anus and susceptible
to contamination; meanwhile, his blood glucose was higher postop-
eratively. The patient received hypoglycemic treatment by injecting
insulin, whereas the intake of a crude fiber diet was controlled to re-
duce fecal pollution of the wound. The wound healed after 23 days
of dressing changes. All patients were followed up once every
3 months, and the mean follow-up period was 20.8 months (range,
12–46 months). The overall appearance of the flaps was satisfactory,
and the texture and color of the flaps were good in all patients. No
patients had deep infection, necrosis, or shrinkage of the flap during
the follow-up period. One patient had recurrent bedsore (grade II)
during the 2-year follow-up, with an area of 2 cm � 3 cm, which
healed after dressing changes. Skin sensation was partially recovered
at the donor sites of 2 patients with fracture. Although slight numb-
ness remained, it did not interfere with the patients' daily lives. In the
remaining 13 patients, the skin of the buttocks had sensory distur-
bance before the operation due to the original diseases, such as spi-
nal cord injury accompanied by paraplegia, and there was still a lack
of sensation in the skin after the operation. One of the patients with
cervical spinal cord injury accompanied by high paraplegia died of
pulmonary infection during the one-year follow-up.
Clover-style fasciocutaneous perforator flap for wound repair
a 1-stage procedure, and a drainage tube was placed under the
ce of the buttocks was satisfactory, and there was no recurrence of

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.



FIGURE 3. A, Preoperative appearance of the sacral pressure sore and design of clover-style musculocutaneous perforator flap. B, The
recipient and donor sites were closed in a 1-stage procedure, and the tension of the flap was lower. C, Partial incision near the anus
dehisced and had exudate postoperatively, and this wound healed after dressing changes.
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Case Report 1
A 37-year-old man acquired a 4/5 cervical fracture and disloca-

tion accompanied by quadriplegia after being struck by a motorcycle.
The patient did not experience sensation and was incapable of move-
ment below the nipple level. Because he was bedridden, an extensive
grade IV pressure sore was noted on his sacral region, and the wound
was approximately 18 cm � 20 cm. A bilateral clover-style
fasciocutaneous perforator flap was designed to repair the wound. The
size of the left flap was approximately 10 cm � 24 cm, and that of
the right flap was approximately 12 cm � 24 cm. Necrotic tissue was
thoroughly debrided at the first stage of the operation, and continuous
VSD was applied on the wound for 1 week postoperatively. The granu-
lation tissue of the wound was redder, and there was less exudate after
removing the VSD; then, the second stage of the operation was per-
formed to transpose the clover-style perforator flap. The flap survived
well, and the sutures were removed 2 weeks after the operation. During
the 3-year follow-up, the pressure sore did not recur, and the appearance
of the buttocks was symmetrical; moreover, the patient was satisfied
(Fig. 2).

Case Report 2
A 73-year-old woman with a history of diabetes acquired a frac-

ture of the right femoral neck after a tumble. Shewas treatedwith closed
reduction and cannulated-screw internal fixation. Because shewas bed-
ridden, a grade III pressure sore was noted on her sacral region, and the
wound was approximately 12 cm� 18 cm. A bilateral fasciocutaneous
perforator flap was designed to repair the wound. The size of the left
flap was approximately 12 cm � 15 cm, and that of the right flap was
approximately 10 cm� 15 cm. The flap survived after surgery, but par-
tial incision near the anus dehisced on the sixth day postoperatively, and
this wound healed after 23 days of dressing changes. During the follow-
up, the pressure sore did not recur, and the appearance of the buttocks
was satisfactory; skin sensation was partially recovered at the donor
sites, but slight numbness remained (Fig. 3).
DISCUSSION

Anatomical Basis of the Clover-Style Fasciocutaneous
Perforator Flap

The blood supply of the flap raised on the buttocks is mainly
from the posterior branch of the fourth lumbar artery, superior gluteal
artery, and inferior gluteal artery, most of which are fasciocutaneous
perforators, and these perforating branches are anastomosed with each
other.11–13 The anatomy of the perforating branches of the superior
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
gluteal artery and inferior gluteal artery is relatively confirmed. The su-
perficial sign of the superior gluteal artery is the junction of the medial
one third and lateral two thirds of the line drawn between the PSIS and
the apex of the GTF, and the superficial sign of the inferior gluteal artery
is the junction of the midpoint of the line between the PSIS and IT.11,14

In addition, the 2 perforating branches have communicating branches in
the deep fascia. Previous anatomical studies have shown that the aver-
age diameter of the perforating vessels is greater than 1 mm.7,15 In ad-
dition, the perforating vessels are widely distributed, the area of a single
perforating branch is relatively confirmed, and the blood supply is reli-
able.13,15 According to an anatomical study by Ahmadzadeh et al14 and
Hu et al,16 the average diameters of the perforating vessels of the supe-
rior and inferior gluteal arteries were both 0.6 ± 0.1mm, and the number
of perforating vessels was 5 ± 2 and 8 ± 4, respectively. The average
area that the superior and inferior gluteal vessels covered was
69 ± 56 cm2 and 177 ± 38 cm2, respectively, and the blood supply area
of each perforating artery was 21 ± 8 cm2 and 24 ± 13 m2, respectively.
Lui et al17 reported the anatomy of the superior gluteal artery by
3-dimensional computed tomography angiography and found similar
anatomical results. The fixed anatomical marks of the perforating arter-
ies in the buttocks and the low variation, convenient location, and abun-
dance of the blood supply provide the anatomical basis for the wide
clinical application of the fasciocutaneous perforator flap.

Operative Notes
The pedicle should be dissected gradually from the circumfer-

ence of the flap to the marked pedicle along the deep fascia layer. Typ-
ically, the perforating branch of the superior gluteal artery is used as the
pedicle, as the route of the perforating branch of the inferior gluteal ar-
tery is more variable than that of the superior gluteal artery.13,18 Mean-
while, if after the main lobe was dissected and multiple perforating
branches affected the rotation of the flap, the perforator vessel closest
to the central part of the flap should be chosen as the pedicle. Otherwise,
the twisting of the perforating branches in the flap after rotation will af-
fect the venous return and even the arterial blood supply. In addition, as
the flap may contract after its removal, the length and width of the infe-
rior lobe should be approximately 1 cm larger than those of the wound
to reduce tension after suturing.

Characteristics, Advantages, and Disadvantages of the
Clover-Style Fasciocutaneous Perforator Flap

There are many options for the coverage of sacral pressure sores.
Fasciocutaneous flapswith gluteal rotation can provide good blood sup-
ply and an adequate amount of soft tissue for the defect.19 However, be-
cause of the insufficient length of the pedicle and the limited donor
www.annalsplasticsurgery.com 65
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areas, there are some limitations in the design of the flap. The keystone
island flap is a multiperforator advancement flap originally described
and classified in 2003 by Behan et al.20 Because keystone flaps can de-
crease technical difficulty and provide relatively pain-free recovery and
early mobilization, the keystone flap procedure should be an ideal pro-
cedure for reconstruction for wound closure.21 However, the keystone
flap acts as an advancement flap that requires local tissue laxity for ad-
vancement, while there is insufficient local tissue laxity of the lumbosa-
cral area. The multi-island flap design can reduce the tension of the
donor area in the design of various types of flaps.22,23 Therefore, we im-
proved the fasciocutaneous perforator flap on the basis of the superior
gluteal artery perforator flap. We considered the projection area of the
superficial branch of the superior gluteal artery or the muscular branch
of the inferior gluteal artery as the center and selected the dominant per-
forating branch as the pedicle. Compared with the superior gluteal ar-
tery perforator flap, the clover-style fasciocutaneous perforator flap
allowed the use of the perforating branch of the superior gluteal artery,
the inferior gluteal artery, or their communicating branch as the pedicle.
Therefore, a wider range of pedicles could be used for the clover-style
fasciocutaneous perforator flap, and the design of the flap is flexible.
Because of the auxiliary actions of the upper and lateral lobes, the shape
of the flap was full and smooth after the whole flap was rotated to cover
the defect area. The tension of the direct suture in the inferior lobe was
often concentrated in the triangular region at the proximal end of the
flap, but the addition of the lateral lobe dissolved the tension in the su-
ture and was beneficial for the healing of the incision and the reduction
of scar formation. Therefore, the design of the clover-style flap reduced
the distortion and tension of the wound. Compared with the classical
musculocutaneous flaps with the gluteus maximus muscle, the clover-
style fasciocutaneous perforator flap did not damage the gluteus
maximus muscles and did not affect hip extension function or the walk-
ing gait of the lower limbs among nonparaplegic patients. Moreover, the
cutting range of this flap was larger than that of the gluteus maximus
myocutaneous flap. Of note, because the cutaneous nerve was
transected during the operation, there was numbness and discomfort
at the donor sites of nonparaplegic patients after the operation. In
the future, we will try to perform cutaneous nerve anastomosis in
nonparaplegic patients.

Indications and Contraindications
In this study, the clover-style fasciocutaneous perforator flap was

applied to repair sacral pressure sores with satisfactory clinical results.
This flap is suitable for patients with sacral defects caused by long-
term bed rest, infection, and trauma, especially large and refractory bed-
sores in the buttocks. However, the flap should not be used in patients
with an injured perforating artery of the buttocks. For patients with
suspected perforating vessel injury, Doppler ultrasonography or
3-dimensional computed tomography angiography can be used to ex-
clude vascular lesions.17,24 If conditions are suitable, Doppler ultra-
sound can be routinely used to detect and mark large perforating
vessels before operation to facilitate the preservation of perforator ped-
icles during the operation.
CONCLUSIONS
The clover-style fasciocutaneous perforator flap is easy to create

and eliminates the need for microsurgery. Moreover, the flap has advan-
tages, including an enhanced blood supply, a high survival rate, a flat
appearance, and a low bedsore recurrence rate. In conclusion, this sur-
gical technique yields good clinical results and is worth popularizing.
66 www.annalsplasticsurgery.com
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