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Abstract

Background: Sacral pressure ulcers are associated with high morbidity and, in some cases, result

in mortality from severe sepsis. Local flaps are frequently used for reconstruction of stage III

and IV pressure ulcers. An ideal flap should be simple to design, have a reliable vascular supply

and minimal donor site morbidity. Our study evaluates the use of a bilobed flap based on the

superficial branch of the superior gluteal artery or the posterior branch of the fourth lumbar artery

to reconstruct the sacral pressure ulcer.

Case presentation: We performed a retrospective analysis of paraplegic patients with sacral

pressure ulcers treated with our bilobed flaps from January 2015 to December 2019. A description

of our management, operative protocol, outcome and complications is outlined. Seven paraplegic

patients (6 male, 1 female; average age 53.1 years) with sacral pressure ulcers were treated with our

bilobed flap based on the superficial branch of the superior gluteal artery or the posterior branch of

the fourth lumbar artery. The average size of the pressure ulcers was 7 × 5 cm (range 6.2 × 4.5 cm

to 11 × 10 cm). All 7 flaps survived. The patients were followed up for 12 months without significant

complications, such as flap necrosis or recurrence.

Conclusions: The superficial branch of the superior gluteal artery or the posterior branch of the

fourth lumbar artery reliably supplies the bilobed flap. The superior cluneal nerve can be included

in the design. The technique is simple and reliable. It should be included in the reconstructive

algorithm for the management of sacral pressure ulcers.
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Background

Sacral pressure ulcers are frequently seen in paraplegic
patients. For stage I and II superficial ulcers, nonsurgical
treatment with meticulous pressure care and frequent
dressings can be effective [1, 2]. For stage III and IV ulcers,
surgical intervention is often required. Current treatments
include debridement to healthy vascularized tissue, the use of
negative-pressure therapy and reconstruction with either skin
graft or, preferably, local flap [3, 4].

Common flaps used for the reconstruction of sacral pres-
sure ulcers include unilateral or bilateral fasciocutaneous
flaps (V-Y advancement or rotation), myocutaneous gluteus
maximus flaps and perforator flaps based on the superior
or inferior gluteal artery [5–8]. V-Y advancement flaps and
rotation flaps are more suitable for small pressure areas
because of their restricted range of movement. Myocutaneous
gluteus maximus flaps are more traumatic and may affect glu-
teus maximus function, depending on the amount of muscle
sacrificed. The superior and inferior gluteal artery perforator
flap requires knowledge of the perforator location and more
complex planning and dissection [9, 10]. For larger stage III
and IV pressure ulcers, it would be ideal to have a reliable
flap which is simple to design and elevate with minimal
donor site morbidity. We feel that the bilobed flap based
on the superficial branch of the superior gluteal artery or
the posterior branch of the fourth lumbar artery meets these
criteria.

In this study, we evaluate the technique and outcome of
reconstructing the sacral pressure ulcer with the bilobed flap
design.

Case presentation

Patients

Seven patients with spinal cord injury (SCI) presented with
either stage III or stage IV pressure ulcers to our hospital
between January 2015 and December 2019. Pressure sores
were staged according to the National Pressure Ulcer Advi-
sory Panel [11]. All patients who met the following eligibility
criteria were included in the study: (1) traumatic SCI (tho-
racolumbar fracture) resulting in a sacral pressure sore; (2)
failure of conservative treatment to heal the pressure ulcer;
(3) provision of signed informed consent; (4) age older than
18 years; and (5) a minimum follow-up of 6 months.

Patients with chronic medical illness and/or neuropsycho-
logical disorder with little potential for rehabilitation were
excluded. Table 1 summarizes the demographic details of the
7 patients.

Preoperative preparation

Optimize medical conditions Patients with pressure ulcers
were generally anemic with low albumin due to long-term
wound consumption. Any electrolyte disorders and nutri-
tional deficiencies were corrected to maximize wound healing
prior to any surgical intervention.

Wound preparation The area that required debridement
was marked with methylene blue. Adequate debridement
entailed removal of all the necrotic tissue, which may
have included surrounding scars, bursas and sequestra
within the sacrum. Tissue samples were sent for culture
to determine the appropriate antibiotic treatment. After
careful hemostasis, the wound was washed with hydrogen
peroxide, saline and bromogeramine. Negative-pressure
therapy was applied to encourage granulation tissue prior to
reconstruction.

Surgical methods

The patient was positioned prone. The wound was debrided
and washed. According to Lui’s research [11], we could know
the locations of perforators from lumbar and superior gluteal
artery. The flap was designed depending on the anatomy
of the lumbar and superior gluteal artery perforators; this
was verified by ultrasound imaging. The bilobed flap was
designed according to the method described by Xue et al. [12],
as illustrated in Figure 1. The first lobe was designed along
the lateral edge of the defect. The axis of the flap was along
the vertical line that joins the posterior superior iliac spine
and the midpoint of the gluteal crease. The superficial branch
of the superior gluteal artery or the posterior branch of the
fourth lumbar artery enters the proximal part of the first lobe
with the superior cluneal nerves. The central axis of the flap
and the central axis of the defect were at 45◦ to each other.
The width of the first lobe was same as the width of the defect
but was longer in length. The tip had a semi-spindle design to
minimize potential dog ears when the distal part of the donor
site was closed. The second lobe had an axis that lay along
the line joining the posterior superior iliac spine and greater
trochanter, at 45◦ from the central axis of the first flap. The
width of the second lobe was between one-third and half that
of the first lobe. A Pinch test was performed to ensure primary
closure of the donor site.

Flap dissection

The flap was elevated from the distal end at the subfascial
level, as illustrated in Figure 2. Some gluteal perforators were
preserved to ensure a reliable blood supply, so long as the
preservation of these perforators did not limit the flap’s arc
of transposition. The pedicle was dissected carefully, so as not
to damage the posterior branch of the fourth lumbar artery,
the perforator of the superior gluteal artery or the superior
cluneal nerves. The first lobe was transposed into the defect
and the second lobe was transposed to cover the donor site.
According to the boundary of the defect area, surgeons could
decide the exact area of de-epithelized tissues in the tip of the
first lobe. The de-epithelialized tissues were folded and put
into dead space. The flap was inset and closed in three layers
(deep fascia, dermis and subcuticular layer). Two drains were
placed under the flap to maintain negative pressure and close
off the dead space.
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Table 1. Demographic profiles for the inclued cases

Patient Age (years) Sex Area (mm) Grade of NPUAP Follow-up

1 46 Male 70 × 80 IV 12 months
2 48 Male 70 × 50 IV 12 months
3 50 Male 100 × 110 IV 13 months
4 63 Male 91 × 55 IV 12 months
5 62 Female 63 × 45 IV 12 months
6 47 Male 60 × 57 III 11 months
7 46 Male 62 × 45 IV 12 months

All patients had paraplegia caused by traumatic thoracolumbar fractures. NPUAP National Pressure Ulcer Advisory Panel

Figure 1. The design of the bilobed flap supplied by the superficial branch of

the superior gluteal artery or the posterior branch of the fourth lumbar artery.

O: posterior superior iliac spine; F: the middle of the gluteal fold: r: sacrum; G:

greater trochanter. The red circular area represents the defect range formed

after debridement of the pressure ulcer in the sacrococcygeal region. The blue

area represents the expectedly de-epithelized range of Lobe 1; OF represents

the axis of Lobe 1; OG represents the axis of Lobe 2; AB = BC > CD; OG > OE.

The area of Lobe 2 is one-third to one-half that of Lobe 1

Postoperative care and follow-up

After the operation, the patient was nursed in the prone or
lateral position with an air mattress for at least 4 weeks.
The hip joint on the affected side was maintained neutral to
minimize any tension across the inset. The drain was removed
when it was draining less than 10 ml over 24 hours a day.

Follow-up was carried out every 3 months to monitor for
complications, including infection, hematoma/seroma, partial
flap necrosis, sacral decubitus ulcer recurrence and hyper-
trophic scar formation.

Cases

A total of 7 patients with paraplegia were treated with the
bilobed flap based on the superficial branch of the superior

Figure 2. The sacral decubitus ulcer is reconstructed by the bilobed flap

supplied by the superficial branch of superior gluteal artery or the posterior

branch of the fourth lumbar artery. O: posterior superior iliac spine; F: middle

of the gluteal fold; r: sacrum; G: greater trochanter. The red circular area,

which represents the defect range formed after debridement of the pressure

ulcer in the sacrococcygeal region, has been covered by Lobe 1. The blue area

represents the de-epithelized range of Lobe 1, and this part would be folded

and inset into the deep defect of the pressure ulcer. DG and FG’: direct closure

of the rest of the defect

gluteal artery or the posterior branch of the fourth lumbar
artery to repair their sacral pressure defect. These included
6 males and 1 female with an average age of 53.1 years
(range 46–63 years). All cases of paraplegia were due to
traumatic thoracolumbar fractures. The size of the defect
averaged 7 × 5 cm (range 6.2 × 4.5 cm to 11 × 10 cm). All
the flaps survived. Mean operation time was 146.17 minutes
(range 97–203 minutes). Mean blood loss during the oper-
ation was 170.83 ml (range 50–500 ml). The drains were
removed at a mean time of 9.42 days (range 3–11 days) after
surgery. The mean duration of hospital stay was 16.58 days
(range 10–21 days). The average duration of follow-up was
12 months (range 11–13 months) (Table 1). No complica-
tions were observed after surgery, such as hematoma/seroma
under the flap, superficial infection, partial flap necrosis,
sacral decubitus ulcer recurrence over the flap or sacral
decubitus ulcer recurrence over the new site.
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Figure 3. A 44-year-old man with pressure ulcer (stage IV) was treated by the bilobed flap supplied by the superficial branch of superior gluteal artery or the

posterior branch of the fourth lumbar artery, (a) before operation; (b) after operation; (c) one year later. Arrow: ulcer position; asterisk: Lobe 1; triangle: Lobe 2

Figure 4. A 63-year-old man with pressure ulcer (stage IV) was treated by the

bilobed flap supplied by the superficial branch of superior gluteal artery or

the posterior branch of the 4th lumbar artery, (a) before operation; (b) one

year later. Arrow: ulcer position; asterisk: Lobe 1; triangle: Lobe 2

Case 1 The first case was a 44-year-old paraplegic male
patient who had been bed-bound for 5 years. He presented
with a stage IV pressure sore measuring 7 × 8 cm. After
initial debridement, he underwent a bilobed flap repair based
on the superficial branch of the superior gluteal artery or
the posterior branch of the fourth lumbar artery. The first
lobe measured 7 × 13 cm and the second lobe measured
4 × 5 cm. His postoperative course was unremarkable. At
one-year follow-up there was no recurrent pressure ulcer or
hypertrophic scar (Figure 3).

Case 2 The second case was a 63-year-old paraplegic male
patient who had been bed-bound for 3 years. He presented
with a stage IV pressure sore measuring 7 × 5 cm. After
initial debridement, a bilobed flap based on the superficial
branch of the superior gluteal artery or the posterior branch
of the fourth lumbar artery was raised. The size of the first
lobe was 5.5 × 9 cm and the second lobe was 3 × 4 cm.
The postoperative course was uncomplicated. At one year, the
wound had healed with no recurrence (Figure 4).

Discussion

Sacral pressure ulcers remain a reconstructive challenge. A
split skin graft is occasionally used but is prone to recurrence

and hypertrophic scarring [5, 13]. A local flap is the main
option and examples of local flap include the fasciocutaneous
flap (V-Y advancement flap and rotation flap), myocuta-
neous gluteus maximus flap and perforator flap based on the
superior and inferior gluteal arteries [6–8].

The bilobed flap, originally described by Esser, is a special
type of transposition flap. It is an extremely useful technique
as it effectively transfers tissue from areas of abundance
to areas of deficiency. In the original description, the angle
between the long axis of the defect and the first lobe was
90◦, which significantly distorted the skin with poor aesthetic
outcome [14, 15]. In the 1980s, McGregor and Soutar intro-
duced the concept that a reduced pivot angle would result
in better cosmesis and reduce pin-cushioning [16]. In 1989,
Zitelli [17] modified the design and limited the angle between
the long axis of the defect and the first lobe to about 45◦,
which greatly improved the aesthetic result of the flap. In
2009, Xue et al. [12] proposed a modified bilobed based on
Zitelli’s design. The length of the first lobe was 10% longer
than the distance of the distal defect edge to primary pivot
point, and the width of the first lobe was equal to the width
of the defect. The length of the second lobe was 130% of the
length of the distal defect edge to the flap’s pivot point, and
the width of the second lobe was two-thirds of the width of
the primary lobe.

The superior cluneal nerve originates from the lateral
branch of the posterior rami of T12 to L3 spinal nerve
and travels approximately 1 cm above the lateral margin of
the iliac spine and along the posterior branch of the fourth
lumbar artery [18]. The flap is designed based on the position
of the superior cluneal nerve and the posterior branch of the
fourth lumbar artery. The neurovascular plexuses and the
vascular networks of the deep fascia, subcutaneous tissue,
superficial vein and skin have abundant anastomoses to form
the arteriovenous chain [19]. In addition, the superior cluneal
nerve has the posterior branch of the fourth lumbar artery
adjacent to it and is nourished by it. In the upper part of the
gluteus maximus, there are also perforators from the superior
gluteal artery that are involved in the vascular network over
the gluteal fascia. The para-neural vascular network provides
a rich vascular plexus that forms the basis of the flap [20] and
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provides robust blood supply. In patients without SCI, it has
the additional benefit of being a sensate flap.

The other advantage of the bilobed flap repair based on
the superficial branch of the superior gluteal artery or the
posterior branch of the fourth lumbar artery is the abundant
subcutaneous tissue in the region. The flap design is simple
and reproducible. There is no dissection through the gluteal
maximus and therefore the muscle fibers are preserved. There
is no dissection required for the neurovascular bundle and
it is, therefore, relatively straightforward to learn. The flap
contains the superior cluneal nerve. Protective sensation can
be preserved, thereby reducing the risk of recurrent pressure
sore. As a local flap, it is also more robust than a skin graft,
with acceptable cosmesis.

Most of the pressure sores in the sacrum are of an ulcer or
sinus type and located superficial to the sacrum. Reconstruc-
tion requires sufficient tissue volume to fill the defect. The
distal tip of the first lobe can be de-epithelized, folded and
sutured to the sacrum to fill the dead space [21].

Due to the position of the pedicle in the superior part of
the gluteal region, the flap is most suitable for pressure sores
at the sacrum specifically, rather than pressure sores at other
locations. Other local flaps, such as the posterior thigh flap or
rotation flap, are required for pressure sores in the lower half
of the buttock. Previous scar over the gluteal region where the
flaps are to be designed is a relative contraindication.

Conclusions

The bilobed flap based on the superficial branch of superior
gluteal artery or the posterior branch of the fourth lumbar
artery is an ideal method for reconstruction of sacral pressure
ulcers. Its blood supply is abundant. The design is simple and
easy to learn. Most importantly, it has a low complication
profile. It should be considered as part of the local flap
armamentarium for sacral pressure ulcers.
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