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INTRODUCTION
Midline lumbar spinal defects represent a unique 

challenge for the reconstructive surgeon. The local soft 
tissues of the lumbar spine are densely adherent, subject 
to considerable motion in the sagittal plane, and have a 
paucity of nearby muscle to serve for defect coverage.1 Un-
like the sacrum, thoracic, and cervical spine, the lumbar 
spine presents more significant reconstructive challenges 
for soft-tissue coverage.

These defects have myriad etiologies, but are often 
the result of spinal deformity corrective surgery, tumor re-
section, or pressure necrosis.2 Lumbar wounds related to 

extirpative surgery can be especially challenging as these 
patients often have a history of radiation to the lumbar re-
gion, exposed spinal hardware or spinal cord, cerebrospi-
nal fluid leak, or infection. Reconstruction following these 
extirpative surgeries requires obliteration of dead space 
and provision of healthy tissue for the cutaneous defect.

Further complicating reconstructive efforts, previous 
spinal surgery and radiation can affect nearby vessels ren-
dering this area unreliable for coverage with traditional 
pedicled flaps. A variety of reconstructive options have 
been previously described without a clear algorithm for in-
tervention. In this article, we review the existing literature 
on lumbar defect reconstruction and create a treatment 
algorithm based on wound and patient characteristics. In 
addition, we discuss the specific use of pedicled superior 
gluteal artery perforator (SGAP) flaps for reconstruction 
of large lumbar wounds.

METHODS

Literature Search
A literature search was conducted of PubMed and Sco-

pus databases using the search strategy: [reconstructive 
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surgical procedure (MeSH Terms)] AND lumbar, yielding 
articles from 1948 to January 2018. After removal of dupli-
cate entries, titles of the articles and then abstracts were 
reviewed to assess for inclusion. The bibliographies of in-
cluded articles were then reviewed for other relevant arti-
cles. Prospective studies, retrospective reviews, case series, 
and case reports in the English language were included. 
Exclusion criteria included purely anatomic studies, non-
human studies, basic science or histology studies, articles 
that described myelomeningocele alone, or articles that 
described pressure wounds alone. Data gathered from ar-
ticles included year of publication, level of evidence, num-
ber of patients treated, inclusion of wounds with prior 
radiation, and method of lumbar reconstruction.

Patient Selection
A review was conducted of a prospectively maintained 

institutional surgical database from 2014 to 2018 (Mas-
sachusetts General Hospital IRB# 2018P000815). All 

patients with lumbar wounds, defined as soft-tissue de-
fects at levels L1 to L5, and treated with pedicled SGAP 
reconstruction were included in our case series (Table 1). 
We then performed a retrospective chart review on each 
patient to collect data on the indication for reconstruc-
tion, size and location of the defect, and outcomes of the 
reconstruction.

RESULTS

Literature Search
A literature review revealed 2,022 articles pertain-

ing to lumbar defect reconstruction, of which 56 met 
the stated inclusion criteria. The articles dated from 
1987 to 2017, with 11 articles describing more than one 
technique. The average level of evidence was 4.29, with 
4 level 3 studies, 32 level 4 studies, and 20 level 5 stud-
ies. Multiple options for reconstruction were described 
including free style perforator flap,3–9 lumbar artery per-

Table 1.  Patient Characteristics and Complications

Case Age Sex Pathology
Defect 
Level

Time to 
Recon. 

(d)
Follow-up 

(wk)
Spinal 

Hardware
Bone  
Graft Radiation DM Smoker

Defect 
Size  
(cm) Complications

1 63 M Chordoma L2-L4 295 107 Yes Yes Yes No No 21 × 7 None
2 68 F Scoliosis L2-L3 27 7 Yes Yes No No Yes 24 × 9 Venous congestion 

requiring flap delay
3 70 M Chordoma L2-L4 30 13 Yes Yes Yes No Yes 24 × 9 Infection requiring I&D
4 34 M Chordoma L2-L4 365 110 Yes Yes Yes No Yes 24 × 8 Infection requiring I&D
5 53 M Chordoma L5-S4 8 18 No No Yes No No 20 × 9 Infection requiring I&D
DM, diabetes mellitus; I&D, irrigation and debridement; Recon., reconstruction.

Fig. 1. Results of literature search for lumbar wound reconstruction. Fifty-six articles discussing 13 re-
constructive techniques were reviewed, with free flap and reverse latissimus dorsi flap reconstruction 
being the most commonly discussed techniques. Eleven studies discussed more than one reconstruc-
tive technique. ICAP, intercostal artery perforator flap; IGAP, inferior gluteal artery perforator flap; LICAP, 
lateral intercostal artery perforator.
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forator (LAP) flap,6,8,10–12 paraspinous muscle flap,2,13–17 
SGAP,10,14,18–22 inferior gluteal artery perforator,19 inter-
costal artery perforator flap,8,10,11,20,23,24 gluteus maximus 
musculocutaneous flap,1,2,13,25–29 reverse latissimus dorsi 
flap,2,7,13,27,30–35 lateral intercostal artery perforator–based 
latissimus dorsi flap,36 external oblique musculocuta-
neous pedicled flap,37 pedicled omental flap,38–40 free 
flap,7,13,14,41–55 and total leg flap.56 The most frequently de-
scribed method of lumbar wound reconstruction was free 
flap with 18 articles, followed by reverse latissimus dorsi 
flap reconstruction with 10 articles (Fig.  1). The most 
infrequently described methods were inferior gluteal 
artery perforator, lateral intercostal artery perforator–
based latissimus dorsi flap, total leg flap, and external 
oblique musculocutaneous pedicled flap with 1 article 
each. Twenty-five of the 56 articles mentioned at least 1 
patient with lumbar radiation. Among studies including 
patients with lumbar radiation, free flap remained the 
most commonly described reconstructive technique with 
8 articles, followed by reverse latissimus dorsi flap with 6 
articles, and paraspinous muscle flap with 5 articles.

Case Reports
Case 1

A 63-year-old man with history of L3-L4 chordoma 
involving the lumbosacral soft tissues presented with a 
nonhealing infected lumbar wound after undergoing 
radiation, en bloc resection of the chordoma with ante-
rior spinal instrumentation of L1-L5, posterior spinal 

instrumentation of L1-S1 with sacral-iliac fusion, place-
ment of femoral ring bone allografts and primary dural 
repair. Despite 2 washouts and hardware replacement by 
the orthopedic oncology team, the nonhealing infected 
wound persisted and so reconstruction with an SGAP flap 
was planned. At the time of reconstruction, the defect 
measured 28 by 6 cm with exposed hardware and signifi-
cant dead space between skin and spine. Primary closure 
of the cephalic and caudal aspects of the wound resulted 
in an open wound measuring 10 by 4 cm. Following SGAP 
reconstruction, the patient went on to heal with no com-
plications at 24-month follow-up.

Case 2
A 68-year-old ambulatory woman with spinal deformity 

and multiple prior spinal surgeries, most recently a L2-
L3 revision of pseudarthrosis and replacement of broken 
rods, presented with a postoperative cerebrospinal fluid 
leak. Cultures were positive for pseudomonas and so she 
returned to the OR for repeated I&D, paraspinous muscle 
flap closure of the superior 2/3 of the lumbar wound, and 
negative pressure wound therapy dressing placement to 
the lower 1/3. She unfortunately developed a recurrent 
cerebrospinal fluid leak, and returned to the operating 
room where a SGAP pedicled perforator flap was per-
formed for reconstruction. After inset of the flap, venous 
congestion was noted so the flap was replaced and delayed 
for 1 week. After flap reinset, the patient went on to heal 
without complication after 7-week follow-up.

Fig. 2. Intraoperative photographs of case 4 demonstrating patient in prone position with head to right 
of each image. A, Large 24 × 8 cm lumbar defect in an irradiated field with exposed posterior instrumen-
tation and bone allograft. B, Elevated SGAP flap illustrating adequate volume of adipofasciocutaneous 
tissue. C, Arrow indicates SGAP pedicle outside the zone of injury and radiation. D, Flap inset and pri-
mary closure resulting in tension-free closure.
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Case 3
A 70-year-old ambulatory man with L3 chordoma com-

plicated by significant soft tissue involvement and prior 
radiation developed an infected nonhealing wound with 
exposed spinal cord and hardware after undergoing an en 
bloc spondylectomy of L2-L4 with anterior and posterior 
spinal instrumentation and anterior spinal reconstruction 
with a vascularized fibular flap. After prolonged course of 
antibiotics and 4 operative wash-outs, the patient under-
went SGAP flap reconstruction. He developed a fluid col-
lection requiring drain placement, and subsequently went 
on to heal this lumbar defect at 3-month follow-up.

Case 4
A 34-year-old ambulatory man with L4 chordoma 

status post L4 corpectomy, L2-S1 posterior fusion and 
radiation who went on to develop recurrent chordoma 
requiring L2-L3 spondylectomy with anterior and pos-
terior fusion with femoral ring allograft placement pre-
sented with hardware failure requiring hardware revision 
(Fig.  2). Plastic surgery was consulted and performed 
SGAP flap reconstruction of the lumbar spinal defect. His 
postoperative course was complicated by soft-tissue infec-
tion requiring 2 operative wash-outs before ultimate heal-
ing. Unfortunately, his course was later complicated by 
recurrent chordoma and pulmonary metastasis; however, 
his wound remained healed at his most recent clinic visit 
25 months after his reconstruction.

Case 5
A 53-year-old ambulatory man with sacrococcygeal chor-

doma extending to the perirectal and lumbar subcutaneous 
tissues and a history of neoadjuvant radiation presented 
for staged resection and reconstruction including anterior 
sacral osteotomies, ureteral stents, and low anterior resec-
tion with ileostomy, with subsequent en bloc sacretectomy 
with sparing of the gluteal vessels, and anal resection. The 
plastic surgery team was consulted preoperatively, and a 
left SGAP flap was planned for coverage of the lumbosa-
cral wound. Following debridement 6 days prior, an SGAP 
flap was used to cover the lumbosacral wound measuring 
10 × 15 × 8 cm. Postoperatively, his course was complicated 
by a wound infection, for which he underwent 2 debride-
ments and treatment with IV antibiotics. He went on to heal 
without further complications at 4-month follow-up.

DISCUSSION
The lumbar spine is a challenging area for soft-tissue 

coverage, with a complication rate of 26–48% following 
reconstructive surgery.13,17 Further limiting reconstructive 
options are the presence of prior radiation or need for 
future radiation, spinal instrumentation, and wide local 
oncologic resections, which often affect the local and re-
gional options for coverage.13 Multiple techniques have 
been described for lumbar spinal reconstruction, ranging 
from local perforator-based fasciocutaneous flap cover-
age to complex free flap reconstructions with vein grafts 
(Fig.  3).10,51 Although there are insufficient number of 
published studies to conduct a comprehensive, compara-

tive meta-analysis between described treatment options, 
these techniques can be placed into a treatment algorithm 
based on the characteristics of the patient and the lumbar 
defect to facilitate surgical planning (Fig. 4).

The ideal closure for lumbar spinal wounds should 
provide reliable coverage for the spinal cord and any ex-
isting hardware, while minimizing donor-site defects and 
functional morbidity. In considering a treatment algo-
rithm, the surgeon must account for the size of the defect, 
the presence of radiated tissue, and the patient’s ambula-
tory status when considering closure options. It is rarely 
possible to close these wounds primarily without tension.

When available and sufficient, the paraspinous mus-
cles may provide a reliable local reconstructive flap op-
tion for lumbar defects of many sizes. Although discussed 
less in the published literature, the paraspinous muscle 
flap is the most commonly utilized muscle flap in many 
large case series describing different techniques for lum-
bar spinal defects.2,13,14 The paraspinous muscle flap has a 
reliable blood supply from the lumbar arteries, has longi-
tudinal anatomy that compliments the geometry of most 
spinal wounds, and spares the need for a second donor-
site incision.17 Unfortunately, the paraspinous muscula-
ture and/or lumbar arteries may be scarred or absent in 
many acquired lumbar defects making other reconstruc-
tive options necessary.

Fig. 3. Of the 13 reconstructive techniques described in the litera-
ture, the 9 techniques demonstrated here were described by more 
than one study. Hatched area represents lumbar wound. FPF, free 
style perforator flap; ICAP, intercostal artery perforator flap.
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Smaller wounds in nonradiated patients may be ad-
dressed with local perforator flaps or local/regional fas-
ciocutaneous flaps. A history of lumbar radiation can 
compromise the lumbar arteries, and reconstructive op-
tions based on the angiosome of the lumbar artery (such 
as the lumbar artery perforator flap and reverse latissimus 
dorsi flap) should be avoided in these circumstances. 
Larger lumbar wounds require a greater volume of tis-
sue to obliterate dead space. Large lumbar spinal wounds 
have historically been defined in prior publications as hav-
ing a size >200 cm,2 although this definition is not based 
on clinical data.57 Closure of these larger lumbar spinal 
wounds can be achieved by utilizing bulkier pedicled fas-
ciocutaneous flaps, pedicled musculocutaneous flaps, or 
free flaps.

Historically, muscle and musculocutaneous flaps have 
been the preferred method of reconstruction for wounds 
with concern for infection or impaired bone healing. The 
gluteus maximus muscle can be utilized as a pedicled flap 
for reconstruction of large lumbar wounds; however, this 
can cause functional limitations in ambulatory patients 
and should be avoided in this population.58 This dogma 
that muscle flaps provides superior wound coverage as 
compared with fasciocutaneous flaps has been challenged 
recently in many parts of the body and has perhaps been 
best studied in the lower extremity.59,60 Although there are 
no studies directly comparing reconstructive options in the 
lumbar spine, evidence shows that fasciocutaneous flaps 

are similar to muscle flaps in flap-related complications, 
bony nonunion, osteomyelitis, and functional outcomes 
in lower extremity wounds.59,60 Fasciocutaneous flaps are 
also associated with fewer functional donor-site defects, as 
they do not require harvest of muscle required for gait, 
upper extremity, or core strength. Although another ben-
efit of muscle flaps is that they provide bulk to fill wound 
dead space, fasciocutaneous flaps (like the SGAP flap) can 
provide a substantial volume of well-vascularized, septated 
adipofascial tissue that is also pliable enough to fill the 
large dead space that often accompany postoperative lum-
bar spinal wounds.

Although locoregional fasciocutaneous flaps can be 
used to reconstruct small or superficial lumbar defects, 
reconstruction of larger defects may necessitate provision 
of vascularized tissue from outside the zone of injury or 
radiation. More complex reconstructive procedures have 
been recommended for midline spinal wounds larger 
than 200 cm2.57 For large defects, especially those with un-
available lumbar arterial and other regional angiosomes, 
reconstructive options include free flaps or pedicled flaps 
such as SGAP, gluteus maximus, and omental flaps. Al-
though often discussed in the literature, free flap recon-
struction can be limited by a paucity of viable vessels in 
the lumbar region for donor vessels, and the need for a 
secondary surgical site. Limitations on free flap pedicle 
length and lack of receptive lumbar vessels often neces-
sitates the use of a vein graft, which can increase surgical 

Fig. 4. Lumbar defect reconstruction algorithm. glut max, gluteus maximus flap; ICAP, intercostal artery perforator flap; Lat dorsi, reverse 
latissimus dorsi flap.
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complexity and flap complications.51 In a large case series 
of 289 spine surgery patients, the use of a free flap recon-
struction of the lumbar region was associated with a 12 
times greater risk for wound complication than a local 
pedicled flaps.13 Comparatively, the pedicled SGAP flap 
may be ideal for reconstructing large lumbar defects as it 
has a reliable perforasome, a large size of up to 13 × 28 cm, 
and a pedicle that is usually well outside the zone of injury 
and/or radiation, and no associated functional loss associ-
ated with flap harvest (as is the case with gluteus maximus 
muscle flaps).18

The SGAP flap is an appropriate reconstructive option 
for large lumbar wounds as it does not rely on the lum-
bar arteries, does not interfere with patient’s ambulatory 
function, and is generally unaffected by prior lumbar ra-
diation. It has been traditionally considered a technically 
difficult perforator flap to harvest; however, this can be 
ameliorated with careful planning and execution. In our 
experience, identification of perforator vessels should be 
based on knowledge of anatomy and intraoperative Dop-
pler assessment. Preoperative computed tomography an-
giography may be considered in cases where prior surgery 
might have damaged the superior gluteal vessels, as is the 
case with partial or total sacrectomies, but often is not 
necessary. Our reconstructive team is often in close com-
munication with our spine and general surgery colleagues 
to preserve the vascular pedicle for this flap during the 
extirpative portion of the procedure. During dissection, 
a bloodless field is ideal for visualization of the perfora-
tors. The flap is elevated from lateral to medial deep to 
the fascia of the gluteus maximus muscle toward origin of 
the superior gluteal artery between the piriformis and glu-
teus medius muscles, and all side branches are carefully 
ligated. The flap is raised and rotated, often between 120 
and 180 degrees and then inset into the defect.

In our series, 3 patients required an additional op-
erative intervention for infection or seroma, although all 
went on to completely heal their wounds. This complica-
tion rate reflects the complexity of reconstruction of large, 
radiated lumbar wounds with exposed hardware.

Lumbar spinal resection carries significant surgical-site 
morbidity, and selection of high-risk patients for immedi-
ate reconstruction with locoregional flap coverage, includ-
ing SGAP flap coverage, may be beneficial for improving 
wound-related outcomes. In our case series, all but one of 
our SGAP flaps was performed in a delayed manner, with 
an average of 145 days before definitive reconstruction. Im-
mediate soft-tissue reconstruction following spinal surgery 
has been shown to correlate with significantly lower rates 
of hardware removal, unplanned reoperations, and carry a 
lower mortality rate than delayed reconstruction.13 For com-
plex lumbar defects, coordination with spine surgeons for 
prophylactic reconstruction with pedicled SGAP flaps might 
decrease complication rates and the need for reoperation.

CONCLUSIONS
The lumbar spine remains a challenging area for soft-

tissue reconstruction. Many options exist for the recon-
struction of lumbar defects, and the surgeon’s approach 

should be tailored based on wound and patient charac-
teristics such as wound size, history of radiation, and am-
bulatory status. For large or radiated lumbar wounds, the 
pedicled SGAP flap is an excellent reconstructive choice 
as it has reliable anatomy, well-vascularized tissue outside 
the zone of injury, adequate bulk, and minimal functional 
donor-site deficits.

Kyle Eberlin, MD
Division of Plastic Surgery
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55 Fruit Street

Boston, MA 02114
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