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Abstract

Purpose Available studies demonstrate vertebral body
fractures as a relatively rare complication following lateral
lumbar interbody fusion (LLIF), with most fractures re-
ported in association with lateral plating and vertebral
screws. This study reports the occurrence of two vertebral
body fractures following stand-alone LLIF in 712 levels
fused in 335 patients.

Methods A retrospective review of prospectively col-
lected data was performed on all patients who underwent
minimally invasive LLIF over a seven-year period at a
single institution. Patients with vertebral body fractures
were recorded.

Results Two patients (0.6 %) out of 335 total patients
(712 levels) were identified with vertebral body fractures
following stand-alone LLIF. Both patients presented with
severe back pain and return of symptoms within 2 weeks of
the index surgery. Both patients were obese, had impaired
bone mineral density and were managed with open poste-
rior segmental fixation.

Conclusions The 0.6 % incidence of vertebral body
fractures in our series of fusing 712 levels is in accordance
with the incidence rates reported in the literature. Potential
risk factors for vertebral body fractures at the index LLIF
level included obesity, osteopenia, unrecognized

Z. J. Tempel and G. S. Gandhoke contributed equally to this
manuscript.

Z.J. Tempel (D<) - G. S. Gandhoke - B. D. Bolinger -

D. O. Okonkwo - A. S. Kanter

Department of Neurological Surgery, University of Pittsburgh
Medical Center, 200 Lothrop Street, Suite B400, Pittsburgh,
PA 15213, USA

e-mail: tempelzj@upmc.edu

intraoperative endplate breach, graft subsidence and over-
sized graft placement.
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Introduction

The complication profile associated with lateral lumbar
interbody fusion (LLIF) has now been comprehensively
characterized in the literature [26]. Although the rate of
major complications associated with LLIF is relatively low,
they can occur resulting in significant morbidity and mor-
tality. There are several known minor complications as-
sociated with LLIF that are relatively unique to the
procedure. For example, hip flexor weakness and anterior
thigh paresthesias or dysesthesias caused by injury to the
psoas muscle and genitofemoral nerve, respectively, are
unique to the LLIF approach and occur in 1540 % of
patients [1, 5, 10, 17, 19, 21, 23]. Another recognized
complication of the LLIF procedure is subsidence of the
interbody graft into one or both vertebral bodies, resulting
in severe pain, impaired arthrodesis and potentially fracture
of the body itself.

Fracture of the vertebral body is an uncommon com-
plication of LLIF. However, these fractures are generally
unstable and necessitate a second operation, such as a
posterior approach with instrumented fusion for stabiliza-
tion and symptom relief. LLIF is a good option for older
patients or patients with multiple medical morbidities
compared to traditional open fusion operations due to the
low complication profile and shorter anesthesia time.
Therefore, additional surgery subjects these patients to
additional risks associated with general anesthesia, blood
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loss and a prolonged postoperative recovery. The incidence
of vertebral body fractures is difficult to estimate due to a
limited number of reported cases. Recent reports address
vertebral body fractures following LLIF in patients who
also received supplemental lateral plating or pedicle screw
fixation [6, 11, 13]. However, vertebral body fractures
following stand-alone LLIF have yet to be discussed in the
literature. In this report, we present the incidence of ver-
tebral body fractures following stand-alone LLIF in a large
series of patients at a single institution over a 7-year period.

Methods

A retrospective review of prospectively collected data was
performed on all patients who underwent minimally inva-
sive LLIF at this institution between July of 2008 and June
of 2014. This consisted of 712 levels in 335 patients. The
patients with vertebral body fractures following stand-
alone LLIF were recorded. The patient charts were exam-
ined for pertinent demographic and clinical information,
including preoperative symptomatology, operative details,
body mass index (BMI), T score on duel-energy X-ray
absorptiometry (DEXA) scans and past medical history.
The patients’ imaging studies were also reviewed to char-
acterize the indication for surgery and the pattern of ver-
tebral body fracture following LLIF. Indications for
surgery included degenerative disc disease with or without
foraminal stenosis, adjacent level disease following prior
fusion, grade 1 and 2 spondylolisthesis, traumatic fracture,
far-lateral disc herniation and scoliosis. The broad cate-
gories of degeneration and deformity included 60 and 40 %
of the patients, respectively.

Illustrative cases
Patient 1

A 63-year-old female with a past medical history sig-
nificant for obesity (BMI = 41) and osteopenia (T s-
core = —2.1) as well as a 22 pack-year tobacco history
presented with severe and progressive mechanical back
pain and bilateral lower extremity radicular pain of
12 months duration. She was neurologically intact on
physical examination without motor or sensory deficit.
Magnetic resonance imaging (MRI) demonstrated a grade I
spondylolisthesis of L3 on L4 with facet arthropathy and
diffuse disc bulge causing significant bilateral neuro-
foraminal stenosis (Fig. 1a). No instability was demon-
strated on dynamic radiography. Her symptoms remained
refractory to 6 months of non-operative management. She
subsequently underwent an uncomplicated minimally
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invasive transpsoas LLIF at L3-4. No endplate violation
occurred during the surgery (Fig. 1b). A
12 mm x 22 mm x 55 mm, parallel, PEEK interbody
graft filled with morselized allograft was inserted into the
L3/4 disc space. No supplemental instrumentation was
utilized. Postoperative computerized tomography (CT) re-
vealed a well-placed large interbody graft with significant
distraction of the disc space and no endplate violation
(Fig. 1c). The patient was discharged home on postop-
erative day one with resolution of her preoperative radi-
cular complaints.

Approximately 2 weeks following surgery, unrelated to
trauma, she began to experience back and leg pain again;
she remained neurologically intact. CT imaging revealed
an L4 burst fracture with interbody graft subsidence
(Fig. 1d). She was subsequently taken back to the operating
room for posterior decompression and pedicle screw and
rod instrumentation (Fig. le). The greater degree of sub-
sidence into the L3 vertebral combined with limited screw
purchase in the severely comminuted L4 vertebral body
warranted a more extensive construct with extension of
posterior segmental fusion from L2 to LS.

Patient 2

A 61-year-old female with a past medical history of obesity
(BMI of 46), osteopenia (T score = —2.4), and human
immunodeficiency virus (HIV) presented with several
months of severe progressive back and bilateral lower ex-
tremity pain. MRI demonstrated a grade 1 spondylolis-
thesis of L4 on L5 accompanied by a diffuse disc bulge
causing severe bilateral neuroforaminal stenosis (Fig. 2a).
No instability was noted on dynamic radiography. After
failing non-operative management, she underwent an un-
complicated minimally invasive transpsoas LLIF at L4-5
using a parallel 10 mm x 22 mm x 55 mm PEEK inter-
body graft filled with morselized allograft without sup-
plemental instrumentation (Fig. 2b). Postoperative CT
imaging revealed a well-placed interbody graft at L4-5
with disc space and neuroforaminal expansion without
endplate violation (Fig. 2¢). She was discharged home on
postoperative day two with significant improvement in her
preoperative symptoms.

Approximately 10 days following surgery, she began to
experience severe low back pain radiating into the buttocks
distinctly different than her preoperative symptoms. A
short course of oral steroids failed to provide her relief of
her symptoms. A CT scan of her lumbar spine demon-
strated interbody graft subsidence with a burst fracture of
the L5 vertebral body (Fig. 2d). She subsequently under-
went a posterior decompression and instrumented fusion
from L4 to S1 using a pedicle screw and rod construct
(Fig. 2e). The lesser degree of subsidence and the ability to



Eur Spine J (2015) 24 (Suppl 3):5S409-S413

S411

Fig. 1 Preoperative MRI (a) reveals grade I spondylolisthesis with
moderate canal stenosis. Intraoperative fluoroscopy (b) demonstrates
graft placement with significant disc space distraction and no endplate
violation. Postoperative CT imaging (c) reveals good positioning of
stand-alone interbody graft within the L3/4 disc space without
evidence of endplate violation or graft subsidence; however, the disc

space is much larger than adjacent levels. Delayed CT imaging
(d) reveals fracture of the L4 vertebrae with associated graft
subsidence into the L3 and L4 bodies. Postoperative radiograph
(e) following posterior decompression and pedicle screw and rod
placement

Fig. 2 Preoperative MRI (a) reveals grade I spondylolisthesis with
moderate stenosis. Intraoperative fluoroscopy (b) demonstrates ap-
propriate graft placement without obvious endplate violation. Post-
operative CT imaging (c) reveals good positioning of stand-alone
interbody graft within the L4/5 disc space without evidence of

place longer screws in the fractured vertebra enabled us to
limit the fusion to one level above and below the fracture
level.

Discussion

The transpsoas LLIF technique enables an extensive direct
discectomy for placement of a wide intervertebral graft
without disruption of the anterior or posterior ligaments.
An appropriately sized and positioned interbody graft will
rest between the apophyseal rings of adjacent vertebrae.
This provides increased biomechanical support and allows
for distribution of compressive loads over a large surface
area [11, 18, 22]. Stability of the motion segment is
maintained with preservation of the anterior and posterior
tension bands; structures that are routinely violated during
anterior and posterior interbody procedures [7, 26].

In our series of 335 patients with 712 levels fused, two
patients (0.6 %) experienced a vertebral body fracture at

endplate violation or graft subsidence. Delayed CT imaging (d) re-
veals fracture of the L5 vertebrae with associated graft subsidence.
Postoperative radiograph (e) following posterior decompression and
pedicle screw and rod placement from L4 to S1

the index level. Both of these fractures involved the infe-
rior vertebral body of the index level that was fused. This
rate of 0.6 % of patients, or 0.3 % of total LLIF levels, is in
agreement with previous vertebral fracture reports follow-
ing lateral interbody fusion; however, this is the first report,
which describes this complication following stand-alone
LLIF. Rodgers et al. [20] reported a fracture incidence rate
of 0.6 % among 600 patients who underwent transpsoas
LLIF. The same group found fracture incidence rates of 1.3
and 0.6 % after comparing 156 obese patients to 157 non-
obese patients who underwent LLIF, respectively [19].
Kepler et al. [11] and Dua et al. [6] found a fracture inci-
dence rate of 15.4 % among 13 patients who underwent
single-level LLIF with supplemental lateral plating and
pedicle screw constructs.

Mechanisms for vertebral body fractures in patients
undergoing LLIF are likely multifactorial and related to
technique, implant material, graft size, and patient bone
quality [2, 9, 25]. Endplate violation during the discecto-
my, graft insertion, or supplemental hardware placement
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may weaken the epiphyseal ring, allowing for cage subsi-
dence and vertebral fracture [6]. Brier-Jones et al. [3]
speculate that violation of the epiphyseal ring or sub-
chondral bone by plate-anchoring screws can contribute to
the development of coronal vertebral body fractures [3].
Likewise, Kepler et al. [11] and Dua et al. [6] suggest that
vertebral fractures occur when compressive forces are un-
evenly distributed by a subsided cage into the bone sur-
rounding plate-anchoring screws. Other reports suggest the
possibility that the interbody graft pivots as the spine
transitions between flexion and extension [3]. This mag-
nitude of gross antero-posterior instability has not been
proven in biomechanical studies and is unlikely to occur
due to the inherent stability of the interbody device as well
as the strength of the intact anterior and posterior tension
bands [4]. Although bone morphogenic protein (BMP) was
not used in any of the patients in our series, it has been
reported to cause osteolysis, which can lead to a weakened
bone—graft interface and subsequent graft subsidence [8,
14].

The usage of stand-alone lateral cages in patients with
low-grade spondylolisthesis has been previously described,
and we have also experienced success with this type of
approach [15, 16]. Both patients discussed in this report
were significantly overweight with additional medical co-
morbidities and poor bone density, which likely contributed
to the development of vertebral body fractures following
LLIF. However, there are additional mechanical factors to
consider. Further evaluation of the first patient’s postop-
erative CT scan (Fig. 1c) demonstrates that, although the
graft appears properly placed without endplate violation,
the L34 disc space is much wider than the disc spaces at
the adjacent levels. Thus, the operative level is likely over
distracted due to placement of a graft that is much too large
for the disc space. Over distraction of any interspace may
induce subsidence or possible fracture because of the in-
creased pressure resulting from stretching of the annulus
fibrosus (even after the release of the contralateral annulus).
As previously described, the pressure exerted by the cage on
the vertebral body directly depends on the surface area of
contact between the cage and the endplate. A recent study
showed that there exists an inverse correlation between the
AP size, but not the length of the cage and the rate of
subsidence [12]. Despite the larger AP footprint of the cages
used in both of our patients (22 mm), only a perfect
placement of the cage in relation to the endplates of the
vertebrae will result in the maximum strength to the con-
struct, and any degree of obliquity allows for contact of the
cage with the non-apophyseal ring portion of the endplate
and predisposition to subsidence and fractures. The in-
creased pressure transmitted through this thin surface ex-
plains the anatomy of the coronal fractures in direct
extension with the leading edge of the implant that acted as
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a bone cutter. It is possible that there was some obliquity in
placement of the cage in our patients which may have
contributed to the development of the fractures.

A BMI of 41 creates significant axial loading of the
interbody graft. As a result, the graft exerts excessive
distracting forces on the superior and inferior endplates,
which are already compromised by osteopenia, causing a
fracture of the inferior L4 vertebral body. Review of the
second patient’s postoperative imaging demonstrates an
appropriately sized interbody graft, with the L4-5 disc
spaces of comparable size to the adjacent levels. However,
this patient is more obese with more severe osteopenia
compared to the first patient. Further, compared to the
L3-4 disc space, the axial loading forces on the L4-5 disc
space are greater in magnitude. We believe that a combi-
nation of factors including over distraction, oblique cage
placement and osteopenia contributed to fracture forma-
tion. This report adds to the now accumulating evidence of
incidence of fractures of vertebral bodies after lateral
lumbar interbody fusion, providing food for thought to
anticipate, modify technique, and to be prepared to manage
this complication [3, 6, 13, 19, 20, 24].

Conclusions

This report highlights two patients with delayed postop-
erative vertebral body fractures following stand-alone
LLIF performed by an experienced surgeon at a single
institution. We report a 0.6 % incidence of vertebral body
fractures of the index level following LLIF. Factors that
may have contributed to these fractures include obesity,
osteopenia, unrecognized intraoperative endplate breach
and graft subsidence due to oversized graft placement.
Continued scrutiny of this powerful procedure with strict
complication reporting and evaluation will enable its sus-
tained utilization in a safe and effective manner.
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