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Proximal Vertebral Body Fracture after 4-Level Fusion Using L1
as the Upper Instrumented Vertebra for Lumbar Degenerative
Disease: Report of 2 Cases with Literature Review
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Some cases with lumbar degenerative diseases require multi-level fusion surgeries. At our institute, 27
and 4 procedures of 3- and 4-level fusion were performed out of a total 672 posterior lumbar interfu-
sions (PLIFs) on patients with lumbar degenerative disease from 2005 to 2010. We present 2 osteo-
porotic patients who developed proximal vertebral body fracture after 4-level fusion. Both cases
presented with gait disability for leg pain by degenerative lumbar scoliosis and canal stenosis at the
levels of LL1/2-4/5. After 4-level fusion using L1 as the upper instrumented vertebra, proximal verte-
bral body fractures were found along with the right pedicle fractures of L1 in both cases. One of these
patients, aged 82 years, was treated as an outpatient using a hard corset for 24 months, but the frac-
tures were exacerbated over time. In the other patient, posterolateral fusion was extended from Thl0
to L5. Both patients can walk alone and have been thoroughly followed up. In both cases, the frac-
ture of the right L1 pedicle might be related to the subsequent fractures and fusion failure. In consid-
eration of multi-level fusion, L1 should be avoided as an upper instrumented vertebra to prevent
junctional kyphosis, especially in cases with osteoporosis and flat back posture.
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I n lumbar degenerative diseases, some cases

require multi-level (3 or more levels) surgeries
using posterior lumbar interbody fusion (PLIF). In
the past 6 years from 2005 to 2010, 27 procedures of
3-level fusion (mean follow-up period, 21.2 months)
and 4 of 4-level fusion (mean follow-up period, 31.5
months) were performed on patients with lumbar
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degenerative diseases at our institute. The percent-
age of 3- or 4-level fusion cases comprised 4.5% of
our 672 PLIF cases in this period. Recently, we
experienced 2 osteoporotic patients with proximal
vertebral body fractures after 4-level fusion surgeries
in which L1 had been used as the upper instrumented
vertebra. We report these 2 cases with a literature
review to examine the mechanisms of the fractures.
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Case Reports

Informed consent was obtained from the patients
and families. The institutional ethical committee
approved this report.

Case 1.  An 82-year-old woman presenting with
gait inability for leg pain visited our institute. She
was diagnosed with severe degenerative lumbar scolio-
sis and lumbar canal stenosis at the levels of 1.1/2-
4/5 with flat back posture. We performed 4-level
PLIF and pedicle screw fixation. Two weeks after
surgery, with rehabilitation starting a few days after
surgery, she could walk using a walker with a
decreased level of leg pain (Fig. 1). However, 1.1 and
Th12 vertebral body fractures were found at 2 and 4
weeks, respectively. Retrospectively, we also found
that computed tomography (CT) images obtained 5
days after surgery might have demonstrated the frac-
ture of the right L1 pedicle. Because of her advanced
age and lack of deterioration, she was treated as an
outpatient using a hard corset for 24 months, although
the fractures were exacerbated over time without
fusion (Fig. 1).

Case 2. A 65-year-old man presenting with
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severe gait disturbance for leg pain visited our insti-
tute. He was diagnosed with mild degenerative lumbar
scoliosis and severe lumbar canal stenosis at the levels
of 1L1/2-4/5 with spondylolisthesis at the level of
L4/5 (Fig. 2). We performed PLIF at the levels of
1L1/2 and 4/5, lumbar laminoplasty at 1.2/3 and 3/4,
and pedicle screw fixation from L1 to L5 (Fig. 2).
The degree of leg pain decreased and he started gait
exercise in a few days after surgery. At 20 days after
surgery, he complained of low back pain. CT images
demonstrated IL1 and Th12 vertebral body fractures
along with fracture of the right L1 pedicle. His pain
worsened despite conservative therapy using a hard
corset. At 50 days after the initial surgery, we
extended the posterolateral fusion from Th10 to L5
(Fig. 2). One week after surgery, he started gait
training. He was transferred to another hospital for
rehabilitation at 30 days after the second surgery.
After discharge from the hospital, he could stay at
home by himself using a walking stick. CT images
obtained at 7 months after surgery revealed a new L5
fracture. We performed thorough follow-up for 12
months after the initial surgery, although he had no
further complaint of pain.

Fig. 1

Neuroradiological investigations of Case 1. A-D Radiographs of lumbar spine before (A, B) and after surgery (C, D) demon-
strate that the scoliosis was corrected by 4-level fusion (A and C: AP view; B and D: lateral view), E-| Reconstructed sagittal CT
images reveal the development of proximal vertebral-body fracture over time (E: 5 days, F: 2 weeks, G: 4 weeks, H: 6 weeks, |: 8
weeks, J: 12 weeks, K: 6 months, I: 20 months after surgery;* L1 vertebral body; arrowhead: initial pedicle fracture).
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Fig. 2

Neuroradiological investigations of Case 2. A-D Radiographs of lumbar spine before (A) and after surgery (C, D) demonstrate

that the scoliosis was not so severe in this case (A and C, AP view; D, lateral view). A sagittal MR image reveals spondylolisthesis and
lumbar canal stenosis at L1/2 and 4/5 with lumbar canal stenosis at L2/3 and 3/4 (B); E, A reconstructed sagittal CT image taken 5
days after surgery shows pedicle fracture (*: L1 vertebral body; arrowhead: initial pedicle fracture); F, A radiograph of the lumbar spine
with anteflexion demonstrates posterior shift of the Th12 vertebral body by severe instability 6 weeks after the initial surgery; G and H,
Radiographs demonstrate how posterolateral fusion was extended from Th10 to L5 (G, lateral view; H, AP view), | and J, Sagittal CT
images of lumbar spine at 1 and 7 months after the second surgery reveal the vertebral body fracture of L5.

Summary of 4 cases of 4-level fusion assoct-
ated with degenerative lumbar scoliosis (Table
I). We performed 4-level fusion on 4 patients with
degenerative lumbar scoliosis and canal stenosis. In
order to explore some reasonable causes of the frac-
tures in our cases, we evaluated age/sex, level of
PLIF and fusion, type of scoliosis, degree of lordo-
sis, degree and laterality of scoliosis, involvement of
spondylolisthesis, sagittal rotational angle and bone
mineral density (femur) of the 4 cases. The common
points of case 1 and 2 were osteoporosis, scoliosis
with lateral spondylolisthesis of 1.4/5, and the fact
that the apical vertebra was 1.3. There were no
apparent differences between cases with and without
fractures after 4-level fusion, either in the factors we
selected or in the rotation of the vertebral body,
shape of disc, or degeneration of disc or facet,

although the number of 4-level fusion cases was small.
Regarding pedicle fracture after surgery, we checked
CT images of a total of 254 pedicle screws in the 31
cases of 3-or 4-level fusion. We found 1 wrong inser-
tion of the screw, but no apparent screw-insertion-
related pedicle fractures other than the 2 fractures of
the present 2 cases. Case 3 and 4, the 4-level cases
without proximal vertebral body fracture, were fol-
lowed as outpatients with no neurological deficits for
3 and 5 years, respectively.

Discussion

In this manuscript, we described 2 osteoporotic
patients with proximal vertebral body fractures after
4-level fusion using L.1 as the upper instrumented
vertebra. Both presented with severe gait disturbance
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Table 1 The summary of 4 cases of 4 levels-fusion

Case 1 Case 2 Case 3 Case 4
age/sex 82/F 65/M 77/F 54/F
PLIF level L1/2-4/5 L1/2, 4/5 L1/2, 2/3, 4/5 L4/5
Fusion level L1-5 L1-5 L1-5 L1-5
Type of scoliosis L4/5 lateral spondylolisthesis (+) L4/5 wedged disc (+)
L1-S1 (lordosis) & 33° 6° 29°
PLC; Cobb angle; AV left; 14°; L3 right; 37°; L3 left; 27°; L2 right; 44°; L2
Th12/L1 listh.; lat. list (=) (—) Meyerding I; (—) (=) () (=); 2mm
Sag. Rot. Ang. (Th12/L1) 12.9° N/A 0.8° 0°
BMD (YAM) 1% 78% 85% N/A

Case 1 and 2 are the present cases. There are almost no common characters in Case 1 and 2, except for osteoporosis, the fusion level
and scoliosis type. Other than the data shown in the table, there are no significant differences in vertebral body rotation, shape of disc,
and degeneration of disc and facet in 4 cases.

AV, apical vertebra; lat. listh, lateral spondylolisthesis; listh., spondylolisthesis; PLC, primary lumbar curve; Sag. Rot. Ang., sagittal
rotation angle; BMD, bone mineral density; YAM, young adult male

Fig. 3  Possible mechanisms of proximal vertebral body fracture
in our cases, A, Slight pedicle fractures might occur intraopera-
tively or within a few days of surgery; B, Screw loosening with
vertebral body fracture near the pedicle might follow; C, Due to the
increased instability, the antero-inferior edge of the proximal verte-
bral body might be damaged.

with leg pain as symptoms of degenerative lumbar
scoliosis and canal stenosis, which was treated with
4-level fusion using PLIF. Gait exercise was started
in a few days after the surgery, and symptoms were
ameliorated within 2 weeks. Retrospectively, CT
image demonstrated the fracture of the right L1
pedicle within 5 days after surgery. Subsequently,
fractures of the L1 vertebral body, and then the Th12
vertebral body occurred due to the screw loosening
resulting from the instability (Fig. 3).

Proximal vertebral body fracture after fusion
surgery. There are several risk factors of proxi-
mal fracture after lumbar fusion: namely, obesity,
older age [1], osteopenia, preoperative co-morbidi-
ties, and severe global sagittal imbalance including flat
back posture [2]. Marked correction of sagittal mala-
lignment might be a risk factor of instrumented verte-
bra collapse, although in our cases, the degree of
pre/post-operative sagittal malalignment did not affect
the results. In another report, proximal vertebral
body fracture and development of focal kyphosis were
found in about 20 and 40 percent of cases receiving
multi-level lumbar fusion from .1 to L5 or SI,
respectively. To minimize the incidence of these
problems, limited instrumentation or fusion above the
thoraco-lumbar junction might be preferred [3].
Recently, a retrospective study on the selection of the
upper instrumented vertebra was reported [4]. The
authors concluded that the upper instrumented verte-
bra must be above the upper end vertebra and that
fusion to Thll or 12 is acceptable when the upper
instrumented vertebra is above the upper end vertebra
in adult degenerative lumbar scoliosis. Alternatively,
prophylactic vertebral augmentation might be a cost-
effective intervention in elderly female patients [5].
Etebar and colleagues performed a retrospective
analysis of degeneration of the proximal adjacent seg-
ment after lumbar fusion. Fifteen percent of their
125 patients developed symptomatic adjacent-segment
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degeneration at a previously asymptomatic level within
45 months after surgery. Smoking and postmeno-
pausal status in women were shown to be high risk
factors for adjacent segment disease after fusion sur-
gery. Adjacent segment diseases included spondylolis-
thesis (39%), spinal canal stenosis due to disc hernia-
tion and/or facet hypertrophy (33%), stress fracture
of the adjacent vertebral body (28%), and scoliosis
(17%) [6]. In a review of adjacent segment disease by
Park, the rate of symptomatic disease was higher in
patients with transpedicular instrumentation (12.2-
18.5%) compared with patients fused with other forms
of instrumentation or without instrumentation (5.2-
5.6%). Instrumentation, fusion length, sagittal
malalignment, facet injury, age, and pre-existing
degenerative changes might be possible risk factors
for adjacent segment diseases. Decompression of the
cauda equina with the extension of fusion might
resolve such situations [7].

In our cases, acute adjacent segment failure was
recognized in 2 of 4 cases of 4-level fusion from L1 to
LL5. However, we experienced no acute adjacent seg-
ment failure in 27 cases of 3-level fusion. The high
rate of proximal vertebral body fractures in our
4-level fusion cases might be strongly related to the
selection of L1 as the upper instrumented vertebra, to
which a strong force is applied after fixation at the
thoraco-lumbar junction, although there might be
mechanical differences between 3— and 4-level fusion
at the proximal junction. We usually attempt to limit
fusion levels and perform short fusion for lumbar
degenerative diseases. However, especially for some
patients of lumbar canal stenosis with degenerative
lumbar scoliosis, multi-level fusion might be consid-
ered. To prevent adjacent segment diseases, long
fusion over the thoraco-lumbar junction might be a
possible solution, although the surgical invasiveness
might be greater. Vertebroplasty in advance at the
initial surgery might be an alternative strategy.

Pedicle fractures after screw insertion.
Pedicle fractures after screw insertion occurred
intraoperatively or early after surgery at I.1 in our 2
cases. In other cases, intraoperative fractures of the
pedicle were not found. It is possible that the use of a
hard corset for early rehabilitation after surgery
might cause early pedicle fractures. It is impossible
to know genuinely how and when the pedicle fracture
happened in our 2 cases. Nonetheless, the instability
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due to the pedicle fracture might be one of the first
steps to the catastrophic acute collapse through verte-
bral body fracture of the proximal and adjacent verte-
bral bodies (Fig. 3).

After lumbar fusion surgery, fractures at the
isthmus portion are sometimes seen, but pedicle frac-
tures are rare. Usually the junction of pedicles and
vertebral bodies is at the fracture site, as in our
cases. Pedicle weakening by screws and cantilever
motion after fusion might be contributing factors [8].
Amato and colleagues revealed that intraoperative
pedicle fractures occurred in 2 percent of their 102
consecutive patients receiving lumbar fusion surgery
(using a total of 424 pedicle screws) [9]. Pedicle
fractures might lead to instability with lumbago or leg
pain and may necessitate extension of the fusion or
stabilization with wiring of the fractured pedicle [10].
Loosening of screws and pseudarthrosis are known to
be the main complications at the ends of long fusions
[11]. Pedicle fractures might be one of the critical
reasons for the failure of fusions.

In conclusion, we experienced 2 cases of proximal
vertebral body fracture after multi-level fusion sur-
gery with LL1 as the upper instrumented vertebra. The
reasons for the fractures were likely osteoporosis and
the selection of LL1 as the upper instrumented verte-
bra, although fracture of the right .1 pedicle might
have been involved in the subsequent fractures and
fusion failure. In consideration of multi-level fusion
below the thoraco-lumbar segment, these types of
phenomena are need-to-know complications for spinal
surgeons. L.1 should be avoided as upper instru-
mented vertebra for lumbar degenerative diseases to
prevent junctional kyphosis, especially in cases with
osteoporosis and flat back posture. For clarification
of the efficacy and complications, we also need to fol-
low patients and explore their systemic problems
including sagittal balance and hip joint issues.
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