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ARTICLE INFO ABSTRACT

Keywords:
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Background: Anterior and posterior spinal fixation (APSF) can provide rigid structural anterior column support in
patients with osteoporotic vertebral fracture (OVF). A new rectangular footplate designed based on biomechanical
studies of endplates provides better resistance to subsidence. However, differences in characteristics exist between
the thoracolumbar and lower lumbar spine. The purpose of this study was to evaluate the surgical outcomes

Osteoporosis . . . . .
Vertebral fracture following APSF using an expandable cage with rectangular footplates in the thoracolumbar/lumbar region.
Elderly people Methods: Consecutive patients who underwent APSF for OVF at multiple centers were retrospectively reviewed.
Clinical outcome Clinical and radiographic evaluations were performed by dividing the patients into thoracolumbar (TL, T10-L2)
Complication

and lumbar (L, L3-L5) groups. Surgical indications were incomplete neurologic deficit or intractable back pain
with segmental spinal instability. Surgical outcomes including the Japanese Orthopaedic Association (JOA) score
and reoperation rate were compared between TL and L groups.

Cage subsidence
Screw loosening

Results: Sixty-nine patients were followed-up for more than 12 months and analyzed. Operative intervention was
required for 35 patients in the TL group and 34 patients in the L group. Mean ages in the TL and L groups were
76.5 years and 75.1 years, respectively. Intra-vertebral instability was more frequent in the TL group (p<0.001).
Screw fixation range was significantly longer in the TL group (p=0.012). The rate of cage subsidence did not
differ significantly between the TL group (46%) and L group (44%). Reoperation rate tended to be higher in the
TL group (p=0.095). Improvement ratio of JOA score was significantly better in the L group (60%) than in the
TL group (46.9%, p=0.029).

Conclusion: APSF using an expandable cage was effective to treat OVF at both lumbar and thoracolumbar levels.
However, the improvement ratio of the JOA score was better in the L group than in the TL group.

Introduction

The rate of spinal surgery for elderly patients has dramatically in-
creased over recent decades with the continued increases in life ex-
pectancy. Problems associated with spinal surgeries for these patients
are an increased frequency of comorbidities, more severe spinal degen-
eration and osteoporosis due to reduced bone mineral density, and so
on.[1] Among these, osteoporotic vertebral fracture (OVF) is a major

concern, causing not only back pain, but also neurological deficits and
kyphotic/scoliotic spinal deformities leading to deterioration of qual-
ity of life (QOL).[2] Despite a basic consensus that OVF treatment in-
cludes conservative therapy with bracing and administration of anti-
osteoporotic drugs, surgical intervention may be considered when those
treatments prove ineffective.

Various surgical methods are available for OVF. To select the surgi-
cal method, shorter operation time and reduced invasiveness are critical
factors for elderly patients to avoid complications.[3] Vertebroplasty
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(VP)/kyphoplasty (KP) is indicated for non-union with intra-vertebral
instability or OVF in the very early stage because of its minimum inva-
siveness and favorable clinical results.[4, 5]

However, more invasive spinal surgeries are required in cases where
VP/KP is inadequate.[6] Various surgical methods with a combined-
or solely posterior/anterior approach have been reported, such as in-
situ fixation, posterolateral decompression and fusion, lumbar interbody
fusion, osteotomy, vertebral column resection and replacement.[7-9]
However, the most suitable procedure for OVF remains unclear. In-situ
fusion provides improvements in pain and neurological deficit without
decompression, but cannot correct the spinal alignment.[10] Spinal os-
teotomy, including posterior vertebral column resection, offers advan-
tages to correct the sagittal imbalance for rigid kyphotic spine after OVF,
but its surgical invasiveness is relatively high among those surgeries.[11-
13]

Anterior surgery for OVF was first reported in the 1990s using a
Kaneda plating system with an artificial ceramic bone graft substi-
tute.[14] Anterior spinal reconstruction can provide several advantages,
such as rigid structural anterior column support and preservation of in-
tact posterior elements and nerves.[8] However, cage subsidence fol-
lowed by kyphotic changes and the high invasiveness of the anterior
approach are serious problems in osteoporotic elderly patients, so ante-
rior surgery for OVF has thus been avoided.

A newly developed rectangular footplate designed based on the
biomechanical studies of endplates has been shown to provide more re-
sistance to subsidence.[15-17] Recent advances in the lateral approach
have enabled minimally invasive anterior spinal reconstruction in the
thoracolumbar and lumbar regions for elderly patients.[18] However,
several features differ between the thoracolumbar and lower lumbar
spine.[19] The thoracolumbar area is the junction from the kyphotic
to lordotic alignments. The lower lumbar spine has a lordotic alignment
and is more likely to cause canal stenosis through degenerative changes.
The pathogenesis and clinical outcomes of surgery for OVFs might there-
fore differ depending on the level.

The purpose of this study was to clarify clinical features of OVF oc-
curring in the thoracolumbar and lumbar regions by demonstrating sur-
gical outcomes of anterior and posterior spinal fixation (APSF) using an
expandable cage with rectangular footplates.

Materials and methods
Patient population

This was a multicenter retrospective cohort study. From 2015 to
2019, consecutive patients who underwent lateral approach corpectomy
and reconstruction for intra- or inter-vertebral instability after OVF were
enrolled retrospectively. Five hospitals participated in the study. All pa-
tients had spinal instability with incomplete neurologic deficit or severe
back pain. Patients were grouped according to the fracture level (tho-
racolumbar (TL): T11-L2 or lumbar (L): L3-L5) or type of instability
(intra-vertebral or inter-vertebral). All patients were followed-up for >
12 months. This study was approved by the institutional review board of
Osaka City University (approval no. 3170). The need to obtain informed
consent was waived based on the retrospective design and anonymiza-
tion of patient identifiers.

Clinical information

The clinical records were reviewed for demographic data, instabil-
ity type, operation time (min), estimated blood loss (EBL, ml), perfor-
mance status (PS, Common Toxicity Criteria, version 2.0), comorbidities
and perioperative complications. Information regarding comorbidities
at surgery, such as Parkinson disease and history of steroid use, was
collected. Bone mineral density (BMD) at the femoral neck was deter-
mined using dual-energy x-ray absorptiometry (DEXA). However, the
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protocol was not standardized in each institution. Information on previ-
ous surgeries at the corpectomy site was obtained and divided into lum-
bar decompression, VP/KP and posterior instrumentation. The severity
of pain was subjectively assessed by each patient using a visual ana-
logue scale (VAS) to represent the average level of back pain that the
patient felt in the previous 1 week. The Japanese Orthopaedic Associ-
ation (JOA) score was used to assess the efficacy of treatment for low
back pain (total 29 points). The improvement rate of each clinical out-
come was calculated using the following formulae: [Improvement rate
of JOA score (%) = 100 x (final JOA score - preoperative JOA score) +
(29 - preoperative JOA score)].

Image assessment

Radiographic evaluation was performed on all patients and included
analysis of pre- and postoperative local kyphosis, parameters of sagit-
tal alignment (sagittal vertical axis [SVA], pelvic incidence [PI], lumbar
lordosis [LL], sacral slope [SS], thoracic kyphosis [TK], and T1 pelvic
angle [TPA]) and incidence of cage subsidence.[20-22] Local kyphotic
angle was defined as the angle between the inferior endplate of the ver-
tebra above and the superior endplate of the vertebra below the frac-
tured vertebra and expressed as negative for kyphotic deformity.[23]
Intra-vertebral instability was defined as angular motion of the frac-
tured vertebral body with cleft between flexed and extended positions.
Inter-vertebral instability was defined as a change in disc height > 2
mm with deformation of the vertebral body between flexed and ex-
tended positions. Subsidence was defined as a more than 2-mm reduc-
tion in segmental height due to implant migration into the adjacent end-
plates.[24]

Surgical indication and techniques

APSF was indicated for OVF based on intractable back pain or neu-
rologic deficits due to residual spinal instability only when those symp-
toms clearly disappeared in the supine position. APSF was not indi-
cated for sagittal malalignment with local rigid kyphosis. The combined
anterior—-posterior procedure consisted of a lateral approach corpectomy
and vertebral reconstruction with an expandable titanium cage com-
prising rectangular footplates (X-Core2®; Nuvasive, San Diego, CA) fol-
lowed by posterior percutaneous pedicle screw fixation (PPS) after po-
sition change.

No decompression of neural elements was carried out and all pro-
cedures were performed under the same anesthesia in this series. Bone
grafting was carried out around the cage using artificial tricalcium phos-
phate particles and resected rib fragments. Range of posterior fixation
was unregulated, and depended on the preference of the surgeon.

Statistical analysis

Patient characteristics were compared between TL and L groups. The
2 test or Fisher’s exact test was used for categorical variables and the t-
test was used for continuous variables. Analysis of covariance was used
to compare the three groups. To establish whether significant differences
existed in postoperative clinical or radiologic outcomes between the two
groups, a restricted maximum likelihood, mixed-model regression was
used. In addition, the JOA improvement was compared according to age
(<80 and >80 years), T-score (<-2.5 and >-2.5) and body mass index
(BMI) (<18.5, 18.5-25.0 and >25.0 kg/m?). To evaluate the interaction
of fracture level with each factor, analysis covariance was used. Sta-
tistical test results were considered significant for values of p<0.05. All
P-values were two-sided. All analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC).

Results

A total of 72 patients were enrolled in this study. Two patients were
lost to follow-up and 1 patient died 2 months after surgery due to pneu-
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Table 1
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Comparison of demographic data between thoracolumbar and lumbar corpectomy with

an expandable cage

Thoracolumbar (n=35) Lumbar (n=34) P-value
mean or N (SD or %) mean or N (SD or %)

Age (years) 76.5 (5.9) 75.1 (7.2) 0.362
Follow up period (months) 240 (13) 246 (134) 0.846
Sex (female) 22 (63) 27 (79) 0.130
BMI 23.0 (34) 234  (3.9) 0.661
BMD(T-score) -2.3 (0.8) -2.2 (0.9) 0.686
Medicine for osteoporosis

Bisphosphonate 3 9) 4 (12) 0.131

Denosumab 2 (6) (9)

Teriparatide 24 (69 14 (41)

Romosozumab 3 9) (6)

Others 0 (0) 3)

None 3 9) 10 (29)
Parkinson disease 3 9) 9) 1.000
Steroid use 2 (6) 8 (24) 0.036
Surgical history

Lumbar decompression 3 9) 3 9)

Vertebral augmentation 2 (6) 3 (9)

Posterior instrumentation 4 (11) 2 (6) 0.931
Diagnosis

Intra-vertebral instability 25 (71) 7 (21)

Inter-vertebral instability 10 (29) 27 (79) <0.001

SD, standard deviation; BMI, body mass index; BMD, bone mineral density

Table 2

Comparison of surgical complication between thoracolumbar and lumbar corpectomy

with an expandable cage

Thoracolumbar (n=35) Lumbar (n=34) P-value
mean or n (SD or %) mean or n (SD or %)
Op time (min) 275 (70.9) 267.6 (77.9) 0.679
Blood loss (g) 270.6  (291) 3084 (357.4) 0.631
Fixation range
1 above 1 below 15 (43 25 (73) 0.012
Adjacent vertebral fracture 8 (23 6 (18) 0.591
Infection 2 (6) 1 (3) 1
Reoperation (14 3) 0.095
Cage subsidence 17 (46 16 (44) 0.898

SD, standard deviation

monitis. A final total of 69 patients was followed-up for > 12 months
and analyzed, comprising 35 in the TL group and 34 patients in the L
group requiring operative intervention.

Comparison of baseline data and surgical complication

Table 1 compares demographic data between TL and L groups. Mean
ages in the TL and L groups were 76.5 and 75.1 years, respectively. Bone
mineral density and medication for osteoporosis did not differ signifi-
cantly between groups. Oral steroid usage was more frequent in the L
group (24%) compared with the TL group (6%; p=0.036). In terms of
diagnosis, intra-vertebral instability was more frequent in the TL group
(71%) than in the L group (21%; p<0.001). Table 2 shows the fixation
range and complications. Fixation range was significantly longer in the
TL group (p=0.012). The rate of surgical site infection did not differ sig-
nificantly between groups, but the reoperation rate tended to be higher
in the TL group (14%) than in the L group (3%, p=0.095). The rate of
cage subsidence did not differ significantly between the TL group (46%)
and L group (44%).

Comparison of clinical and radiological outcomes

Clinical outcomes are shown in Table 3. VAS of back pain and perfor-
mance status were significantly improved after surgery and showed no
significant difference between TL and L groups. However, the improve-
ment rate of JOA score was significantly better in the L group (60%)

than in the TL group (46.9%, p=0.029). Table 4 shows the radiological
outcomes. Local kyphosis and PI-LL were significantly improved after
surgery, but not in SVA, PT and TPA. Local kyphosis was more severe in
the TL group than in the L group before surgery. Therefore, A (preop - fi-
nal) showed a tendency toward better correction in the TL group (22.5°)
than in the L group (17.8°, p=0.069).

JOA improvement ratio was 53.7% and 50.7% (age <80 and >80
years, respectively; p=0.645), 51.8% and 57.3% (T-score <-2.5 and >-
2.5; p=0.482) and 51.4%, 55.8% and 52.1% (BMI <18.5, 18.5-25.0 and
>25.0 kg/m?, respectively; p=0.783). P-values for interactions of frac-
ture level (TL and L) with age, T-score and BMI were 0.645, 0.482 and
0.616, respectively.

Representative cases

TL group

An 84-year-old woman presented with intractable back pain and
non-union of OVF at L1. Preoperative functional x-ray showed intra-
vertebral instability between flexed and extended positions (Fig. 1A,
1B). Both endplates were diminished at the fractured level in recon-
structed sagittal CT images (Fig. 1C).

She underwent APSF with posterior two-above-two-below PPS fix-
ation (Fig. 1D). Screw loosening on the cranial side without cage sub-
sidence was observed at 2 years after surgery (Fig. 1E). Reconstructive
coronal CT confirmed rigid bony union around the cage (Fig. 1F) and
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Table 3
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Comparison of clinical outcome between thoracolumbar and lumbar corpectomy with

an expandable cage

Thoracolumbar (n=35) Lumbar (n=34) P-value
mean or N (SD or %) mean or N (SD or %)
VAS of back pain
Pre 81.6  (18.2) 76 (24.1) 0.277
Final 32.7¢ (25.2) 25.6* (28.2) 0.276
A 48.9 (29.8) 50.2 (31.6) 0.856
JOA score
Pre 9.8 (4.7) 9.4 (4.5) 0.669
Final 19.2* (4.4) 21.1~ (5) 0.113
Improvement ratio 46.9 (28.3) 60.0 (19.8) 0.029
Performance status
Pre
0 0 (0) 0 (0) 0.159
1 0 (0) 2 (6)
2 7 (20) 6 (18)
3 14 (40) 19 (56)
4 14 (40) 7 (21)
Final
(0] 0 (0) 1 3) 0.476
1 17 (49) 16 (47)
2 14 (40) 16 (47)
3 4 (11) 1 3)
4 0 (0) 0 (0)
Improvement number 32+ (91) 30* (88) 0.894

SD, standard deviation; VAS, visual analogue scale; JOA score, Japanese orthopaedic

association score

* P<0.05 between pre and final values.

Table 4

Comparison of radiological outcome between thoracolumbar and lumbar corpectomy with

an expandable cage

Thoracolumbar (n=35) Lumbar (n=34) P-value
mean or N (SD or %) mean or N (SD or %)
Local kyphosis
Preop 25.7 (9.9) 4.5 (17.3) <0.001
Immediate postop 3.2 (10.6) -133 (8.4) <0.001
Final 8.6* (12) -10.8* (8.7) <0.001
A(preop-final) 22.5 (7.8) 17.8 (12.9) 0.069
Correction loss (%) 29.3 (37) 23.7 (40.9) 0.559
SVA
Preop 108 (47.4) 115 (45.5) 0.568
Final 88.4 (40.7) 90.1 (51.9) 0.883
A 119 (49.5) 20.5 (63.2) 0.574
PT
Preop 28.4 (7.3) 28.9 (11.7) 0.838
Final 25.4 (8.8) 25.9 (8.2) 0.796
A 24 (9.7) 2.7 (9.9) 0.921
TPA
Preop 32.6 (10) 335 (9.9) 0.733
Final 27.9 (8.6) 29.9 (10.1) 0.388
A 2.7 (9.3) 24 (9.5) 0.906
PI-LL
Preop 38.2 (15.8) 30.1 (19.5) 0.075
Final 25.3* (14) 21.2* (15.9) 0.285
A 129 (13.9) 8.9 (16.6) 0.302

SD, standard deviation; SVA, Sagittal vertical axis; PT, Pelvic tilt; TPA, T1 Pelvic Angle;
PI-LL, Pelvic incidence- Lumbar lordosis
* P<0.05 between pre and final values.

the VAS for back pain improved from 80 mm before surgery to 20 mm
at 2 years after surgery.

L group

A 77-year-old, bedridden woman presented with back pain and
radiculopathy. Inter-vertebral instability was seen after L4 OVF.
Preoperative functional x-ray showed inter-vertebral instability be-
tween flexed and extended positions (Fig. 2 A, 2B). CT images

showed vacuum phenomena in both adjacent inter-vertebral discs
(Fig. 2C).

She underwent APSF with one-above-one-below (1A1B) PPS fixa-
tion. At follow-up after 2 years, lateral and antero-posterior plain ra-
diographs showed no evidence of cage subsidence or screw loosening
(Fig. 2D, 2E). She acquired independent gait postoperatively. VAS of
back pain improved from 100 mm before surgery to 41 mm at 2 years
after surgery.
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Fig. 1. An 84-year-old woman suffering from intractable back pain with non-union of OVF at L1. Preoperative functional x-ray shows intra-vertebral instability
without cementing space (A, B). Both endplates are diminished at the fractured level on reconstructed sagittal CT (C). Lateral radiographs show the situation
immediately after surgery (D). Lateral radiographs at 2 years after surgery show screw loosening and subsidence of cage (E), although CT at 2 years after surgery

shows bony union (F).

Discussion

This appears to be the first study to reveal differences in the char-
acteristics of patients with OVF who underwent APSF between thora-
columbar or lumbar lesions. Approximately 70% of OVF occurs at the
thoracolumbar level and the rate of lumbar OVF is less than 20%.[25-
28] Rates of surgery in the TL and L groups might be predicted to show
the same proportions as rates of OVF occurrence. However, our results

showed that almost the same number of patients belonged to both TL
and L groups (35 and 34 patients, respectively). In our institutions, OVF
patients receive initial conservative treatment for a couple of months,
then vertebroplasty/balloon kyphoplasty (VP/BKP) (+PSF) is preferen-
tially performed if indicated.[5, 29] Thus, no indications for VP/BKP
(+PSF) were seen for patients included in this cohort. The main reason
to avoid VP/BKP was the lack of a safe cavity that could hold the in-
jected cement material. Our surgical indication for APSF was instability-
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Fig. 1. Continued

induced intractable back pain or neurological deficits. We divided pa-
tients into two groups according to the type of instability (intra- or inter-
vertebral instability) because each type showed different clinical fea-
tures. Intra-vertebral instability arose from non-union of the fractured
vertebra and manifested mainly as back pain. Inter-vertebral instability
was due to the resultant vertebral deformity after bony union that in-
duced spondylolisthesis between adjacent vertebrae and caused radicu-
lopathy.[30] The rate of inter-vertebral instability was much higher in
the L group (79%) than in the TL group (29%), as the bone union rate is
higher for lumbar lesions than for thoracolumbar lesions.[26, 29] This
might indicate that deformity and inter-vertebral instability in the lum-
bar region was more likely to cause intractable back pain or neurological
impairment.

Regarding spinal surgery for OVF, cage subsidence due to osteo-
porotic vertebrae is a big concern. Previous reports have revealed a high
incidence of cage subsidence following surgery.[31] Closkey et al. re-
ported that cage subsidence correlated with the size of the contact area
between the cage and endplate, and others have reported that bone min-
eral density is an important determinant of cage subsidence.[32] An in
vitro biomechanical study revealed that use of peripheral vertebral end-
plate is ideal to support the cage.[16, 17] We thus used rectangular
wide-foot-plate expandable cages in this series. However, cage subsi-
dence >2 mm was recognized in nearly 40% of cases in both groups.
Additional operations were performed in 5 cases (progressive kyphosis
due to cage subsidence, 2; adjacent vertebral fracture (AVF), 2; poste-
rior decompression, 1) in the TL group and in 1 case (AVF, 1) in the L
group. Additional cage subsidence-related surgery was only performed
in 2 cases (2.9%) in this series, in which apparent subsidence occurred
during surgery in 1 case and subsidence was evident immediately af-
ter the initial surgery in the other. Other cases of subsidence did not
affect the clinical results, but were radiographically recognized early
after the initial surgery. Whether those results were due to technical
or biomechanical reasons remains unclear. Load on the adjacent ver-
tebra is higher in the locally kyphotic region than in the lordotic re-
gion, which may theoretically result in higher cage subsidence in the TL
group, but the frequency of subsidence did not differ significantly be-
tween groups.[33] Endplate injury should be avoided when expanding
the cage. [31]

In APSF for elderly OVF patients, surgical invasiveness and postop-
erative pulmonary complications are important concerns, because the
extrapleural approach requires a long operation time and high invasive-

ness.[8, 34] An extrapleural approach with rib and partial diaphragm
resection was required in most cases from the TL group, but operation
time and EBL did not differ significantly from that in the L group (TL/L:
275 min/268 min, 271 ml/308 ml), and thus were much shorter and less
than those for conventional open surgery.[12, 35, 36] Use of the recently
developed minimally invasive lateral approach may have contributed to
reducing the operation time and EBL.[37] As for perioperative compli-
cations, one case of contralateral segmental artery injury and another
case of hemothorax caused by intercostal artery injury were recognized
and treated conservatively (both in the TL group). No complications
other than AVF were seen in the L group. The complication rate of APSF
for lumbar OVF was thus less than that for the thoracolumbar region,
although operation time and EBL were almost the same.

A PPS fixation system was used to reduce surgical invasiveness.[38]
Differences in fixation range from posterior approach depend on sev-
eral factors, such as surgeon preference, timing of the operation and
peripheral circumstances of the fractured vertebra, because these issues
were not standardized in this series. Nearly 50% of patients in the TL
group underwent 1A1B fixation (e.g., L1-L3 fixation for L2 vertebral
body replacement). Meanwhile, nearly 80% of patients in the L group
underwent 1A1B fixation. The mechanical load to the vertebral body
differs according to the spinal level. Load is higher in the anterior por-
tion of the vertebra at the kyphotic thoracolumbar junction, but is much
higher in posterior elements such as facet joints or spinal processes in
the lumbar region.[33] Posterior reinforcement for thoracolumbar re-
gions is thus recommended to avoid overload on the cage-bone contact
area in the TL group, whereas 1A1B fixation is sufficient in the lumbar
region because of the lordotic alignment. This may be supported by our
results that no implant failure was seen in the L group. No significant
difference in AVF frequency was seen between groups (TL group, 23%;
L group, 18%), so no predictive factors were identified in this study.

Clinical indices such as VAS, PS and JOA scores showed significant
improvement in both groups (Table 3). Preoperative VAS score was sig-
nificantly decreased at final follow-up (TL group, 81.6 to 32.7; L group,
76 to 25.6). Diminution and residual VAS at final follow-up were al-
most the same as results previously reported for OVF surgeries, includ-
ing VP/BKP.[5, 27, 39] As for performance status, nearly 90% of pa-
tients improved by more than 1 level after surgery, with no significant
difference between groups. However, the JOA score improvement ratio
was significantly better in the L group (60.0%) than in the TL group
(46.9%; p<0.05). One potential reason for the poor improvement ra-
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Fig. 2. A77-year-old, bedridden woman suffering back pain and radiculopathy. Inter-vertebral instability after L4 OVF is evident. Preoperative functional x-ray shows
inter-vertebral instability between flexed and extended positions (A, B). CT shows vacuum phenomenon in both adjacent inter-vertebral discs (C). She underwent
APSF with one-above-one-below PPS fixation. At the 2-year follow-up, lateral and antero-posterior plain radiographs show no evidence of cage subsidence or screw

loosening (D, E).

tio was the high rate of reoperation in the TL group. All revision cases
needed extension of the fixation range due to adjacent vertebral frac-
ture. The thoracolumbar junction represents an inflection point where
the spinal curvature transitions from kyphotic to lordotic, which may
cause more severe fracture and a greater likelihood of a need for reop-
eration.

Radiographic analysis showed that improvement of local kyphosis
was obtained in both groups, but loss of correction was recognized in
29.3% of the TL group and 23.7% of the L group. Final correction of lo-
cal kyphosis was 22.5° in the TL group and 17.8° in the L group, better
than previously reported.[8, 27, 30, 31] PI-LL improved nearly 10° in
both groups, but final PI-LL was 25.3° in the TL group and 21.2° in the L
group, out of the range of calculated values for ideal spino-pelvic align-
ment (PI-LL < 10°).[40] However, the clinical results showed good im-
provement in this series. The pathology of elderly OVF patients should

thus be differentiated from that of sagittal malalignment among younger
patients.

Several limitations must be considered regarding retrospective data
reviews. First, selection biases may exist for the surgical methods and
fixation range, as this was a multicenter cohort study. Analysis of bone
quality using modalities such as DEXA was not performed because each
institute used different machines and measurement protocols. Despite
this limitation, the present study appears to be the first to compare clin-
ical results of APSF between the thoracolumbar and lumbar regions.
Second, the sample size might have been too small to assess differences
in outcome such as reoperation rate and back pain, although the sam-
ple size was sufficient to assess differences in the JOA score. Post hoc
power analysis was conducted to evaluate the difference in reopera-
tion rate with «=0.05, power=0.8 and chi-square test. Reoperation rate
in the TL and L groups were estimated as 14% and 3%, respectively.
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Fig. 2. Continued

Sample size was calculated as 169 patients. Therefore, further study is
necessary.

In conclusion, anterior corpectomy and reconstruction with an ex-

pandable cage with rectangular footplates appears effective to treat OVF
at both lumbar and thoracolumbar levels. However, reoperation tended
to be more common in the thoracolumbar group, which might have re-
sulted in poorer improvement ratios in this group. The present results
should be confirmed in a larger cohort to ensure the generalizability of
our findings.
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