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OBSERVATIONAL STUDY

Impact of Instrumented Spinal Fusion on the Development
of Vertebral Compression Fracture

Yen-Chun Chiu, MD, Tsung-Ting Tsai, MD, PhD, Shih-Chieh Yang, MD, PhD,
Hung-Shu Chen, MD, PhD, Yu-Hsien Kao, MD, PhD,
and Yuan-Kun Tu, MD, PhD

Abstract: Instrumented spinal fusion has become one of the most
common surgeries for patients with various spinal disorders. Only few
studies have reported subsequent vertebral compression fractures
(VCFs) after instrumented spinal fusion. The purpose of this study
was to evaluate the risk of new VCFs in patients undergoing instru-
mented spinal fusion.

We obtained claims data from the National Health Insurance
Research Database of Taiwan and retrospectively reviewed 6949
patients with instrumented spinal fusion as the spinal fusion cohort.
Control subjects were individually matched at a ratio of 10:1 with those
of the spinal fusion cohort according to age, sex, and the index day.
Comorbidities were classified as those existing before the index day, and
these included diabetes mellitus, hypertension, osteoporosis, and
cerebrovascular accident. The end of the follow-up period for the
analyses was marked on the day new VCFs developed, enrolment in
the National Health Insurance was terminated, on the day of death, or
until the end of 2012. We used the Cox proportion hazards model to
analyze the hazard ratio (HR) for developing new VCFs.

Patients with instrumented spinal fusion were significantly more
likely to develop new VCFs (1.87% vs .25%, HR: 8.56; P <0.001).
Female, elderly, and osteoporotic patients had a high incidence of new
VCFs after spinal fusion. The HR for developing new VCFs after
instrumented spinal fusion was higher in patients younger than 65 years
than in those 65 years or older (HR: 10.61 vs 8.09). Male patients with
instrumented spinal fusion also had a higher HR of developing new
VCFs than female patients (men, HR: 26.42; women, HR: 7.53).

In our retrospective cohort study, patients who had undergone
instrumented spinal fusion surgery exhibited an increased risk of
developing new VCFs. Particularly, the HR increased in young
(age <65 years) and male patients.
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Abbreviations: aHR = Adjusted hazard ratio, CI = Confidence
interval, HR = Hazard ratio, ICD-9-CM = International
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Classification of Disease Ninth Revision Clinical Modification,
LHID 2000 = Longitudinal Health Insurance Database 2000, NHI =
National Health Insurance, NHIRD = National Health Insurance
Research Database, PLF = Posterolateral fusion, VCF = Vertebral
compression fracture.

INTRODUCTION

I nitially, spinal fusion surgery was performed by placing bone
graft along the spine and fusing it in situ. After the operation,
prolonged periods of bed rest and immobilization were usually
necessary. However, the rate of pseudarthrosis was high (around
45%),"% even if patients were carefully monitored. In the late
1950s, the modern instrumented spinal fusion technique was
developed when the Harrington hook and rod system was
introduced.? In 1973, Luque” first introduced segmental instru-
mentation and revolutionized the instrumented spinal fusion
technique in a new era. With advancements in the spinal
technique and instrumentation, instrumented spinal fusion
has now become one of the most commonly performed
surgeries for various spinal diseases.™® It is used in cases of
spinal trauma, tumours, infection, and scoliosis; also, it has been
used more frequently to treat degenerative spondylolisthesis
and disc-related problems.”®

In previous reports, patients who had undergone spinal
fusion had better pain control and functional scores for their
spinal }Jroblems than those who had not undergone spinal
fusion.” The development of posterolateral fusion (PLF) with
pedicle screw instrumentation offers a much higher fusion rate
than noninstrumented fusion alone, which therefore increases
patient satisfaction.” As a result, instrumented spinal fusion
with a pedicle screw system has become a popular technique in
degenerative spinal surgeries, and it is widely used for treating
various spinal disorders.®'*'!

However, fusion procedures are not the end of the degener-
ation process. It is not surprising that as more elderly patients
undergo these surgeries, more fusion-related complications are
found. Disc degeneration, listhesis, instability, facet arthritis,
and stenosis relating to spinal fusion have been widely reported
in literature reviews.'?”'# However, vertebral compression
fractures (VCFs), another common problem causing pain
in patients, have not been well described in the literature.
Bogdanffy et al'® reported that a decrease of bone mineral
density occurs after spinal fusion surgery. The rigid and longer
lever arm after spinal fusion can increase stress on the proximal
segments, which may further increase the possibility of devel-
oping new VCFs. However, the risk of new VCFs after spinal
fusion is still not well defined. In the present retrospective
cohort study, which was derived from the National Health
Insurance Research Database (NHIRD) of Taiwan, we
attempted to determine the risk of subsequent new VCFs after
spinal fusion surgery.
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PATIENTS AND METHODS

Source of Data

The National Health Insurance (NHI) program in Taiwan
has operated since 1995 and enrolled nearly all inhabitants of
the country. The NHIRD at the National Health Research
Institutes (NHRI) is currently in charge of the entire database
of NHI claims, and it has published numerous extracted datasets
for researchers. The NHRI released a cohort dataset composed
of 1,000,000 randomly sampled people alive during 2000. This
dataset is called the Longitudinal Health Insurance Database
2000 (LHID 2000). The database collected all the records of
these individuals from 1997 to the present. Until the end of
2012, all sampled individuals were followed for outcome
identification by using the International Classification of Dis-
ease, Ninth Revision, Clinical Modification (ICD-9-CM). This
study was exempt from review by our institutional review board
(EMRP-101-027).

Subjects

This cohort study used the LHID 2000 to evaluate the risk
of closed fracture of the thoracic vertebra (ICD-9-CM code
805.2) or closed fracture of the lumbar vertebra (ICD-9-CM
code 805.4) following instrumented spinal fusion. For the
cohort study, 6949 inpatients who had undergone instrumented
spinal fusion as first-time treatment from January 1, 1997 to

December 31, 2010 were selected and defined as the instru-
mented spinal fusion cohort. The date of the spinal fusion
surgery was assigned as the index day for the instrumented
spinal fusion cohort. Subjects for the nonspinal fusion cohort
were also selected from the same period and database. These
subjects who did not undergo spinal fusion surgery were defined
as the control. The control subjects were individually matched
at a ratio of 10:1 to those who had undergone instrumented
spinal fusion for age, sex, and the index day. Those who had a
previous closed fracture of the thoracic vertebra or closed
fracture of the lumbar vertebra since the initiation of the
NHI program were excluded. Comorbidities were classified
as diseases such as diabetes mellitus, hypertension, osteoporo-
sis, and cardiovascular disease that existed before the index day.
The end of the follow-up period for the analyses was marked on
the day that new VCFs developed, enrolment in the NHI was
terminated, death, or until the end of 2012 (Figure 1).

Statistical Analysis and Comorbidity Risk Analysis

Differences among the groups were evaluated using Stu-
dent ¢ test for continuous variables and the x> test for categorical
variables. The Cox proportional hazard model was used to
evaluate the risk of developing new VCFs between the instru-
mented spinal fusion cohort and nonspinal fusion cohort. The
hazard ratio (HR) showed that the confidence interval (CI) was
95%, and the P value was 2-sided. All P values <0.05 were

[ Subjects were selected from Taiwan’s LHID2000 ]

Exclusion:

fracture of lumbar vertebra
2. Ineligible ones

1. Previously closed fracture of dorsal vertebra or closed

Matched:
1. Age
2. Gender
3. Index day
y
Spinal fusion Cohort (N=6,949) Non-Spinal fusion treatment Cohort (N=69,490)
Patients with Spinal fusion treatment Subjects without Spinal fusion treatment

Comaorbidities:

diabetes mellitus

Event:

1. Closed fracture of dorsal vertebra or Closed fracture of lumbar vertebra

2. Terminated insurance
3. Death

FIGURE 1. Study flow.
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considered significant. A Cox proportional hazards regression
model (stratified by age, sex, and comorbidities) was also used
to estimate the risk of new VCFs. Sensitivity analyses were
performed to examine whether the main findings met the
various assumptions. These analyses were also performed using
the Cox model on subgroups classified by age, sex, and comor-
bidities. The forest plot was used to show all sensitivity
analyses. All data management and HR calculations were
performed using the Statistical Analysis System software for
Windows (version 9.3; SAS Institute, Cary, NC).

RESULTS

Overall, 76,439 patients were selected from the LHID
2000 between 1997 and 2012, divided into the spinal fusion
and nonspinal cohorts, and reviewed. All patients were followed
for 15 years in the NHRI database. The distributions of age and
sex were not different between the 2 groups. The incidence of
comorbidities was much higher in patients who had undergone
spinal fusion than in those who had not undergone spinal fusion
(P <0.0001). Patients who had undergone spinal fusion surgery
had a high incidence of developing new VCFs (1.87% vs 0.25%,
P <0.0001) (Table 1). The HR for these patients was 8.56 (95%
CI, 6.10—12.00), which was adjusted for age, sex, and the index
day. The cumulative risk of subsequent VCFs in the spinal
fusion cohort increased over time (Figure 2). The age at each
incremental year did not significantly increase the risk of new
VCFs in the adjusted multivariate analyses. The presence of
diabetes mellitus, hypertension, and cardiovascular disease also
did not help predict new VCFs, but osteoporosis may have
increased the risk of subsequent spinal fracture (HR: 1.56,
P=0.0324) (Table 2). The forest plot of HRs showed that
young patients, male sex, and the presence of comorbidities
were associated with high HRs (Figure 3).

Differences Between the Young And Elderly
Patients

Table 3 shows the HR of developing new VCFs for both
cohorts stratified by age. Regarding the age-specific risk of
closed spinal fracture between the spinal fusion and nonspinal
fusion cohorts, the HR was higher in young patients than in
elderly patients (10.61 vs 8.09). Comorbidities did not signifi-
cantly increase the risk of new VCFs in both the young and
elderly patients.

Differences Between Men and Women

Table 4 shows the HR of developing new VCFs for both
cohorts stratified by sex. Regarding the sex-specific risk of
closed spinal fracture between the spinal fusion and nonspinal
fusion cohorts, the HR was higher in men than in women (26.42
vs 7.53). In addition, the proportion of subsequent VCFs was
much higher in men who had undergone spinal fusion than in
men who had not undergone spinal fusion (1.01% vs 0.05%).
However, women overall exhibited a more prevalent percentage
of new VCFs than men (Table 5). The presence of osteoporosis
significantly increased the risk of developing new VCFs in
both sexes.

Differences Between Thoracic and Lumbar
Fractures

In this study, the locations of the fractures in the 2 groups
were also identified by closed fractures of the thoracic vertebra
(ICD-9-CM code 805.2) and lumbar vertebra (ICD-9-CM
805.4) in the LHID 2000 from 1997 to 2012. A summary of
the locations of the fractures is as follows: thoracic vertebra
fracture in 63 subjects, lumbar vertebra fracture in 156, and a
nondifferential fracture location (including both the thoracic
vertebra and lumbar vertebra) in 86 (Table 6). Table 7 shows the

TABLE 1. Characteristics of the Study Subjects

Nonspinal Fusion

Instrumented Spinal Fusion

(N =69,490) (N=6949) P
Age 59.20+15.00 59.20+15.00 0.9931
Age group, y 0.9938
<20 1434 (2.06) 141 (2.03)
20-39 6219 (8.95) 628 (9.04)
40-59 24394 (35.10) 2434 (35.03)
60—-69 34674 (49.90) 3475 (50.01)
>80 2769 (3.98) 271 (3.90)
Sex 1.0000
Female 40860 (58.80) 4086 (58.80)
Male 28630 (41.20) 2863 (41.20)
Urbanization <0.0001
High 47228 (67.96) 4396 (63.26)
Median 13924 (20.04) 1634 (23.51)
Low 8338 (12.00) 919 (13.22)
Comorbidities
Diabetes mellitus 17871 (25.72) 2376 (34.19) <0.0001
Hypertension 31422 (45.22) 3982 (57.30) <0.0001
Osteoporosis 13841 (19.92) 2593 (37.31) <0.0001
Cerebrovascular accident 11804 (16.99) 1509 (21.72) <0.0001
Closed fracture of thoracic vertebra 175 (0.25) 130 (1.87) <0.0001

or closed fracture of lumbar vertebra

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Cumulative Incidence

TYPE —— Non-Spinal fusion — =

Day

Spinal fusion

FIGURE 2. The cumulative incidence of closed fracture of thoracic vertebra or closed fracture of lumbar vertebra in Spinal fusion and non-

spinal fusion cohorts.

multivariate analyses of the risks for closed fractures stratified
by location. The incidence of developing new VCFs was
significantly increased in patients who had undergone spinal
fusion surgery regardless of the location (adjusted hazard ratio
[aHR] =4.89 for thoracic VCFs, aHR = 3.76 for lumbar VCFs,
aHR =79.87 for thoracic and lumbar VCFs).

DISCUSSION
VCFs occur when a block-like part of an individual
vertebra becomes compressed because of trauma. The devel-
opment of VCFs is usually related to osteoporosis, and they can
cause severe back pain. The increasing incidence of subsequent

VCFs after vertebroplasty or kyphoplasty has been reported in
the literature with a subsequent fracture rate of 12% to 52%.'¢!”
Fribourg et al conducted a retrospective review of 38 patients
who underwent kyphoplasty. Ten patients sustained 17 sub-
sequent vertebral fractures over the follow-up period (average,
8 months). Of the 17 subsequent fractures, 9 occurred at the
adjacent-above levels, 4 at the adjacent-below levels, and 4 at
remote levels.'® Grados et al'® retrospectively reviewed 25
patients with 34 vertebras treated by vertebroplasty, and they
showed a slight but significantly increased risk of vertebral
fracture in the vicinity of cemented vertebras (odds ratio, 2.27;
95% CI, 1.1-4.56). Chen et al' retrospectively reviewed
106 consecutive patients who underwent percutaneous

TABLE 2. Univariate and Multivariate Analyses for Predicting Closed Fracture of Thoracic Vertebra or Closed Fracture of Lumbar

Vertebra
Univariate Multivariate
Crude HR P Adjusted HR P

Instrumented Spinal fusion vs nonspinal fusion 9.89 (7.27-13.46) <0.0001 8.56 (6.10—12.00) <0.0001
Age (each incremental year) 1.25 (0.72-2.19) 0.4279 0.91 (0.49-1.68) 0.7524
Urbanization

High Ref. Ref.

Median 0.89 (0.60—1.32) 0.5576 0.87 (0.56-1.36) 0.5481

Low 1.05 (0.69—1.60) 0.8107 0.96 (0.60—1.55) 0.8679
Comorbidities

Diabetes mellitus 1.09 (0.77-1.53) 0.6345 0.97 (0.65—1.44) 0.8658

hypertension 1.14 (0.78-1.64) 0.5050 0.91 (0.59-1.40) 0.6708

osteoporosis 3.22 (2.26-4.58) <0.0001 1.56 (1.04-2.34) 0.0324

Cerebrovascular accident 1.28 (0.89-1.84) 0.1872 1.10 (0.71-1.69) 0.6802

HR =hazard ratio.
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Subgroup : HR(95% C.l.)
Age

<65 = 10.61 (5.20-21.63)

>=65 —— 8.09 (5.44-12.02)
Gender .

Male = 26.42 (9.31-75.04)

Female —_—— 7.53 (5.35-10.59)
DM

No S — 7.96 (5.34-11.86)

Yes —— 8.12 (4.84-13.61)
Hypertension n

No PR — 5.64 (3.17-10.02)

Yes — 9.60 (6.50-14.17)
Osteoporosis '

No —— 6.81 (4.10-11.33)

Yes : —— 9.22 (6.07-13.99)
CVA :

No —— 7.37 (5.05-10.75)

Yes —_— 9.91 (5.53-17.77)
Overall ; —_— 8.56 (6.10-12.00)

05 1 5 15 25 50

Hazard Ratio(95% Cl)

FIGURE 3. Forest plot of hazard ratios.

vertebroplasty for osteoporotic VCFs, and they found that
cement leakage into the disk can significantly increase the risk
of adjacent vertebral fracture. However, some authors have
mentioned that the subsequent VCF risk was not increased after
vertebroplasty.’®>' Hence, the real relationship between ver-
tebroplasty and subsequent VCFs is still unclear. Although it is
still debatable, there is the possibility that spinal rigidity may
increase after vertebroplasty, which can increase the risk of
subsequent VCFs. In instrumented spinal fusion, at least 2
vertebras are fixed with instrumentation, which can create a
new longer and rigid segment. Theoretically, the risk of sub-
sequent VCFs in the vicinity of the vertebras may be increased.
However, the relationship between developing subsequent
VCFs and instrumented spinal fusion has not been well defined.
To the best of our knowledge, our study is the first to address the
long-term risk of subsequent VCFs after instrumented spinal
fusion surgery using a retrospective cohort.

In our previous study, we retrospectively reviewed 1936
patients who underwent instrumented spinal fusion surgery.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

New subsequent VCFs occurred in 224 patients (11.6%). Of
those, 150 patients were in the circumferential fusion group and
the other 74 were in the PLF group. The overall new VCF rates
were nearly equal between these 2 groups (11.1% and 12.5%,
respectively). PLF alone with instrumentation was sufficient to
cause a high risk of subsequent VCFs. The add-on use of
posterolateral interbody fusion did not further increase the
incidence of VCFs.?*> Toyone et al retrospectively analyzed
100 consecutive patients 55 years or older who underwent
spinal fusion for degenerative diseases. Acute VCFs were found
in 15 patients (15%) during the mean follow-up period of 10.2
years (range, 7—14 years).> In our study, the incidence of new
VCFs after instrumented spinal fusion surgery was 1.87%. The
incidence was significantly higher than that in the nonfusion
group (0.25%, P <0.001), but it was much lower than that
found in previous studies.”*** According to a literature review,
only one-third of patients with VCFs will present with intract-
able back pain.>* In addition, low back stiffness with a foreign
body sensation during outpatient follow-up is a common

www.md-journal.com | 5
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TABLE 3. Univariate and Multivariate Analyses of Age for Predicting Closed Fracture of Thoracic Vertebra or Closed Fracture of
Lumbar Vertebra

Age <65y Age >65y
HR P HR P

Instrumented Spinal fusion vs nonspinal fusion 10.61 (5.2-21.63) <0.0001 8.09 (5.44-12.02) <0.0001
Age (each incremental year) 1.79 (0.42-7.59) 0.4309 0.76 (0.37—1.55) 0.4459
Urbanization

High Ref. Ref.

Median 1.21 (0.45-3.24) 0.7022 0.82 (0.50-1.37) 0.4530

Low 1.13 (0.35-3.64) 0.8382 0.94 (0.55-1.61) 0.8213
Comorbidities

Diabetes mellitus 1.20 (0.46-3.14) 0.7164 0.94 (0.61-1.45) 0.7691

hypertension 1.27 (0.49-3.27) 0.6261 0.82 (0.51-1.33) 0.4242

osteoporosis 2.46 (0.86-7.04) 0.0937 1.54 (0.99-2.41) 0.0572

Cerebrovascular accident 0.90 (0.20—4.07) 0.8905 1.14 (0.72—1.81) 0.5640

HR =hazard ratio.

symptom and sign of patients who have undergone instrumen-
ted spinal fusion surgery. Therefore, the diagnosis of new VCFs
after spinal fusion surgery may be underestimated because it is
considered a normal occurrence.

A decrease in vertebral bone mineral density is usually
noted after spinal fusion surgery. Bogdanffy et al reported that
the bone mineral density of vertebra at 1 and 2 levels above the
fusion segment significantly decreased at 3 months postopera-
tively. The bone density remained decreased until 6 months

postoperatively. The authors attributed this phenomenon to
postoperative immobilization, biomechanical alteration after
fusion, and bone remodeling.'® Mcaffee et al conducted an
animal model to observe bone remodeling after spinal instru-
mentation. They found that the rigidity of spinal instrumenta-
tion led to device-related osteoporosis of the vertebra.’® Once
osteoporosis develops, compensated hyperactivity of an
unfused segment in activities of daily living may increase
the risk of proximal VCFs. Axelsson et al studied 6 patients

TABLE 4. Univariate and Multivariate Analyses of Sex for Predicting Closed Fracture of Thoracic Vertebra or Closed Fracture

Male Female
HR P HR P

Instrumented spinal fusion vs nonspinal fusion 26.42 (9.31-75.04) <0.0001 7.53 (5.35-10.59) <0.0001
Age (each incremental year) 1.07 (1.02—-1.11) 0.0020 1.11 (1.09-1.14) <0.0001
Urbanization

High Ref. Ref.

Median 0.81 (0.31-2.12) 0.6723 0.91 (0.61-1.37) 0.6512

Low 0.25 (0.03-1.86) 0.1736 1.32 (0.88—1.98) 0.1871
Comorbidities

Diabetes mellitus 0.89 (0.34-2.29) 0.8038 1.06 (0.74—1.51) 0.7430

hypertension 0.94 (0.34-2.56) 0.9030 0.88 (0.59-1.29) 0.5074

0steoporosis 3.25 (1.30-8.13) 0.0116 1.65 (1.15-2.36) 0.0064

Cerebrovascular accident 1.24 (0.47-3.24) 0.6648 1.06 (0.73-1.56) 0.7512

HR =hazard ratio.

TABLE 5. Cross Table by Gender and Event (Closed Fracture of Thoracic Vertebra or Closed Fracture of Lumbar Vertebra)

Nonspinal Fusion Instrumented Spinal Fusion

Male (N =28,630) Female (N = 40,860) Male (N =2863) Female (N =4086)

Closed fracture of thoracic vertebra
or closed fracture of lumbar vertebra

15 (0.05%) 160 (0.39%) 29 (1.01%) 101 (2.47%)

6 | www.md-journal.com Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 6. The Distribution of Subjects with New Vertebral
Compression Fractures

Nonspinal Instrumented
Fusion Spinal Fusion
(N =69,490) (N=6949) Total
Location N (%) N (%)
Thoracic vertebra 45 (0.06) 18 (0.26) 63
Lumbar vertebra 115 (0.17) 41 (0.59) 156
Unspecified location 15 (0.02) 71 (1.02) 86

who underwent radiographic analysis of segment motion before
and after fusion surgery. They found that fusion of the lumbo-
sacral segment can alter the kinematics of the adjacent segment,
redistributing mobility toward relative hypermobility in the
juxtafused segment.?® The change in biomechanics may result
in a higher incidence of proximal VCFs. Hence, it is not
surprising that the incidence of subsequent VCFs increases
after instrumented fusion surgery.

The risk factors for proximal compression fracture after
spinal fusion have been widely discussed. Female sex, old age,
osteoporosis, treatment with interbody fusion or long segment
fusion, and (%lobal sagittal imbalance have been considered risk
factors.>’ 3 In a retrospective study of 125 cases in 1999, the
risk of subsequent VCFs was clearly high in those who under-
went lumbar fusion with rigid fixation. The risk appeared to be
extremely high in postmenopausal women.>' In our study, the
incidence of new and subsequent VCFs was high in elderly and
female patients, which is comparable with previous studies’
findings. However, in particular, male and younger (<65 years)
patients had higher HRs of new VCFs than female and elderly
patients. A possible explanation for this was that the decrease of
bone mineral density after spinal fusion surgery was more
aggravated in patients with good bone quality preoperatively.
Although a decrease in bone mineral density was also noted in
osteoporotic patients, the effect was not as obvious as that in
nonosteoporotic patients. This means that patients without
osteoporosis may have a more increased risk of subsequent
VCFs after spinal fusion surgery than those who have pre-
existing osteoporosis. In our study, comorbidities were

classified as those existing before the index day, and these
included diabetes mellitus, hypertension, osteoporosis, and
cardiovascular disease. There were no significant differences
in the risks related to these confounding factors between the 2
study groups, except for osteoporosis. Although osteoporosis
itself may increase the risk of subsequent VCFs, its effect on the
increased risk of VCFs was not as high as in patients who
underwent spinal fusion (HR: 1.56 vs 8.56). The development of
new VCFs after instrumented spinal fusion should be monitored
closely. Furthermore, the cumulative risk of new closed spinal
fracture in patients who have undergone spinal fusion also
increased over time.

The thoracic and lumbar vertebrae are different. First, the
lumbar vertebrae are much larger than the thoracic vertebrae.
Second, the vertebral body of the lumbar vertebrae is cylindrical
or kidney-shaped, whereas that of the thoracic vertebrae is
heart-shaped. Third, thoracic vertebrae articulate with the ribs
and via the ribs to the sternum. Therefore, they are much less
mobile and less likely to develop degenerative osteoarthritis.
Fourth, zygapophyseal joints between the articular facets of the
thoracic vertebra are directly vertical, so they limit flexion and
extension, but allow rotation. Fifth, the thoracic vertebrae give
the thoracic spine a concave curvature anteriorly, whereas the
lumbar vertebrae produce lordosis. All the aforementioned
reasons may interfere with the incidence of developing new
VCFs; thus, further evaluation is crucial. In our study, we
also analyzed the locations of newly developing VCFs. The
locations of VCFs were divided into thoracic, lumbar, and
nondifferential. Regardless of the location, the incidence of
developing new VCFs was significantly higher in the spinal
fusion group than in the control group. There were no signifi-
cant differences in the risks related to these confounding factors.
Thus, the fracture risk increased simultaneously in both the
thoracic and lumbar vertebrae after spinal fusion surgery
regardless of the location.

The strength of this study was that uniform data collection
was performed in a well-defined population. However, there are
several limitations worth highlighting. First, the insurance
dataset does not provide detailed information on physical
activity, economic status, daily exercise, bone mineral density,
habits, the long-term use of steroid therapy, hormone therapy,
and patient compliance, which are all potentially confounding

TABLE 7. Multivariate Analyses of Risks for Closed Fractures Stratified by Locations

Thoracic Vertebra

Lumbar Vertebra Nondifferential Location

(N=63) (N=156) (N=86)
Adjusted HR P Adjusted HR P Adjusted HR P

Spinal fusion vs nonspinal fusion  4.89 (2.24-10.68) <0.0001  3.76 (2.19-6.48) <0.0001  79.87 (24.99-255.28)  <0.0001
Age (each incremental year) 0.61 (0.18-2.06) 0.4287  1.39 (0.59-3.26) 0.4475 0.35 (0.05-2.74) 0.3199
Urbanization

High REF. REF. REF.

Median 0.68 (0.29-1.60) 0.3806  0.99 (0.54—1.82) 0.9767 0.45 (0.09-2.18) 0.3226

Low 0.69 (0.25-1.88) 0.4628 0.88 (0.45-1.76) 0.7250 0.82 (0.20-3.41) 0.7822
Comorbidities

Diabetes mellitus 1.35 (0.62-2.93) 0.4490  0.94 (0.54-1.63) 0.8238 0.75 (0.22-2.64) 0.6572

Hypertension 0.58 (0.27-1.25) 0.1615 1.06 (0.57-1.97) 0.8522 0.37 (0.09-1.55) 0.1742

Osteoporosis 1.00 (0.46-2.17) 0.9979  1.80 (1.02-3.19) 0.0427 2.84 (0.77-10.44) 0.1172

Cerebrovascular accident 1.28 (0.55-3.01) 0.5696  1.01 (0.56—1.83) 0.9777 2.25 (0.52-9.79) 0.2807

HR =hazard ratio.
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factors relevant to the development of subsequent VCFs.
Although each group of patients should be equally affected
by these comorbidities because of the large number of cases,
selection bias may still exist in this kind of study. Second, the
levels of fusion and VCFs could not be determined in the
dataset. The long fusion level can result in higher stress over
an adjacent segment, which may further increase the rate of
adjacent VCFs. Third, a retrospective cohort study design is
subject to biases associated with confounding adjustments.
Despite using a carefully designed study with adequate controls,
bias may have remained because of unmeasured or unknown
confounders. Fourth, the standard diagnosis of a new VCF is
difficult to make. In general, developing VCFs should be
diagnosed by clinical symptoms and an imaging study (eg,
radiography or magnetic resonance imaging). However, some
VCFs may not be represented in the database because of missed
coding by doctors or patients who were asymptomatic, which
may further increase the bias in this study. Additional longi-
tudinal studies are necessary to validate the relationship
between spinal fusion surgery and subsequent VCFs. Despite
the inherent limitation of large population-based studies, we
think that the findings of this large-scale research study can
represent the impact of instrumental spinal fusion surgery on
developing new VCFs.

CONCLUSIONS

The results of this retrospective cohort study indicated that
the risk of new VCFs increased significantly after spinal fusion
surgery. In particular, the HR was high in male patients and
those younger than 65 years. Although instrumented spinal
fusion surgery is widely used and the clinical outcomes are
usually satisfactory, surgeons should remember that it is not a
complication-free procedure. Better patient selection, adequate
protection, and aggressive treatment of osteoporosis are key
factors for reducing the risk of subsequent VCFs after spinal
fusion surgery.
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