Eur Spine J (2015) 24:737-743
DOI 10.1007/s00586-014-3637-8

ORIGINAL ARTICLE

Relationship between sagittal spinal alignment and the incidence
of vertebral fracture in menopausal women with osteoporosis:
a multicenter longitudinal follow-up study

Jian Dai - Xiaojuan Yu + Shushu Huang -
Lu Fan + Guotai Zhu - Hailang Sun -
Xiaoming Tang

Received: 27 May 2014 /Revised: 20 October 2014/ Accepted: 22 October 2014 /Published online: 6 November 2014

© Springer-Verlag Berlin Heidelberg 2014

Abstract

Purpose To investigate the relationship between sagittal
spinal alignment and the incidence of vertebral fracture in
patients with osteoporosis.

Methods A cohort of 1,044 postmenopausal women with
osteoporosis were prospectively observed for the incidence
of lumbar vertebral fracture. Baseline characteristics of the
subjects were recorded, including age, year post-meno-
pause, body height and weight, lumbar spine BMD
(LSBMD) and femoral neck BMD (FNBMD). Patients
with radiologically diagnosed lumbar vertebral fractures
were assigned to the fracture group, and 150 randomly
selected participants were assigned to the non-fracture
group. Parameters depicting sagittal spinal alignment,
including sacral slope (SS), pelvic tilt, pelvic incidence
(PI), thoracic kyphpsis, lumbar lordosis (LL), lumbar lor-
dosis index (LLI) and sagittal vertical axis, were measured
for both groups. Comparison between the two groups was
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carried out by Student’s ¢ test. Variables showing signifi-
cant differences were entered into a logistic regression
analysis to determine the independent risk factors.
Results Patients with fracture events had significantly
lower LSBMD as well as a significantly longer year post-
menopause. Besides, patients with vertebral fracture were
found to have significantly lower LL, LLI, SS and PL
Regression analysis showed that LSBMD (OR = 0.27), LL
(OR = 0.3), LLI (OR = 0.43) and PI (OR = 0.67) had
significant associations with the risk of vertebral fracture.
Conclusions Osteoporosis patients with low LL, LLI, and
PI could be at high risk of lumbar vertebral fracture. In
addition to BMD, the abnormal sagittal spinal profile
should also be taken into consideration when predicting the
incidence of vertebral fracture in such patients.

Keywords Osteoporosis - Vertebral fracture - Sagittal
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Introduction

Osteoporosis is a major public health problem characterized
by low bone mass, diminished bone strength and increased
skeletal fragility leading to the risk for future fractures of the
hip, spine or wrist [1]. As a common clinical manifestation
of osteoporosis, vertebral fractures could have a strong
impact on patients’ morbidity and mortality [2—4]. Follow-
ing osteoporotic vertebral fracture, there might be permanent
spinal deformity and other physical consequences including
acute and chronic back pain, immobility, hyperkyphosis and
height loss. Population studies demonstrated that vertebral
fractures are associated with diminished physical and func-
tional status and overall decline in a patient’s health-related
quality of life [5-7].
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Since the physical, psychosocial and public health
sequelae of vertebral fractures are pronounced, identification
of osteoporosis patients at potential risk of vertebral frac-
tures is of great value for clinicians [8, 9]. In contrast to the
numerous studies on risk factors for hip fracture, however,
there are relatively few data concerning risk factors for
vertebral fracture related to osteoporosis. Osteoporotic ver-
tebral fracture risk was previously estimated on the basis of
bone mineral density (BMD), which is known to be lower in
patients with fractures than controls [10, 11]. However,
earlier studies found that women with low BMD could
experience no fractures, and there exists substantial overlap
in BMD between women with and without radiologically
evidenced vertebral compression [12, 13]. Herein it seems
that BMD alone may be insufficient for the evaluation of
risk for vertebral fracture. In an attempt to understand why
some women with low-bone density do not have fractures,
other properties of bone that contribute to its strength and
three-dimensional bone size have also been investigated,
which however, can only explain a small part of the
development of vertebral fracture in osteoporosis patients
[14, 15]. Therefore, more biomechanical researches that take
into account spinal kinetics should be helpful to predict
fracture risk of vertebral body.

Sagittal spinal alignment has been reported to play an
important role in the biomechanical adaptation of the spine
in pathology [16, 17]. In cases with abnormal sagittal
spinal profile, gradual failure occurs on the dynamic and
static stabilizer along with progressive deformity and lim-
itation of function. Recently, Lee et al. [18] described
abnormal sagittal alignment in osteoporosis population as
compared with normal controls, and they reported the
significant association between high pelvic incidence (PI)
and sagittal imbalance in osteoporotic patients. To our
knowledge, however, no studies have specifically exam-
ined the role of sagittal spinal alignment as a possible
determinant of vertebral fractures in osteoporosis patients.
We believe that the investigation into sagittal spinal profile
of osteoporosis patients can provide clues of the develop-
ment of vertebral fracture. In the current study, a cohort of
osteoporosis patients were prospectively followed up with
a mean period of more than 5 years. The aim of this pro-
spective study was to investigate the relationship between
sagittal spinal alignment and the incidence of vertebral
fracture in patients with osteoporosis.

Methods
Subjects

Under the approval of the local institutional review board,
a cohort of 1,321 postmenopausal women who received
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osteoporosis treatments between April 2004 and March
2011 at three different institutes were prospectively
assessed for eligibility of recruitment in the current study.
All osteoporotic patients met the diagnostic criterion for
osteoporosis (T score <—2.5), and were considered eligible
to participate if they had been medically treated for at least
1 year. The exclusion criteria for the current analysis are
secondary osteoporosis (e.g., osteopenia with hyperpara-
thyroidism, hyperthyroidism, chronic kidney disease, or
osteomalacia), history of previous vertebral fracture and
follow-up of less than 2 years.

The endpoint for follow-up was the incidence of
vertebral fracture. Radiographs were taken at baseline
and during the follow-up period annually, or when a
patient complained of fracture-related symptoms. Over-
all, a total of 1,044 subjects were finally included in this
study after the exclusion of 123 cases with secondary
osteoporosis, 87 cases with a history of vertebral fracture
and 67 cases with insufficient follow-up duration. During
the follow-up, all the recruited subjects were prescribed
with drugs licensed for the treatment of osteoporosis,
including bisphosphonates, selective estrogen receptor
modulators, calcitonin, parathyroid hormone and stron-
tium ranelate.

Demographic data collection

Baseline characteristics of the subjects were recorded as
they were initially included in the study, including age,
year post-menopause, body height and weight, lumbar
spine BMD (LSBMD) and femoral neck BMD (FNBMD).
Body mass index (BMI) was determined by dividing
weight by height square. LSBMD and FNBMD of the non-
dominant proximal femur were measured by dual-energy
X-ray absorptiometry (DEXA) (XR-36; Norland Corp.,
Fort Atkinson, WI, USA).

Radiographic examination

A standardized radiological examination was performed
for all participants. Standing left lateral radiograph cover-
ing the spine and pelvis was obtained for each participant,
who was instructed to stand with the hips and knees fully
extended and with the hands rested on supports at the level
of their shoulders [19]. Vertebral fractures were defined by
an experienced spine surgeon if there was a height reduc-
tion of 20 % or more (of at least 4 mm) in any of three
vertebral heights (anterior, middle or posterior) between
the baseline and the final follow-up x-ray film, or if the
vertebrae fulfill the McCloskey-Kanis criteria for a pre-
valent deformity in the final follow-up film [20]. Patients
with radiologically diagnosed lumbar vertebral fractures
were assigned to the fracture group, and 150 randomly
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selected participants were assigned to the non-fracture
group.

Parameters depicting sagittal alignments, including
sacral slope (SS), pelvic tilt (PT), PI, thoracic kyphpsis
(TK), lumbar lordosis (LL) and sagittal vertical axis
(SVA), were measured in digital format of the baseline
radiograph of the two groups with Surgimap (Spine Soft-
ware, version 1.1.2, New York, NY, USA) by two residents
(D.J. and Y.X.) [19]. Briefly, SS was measured as the angle
formed between the superior endplate of S1 and the hori-
zontal plane. PT was measured as angle between the ver-
tical plane and a straight line joining the centers of the
femoral heads and the center of the superior endplate of S1.
PI was termed as the angle between a line drawn from
center of the hip axis to the center of the superior endplate
of S1 and perpendicular to the endplate. TK was measured
as the angle between the upper endplate of TS and the
lower endplate of T12. LL was measured as the angle
between the two lines through the superior endplate of L1
and S1, respectively. Lumbar lordosis index (LLI) was
calculated as the ratio of LL to PI [21, 22]. Sagittal balance
was defined using the SVA, which was defined as the
horizontal distance between a plumb line dropped from the
center of the C7 body and the posterior-superior corner of
the S1 body. The normal neutral range for sagittal spinal
balance was defined as being within 3 cm from the pos-
terior-superior corner of the S1 body.

Radiographs of 100 subjects were randomly selected to
determine the inter- and intra-observer reliability using
inter- and intra-class correlation coefficients. The inter-
observer reliability was high for all the six radiological
parameters: 0.912 for SS, 0.887 for PT, 0.921 for PI, 0.932
for PT, 0.945 for LL and 0.913 for SVA. The intra-observer
reliability was also high for above radiological parameters:
0.926 for SS, 0.917 for PT, 0.884 for PI, 0.913 for PT,
0.921 for LL and 0.943 for SVA. Therefore, the method of
digitally measuring these parameters was confirmed to be
acceptable, and the measured data were highly reliable.

Statistical analysis

The data were analyzed using the SPSS 13.0 software
(SPSS Inc., Chicago, IL, USA). Descriptive statistics of the
baseline characteristics were calculated for all subjects in
form of mean value and standard deviation. The incidence
of vertebral fracture was calculated as the ratio of the
number of fracture patients to the total number of the
cohort. With a 5-year value used as age-span, participants
were stratified into four age-groups that were composed of
patients aged 50-54, 55-59, 60—64, and 65-69 years old,
respectively. The incidence of vertebral fracture in each
group was calculated, respectively, and the difference of
incidence was analyzed using Chi square test. Comparison

between the fracture and the non-fracture group regarding
baseline characteristics and radiographic parameters was
carried out by Student’s ¢ test. Variables showing signifi-
cant differences were entered into a logistic regression
analysis to determine the independent variables associated
with the incidence of vertebral fracture. The receiver
operating characteristics (ROC) curve was created to
identify the best cut-off point for statistically significant
variables. Statistical significance was set at a level of
p value less than 0.05.

Results

Over a mean follow-up period of 6.7 years, 127 partici-
pants (12.2 %) of the cohort were confirmed to have at
least one incident lumbar vertebral fracture. The average
baseline age of the fracture patients was 56.9 £ 6.8 years
(range 50-67 years). The mean year post-menopause was
8.2 &+ 4.3 years. The mean weight and BMI of the patients
were 57.2 + 3.9 kg and 23.2 & 1.5 kg/m®, respectively.
The mean LSBMD and the mean FNBMD were
0.723 £ 0.112 and 0.684 + 0.089 g/cm?, respectively.
The incidence of vertebral fracture of the four age-groups
was 10.2 % for group 1, 12.1 % for group 2, 12.4 % for
group 3 and 13.1 % for group 4, which increased with the
age but with no statistical significance. Regarding the
localization of the fractures, we found 47 located in L1, 32
in L2, 39 in L3, 29 in L4 and 15 in LS, respectively.

Results of the comparison between the fracture and non-
fracture group were shown in Table 1. The average base-
line age of the non-fracture group was 54.8 £+ 7.4 years
(range 53-66 years). There were statistically significant
differences in year post-menopause, LSBMD and sagittal
spinal alignment including LL, LLI, SS, and PI. Partici-
pants with fracture events had significantly lower LSBMD
(0.723 £ 0.112 vs. 0.815 % 0.094 g/cm?, p < 0.001) as
well as a significantly longer year post-menopause
(8243 vs. 5.1 &£ 3.5 years, p = 0.003). Besides,
patients with vertebral fracture were found to have signif-
icantly lower LL, LLI, SS and PI (41.3° 4 6.2° vs.
475°+73° p=0.001 for LL; 245°+42° vs.
313°+£5.1° p<0.001 for SS; 097 £ 021 vs.
1.03 £ 0.37, p<0.001 for LLI; 42.3°+87° wvs.
46.2 ° £ 9.4 °, p = 0.01 for PI). As for baseline age, BMI,
LNBMD, TK, PT and SVA, there was no significant dif-
ference between the two groups.

A logistic regression model was used to analyze the
covariate effects that had been shown to have a significant
relationship with the development of vertebral fracture in
the crude analysis. Year post-menopause, LSBMD, LL, SS
and PI were entered into the model as the candidate
predictive variables. As shown in Table 2, LSBMD
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Table 1 Comparisons between the fracture group and non-fracture
group in terms of baseline characters and radiographic measurements

Fracture group  Non-fracture group p value

(n=127) (n = 150)
Age (year) 56.9 + 6.8 548 + 74 NS
Year post- 82 +43 51+£35 0.003
menopause
(year)
BMI (kg/mz) 232+ 1.5 229 + 1.8 NS
FNBMD (g/cmz) 0.684 + 0.089 0.712 £+ 0.107 NS
LSBMD (g/cmz) 0.723 £ 0.112 0.815 £ 0.094 <0.001
FU period 6.7+ 1.3 62+ 1.5 NS
Thoracic kyphosis ~ 25.8 + 9.4 272 + 8.7 NS
(degree)
Lumbar lordosis 413 £ 6.2 475 +£17.3 0.001
(degree)
Lumbar lordosis 0.97 + 0.21 1.03 £ 0.37 <0.001
index
Sacral slope 245 + 42 31.3 £ 5.1 <0.001
(degree)
Pelvic tilt 114 £ 6.7 12.1 £59 NS
(degree)
Pelvic incidence 42.3 + 8.7 46.2 £94 0.01
(degree)
Sagittal vertical 20.7 + 28.3 19.5 £ 22.8 NS
axis (cm)
FU follow-up, NS not significant
Table 2 Results of logistic regression analysis
Regression p Odds 95 % CI
coefficient ratio
LSBMD —4.17 0.001 0.27 0.18-0.34
Lumbar lordosis —2.23 0.01 0.32 0.14-0.47
Lumbar lordosis —2.12 0.02 043 0.33-0.51
index
Pelvic incidence  —3.14 0.04 0.67 0.53-0.79

Patients in the fracture group were coded as 1 and those in non-
fracture groups were coded as 0

The value of Odds ratio being less than 1 indicates that the variable is
protective for the incidence of vertebral fracture. Patients with lower
LSBMD, lumbar lordosis, lumbar lordosis index or pelvic incidence
could be at higher risk of vertebral fracture

CI confidence interval

(OR =0.27, 95 % CI =0.18-0.34), LL (OR = 0.32,
95 % CI=0.14-047), LLI (OR =043, 95%
CI = 0.33-0.51) and PI (OR = 0.67, 95 %
CI = 0.53-0.79) were found to have significant associa-
tions with the presence of vertebral fracture.

ROC analyses of quantitative indices were performed to
determine the optimal cut-off values of above variables to
predict the risk of vertebral fracture. The optimal cut-off
point of year post-menopause was 7.2 years, with a
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sensitivity and specificity of 81.5 and 59.3 %, respectively.
The optimal cut-off point of LSBMD was 0.730 g/cm?,
with a sensitivity and specificity of 83.2 and 64.3 %,
respectively. The optimal cut-off point of LL was 41° with
a sensitivity and specificity of 80.5 and 61.2 %, respec-
tively. The optimal cut-off point of PI was 42°, with a
sensitivity and specificity of 79.5 and 62.3 %, respectively.

Discussion

The treatment and prevention of vertebral fracture has
gained increasing concern in recent years for its potential
impact on healthcare and quality of life amongst the elderly
[7, 9]. By far the most widespread cause is regarded to be
osteoporosis, with vertebral fractures accounting for more
than 45 % of all osteoporotic fractures [23]. For patients
with osteoporosis, the risk of vertebral fracture could be
increased due to a reduction in compressive strength of
bone, usually in form of either burst fracture or wedge
compression fracture [24]. Despite its prevalence, the eti-
ology of vertebral fracture remains relatively poorly
understood. Previous studies have confirmed that age,
BMD and history of fracture could be associated with
incidence of vertebral fracture [25-27]. In addition, bio-
mechanical models that aim to predict fracture of the
vertebral body showed that local and global spinal prop-
erties and structural changes could also be significant risk
factors [15, 28, 29]. Various geometric parameters of the
vertebral body have thus been investigated, such as anterior
vertebral height, vertebral cross-sectional area, and spinal
deformity index [30, 31]. With the development of con-
cepts on spinal biomechanics, there has been an increasing
emphasis on the understanding of sagittal spinal alignment.
Considering that sagittal spinal profile serves as an
important part of the individual spinal properties, we
therefore prospectively investigated the relationship of
sagittal spinal alignment and risk of vertebral fracture in
menopausal female with osteoporosis. In the current study,
we found significantly different baseline sagittal profiles
between osteoporosis patients with and without vertebral
fracture. For patients developed incidental vertebral frac-
ture in the follow-up, they had significantly lower LL, LLI
and PI at the baseline examination as compared with those
having no vertebral fracture detected. As evidenced by the
regression analysis, all these three parameters were inde-
pendent risk factors for the occurrence of vertebral fracture
in patients with osteoporosis.

As a constant anatomic signature describing the shape of
pelvis, PI serves as a strong determinant of the sagittal
spinal alignment in the erect position, which can hardly be
influenced by pathologic spinal disorders except for sacro-
iliac (SI) joint diseases [16, 19]. As pelvic incidence is the
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algebraic sum of SS and PT, a lower value of PI indicates
that either or both of these values are decreased. Namely,
patients with a low PI value usually have low SS and LL
values. Furthermore, a low value of LLI was commonly
indicative of a low value of LL, which was a well-known
factor of excessive mechanical stress on the vertebral body
[21]. In many biomechanical models, compressive forces
were proved to be associated with the presence of vertebral
fracture, which can occur when the force applied to bone
exceeds its load-bearing capacity. Therefore, low PI, LL
and LLI of osteoporosis patients are therefore quite indic-
ative of accelerated degenerative changes and predisposi-
tion to vertebral fracture. In the present study, the ROC
analysis showed that the optimal cut-off values of PI and
LL were 42 °and 41 °, respectively. As reported by Zhu
et al. [19], the normal values of LL and PI in asymptomatic
adults of the Chinese population were 48.2 ° and 44.6 °,
respectively. Herein, it appears that osteoporosis patients at
potential risk of vertebral fracture tend to have significantly
lower PI and LL. As for other sagittal parameters including
TK and SS, no significant relationship with the incidence of
vertebral fracture was found in the present study. To note,
TK of patients with vertebral fracture seemed relatively
small as compared with the normal value of Chinese
female adults (28.1 °) as reported by Zhu et al. We spec-
ulated that this difference might be attributed to the
inherently different PI and LL of these two cohorts (42.3 °©
vs. 44.9 © for PI; 41.3 © vs. 48.8 © for LL), since the reci-
procal relationship among the sagittal components of the
spine have been well documented in previous studies.
Comparison of SVA between the two groups showed that
most of the osteoporosis patients could have a normal
sagittal balance before the presence of fracture. Lee et al.
[18] observed obvious sagittal imbalance in osteoporosis
patients with a history of vertebral fracture, and they
concluded that PI was a remarkable predictor for the sag-
ittal imbalance. Collectively, it can be concluded that PI is
of great value in the prediction of incidental vertebral
fracture in osteoporosis patients which can subsequently
lead to the sagittal imbalance.

In addition to sagittal spinal alignments, we found that
advancing lower BMD measured at the vertebral body was
remarkably associated with the risk of vertebral fractures.
As indicated by the odds ratio shown in the regression
analysis, LSBMD could contribute most highly to the risk
of vertebral fracture as compared with other risk factors.
Similarly, Jergas et al. [32] observed obvious difference in
BMD of subregion of vertebral body between 331 post-
menopausal women with and without vertebral fractures.
Sandor et al. [33] reported that subregional analysis of
lumbar BMD using QCT could discriminate between
fracture and non-fracture cases with 90 % accuracy. Col-
lectively, these studies suggest that osteoporosis patients

with and without vertebral fractures are likely to be dis-
criminated by the BMD of vertebral body.

In previous literatures age was reported to be a predictor
for the development vertebral fracture [11]. In the current
study, we observed that the age of fracture patients was
older than that of non-fracture patients, while the differ-
ence was not significant. In this study the incidence of
vertebral fracture was specifically investigated in meno-
pausal women with osteoporosis. Herein, as compared with
prior studies, the relatively smaller age span of our subjects
could make the difference of age between the fracture and
the non-fracture group unremarkable. Instead of age, we
noted that patients with vertebral fracture had significantly
longer year post-menopause. In the studies of Pouilles et al.
[34], early age at menopause was confirmed to be signifi-
cantly associated with the risk of vertebral fracture.
Although it was later excluded from the logistic regression
model as the independent risk factor for the vertebral
fracture, we speculated that a longer year post-menopause
could possibly indicate potentially lower BMD, which
substantially act as a strong predictor for vertebral fracture.
Therefore, compared with chronological age, year post-
menopause seems more representative for the risk of ver-
tebral fracture in elderly women.

The present longitudinal study focuses on sagittal spinal
profile of the patients with osteoporosis to predict the risk
of vertebral fracture. Our findings suggest that an assess-
ment of sagittal spinal profile would be useful for the
prediction of future vertebral fractures over a long period
of time. Overall, predictive models for vertebral fracture
should encompass a range of important parameters
including BMD and patient-specific factors such as LL,
LLI and PI. It is noteworthy that the present findings should
be interpreted within the context of the following limita-
tion. In the current study, only postmenopausal women
were included. It has been proved that there exists
remarkable gender difference regarding the risk factors of
osteoporotic vertebral fracture [35]. Hence, further studies
are warranted to verify whether the current findings can be
applied to predict the risk of vertebral fracture in male
osteoporosis patients. Besides, the incidence for new
fractures in current study (12 % over 5 years) seemed
lower than those reported by prior studies in this field. We
believed the variation concerning the incidence for new
fractures between different studies could be largely resul-
ted from the inconsistent inclusion criteria of the subjects,
divergent social structure and lifestyle of the investigated
population, different sample size or even the ethnic dif-
ferences. Herein, a consistently-designed study should be
more informative to reveal the incidence of vertebral
fracture and the related influential factors. Third, in our
study we primarily focused on potentially risky factors
including age, year post-menopause, BMD, and BMI, and
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did not take into account other factors including smoking
status or physical activity. Future studies including these
factors should be helpful for a more sound conclusion.

In conclusion, we have performed a large-scale pro-
spective study and demonstrated that osteoporosis patients
with low LL, LLI and PI could be at high risk of lumbar
vertebral fracture. In addition to BMD, the abnormal sag-
ittal spinal profile should also be taken into consideration
when predicting the incidence of vertebral fracture in such
patients.
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