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ORIGINAL ARTICLE

A Preliminary Study on the Correlation Between Spinopelvic
Parameters and Balance in Ankylosing Spondylitis
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ABSTRACT

Objectives: This study aims to identify the relationship between balance and sagittal spinopelvic alignment (SSA) in ankylosing spondylitis (AS) and
compare patients with or without lumbopelvic mismatch in terms of balance.

Patients and methods: We enrolled 41 patients (22 males, 19 females; mean age 41.3+8.9 years; range 21 to 57 years) into the study. SSA was
evaluated measuring thoracic kyphosis, lumbar lordosis, sacral slope, pelvic tilt and pelvic incidence on lateral standing X-rays of the whole spine
including the femoral heads. Patients were grouped according to presence of lumbopelvic mismatch (lumbar lordosis-pelvic incidence >10°).
Clinical parameters including age, body mass index, pain (Visual Analog Scale), disease activity (Bath Ankylosing Spondylitis Disease Activity Index),
and disease duration were recorded. Posture was evaluated measuring tragus-to-wall distance, modified Schober’s test and chest expansion.
A computerized pressure plate system (NeuroCom Balance Master®) was used for evaluating static and dynamic balance. Correlations between SSA
parameters and balance were analyzed. Patients with or without lumbopelvic mismatch were compared in terms of balance.

Results: Patients took shorter steps, as thoracic kyphosis increased and sacral slope decreased (r=-0.391, p=0.012; r=0.344, p=0.028). Patients with
lumbopelvic mismatch had significantly higher sway velocity on firm base with eyes closed and on foam base when the eyes open and closed . They
also walked more slowly compared to patients without lumbopelvic mismatch (p>0.05).

Conclusion: Lumbopelvic mismatch impaired both static and dynamic balance, while increased thoracic kyphosis and decreased sacral slope
impaired only the dynamic balance in patients with AS. Further studies with larger sample size and longer follow-ups need to be conducted to
identify the mechanism of spinal deformities and balance disorders in patients with AS.
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Ankylosing spondylitis (AS) is a chronic
inflammatory disease characterized by progressive
inflammation of the vertebral joints.! Either
inflammation of the vertebral joints, or antalgic
posture may cause postural changes including
flattened lumbar lordosis, increased thoracic
kyphosis and hip flexion in patients with AS.:5
Khan® suggested that postural changes were
associated with poor balance in patients with
AS. It has also been reported that patients with
AS had poorer balance than healthy controls.?
It has been shown that dynamic balance was

impaired as tragus-to-wall distance increased and
lumbar spine mobility decreased.”'® However,
the association between the sagittal spinopelvic
alignment (SSA) and balance is still unclear.

Thoracic kyphosis, lumbar lordosis, sacral
slope, pelvic tilt and pelvic incidence are the major
components of the SSA. Radiological parameters
that most highly correlate with pain and disability
in spinal deformities are sagittal vertical axis,
pelvic tilt, and the balance of pelvic incidence and
lumbar lordosis. The difference between pelvic
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incidence and lumbar lordosis should be less than
10° for ideal spinopelvic alignment. Since pelvic
incidence is set by adulthood, corrective surgeries
should be planned on achieving the appropriate
lumbar lordosis.!!

It has been reported that patients with AS had
lower pelvic incidence, lumbar lordosis, sacral
slope and higher pelvic tilt and sagittal vertical
axis when compared to healthy controls.”12
Sagittal vertical axis, lumbar lordosis and sacral
slope were suggested as predictive factors for the
clinical outcomes in AS.1?

Improvement of the lumbar lordosis after
corrective osteotomies was associated with
better clinical outcomes.’® Postoperative spinal
alignment should be properly planned before
the spinal deformity surgery.!* Fall prevention
is important, since falls increased the morbidity
and mortality in patients with AS.1%16 Risk
factors for falls and impaired balance should be
understood to prevent falls in patients with AS.
Also, assessment of the association between
sagittal spinopelvic parameters and balance may
provide better surgical plans and outcomes. The
balance impairment and risk factors for falls in
patients with AS were previously reported.’®
However, to our knowledge, none of the previous
studies focused on the association between the
SSA and balance in patients with AS. Therefore,
in this study, we aimed to identify the relationship
between balance and SSA in AS and compare
patients with or without lumbopelvic mismatch in
terms of balance.

PATIENTS AND METHODS

We enrolled 41 patients with AS (22 males,
19 females; mean age 41.3+8.9 years; range
21 to 57 years), who visited the rheumatology
outpatient clinic of Marmara University School
of Medicine Department of Physical Medicine
and Rehabilitation between January 2014 and
December 2015. The institutional review board
approval was obtained from the Ethics Committee
of Marmara University School of Medicine
(Approval date: 12/06/2013, project number:
09.2013.0316). Oral and written informed
consents were obtained from all participants.
This study was conducted in accordance with the
principles of the Declaration of Helsinki. Patients

were excluded if they met any of the following
criteria: age >70 years, having severe ankylosis
and range of motion limitation in lower extremity
joints due to advanced AS, patients with orthopedic
problems in the lower extremities due to other
problems (osteoarthritis etc.), history of previous
spinal and/or lower limb surgery, cardiovascular
disorders, neuromuscular or systemic disease that
may affect balance (multiple sclerosis, diabetes
mellitus etc.), malignancy, psychiatric disorders,
cognitive impairment, visual and auditory deficits,
presence of vitamin D deficiency or osteoporosis.

It was calculated that 18 individuals for each
group (lumbopelvic mismatch and lumbopelvic
match) should be recruited to have 80% power
with 5% type 1 error level to detect a minimum
clinically significant difference of pelvic incidence,
when the average expected value in the first group
was 39.8, with a standard deviation of 10.8 and
the average expected value in the second group
was 48.6, with a standard deviation of 8.7 based
on the previous research conducted by Lee et
al.'” evaluating sagittal spinopelvic parameters in
AS patients.

Demographic and clinical parameters
including age, body mass index, pain (Visual
Analog Scale), disease activity (Bath Ankylosing
Spondylitis Disease Activity Index), and
disease duration were captured. Posture was
evaluated using the core set of Assessment
in Spondyloarthritis International Society,
tragus-to-wall distance, modified Schober’s
test and chest expansion.’® All patients had
standing lateral spine X-rays (long-cassette)
from a 72-inch distance including the femoral
heads. SSA was evaluated measuring thoracic
kyphosis, lumbar lordosis, sacral slope, pelvic tilt
and pelvic incidence on lateral standing X-rays
using Surgimap™, version 2.2.9.6 (Surgimap
Spine Software, Nemaris Inc., New York, USA)
(Figure 1).

Thoracic kyphosis:!® The angle between the
upper endplate of the T4 vertebra and the lower
endplate of the T12 vertebra.

Lumbar lordosis:?>?! The angle between the
upper endplate of the L1 vertebra and the lower
endplate of the S1 vertebra.

Sacral slope:?%22 The angle between the upper
sacral endplate and the horizontal plane.
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Figure 1. (a) Lateral radiographs illustrating sagittal plane
spinopelvic profile parameters in patients with ankylosing
spondylitis. (b) Illustrative diagrams of measurements of
thoracic kyphosis, lumbar lordosis and pelvic parameters
by Surgimap®.

Pelvic tilt:?223 The angle between the line
joining the middle of the sacral endplate and hip
axis and the vertical line.

Pelvic incidence:?* The angle between a line
perpendicular to the sacral endplate at its midpoint
and a line joining the midpoint and the hip axis.1?!

Then lumbopelvic mismatch (lumbar lordosis-
pelvic incidence) was calculated on the basis of
target lumbar lordosis (=pelvic incidence+9°) as
reported by Schwab et al.!*
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Table 1. Clinical parameters, postural parameters
and sagittal spinopelvic alignment parameters in
patients with ankylosing spondylitis

Median Min-Max
Age (year) 41 21-57
Body mass index (kg/m?) 26.16 17.10-37.11
Disease duration (years) 5 1-31
Visual Analog Scale (0-10 cm) 5 0-10
Disease activity (BASDAI) 3.70 0-9
Tragus-to-wall distance (cm) 15 7-33.5
Modified Schober’s test (cm) 20 10-24
Chest expansion (cm) 4 1.5-8
Ta-T12 angle (°) 42 0-91
Lumbar lordosis (°) 49 0-78
Sacral slope (°) 32 0-46
Pelvic tilt (°) 17 0-43
Pelvic incidence (°) 48 0-87
BASDALI: Bath Ankylosing Spondylitis Disease Activity Index.

Balance was evaluated using weight bearing
squat, modified clinical test of sensory interaction
(standing on firm or foam bases), walk across,
tandem walk, step and quick turn tests of
Neurocom Balance Master System® (NeuroCom.
International, Inc., Clackamas, Orlando, USA).

All patients were assessed in the afternoon
to eliminate the effects of morning stiffness.
In weight bearing squat test, we evaluated the
difference in percentage of body weight on each
foot while standing, and then with knees flexed at
30°, 60°, and 90°.

Table 2. Correlation of sagittal spinopelvic alignment with age, pain, disease activity and disease
duration
Ta-T12 Lumbar lordosis Sacral slope Pelvic tilt Pelvic incidence

Age

r 0.147 -0.088 -0.169 0.377* 0.074

p 0.360 0.583 0.291 0.015 0.646
VAS

r -0.010 0.256 0.209 0.029 0.339*

P 0.951 0.106 0.190 0.857 0.030
Disease activity (BASDAI)

r -0.010 0.303 0.150 -0.068 0.264

P 0.951 0.057 0.357 0.675 0.100
Disease duration

r -0.004 -0.038 -0.066 0.294 0.149

) 0.979 0.813 0.683 0.062 0.353
VAS: Visual Analog Scale; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; * p<0.05.
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Table 3. Correlation of sagittal spinopelvic alignment with balance in patients with ankylosing spondylitis

Tq-T12 LL SS PT PI

Ta-Ti2

r 1 0.393* -0.067 0.105 -0.038

p 0.011 0.678 0.513 0.814
LL

r 0.393* 1 0.575** -0.350* 0.201

p 0.011 0.000 0.025 0.207
SS

r -0.067 0.575** 1 -0.344* 0.479**

p 0.678 0.0001 0.028 0.002
PT

r 0.105 -0.350* -0.344* 1 0.537**

p 0.513 0.025 0.028 0.0001
PI

r -0.038 0.201 0.479** 0.537** 1

p 0.814 0.207 0.002 0.0001
WBS 0

r 0.283 0.125 -0.206 0.088 0.064

p 0.073 0.438 0.197 0.584 0.693
WBS 30

r 0.064 0.155 0.130 -0.220 0.007

p 0.691 0.333 0.418 0.168 0.964
WBS 60

r 0.118 0.067 0.239 -0.072 0.048

P 0.462 0.677 0.132 0.656 0.767
WBS 90

r 0.274 0.049 0.162 -0.107 -0.084

p 0.083 0.760 0.311 0.507 0.600
mCSV EO

r 0.059 -0.124 0.079 -0.006 -0.011

p 0.715 0.441 0.623 0.969 0.945
mCSV EC

r 0.051 -0.116 0.125 -0.130 -0.076

p 0.752 0.469 0.438 0.418 0.638
mCSVf EO

r 0.206 0.054 0.053 0.033 0.018

p 0.196 0.739 0.741 0.836 0.911
mCSVf EC

r 0.080 -0.159 -0.171 0.220 -0.052

p 0.619 0.320 0.284 0.168 0.747
WA step width

r -0.391* -0.076 0.265 -0.227 0.014

p 0.012 0.638 0.094 0.153 0.929
WA step length

r -0.146 0.023 0.344* -0.147 0.161

p 0.363 0.887 0.028 0.359 0.315
WA speed

r -0.159 0.127 0.055 -0.158 -0.040

p 0.321 0.430 0.734 0.324 0.805
WA step length
symmetry -0.026 -0.246 0.125 0.263 0.209

r 0.870 0.122 0.436 0.096 0.189

p
TW step width

r -0.154 -0.046 0.111 0.104 0.179

p 0.337 0.773 0.489 0.519 0.263
TW speed

r -0.032 0.101 0.195 -0.052 0.124

p 0.842 0.528 0.223 0.748 0.440
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Table 3. Continued
T4-T12 LL SS PT PI

TW end sway

r 0.174 0.011 0.026 0.127 0.105

P 0.276 0.946 0.870 0.428 0.514
SQT turn time left

r 0.125 0.276 0.266 -0.094 0.220

P 0.436 0.081 0.093 0.560 0.167
SQT turn time right

r 0.152 0.069 0.090 0.057 0.116

P 0.343 0.666 0.578 0.723 0.471
SQT turn sway left

r 0.179 0.191 0.245 0.134 0.350"

P 0.263 0.231 0.123 0.404 0.025
SQT turn sway right

r 0.283 0.125 -0.206 0.088 0.064

P 0.073 0.438 0.197 0.584 0.693
SQT turn time

r 0.064 0.155 0.130 -0.220 0.007

P 0.691 0.333 0.418 0.168 0.964
SQT turn sway

r 0.118 0.067 0.239 0.072 0.048

P 0.462 0.677 0.132 0.656 0.767
T4-T12: Thoracic kyphosis; LL: Lumbar lordosis; SS: Sacral slope; PT: Pelvic tilt; PI: Pelvic incidence; WBS 0, 30, 60, 90: Weight bearing squat test with knees
flexed at 0°, 30°, 60°, 90°; mCSV EO: Modified sway velocity of firm base- eyes open; mCSV EC: Modified sway velocity of firm base- eyes closed; mCSVf EO:
Modified sway velocity of foam base-eyes open; mCSVf EC: Modified sway velocity of foam base- eyes closed; WA: Walk across test; TW: Tandem walk test;
SQT: Step and quick turn test; * p<0.05; ** p<0.01.

The modified clinical test of sensory interaction
on balance had two parts. In the first part, the
patient was requested to stand on a firm base with
eyes open. Then, patient stood on a firm base with
eyes closed. This test was also repeated on a foam
base. Each part was performed three times. Then,
we calculated the means of sway velocity of firm or
foam bases when the eyes open and closed.

In walk across test, patient was asked to walk
as usual for three times. Then, the mean values of
step width, step length, step length symmetry and
speed were calculated.

The tandem walk test was also repeated for
three times. Then, the mean values of step width,
speed and end sway were calculated.

The step and quick turn test was also repeated
for three times for each side. In this test, patient
was asked to step forward and turn 180° back
without taking the step off. The mean values of
turning time and sway were calculated.

Statistical analysis

G*Power version 3.1.9.2 (Heinrich Heine
University, Dusseldorf, Germany) was used for

sample size estimation. Data were analyzed
using IBM-SPSS for Windows version 22.0 (IBM
Corp., Armonk, NY, USA). The histogram and
normality plots and Shapiro-Wilk normality test
were used for data distribution analysis. Analysis
of the main characteristics of patients was
performed using descriptive studies. Data were
expressed by mean = standard deviation. The
two groups (patients with or without lumbopelvic
mismatch) were compared using Mann-Whitney
U test and data were expressed as median
(minimum-maximum). Spearman’s rank was
used for analyzing the association of SSA with
balance. A p value of <0.05 was considered
statistically significant.

RESULTS

Demographic, clinical, postural parameters
and SSA parameters in patients with AS were
presented in Table 1.

Patients with AS moderately increased their
pelvic tilt, as they got older (r=0.377, p=0.015).
They felt more pain, as they had higher pelvic
incidence (r=0.339, p=0.03) (Table 2).
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Table 4. Clinical parameters and balance in patients with or without lumbopelvic mismatch
Patients with Patients without
lumbopelvic mismatch (n=26)  lumbopelvic mismatch (n=15)
Mean+SD Mean+SD p
Age (year) 40.4+9.3 43+8.2 0.360
Disease duration (years) 7.8+6.3 8.7+8.7 0.940
Bath Ankylosing Spondylitis Disease Activity Index 3.4+2.4 4.2+2.4 0.360
Weight bearing squat at 0° (%) 9.8+7.6 7.6+5.9 0.390
Weight bearing squat at 30° (%) 9.2+7.6 7.2+5.3 0.620
Weight bearing squat at 60° (%) 8.2+7.3 9.6+7.5 0.600
Weight bearing squat at 90° (%) 7.5+6.8 6.4+6.1 0.600
Sway velocity on firm base-eyes open (degrees/second) 0.3+0.2 0.2+0.3 0.100
Sway velocity on firm base-eyes closed (degrees/second) 0.3+0.3 0.2+0.2 0.030*
Sway velocity on foam base-eyes open (degrees/second) 0.8+0.3 0.5+0.3 0.009*
Sway velocity on foam base-eyes closed (degrees/second) 1.5+0.6 1.1+0.4 0.011*
Walk across-step width (cm) 16.1+54 17.8+2.1 0.620
Walk across-step length (cm) 49.7+9.8 49.5+7.3 0.870
Walk across-speed (cm/second) 58.1+11.7 65.2+14.8 0.040*
Walk across-step length symmetry (%) 17.0+13.7 17.2+14.2 0.760
Tandem walk-step width (cm) 7.1+1.7 6.4+0.9 0.090
Tandem walk-speed (cm/second) 23.7£6.9 22.1+3.5 0.590
Tandem walk-end sway (degrees/second) 4.7+2.5 44+1.4 0.980
Step and quick turn-time (second) 2.3+3.1 1.4+0.5 0.450
Step and quick turn-sway (°) 32.2+14.1 25.1+7.7 0.140
SD: Standard deviation; * p<0.05.

As thoracic kyphosis increased and sacral
slope decreased (in other words, as the spine
became C-shaped on lateral X-rays), patients took
moderately shorter steps (r=-0.391, p=0.012;
r=0.344, p=0.028). Among sagittal alignment
parameters, the most significant correlations
were detected between the lumbar lordosis and
sacral slope, as expected (r=0.570, p<0.001).
Pelvic tilt increased, as patients with AS had
higher pelvic incidence (r=0.537, p<0.001)
(Table 3). Patients with lumbopelvic mismatch
(males=13, females=13) had significantly higher
sway velocity while standing with eyes closed on
firm base and with eyes open and closed on foam
base. They also walked more slowly compared to
patients without lumbopelvic mismatch (Table 4).

DISCUSSION

In this study, we aimed to identify whether
SSA was associated with balance in patients with
AS. We also aimed to analyze the association of

lumbopelvic mismatch with balance in patients
with AS.

Our study showed that patients with AS
increased their pelvic tilt by retroverting their
pelvis, as they got older. Shin et al.!? also reported
a positive correlation between age and pelvic tilt
in patients with AS. Consistent with the literature,
patients with higher pelvic incidence were found
to feel more pain.'” Since they felt more pain
as they had higher pelvic incidence, they might
have retroverted their pelvis as a compensatory
mechanism.

Postural changes in AS such kyphosis occur
due to prolonged progressive stiffening of the
spine and thorax. As AS advances and causes
thoracolumbar kyphosis, forward head posture
increases with decreased level of horizontal
gaze, while sagittal balance declines. We also
found that patients walked with slightly shorter
steps, as thoracic kyphosis advanced. It has also
been reported that advanced kyphosis impaired
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dynamic balance in patients with AS.”81025 Qur
study showed that patients with AS walked with
shorter steps, as the sacral slope decreased. It has
been demonstrated that sacral slope is the most
important indicator of sagittal balance.?® It has
also been reported that sacral slope was related
with kyphosis in Chinese patients with AS.2” We
suggest that patients with AS walked in shorter
steps, as their spine became C-shaped.

The orientation and harmonization of the
lumbosacral pelvic junction play a key role in
SSA of the spine. Lumbopelvic mismatch is an
important measure for SSA and it is strongly
associated with postoperative pain and disability.!*
Measurement of SSA is neglected in daily practice
although surgical treatment of spinal deformities
in AS increased in recent years.

Neither disease activity nor disease duration
was associated with the SSA parameters. Our
patients had relatively shorter disease duration
and lower disease activity compared to the
literature. In this study, we would like to point
the possibility of balance disorders even in early
terms of AS. To our knowledge, no previous
study investigated the associations between
disease activity, disease duration and SSA
parameters in patients AS. Neither pain nor
disease activity was significantly correlated
with balance and posture in AS, previously.3”8
In order to clarify the association between
the disease duration and SSA parameters,
further studies with larger sample size and
longer duration of disease should be conducted.
Moreover, the association of lumbopelvic
mismatch with balance in patients with AS has
not been reported yet.

In our study, patients with lumbopelvic
mismatch had poorer balance while standing on
firm or foam bases. It has been reported that
patients with AS had proprioceptive deficits
when compared to healthy subjects.>® However,
to our knowledge, no previous study compared
patients with or without lumbopelvic mismatch.
In the present study, patients with lumbo-pelvic
mismatch walked more slowly. In our previous
study, we observed that patients with AS had
worse dynamic balance while walking compared
to healthy subjects. Patients with AS widened
their steps and walked more slowly to compensate
their poor dynamic balance.?
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Sagittal spinopelvic alignment parameters
were associated with pain, and balance.
Lumbopelvic mismatch impaired both static and
dynamic balance. We suggest a comprehensive
evaluation of the spine, pelvis, and femoral shaft
to avoid balance disorders in patients with AS.

Our study has some limitations. First, we did
not have a control group of healthy volunteers,
since it would have been unethical to take X-rays
of people when there was no health benefit for
them. Second, we did not include interactions
with hip, knee and ankle and sacroiliac joints,
which are important in AS. However, we excluded
patients with severe ankylosis and range of
motion limitation in lower extremity to eliminate
these effects.

In conclusion, lumbopelvic mismatch impaired
both static and dynamic balance, while increased
thoracic kyphosis and decreased sacral slope
impaired only the dynamic balance in patients
with AS. To the best of our knowledge, this is the
first study to identify the association of SSA with
balance in patients with AS. Further prospective
studies with larger sample size and longer disease
duration need to be performed to understand the
mechanism of the SSA and balance in patients
with AS.

Declaration of conflicting interests

The authors declared no conflicts of interest with
respect to the authorship and/or publication of this article.

Funding

The authors received no financial support for the
research and/or authorship of this article.

REFERENCES

1. Sieper J, Rudwaleit M, Khan MA, Braun J. Concepts
and epidemiology of spondyloarthritis. Best Pract Res
Clin Rheumatol 2006;20:401-17.

2. Bot SD, Caspers M, Van Royen BJ, Toussaint
HM, Kingma I. Biomechanical analysis of posture
in patients with spinal kyphosis due to ankylosing
spondylitis: a pilot study. Rheumatology (Oxford)
1999,38:441-3.

3. Murray HC, Elliott C, Barton SE, Murray A. Do
patients with ankylosing spondylitis have poorer
balance than normal subjects? Rheumatology (Oxford)

2000;39:497-500.



Correlation Between Spinopelvic Parameters and Balance in Ankylosing Spondylitis 25

10.

11.

12.

13.

14.

15.

16.

17.

Sawacha Z, Carraro E, Del Din S, Guiotto A,
Bonaldo L, Punzi L, et al. Biomechanical assessment
of balance and posture in subjects with ankylosing
spondylitis. J Neuroeng Rehabil 2012;9:63.

Swinkels A, Dolan P. Spinal position sense and disease
progression in ankylosing spondylitis: a longitudinal
study. Spine (Phila Pa 1976) 2004,29:1240-5.

Khan MA. Rheumatology. In: Klippel JH, Dieppe PA,
editors. St Louis: Mosby; 1994. p. 10-1.

Aydog E, Depedibi R, Bal A, Eksioglu E, Unlii E, Cakci
A. Dynamic postural balance in ankylosing spondylitis
patients. Rheumatology (Oxford) 2006;45:445-8.
Gunduz OH, Ozcan-Eksi EE, Giray E, Yagci I. What
impairs balance in ankylosing spondylitis? posture or
disease activity? Arch Rheumatol 2017;32:221-6.
Adam M, Leblebici B, Erkan AN, Bagis S, Akman
MN. Ankylosing spondylitis and postural balance.
Rheumatism 2008;23:87-90.

Batur EB, Karatas GK. Do postural changes affect
balance in patients with ankylosing spondylitis?
J Rehabil Med 2017;49:437-40.

AokiY, Nakajima A, Takahashi H, Sonobe M, Terajima
F, Saito M, et al. Influence of pelvic incidence-lumbar
lordosis mismatch on surgical outcomes of short-
segment transforaminal lumbar interbody fusion.
BMC Musculoskelet Disord 2015;16:213.

Shin JK, Lee JS, Goh TS, Son SM. Correlation
between clinical outcome and spinopelvic parameters
in ankylosing spondylitis. Eur Spine J 2014;23:242-7.
Lin B, Zhang WB, Cai TY, Lu CW, Zhou Q, Huang
Z, et al. Analysis of sagittal balance using spinopelvic
parameters in ankylosing spondylitis patients treated
with vertebral column decancellation surgery. Acta
Orthop Belg 2015;81:538-45.

Schwab F, Lafage V, Patel A, Farcy JP. Sagittal plane
considerations and the pelvis in the adult patient.
Spine (Phila Pa 1976) 2009;34:1828-33.

Dursun N, Sarkaya S, Ozdolap S, Dursun E, Zateri C,
Altan L, et al. Risk of falls in patients with ankylosing
spondylitis. J Clin Rheumatol 2015;21:76-80.
Westerveld LA, van Bemmel JC, Dhert WJ, Oner
FC, Verlaan JJ. Clinical outcome after traumatic
spinal fractures in patients with ankylosing spinal
disorders compared with control patients. Spine J
2014;14:729-40.

Lee JS, Suh KT, Kim JI, Goh TS. Analysis of sagittal
balance of ankylosing spondylitis using spinopelvic

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

parameters. J Spinal Disord Tech 2014;27:E94-8.
Calvo-Gutiérrez J, Garrido-Castro JL, Gonzalez-
Navas C, Castro-Villegas MC, Ortega-Castro R,
Lopez-Medina C, et al. Inter-rater reliability of clinical
mobility measures in ankylosing spondylitis. BMC
Musculoskelet Disord 2016;17:382.

Rose PS, Bridwell KH, Lenke LG, Cronen GA,
Mulconrey DS, Buchowski JM, et al. Role of pelvic
incidence, thoracic kyphosis, and patient factors on
sagittal plane correction following pedicle subtraction
osteotomy. Spine (Phila Pa 1976) 2009;34:785-91.
Berthonnaud E, Dimnet J, Roussouly P, Labelle H.
Analysis of the sagittal balance of the spine and pelvis
using shape and orientation parameters. J Spinal
Disord Tech 2005;18:40-7.

Yong Q, Zhen L, Zezhang Z, Bangping Q, Feng Z,
Tao W, et al. Comparison of sagittal spinopelvic
alignment in Chinese adolescents with and without
idiopathic thoracic scoliosis. Spine (Phila Pa 1976)
2012;37:E714-20.

Bao H, He S, Liu Z, Zhu Z, Qiu Y, Zhu F. Will
immediate postoperative imbalance improve in
patients with thoracolumbar/lumbar degenerative
kyphoscoliosis? A comparison between Smith-
Petersen osteotomy and pedicle subtraction
osteotomy with an average 4 years of follow-up.
Spine (Phila Pa 1976). 2015;E293-300.

Lafage V, Schwab F, Patel A, Hawkinson N, Farcy JP.
Pelvic tilt and truncal inclination: two key radiographic
parameters in the setting of adults with spinal
deformity. Spine (Phila Pa 1976) 2009;34:E599-606.
Bernhardt M, Bridwell KH. Segmental analysis of
the sagittal plane alignment of the normal thoracic
and lumbar spines and thoracolumbar junction. Spine
(Phila Pa 1976) 1989;14:717-21.

Wing AM, Barton J, Turton A, Howick I. Regulation of
the lateral position of body centre of mass in standing
support of the University Undergraduate Projects
balance. Physiother Theory Practice 1992;8:131-5.
Pan T, Qian BP, Qiu Y. Comparison of Sagittal
Spinopelvic Alignment in Patients With Ankylosing
Spondylitis and Thoracolumbar Fracture. Medicine
(Baltimore) 2016;95:e2585.

Qian BP, Jiang J, Qiu Y, Wang B, Yu Y, Zhu ZZ. The
presence of a negative sacral slope in patients with
ankylosing spondylitis with severe thoracolumbar
kyphosis. J Bone Joint Surg [Am] 2014;96:¢188.



