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Low pelvic incidence is associated with Andersson lesions
in ankylosing spondylitis patients with kyphosis
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Abstract
Introduction/objectives This study was to investigate the role of pelvic incidence (PI) in the development of Andersson lesions
(ALs) in ankylosing spondylitis (AS) patients with kyphosis and to evaluate the difference in sagittal spinopelvic parameters
between inflammatory ALs and mechanical ALs.
Method A total of 135 AS patients with kyphosis were reviewed. The patients were classified into AL group and non-AL group
based on the presence or absence of ALs. Additionally, AS patients with ALs were also classified as either inflammatory or
mechanical lesions depending on the radiological features of the lesions. The sagittal spinopelvic parameters of all these AS
patients were measured and compared. Logistic regression analysis was performed to determine the powerful variables for
predicting ALs in AS patients.
Results ALs were detected in 34 patients (25.2%) of the total 135 AS patients. The mean PI of the AL group was 40.0°, which
was significantly lower than that (48.3°) of the non-AL group (P < 0.001). No statistically significant difference was observed in
PI (P = 0.350) between the inflammatory lesion group and the mechanical lesion group. Logistic regression analysis showed that
only PI was a statistically significant risk factor for ALs (P < 0.001) and was negatively correlated with ALs (odds ratio = 0.76).
Conclusions These data suggest that low PI is closely associated with ALs in AS patients with kyphosis and that it might be a
possible risk factor for the development of ALs.Moreover, both inflammatory and mechanical ALs patients had similarly low PI.

Key Points
• Low PI was closely associated with ALs in AS patients with kyphosis and might be a possible risk factor for development of ALs.
• Either inflammatory or mechanical ALs patients had similar low PI.
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Introduction

Andersson lesions (ALs) are a type of destructive verte-
bral or discovertebral lesion that occurs as a late compli-
cation in ankylosing spondylitis (AS) [1], and these le-
sions were first described by Andersson in 1937 [2].

The reported prevalence of ALs in AS patients ranges
dramatically from 1% to over 28% [1–3]. Progressive lo-
calized thoracolumbar pain or sharp localized pain after
minor trauma is the main complaint in the patients with
ALs and is often accompanied by evolutional spinal ky-
photic deformity [1, 4]. Neurologic symptoms, such as
radiculopathy or spinal cord compression, are also occa-
sionally observed [5]. Since the initial study of
Andersson, these lesions of the spine in AS have been
termed spondylodiscitis, vertebral lesions, destructive ver-
tebral lesions, discitis, spinal pseudarthrosis, or (stress)
fractures [1–3]. Two main theories, including inflammato-
ry and traumatic/mechanical lesions, have been proposed
to explain the cause and pathology of these lesions [2].
However, the exact etiology of ALs and the factors that
are important for the development of ALs remain unclear
[1, 2, 6].
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In recent years, the sagittal morphology of the spine
and pelvis has become one of the topics of most focus
in spine research. Pelvic incidence (PI) is an individual,
static, and position-independent anatomic sacropelvic pa-
rameter [7–9] that was first introduced by Legaye et al.
[10]. PI is a critical measurement in the evaluation of
overall spinopelvic balance, and it is defined as the angle
between the line perpendicular to the sacral plate at its
midpoint and the line connecting this point to the axis
of the femoral heads [10]. PI equals the sum of the sacral
slope (SS) and pelvic tilt (PT) (PI = SS + PT). Numerous
studies have shown that abnormal PI is a risk factor for
sagittal imbalance of the spine, such as spondylolisthesis,
and these studies have found that PI might be related to
certain spinal pathologies [11–13].

Previous studies have demonstrated that AS patients have
abnormal spinopelvic balance and pelvic morphology, but the
correlation between sagittal spinopelvic parameters and the
development of spinal disorders in patients with AS has not
yet been confirmed [14–17]. To the best of our knowledge,
however, no published studies have analyzed the potential
effects of abnormal PI on ALs in AS patients. Hence, the
objectives of the present study were to investigate the role of
PI in the development of ALs in AS patients with kyphosis
and to evaluate the difference in sagittal spinopelvic parame-
ters between inflammatory ALs and mechanical ALs.

Materials and methods

Participants

We performed a retrospective review of 256 consecutive AS
patients with kyphosis who underwent spinal surgery at our
center between January 2011 and December 2016. All AS
patients met the most recent modified New York criteria
[18]. The inclusion criteria were (1) kyphotic deformity with
global kyphosis > 40° [19], (2) no scoliosis or a coronal curve
< 10°, and (3) no hip flexion contractures. The exclusion
criteria were (1) previous spine surgery, (2) previous hip or
lower extremity surgery, (3) preoperative infection of the
spine, and (4) preoperative acute spinal fractures. Therefore,
this study included 135 patients (121 males and 14 females)
with a mean age of 37.7 years old (range from 19 to 65). The
present study was approved by the Clinical Research Ethics
Committee of our institution.

All these 135 patients with AS underwent spinal sur-
gery mainly for kyphotic deformity. All of them were
examined by X-ray and CT; however, only part of them
underwent MRI. The patients were classified into two
groups based on the presence or absence of ALs (AL
group and non-AL group) according to the features of
X-ray, CT, and MRI. Additionally, AS patients with ALs

were also classified into an inflammatory lesion group or
a mechanical lesion group, depending on the previously
reported radiological characteristics of the lesions [1, 2].
The criteria for the diagnosis of inflammatory ALs are
narrow disc space, abnormal radiodensity of the adjacent
vertebrae, and erosional end plate but without severely
destructed vertebral bodies on X-ray or CT images. On
MRI, low signal intensity of the vertebral bodies adjacent
to intervertebral disc was seen on the T1-weighted images
and high signal intensity of the corresponding vertebras
was noticeable on the T2-weighted images. The criteria
for the diagnosis of mechanical ALs are irregular verte-
bral or discovertebral osteolysis, destruction of interverte-
bral disc with surrounding reactive sclerosis and hypertro-
phy, and pseudarthrosis at the lesion on X-ray or CT im-
ages. On the T1-weighted images, low signal intensity of
the mechanical lesion was noticeable. T2-weighted im-
ages may reveal irregular mixture signal intensity in the
central destructive zone and reduced signal intensity in
the surrounding area.

Measures

Full-length spine radiographs that included the whole
spine and pelvis of AS patients who were standing in a
neutral and unsupported position were taken preoperative-
ly. The following radiographical parameters were
assessed: the PI, the angle between the line perpendicular
to the sacral plate at its midpoint and the line connecting
this point to the center of the femoral heads; PT, the angle
between the line drawn from the midpoint of the sacral
plate to the center of the femoral heads and the vertical
axis; SS, the angle between the line along the sacral plate
and the horizontal line; thoracic kyphosis (TK), the angle
between the upper end plate of T4 and the lower end plate
of T12; thoracolumbar kyphosis (TLK), the angle between
the upper end plate of T11 and the lower end plate of L2;
lumbar lordosis (LL), the angle between the upper end
plate of L1 and the upper end plate of S1; sagittal vertical
axis (SVA), the distance between the C7 plumb line
(C7PL) and the posterosuperior corner of S1; global ky-
phosis (GK), the angle between the superior endplate of
the maximally tilted upper end vertebra and the inferior
endplate of the maximally tilted lower end vertebra; and
T1 pelvic angle (TPA), the angle between the line from
the femoral heads to the center of the T1 vertebral body
and the line from the femoral heads to the center of the
superior sacral end plate [20]. For GK, TK, TLK, and LL,
the angle was negative if the curve was lordotic and was
positive if the curve was kyphotic. Surgimap (New York,
NY, USA) was used to measure all the parameters. All
measurements were performed twice independently by 3
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spine surgeons with an interval of 2 weeks between
measurements.

Statistical analysis

The statistical analyses were performed using IBM SSPS (ver-
sion 24, IBM Corp.). Continuous variables are presented as
the means ± standard deviations. The two groups were com-
pared with Student’s t test and the chi-square test. Stepwise
multiple logistic regression was used to determine the power-
ful variables for predicting ALs in AS patients. In the logistic
regression analysis, multicollinearity was assessed as negative
based on a variance inflation factor < 10 and a coefficient
tolerance > 0.1. P < 0.05 was considered statistically
significant.

Results

Andersson lesions were detected in 34 patients (25.2%) of the
total 135 AS patients with kyphosis. Inflammatory lesions
were identified in 22 segments in 15 patients, and mechanical
lesions were found in 19 segments in 19 patients (Table 1 and
Figs. 1 and 2). The most common levels were L1–2 in inflam-
matory lesions and T12-L1 in mechanical lesions.

The comparison of sagittal spinopelvic parameters between
the AL and non-AL groups is presented in Table 2. The mean
PI of the AL group was 40.0°, which was significantly lower
than that (48.3°) of the non-AL group (P < 0.001). Similarly,
the PT (34.6° vs. 39.8°, P = 0.034), SVA (137.4 mm vs.
165.9 mm, P = 0.037), and TPA (40.8° vs. 48.1°, P = 0.007)
of the AL group were significantly lower than those of the
non-AL group. The TLK (39.6° vs. 33.5°, P = 0.026) of the
AL group was significantly higher than that of the non-AL
group. No significant differences were observed between the
two groups in terms of SS (P = 0.119), TK (P = 0.124), LL
(P = 0.545), and GK (P = 0.188).

Table 3 shows the sagittal spinopelvic parameters of AS
patients with ALs. The PI (P = 0.350), PT (P = 0.345), SS
(P = 0.513), TK (P = 0.809), TLK (P = 0.950), LL (P =
0.080), and GK (P = 0.148) did not show any statistically
significant differences between the two groups (inflammatory
lesion group and mechanical lesion group). The mean PI was
40.8 ± 5.4° in the inflammatory lesion group and 39.4 ± 3.3°
in the mechanical lesion group. However, the SVA (P = 0.009)
and TPA (P = 0.011) were significantly higher in the inflam-
matory lesion group than in the mechanical lesion group.

According to the comparisons between the AL group and
the non-AL group, the PI, PT, SVA, TPA, and TLK were all
considered for multivariate analysis. Multivariate logistic re-
gression analysis showed that only PI was a statistically sig-
nificant risk factor for ALs (P < 0.001) and was negatively
correlated with ALs (odds ratio = 0.76; 95% CI, 0.66–0.87)
(Table 4).

Discussion

ALs represent a well-known complication in the late stage
of AS, and they are most commonly observed in middle-
aged patients (63–86%) with long-standing AS [21]. AL
can cause back pain, spinal pseudarthrosis, and progres-
sive kyphosis deformities, which may lead to sagittal im-
balance [4]. The reported prevalence of ALs in the litera-
ture varies greatly, ranging from 1% to over 28% [1–3]. In
our study, 25.2% of AS patients had Andersson lesions,
among which 11.1% were inflammatory lesions and
14.1% were mechanical lesions. However, Park et al. [2]
investigated 622 patients with AS and found that the prev-
alence of ALs was 5.3%, in which 3.9% were inflamma-
tory lesions and 1.4% were mechanical lesions. The dif-
ference between these two studies might be mainly due to
the different AS populations included. The patients in our
study were advanced cases with kyphosis, who only pre-
sented one subset of AS. Thus, the prevalence of ALs in
our patients was possibly higher than that in the whole AS
population.

Until now, the exact etiology of ALs has been unknown.
Several possibilities for the cause and pathology of ALs have
been postulated in the literature, including infection, inflam-
mation, trauma, and mechanical stress [1, 22]. However, most
authors suggested either an inflammatory or a traumatic/
mechanical etiology when describing ALs in studies [1–4].
Bron et al. [1] summarized the possible etiologies into three
different groups: (1) localized lesions that always had an in-
flammatory origin; (2) extensive lesions without fracture of
posterior elements, which had a combination of inflammatory
andmechanical origins; and (3) extensive lesions with fracture
of posterior elements that had a mechanical origin. Nikolaisen
et al. [23] proposed a primary inflammatory origin for ALs

Table 1 Site of the 22 inflammatory Andersson lesions and 19
mechanical Andersson lesions

Level Inflammatory ALs (n, %) Mechanical ALs (n, %)

T9/10 0 (0) 1 (5.3)

T10/11 1 (4.5) 4 (21.1)

T11/12 1 (4.5) 4 (21.1)

T12/L1 5 (22.7) 5 (26.3)

L1/2 8 (36.4) 4 (21.1)

L2/3 3 (13.6) 1 (5.3)

L3/4 4 (18.2) 0 (0)

Total 22 (100) 19 (100)

ALs, Andersson lesions
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according to the early immunohistopathological findings in a
severe symptomatic spondylodiscitis patient with AS. Fang
et al. [24] assumed that trauma without an inflammatory ele-
ment was the primary cause of extensive lesions based on the
histological observations in a study of 35 patients with AS.

Recently, Qiao et al. [6] also reported a traumatic origin rather
than an inflammatory origin for AS-related pseudarthrosis by
analyzing the radiological and histological findings of 18 pa-
tients with extensive Andersson lesions. The differential opin-
ions among these authors may be explained by the

Fig. 2 Preoperative lateral X-ray
of a 34-year-old female patient
with inflammatory Andersson
lesions at L1–2 and L2–3 showed
kyphotic deformity (a). The value
of PI was 41.8°. Preoperative CT
showed narrow disc space,
abnormal radiodensity of the
adjacent vertebrae, and erosional
end plate but without severe
destruction at the same levels (b).
Postoperative lateral X-ray
showed the kyphosis was
corrected by posterior L3 pedicle
subtraction osteotomy

Fig. 1 Preoperative lateral X-ray
of a 45-year-old male patient with
a mechanical Andersson lesion at
T12-L1 showed kyphotic
deformity (a). The value of PI was
40.2°. Preoperative CT showed
severe destruction of
intervertebral disc with
surrounding reactive sclerosis,
irregular osteolysis, and
pseudarthrosis at T12-L1 (b).
Postoperative lateral X-ray
showed the kyphosis was
corrected by posterior
instrumentation and fusion (c)
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heterogeneous group of lesions and the lack of proper and
generally accepted diagnostic criteria [1].

PI, one of the spinopelvic parameters, has the advantage of
position independence and remains unchanged regardless of
the motions or postures of the spine or pelvis [9]. It has been
well recognized that PI regulates the sagittal alignment of the
spine, pelvis, and hips [7, 13] and determines the ability of
pelvic compensation for sagittal imbalance [25]. In the litera-
ture, a large number of investigations have demonstrated that
either low PI or high PI is associated with spinal or hip pathol-
ogy [8, 11–13, 26–28]. It is understandable that the differential
roles of PI in the development of these diseases have different
mechanisms due to their own characteristics of pathogenesis.
To our knowledge, this is the first study to investigate the role
of PI in the development of ALs. Our data showed that AS

patients with ALs had a lower PI (40.0° vs. 48.3°, P < 0.001)
than those without ALs, while there was no difference in PI
between the inflammatory lesion and mechanical lesion
groups (40.8° vs. 39.4°, P = 0.350). The present study also
found that a lower PI value might be a risk factor for the
development of ALs in AS patients (odds ratio = 0.76,
P < 0.001).

With regard to the relationship between a low PI and ALs,
we suggested there might be two possible explanations. One
explanation is the role of PI in the regulation of other spinal
parameters, such as LL. The low PI has been associated with
flattening, hence decreasing, of the lumbar lordosis which is
frequently found in AS [7, 25]. The decrease of lumbar lordo-
sis in AS is generally associated with co-occurrence of thorac-
ic or thoracolumbar kyphosis, which may normally slide the
plumb line anteriorly [14, 15]. In that case, we would expect
an increase of loading on anterior side of motion segment.
This abnormal mechanical stress may be related to lesions in
AS. The other explanation is that the compensatory capacity
of patients with a low PI for severe kyphosis is less than that of
patients with a high PI [15]. To maintain sagittal balance and
an upright posture, AS patients with thoracolumbar kyphosis
need to initiate several compensatory mechanisms, such as
retroversion of the pelvis, extension of the hips, and flexion

Table 2 Details of the ankylosing spondylitis patients

AL (n = 34) Non-AL
(n = 101)

P

Sex, M/F 29/5 92/9 0.338

Age (years) 40.9 ± 8.0 36.6 ± 9.6 0.021*

Pelvic incidence (°) 40.0 ± 4.3 48.3 ± 8.4 < 0.001*

Pelvic tilt (°) 34.6 ± 10.9 39.8 ± 12.6 0.034*

Sacral slope (°) 5.4 ± 9.6 8.5 ± 10.3 0.119

Thoracic kyphosis (°) 59.1 ± 19.1 53.5 ± 18.1 0.124

Thoracolumbar kyphosis
(°)

39.6 ± 16.7 33.5 ± 12.6 0.026*

Lumbar lordosis (°) − 7.4 ± 22.9 − 4.8 ± 15.5 0.545

Sagittal vertical axis (mm) 137.4 ± 78.3 165.9 ± 64.2 0.037*

Global kyphosis (°) 85.2 ± 19.9 80.2 ± 18.9 0.188

T1 pelvic angle (°) 40.8 ± 14.4 48.1 ± 13.0 0.007*

AL, Andersson lesion; Non-AL, non-Andersson lesion; M, male; F,
Female

*Statistically significant (P < 0.05)

Table 3 Details of the ankylosing
spondylitis patients with ALs Inflammatory lesions (n = 15) Mechanical lesions (n = 19) P

Sex, M/F 12/3 17/2 0.439

Age (years) 37.1 ± 5.4 43.9 ± 8.6 0.011*

Pelvic incidence (°) 40.8 ± 5.4 39.4 ± 3.3 0.350

Pelvic tilt (°) 36.6 ± 13.6 33.0 ± 8.4 0.345

Sacral slope (°) 4.2 ± 11.6 6.4 ± 7.8 0.513

Thoracic kyphosis (°) 60.0 ± 20.0 58.4 ± 18.9 0.809

Thoracolumbar kyphosis (°) 39.4 ± 12.3 39.8 ± 19.8 0.950

Lumbar lordosis (°) 0.3 ± 21.4 − 13.5 ± 22.7 0.080

Sagittal vertical axis (mm) 175.6 ± 78.3 107.3 ± 65.7 0.009*

Global kyphosis (°) 90.8 ± 23.2 80.7 ± 16.2 0.148

T1 pelvic angle (°) 47.7 ± 16.0 35.4 ± 10.4 0.011*

ALs, Andersson lesions; M, male; F, Female

*Statistically significant (P < 0.05)

Table 4 Multivariate logistic regression analysis of risk factors for
Andersson lesions

Risk factor Odds ratio 95% CI P

Pelvic incidence (°) 0.76 0.66–0.87 < 0.001*

Pelvic tilt (°) 0.99 0.90–1.09 0.886

Thoracolumbar kyphosis (°) 1.02 0.98–1.05 0.434

Sagittal vertical axis (mm) 0.99 0.98–1.00 0.095

T1 pelvic angle (°) 1.05 0.94–1.17 0.363

*Statistically significant (P < 0.05)
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of the ankles and knees [25]. Among these compensatory
mechanisms, pelvic retroversion is the major accommodation
of kyphotic deformities in AS patients [15, 19, 29]. The SS,
demonstrating the orientation of the sacral plate, decreases and
the PT increases when the pelvis retroverts. According to the
relationship among the PI, PT, and SS, PI = SS + PT, the pel-
vic incidence angle, which is the patient’s native anatomic
parameter, determines the orientation of the sacral plate and
the ability of pelvic retroversion [19, 25, 30]. Therefore, AS
patients with either a high PI or low PI can compensate for the

same degree of spinal kyphosis through pelvic retroversion, as
long as the deformity is not severe enough to exceed the max-
imum compensation of pelvis (Fig. 3). When the kyphotic
deformity progresses beyond the maximum compensation
for pelvic retroversion, AS patients with a low PI are not able
to compensate; however, AS patients with a high PI have good
capacity for compensation of the sagittal imbalance by pro-
ducing a large posterior tilt of the pelvis under the circum-
stances of similar deformities (Fig. 4). As a result, more stress
may be applied to the spines of AS patients with a low PI than

Fig. 3 When the deformity does
not exceed the maximum
compensation of pelvis, AS
patients with either a high PI or
low PI can compensate for the
same degree of spinal kyphosis
through pelvic retroversion

Fig. 4 When the kyphotic
deformity progresses beyond the
maximum compensation of pelvic
retroversion, AS patients with a
low PI are not able to compensate,
which might induce more stress
on the spine. However AS
patients with a high PI have
greater capacity of compensation
for the sagittal imbalance under
the circumstances of similar
deformities
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to those of patients with a high PI, especially to the
thoracolumbar junction, thus resulting in the development of
ALs.

It was reported that the incidence of pseudarthrosis in ky-
photic AS patients was higher than that in AS patients without
kyphosis [4]. In this study, we also found that TLK of the AL
group was significantly higher compared with that of the non-
AL group, which indicated the kyphotic deformity might be
associated with ALs. However, multivariate logistic regres-
sion analysis showed that TLK was not the risk factor for
ALs. In addition, there were no significant differences in TK
and GK between the AL group and the non-AL group.
Therefore, the causal association between the location and
severity of kyphosis and AL development was not still con-
firmed. The relationship among PI, kyphosis, and ALs was
possibly more complex, which might involve more other fac-
tors, such as full body sagittal alignment and the range of
movement of hips or knees. More further researches are need-
ed to analyze this relationship in the future.

Previous studies have mainly focused on imaging appear-
ances according to the possible etiologies of ALs [1, 2, 22]. In
our study, the mechanical ALs were mostly observed at T12-
L1 and the inflammatory lesions were mostly at L1–2. The
segments most frequently affected by ALs were those of the
thoracolumbar junction, which was consistent with findings
from previous studies [1, 4]. The stresses at the thoracolumbar
junction are radically increased compared with other levels in
AS patients with kyphosis [2, 4]. Since all ALs patients had no
previous histories of trauma in the present study, the mechan-
ical stress theory for these lesions might be supported.
However, the inflammatory lesions usually affect multiple
levels, while the mechanical lesions often involve only one
single level [2], which were also confirmed by our study. The
levels and distribution of lesions, as well as the radiological
characteristics of lesions, were different between the mechan-
ical and inflammatory groups, which indicated that the me-
chanical and inflammatory lesions might have different ori-
gins of etiology. For the cause of inflammatory lesions, the
inflammatory process combined with its mechanical effects
on the spine has become widely accepted [1].

To the best of our knowledge, however, there has been
minimal investigation into the spinopelvic parameters of dif-
ferential lesions in the patients with ALs. The present study
also analyzed the spinopelvic parameters in different groups
of ALs. The spinopelvic parameters in the inflammatory le-
sion group, including the PI, PT, SS, TK, TLK, LL, and GK,
were similar to those in the mechanical lesion group. The
result of a low PI in both the inflammatory and mechanical
lesion groups might imply that biomechanical factors possibly
play a role in the progression of both subtypes of ALs.
Furthermore, the SVA and TPA, which indicate the severity
of sagittal imbalance, were significantly higher in the inflam-
matory lesion group than in the mechanical lesion group.

Similarly, the SVA and TPA in the non-AL group were signif-
icantly larger than those in the AL group. The specific reasons
for this difference are still unclear; perhaps, the symptoms of
ALs, especially those of mechanical lesions, are more obvi-
ous, prompting patients to come to the clinic before experienc-
ing obvious or severe deformity.

There are some limitations to our study that require consid-
eration. First, the present study was essentially a retrospective
review. Therefore, a prospective study with a long follow-up
may be needed to further confirm the role of PI in the devel-
opment of ALs. Second, it was intended as a preliminary
radiographic study focusing on spinopelvic parameters.
However, many other factors, such as body weight, bone min-
eral density, or peripheral joint involvement, have been iden-
tified to be associated with ALs [3], and these other factors
were not included in this investigation. Furthermore, the num-
ber of patients with ALs was relatively small, and only AS
patients with kyphosis deformities were included, who did not
present the whole AS population. As such, selection bias
existed in our study. In the further investigation, more subsets
of AS patients should be included.

In summary, this study demonstrated that a low PI was
closely associated with ALs in AS patients with kyphotic de-
formity and that a low PI might be a possible risk factor for the
development of ALs. Furthermore, both inflammatory and
mechanical AL patients had a similar low PI, which implied
that biomechanical factors possibly played a role in the pro-
gression of both subtypes of ALs. The relationship between PI
and ALs had not been previously published and deserved
attention in terms of the operative design of AS patients and
in future investigations.
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