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Abstract

Purpose Little information is available on the relation-
ship between cervical sagittal alignment and health-related
quality of life (HRQOL) in ankylosing spondylitis (AS)
patients. The aim of this study was to identify relationships
between cervical sagittal alignment and HRQOL in AS.
Methods The study and control groups comprised 102 AS
patients (15 women and 87 men) and age- and sex-matched
50 controls, respectively. All underwent anteroposterior
and lateral radiographs and completed clinical question-
naires. The radiographic parameters examined were C2—-C7
lordosis, C2—C7 sagittal vertical axis (SVA), T1 slope and
T1 slope minus C2-C7 lordosis (TS-CL). A visual ana-
logue scale (VAS 0-10) score for neck pain, the neck
disability index (NDI), neck pain and disability (NPAD)
scale and bath ankylosing spondylitis disease activity index
(BASDAI) were administered to evaluate QOL. Statistical
analysis was performed to determine the significances of
differences between the study and control groups. In
addition, correlations between radiological parameters and
clinical questionnaires were sought.

Results AS patients and controls were found to be dif-
ferent significantly in terms of C2-C7 SVA, T1 slope, and
TS-CL. However, no significant intergroup difference was
observed for C2-C7 lordosis (P > 0.05). Correlation
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analysis revealed significant relationships between radio-
graphic parameters and QOL. Multiple regression analysis
was performed to identify predictors of QOL, and the
results obtained revealed that C2-C7 SVA significantly
predicted VAS, NDI, and NPAD scores and that age pre-
dicted NPAD score.

Conclusions Cervical sagittal parameters were found to
be significantly different in AS patients and normal con-
trols. Correlation analysis revealed significant relationships
between radiographic parameters and QOL. In particular,
C2-C7 SVA was found to be a significant predictor of
QOL in AS patient.

Keywords Ankylosing spondylitis - Cervical sagittal
parameter - Quality of life

Introduction

Ankylosing spondylitis (AS) is a chronic, inflammatory
rheumatic disease characterized by the formation of syn-
desmophytes leading to ankylosis and inflammatory back
pain due to sacroiliitis and spondylitis [21], and it is
believed to be the most common and typical form of
spondyloarthropathy [2]. The advanced stages of the dis-
ease are characterized by progressive stiffening of the spine
and thorax [20], and during the course of the disease,
sagittal balance deteriorates to produce rigid thoracolumbar
kyphosis [20], which when severe results in downward
tilting of the head and face [20]. Furthermore, ability to see
above the level of horizontal gaze progressively worsens
[4], and the center of gravity moves anteriorly to cause a
stooped, downward-looking posture, which is characteristic
of advanced AS [4], and which contributes to many dis-
abilities and limits social activities.
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Although thoracolumbar kyphotic deformities are most
common, the cervical and/or upper thoracic spines can also
be involved, and the resulting cervical kyphosis can be
extremely debilitating because of the development of chin-
on-chest deformity with significant compromise of hori-
zontal gaze [1, 13]. Neurologic deficits can also arise in
addition to other debilitating symptoms, such as, limita-
tions of speech and/or the ability to swallow [13]. There-
fore, we considered that knowledge of correlations between
cervical sagittal alignment and health-related quality of life
(HRQOL) would provide information useful for treatment
decision making and planning in AS.

Correlations between HRQOL and sagittal spinal
alignment parameters, including spinopelvic parameters,
have been previously reported, and some authors have
reported on the importance of cervical sagittal balance [6,
9, 15]. However, no relationships have been established
between cervical sagittal alignment and HRQOL in AS.
Accordingly, the aim of this study was to identify rela-
tionships between cervical sagittal parameters and HRQOL
in AS patients. In addition, we attempted to identify cer-
vical sagittal parameters that predict HRQOL.

Materials and methods

One hundred and two consecutive AS patients were pro-
spectively enrolled at times of examinations conducted
between January 2012 and February 2013 at an orthopaedic
outpatient clinic. Demographic and clinical characteristics
and visual analogue scale (VAS 0-10) scores for neck pain
were recorded, and the neck disability index (NDI) [18],
neck pain and disability (NPAD) scale [12], and bath
ankylosing spondylitis disease activity index (BASDAI)
were administered. BASDAI is a composite index com-
prising visual analogue scale (1-10) based assessments of
fatigue, axial pain, peripheral pain, stiffness, and enthe-
sopathy [3]. 15 female and 87 male AS patients of average
age 42.9 + 13.3 years were recruited. 50 age- and sex-
matched normal subjects that underwent whole spine
radiographs during health checkups were recruited as
controls. The study was approved by the Clinical Research
Ethics Committee of our institution.

All 102 AS patients met the most recent modified New
York criteria [19] and were eligible to participate if they
had received medical treatment for at least 1 year. Pain
originating from the neck (cervical spine) was scored, but
pain originating from other parts of the body, such as, hips,
knees, or shoulders was excluded. The exclusion criteria
applied were an age older than 60 or concomitant neuro-
logical or psychiatric disease. Patients with a history of or
orthopaedic disease of the spine (fracture, spinal disc
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Fig. 1 Cervical sagittal parameters

herniation, spinal surgery, etc.) or lower extremities (e.g.,
prosthesis) were also excluded.

Participants underwent anteroposterior and lateral radi-
ography. Radiographs were taken by one technician at a
distance of 72 inches using a standard technique and the
same machine in the standing position. Radiographic
parameters examined included C2-C7 lordosis, C2-C7
sagittal vertical axis (SVA), T1 slope, and T1 slope minus
C2-C7 lordosis (TS-CL) (Fig. 1). C2—C7 SVA was defined
as the distance between the C2 and the C7 sagittal plumb
lines. The C2 sagittal plumb line was drawn with a lateral
gravity line from the center of C2. The center of C2 was
defined as the point of intersection of crossing diagonals of
the vertebral body of C2 on a lateral radiograph. The C7
sagittal plumb line was defined as the lateral gravity plumb
line from the center of C7. Anterior displacement of the
sagittal plumb line was defined as positive. T1 slope was
defined as an angle formed between the T1 upper end plate
and the horizontal plane. All measurements were per-
formed twice independently by three spine surgeons with
an interval of 2 weeks between measurements to decrease
intraobserver (Pearson’s correlation coefficient = 0.935,
range 0.900-0.955) and interobserver errors (Pearson’s
correlation coefficient = 0.929, range 0.895-0.951).

Statistical analysis was performed using SPSS ver. 11.5
for Windows (SPSS, Chicago, IL, USA). Results are
expressed as means + standard deviations. The patient and
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control groups were compared using the ¢ test and corre-
lation analysis was performed using Pearson’s correlation
to explore relationships between variables. Multiple
regression analysis was used to identify parameters that
predicted QOL. P values of <0.05 were deemed statisti-
cally significant.

Results
Measurements of cervical sagittal parameters

Table 1 summarizes sagittal parameter measurements in
the 102 AS patients and 50 age- and sex-matched controls.
Patients and controls were found to be significantly dif-
ferent in terms of C2-C7 SVA, T1 slope, and TS-CL.
However, no significant intergroup difference was
observed for C2—C7 lordosis (P > 0.05).

Correlation between cervical sagittal parameters

Table 2 summarizes correlations between cervical sagittal
parameters. Statistical significant correlations were
observed between the following variables after stratifica-
tion (Fig. 2): C2—C7 lordosis and C2—-C7 SVA (r = 0.485,
P = 0.004), C2—C7 lordosis and T1 slope (r = 0.786,
P < 0.001), C2-C7 lordosis and TS-CL (r = —0.372,
P =0.03), C2-C7 SVA and T1 slope (r= 0.825,
P < 0.001), and C2-C7 SVA and TS-CL (r = 0.486,
P = 0.004).

Table 1 Details of the patients

Normal (n = 50) AS (n = 102) P value
Gender (F/M) 7/43 15/87 0.8973
Age 395+ 113 429 £ 133 0.2818
C2-C7 lordosis 123 £ 4.8 109 + 12.9 0.5963
C2-C7 SVA 45+£26 16.0 £ 12.8 <0.001
T1 slope 17.7 £ 4.7 239+ 124 0.0125
TS-CL 55+38 13.0 £ 83 <0.001
Table 2 Correlations of the parameters
AS patients Age C2-C7 C2-C7 T1 TS-CL
(n=107) lordosis SVA slope
Age 0.344%%* 0.146 0318 —0.057
C2-C7 lordosis  r 0.485%* 0.786* —0.372%%*
C2-C7 SVA r 0.825*  (0.486*
T1 slope r 0.282
TS-CL r

* Significant correlation was established at the 0.01 level
** Significant correlation was established at the 0.05 level

| C2-C7 lordosis |

o
0.82'5\4 /(:.486

Fig. 2 Correlation between cervical sagittal parameters

0.7‘8V' \0.372

Correlation between cervical sagittal parameters
and HRQOL

Correlation analysis also revealed significant relationships
between cervical sagittal parameters and QOL (Table 3).
However, TS-CL was not found to be correlated with any
of the four QOL scores and BASDAI was not correlated
with the any of the cervical sagittal parameters.

Multiple regression analysis was performed to identify
predictors of QOL, and showed C2—-C7 SVA significantly
predicted VAS, NDI, and NPAD, and that age significantly
predicted NPAD (Table 4).

Discussion

Although the treatment of cervical spinal deformities
associated with AS has become an increasingly important
component in many spinal surgery practices, the relevance
of cervical sagittal balance in AS remains unclear. Earlier
studies addressed the surgical management of cervical
deformities in AS [5, 8, 14], and some authors have
investigated cervical alignment to predict the development
of adjacent segment disease after anterior cervical surgery
[15, 17]. However, relatively few studies have addressed
relations between AS and specific radiologic cervical
parameters. Furthermore, the relationships established
between cervical sagittal parameters and HRQOL in AS
are lacking.

Standing C2—C7 SV As are closely maintained in a tight
range in the normal cervical spine [7, 10, 11]. In particular,
C2-S1 and C7-S1 SVAs are maintained to ensure align-
ment of the spine over the pelvis and femoral heads [11]. In
degenerative cervical diseases, some parameters, that is,
C2-C7 lordosis, C2-C7 SVA, T1 slope, and TS-CL, can be
used to assess cervical sagittal balance [15, 17]. Therefore,
if cervical sagittal parameters are changed by disease, one
could theorize that alterations in cervical sagittal alignment
might affect clinical outcomes.

Park et al. [15] suggested that malalignment of the
cervical spine following anterior cervical surgery affects
the development of clinical adjacent segment pathology
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Table 3 Correlations of the

VAS NDI NPAD BASDAI
spinopelvic parameters and 4.1+ 1.4 (33.1 £ 13.6) (34.9 £ 13.5) (10.6 £ 5.3)
clinical outcomes in AS patients
Age (1) 0.281 0.327 0.381%* 0.237
C2-C7 lordosis (r) 0.476* 0.453* 0.498* 0.327
* Significant correlation was C2-C7 SVA (r) 0.764%* 0.697* 0.627* 0.297
established at the 0.01 level T1 slope () 0.714% 0.666* 0.625 0.275
** Significant correlation was g ¢y, () 0.334 0.297 0.166 ~0.126
established at the 0.05 level
Table 4 Multiple regression analysis in AS patients examining cervical spinal deformities in AS. In the
Variables Coefficient ; P value  Present study, AS patients exhibited higher levels of C2—
C7 SVA, T1 slope, and TS-CL, which suggests that
VAS cervical sagittal orientation is significantly different in
C2-C7 SVA 0.085 6.692 <0.001 AS. In addition, mean C2-C7 SVA in AS was more
Constant 2.729 positive than in controls. Thus, it appears that cervical
NDI spinal misalignments are closely related in AS. However,
C2-C7 SVA 0.742 5.495 <0.001 no significant intergroup difference was observed for C2—
Constant 21.227 C7 lordosis. Hyperextension of C0-C1 and/or C1-C2
NPAD joint might have occurred to compensate the increased T1
C2-C7 SVA 0.618 4.457 <0.001 slope of AS patients.
Age 0.301 2.257 0.031 Few studies have addressed relationships between
Constant 12.117 HRQOL instruments and cervical sagittal measurements.

requiring surgery. Faldini et al. [6] found that malalign-
ment after cervical arthrodesis promotes degenerative
changes at levels adjacent to fused segments; adjacent
segment degeneration was found in 27 and 60 % of cases
fused in lordosis or kyphosis, respectively. Katsuura et al.
[9] evaluated 42 patients that underwent anterior cervical
interbody fusion surgery using lateral radiographs of the
cervical spine, and diagnosed radiographically adjacent
segment pathology when radiographic findings were con-
sistent with symptoms and signs. It was found that overall
cervical sagittal alignments in postoperative radiographs
were more kyphotic in patients with radiographically
adjacent level degeneration. And Shin et al. [16] reported
that there are significant relationships between global
sagittal spinopelvic parameters and clinical outcomes in
AS patients. Before we initiated the present study, we felt
that a similar relation might be found by assessing sagittal
balance in the cervical spine. To the best of our knowledge,
no study has been previously conducted to determine
relations between cervical sagittal parameters and HRQOL
of the cervical spine in AS.

In the present study, cervical sagittal parameters were
found to be significantly different in AS patients and
controls, and to be related to each other. Although no
correlations between cervical sagittal parameters and the
development of spinal disorders have been confirmed in
AS, differences and relationships between sagittal
radiological parameters can provide clues when

@ Springer

However, these cervical parameters could be significantly
correlated with HRQOL measures, and thus, could be
important when analyzing radiographic alignment. In the
present study, QOL scores were found to be significantly
correlated with C2-C7 lordosis, C2—-C7 SVA, and T1
slope. In fact, in the present study, multiple regression
analysis showed C2-C7 SVA (defined as the distance
between the C2 and the C7 sagittal plumb lines) was sig-
nificantly related to HRQOL and a significant predictor of
QOL. Furthermore, NPAD score was significantly influ-
enced by age, which suggests younger patients are better
able to control cervical pain. These findings indicate spinal
misalignment is closely related to QOL and increases pain
severity in AS, and suggest that spinal misalignment could
be considered by surgeons when treating AS.

This study has several limitations that require consid-
eration. First, the number of normal controls tested was
relatively small, which diminished the statistical power of
the study and its ability to detect correlations. Second,
other radiological measurements (e.g., global sagittal bal-
ance) that could affect HRQOL were not included. Third,
we did not examine interactions with hematologic factors,
such as, erythrocyte sedimentation rate or C-reactive pro-
tein levels, and these considerations are important in AS
because they influence pain.

Nonetheless, this study shows significant relationships
exist between cervical sagittal parameters in AS patients,
and that the cervical sagittal parameters of AS patients and
normal controls differ significantly. Furthermore, correla-
tion analysis revealed significant relationships between
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