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Abstract: Purpose: To assess the relation between ankylosing spondylitis (AS) and degenerative disc disease emerg-
ing in association with various intrinsic and extrinsic factors and to evaluate the correlation between degree of
degeneration in intervertebral discs and apparent diffusion coefficient (ADC) values. Methods: Thirty-five patients
with AS and a control group of 35 patients were included in the study. Three hundred fifty intervertebral discs were
assessed in terms of degeneration by analyzing signal intensities and morphologies on T2 weighted series of a 1.5
Tesla magnetic resonance scanner. ADC values were determined in diffusion weighted images (DWI) using a “b
value of 500 s/mm?”. Patients in the AS and control groups were compared in terms of intervertebral disc degen-
eration, and association between degree of degeneration and ADC values was analyzed. Results: The mean of total
degeneration degrees for five lumbar intervertebral discs was significantly higher in the patients with AS compared
to the control group (16.77+4.67 vs 13.00+£4.08, respectively; P=0.001). When intervertebral discs were analyzed
separately, disc degeneration was again significantly higher in patients with AS compared to the control group, with
the exception of L5-S1. Age, cholesterol level, triglyceride level, duration of disease and BASFI index were signifi-
cantly associated with degree of degeneration in patients with AS. A negative correlation was determined between
disc degeneration and ADC value. Conclusion: AS is a risk factor for degenerative disc disease due to its systemic
effects, the fact it leads to posture impairment and its inflammatory effects on the vertebrae. A decrease in ADC
values is observed as degeneration worsens in degenerative disc disease.

Keywords: Ankylosing spondylitis, apparent diffusion coefficient, intervertebral disc degeneration, magnetic reso-
nance imaging

Introduction The intervertebral discs are structures compris-

ing 1/3 of the height of the spine at the lumbar
Ankylosing spondylitis (AS) is an inflammatory level, located between each pair of vertebrae
disease of uncertain etiology that particularly and whose basic function is to bear load and
affects the sacroiliac joints and axial skeleton permit muscle movement. The intervertebral
and that leads to progressive bone fusion and disc consists of three main components, the
thoracolumbar kyphotic deformity [1]. The typi- nucleus pulposus, annulus fibrosus and carti-
cal clinical symptom is lower back pain, and lage endplates and these components include
this has an adverse impact on quality of life in different levels of collagen, proteoglycan and

water [2, 3]. Type | collagen is primarily found in
the peripheral annulus and type Il collagen in
the nucleus pulposus. Type | collagen fibers are
responsible for the annulus contractive power,
while type Il collagen is more hydrated and
resists compression [2, 4].

many patients by causing both structural and
functional problems. Bone marrow edema is
observed in the vertebrae in the early period,
while in later periods, destructive areas known
as Romanus lesions and squaring of the verte-
bral corpus occur. Syndesmophytes develop as
a result of calcification in the outer fibers in the Disc composition changes with aging, and
annulus fibrosus. these changes affect the disc’s response to
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Table 1. Classification of disc degeneration

Grade Structure

Nucleus and Annulus Distinction

Signal Intensity

| Homogeneous, bright white

1l Inhomogeneous with or without horizontal bands
1l Inhomogeneous, gray

\" Inhomogeneous, gray to black

\ Inhomogeneous, black

Clear Hyperintense, isointense to cerebrospinal fluid

Clear Hyperintense, isointense to cerebrospinal fluid
Unclear Intermediate

Lost Intermediate to hypointense

Lost Hypointense and collapsed disc space

/

Jrade IV

y

Figure 1. Grade |-V, Grading system for the assessment of lumbar disc degeneration.

mechanical loading. It is almost impossible to
distinguish the concept of degenerative disc,
which may be regarded as physiological, from
degenerative disc disease that appears at early
ages as a result of accelerated degenerative
changes [5]. Disc degeneration is a process
involving different intrinsic and extrinsic fac-
tors. Spinal trauma and infections, spinal defor-
mity, mechanical factors, smoking, vascular
diseases and diabetes mellitus (DM) contribute
to disc degeneration [6].

In this study, we evaluated the tendency to disc
degeneration in patients with AS using signal
and morphological characteristics of the inter-
vertebral disc at magnetic resonance imaging
(MRI). We also investigated whether or not
there is an association between degrees of di-
sc degeneration and ADC values in diffusion
weighted series.

Materials and methods
Subjects

Thirty-five patients attending the Canakkale
Onsekiz Mart University Faculty of Medicine
Department of Physical Medicine and Reha-
bilitation, diagnosed with AS on the basis of
ASAS diagnostic criterias and whose lumbar
MRIs were available in the radiology archive
were included in the study. The control group
was also selected from patients without rheu-
matic disease and whose lumbar MRI results
were available in the radiology archive. Subjects
with DM, hypercholesterolemia, hypertriglyceri-
demia and kidney failure, cigarette smokers
and patients using TNF-a blockers were exclud-
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ed from the study. Subjects in both groups with
vertebral fracture, spinal tumor and spondylo-
discitis and with degenerative air or calcifica-
tion in the disc space at radiography or MRI
were also excluded. In addition, values for
erythrocyte sedimentation rate (ESR), C reac-
tive protein (CRP), Bath Ankylosing Spondylitis
Activity Index (BASDAI), which measures dis-
ease activity, and Bath Ankylosing Spondylitis
Functional Index (BASFI), which measures func-
tional status, in patients with AS were also
determined. Body mass index (BMI) was calcu-
lated in patients with AS using the formula
weight divided by height squared (kg/m?2). Eth-
ical approval was granted by the Canakkale
Onsekiz Mart University Faculty of Medicine.

Radiological assessment and disc degenera-
tion classification

Both the AS and control group patients were
evaluated using a lumbar imaging protocol on a
1.5 Tesla MRI scanner (Signa Excite; GE Me-
dical Systems, Wisconsin, USA). The imaging
protocol in both groups involved a sagittal T1
weighted fast spin-echo sequence (500 ms/
15.2 ms, repetition time [TR]/echo time [TE];
number of excitations [NEX], 2.0; 4 mm section
thickness; 320x192 matrix; 27x27 cm field of
view [FOV]), a sagittal T2 weighted fast spin-ec-
ho sequence (3000 ms/111 ms, TR/TE; NEX,
2.0; section thickness 4 mm; 320x224 matrix;
27x27 cm FOV), an axial T2 weighted fast spin-
echo sequence (4600/90 ms, TR/TE; NEX, 2.0;
section thickness 4 mm; 320x192 matrix;
20x20 cm FOV) and diffusion weighted imaging
(3000/90 ms TR/TE; section thickness 4 mm;
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ADC value in patients with
ankylosing spondylitis. P val-

Table 2. Comparison of disc degeneration in different intervertebral
disc levels in patients with ankylosing spondylitis and the control

group ues less than 0.05 were con-

Disc Degeneration Degree sidered statistically signifi-
Ankylosing Spondylitis (n=35) Control Group (n=35) P value cant.

Disc Level Mean+SD Mean+SD P value* Results

L1-2 3.3+0.9 2.4+0.7 <0.001*

L2-3 3.2+0.9 2.3+0.8 <0.001* Thirty-five patients with AS

L3-4 3.241.0 2.240.9 <0.001* (43.2+13.0 years) and 35

L4-5 3.5+1.1 2.741.2 0.006* control group patients (41.9

L1551 3.4+1.2 31412 0.395 +12.1 years) were included.

There was no significant dif-
*Statistically significant at P<0.05. *: Independent Samples T test. g

Table 3. Association between disc degeneration grade and apparent

diffusion coefficient value

ference between the pati-
ents with AS (13 women and
22 men) and the control gr-
oup (15 women and 20 men)

Mean Apparent Diffusion

in terms of age and gender
(P=0.671 Independent Sa-

Disc Degeneration Grade No. —

Coefficient Value (mm?/s+SD)
Grade | 32 1.84x10°+0.09%x103
Grade Il 106 1.72x10°+0.17x10°%
Grade Il 79 1.53%x10°+0.19%103
Grade IV 104 1.26x103+0.63x10°%
Grade V 29 0.89x103+0.36x103

mples T test and P=0.626
Chi-Square test, respective-
ly). Furthermore, no signifi-
cant difference was obser-
ved between the groups in
terms of triglyceride, total

128x128 matrix; 2727 cm FOV). ADC values
were measured on a workstation using GE soft-
ware functool-AD. In ADC measurements, the
region of interest (ROI) was located in such a
way as to include the nucleus pulposus in inter-
vertebral discs.

Degeneration in lumbar intervertebral discs
was staged according to the classification mod-
ified by Pfirrmann et al. [7] (Table 1 and Figure
1). MRI findings were analyzed by the same
radiologist blinded to the patients’ characte-
ristics.

Statistical analysis

Statistical analysis was performed on SPSS
version 19.0 software. Normal distribution of
data was assessed using the Kolmogorov-
Smirnov test. Descriptive data were expressed
as mean, standard deviation, frequency and
percentage values. The independent samples T
test was used to compares means between the
groups and the chi square test to compare cat-
egoric variables. Relations between constant
variables in the case and control groups were
examined using Spearman’s correlation test
and Pearson’s correlation test. ROC curve anal-
yses was used to determine a cutoff value for
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cholesterol and LDL choles-
terol levels at lipid profile
analysis (P=0.711, and P=0.099, Independent
Samples T test respectively). Total degenera-
tion degrees for the five intervertebral discs at
lumbar level were significantly higher in the
patients with AS compared to the control group
(16.77+4.67 vs 13.00+4.08, respectively; P=
0.001 Independent Samples T test). When lum-
bar intervertebral discs were analyzed sepa-
rately, mean degrees of degenerations at all
levels, apart from the L5-S1 disc, were signifi-
cantly higher in the patients with AS. Mean
degeneration grade for each disc level in the
patient and control groups is shown in Table 2.
Age, cholesterol and triglyceride level were
associated with disc degeneration grade in the
control group (P<0.001 r=0.851 Pearson cor-
relation, P<0.001 rho=0.704 Spearman corre-
lation and P=0.013 r=416 Pearson correlation,
respectively). Similarly, disc degeneration grade
was correlated with between age, cholesterol
and triglyceride level in the patients with AS
(P<0.001 rho=0.649, P=0.015 rho=0.409 and
P=0.030 rho=0.367 Spearman correlation,
respectively). Disc degeneration in the AS group
was also significantly associated with BASFI
and duration of disease (P=0.010 rho=0.428
and P=0.001 rho=0.524 Spearman correlation
respectively). BASDAI, CRP and BMI were not
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significantly associated with disc degeneration
grade (P=0.410 r=0.144 Pearson correlation,
P=0.696 rho=-0.069 and P=0.055 rho=0.327
Spearman correlation, respectively).

Analysis of the total 350 discs in the 70 cases
revealed a decrease in mean ADC value with
increasing degeneration in discs at different
degenerative stages (r=-0.636, P<0.001). Cor-
relation between disc degeneration and ADC
values is shown in Table 3. At receiver operat-
ing characteristic (ROC) analysis performed to
identify normal and mildly degenerated discs
(Grade | and Grade ll), at a cutoff ADC value of
0.001605, area under curve (AUC) of 0.912
(95% confidence interval 0.882-0.943) exhibit-
ed sensitivity of 84%, specificity of 83%, posi-
tive predictive value of 75% (95% CI 70-84%)
and negative predictive value of 87% (81%-
92%).

Discussion

Intervertebral discs, which contribute to the
stabilization and flexibility of the spinal column,
consist of three basic structures, the cartilage
endplate, nucleus pulposus and the annulus
fibrosus [2]. Disc tissue contains collagen, pro-
teoglycan and water. While the level of collagen
is high in the external part of the annulus, water
levels in the nucleus are higher compared to
those of collagen and aggrecan, the main pro-
teoglycan of the nucleus [3, 7]. Physiologically,
disc water and glycoprotein levels of decrease
with aging, and fibrosis and calcifications ap-
pear. The collagen content in the nucleus in-
creases and changes occur in collagen type
distribution. Amyloid accumulation is also seen
in the annulus [8].

In addition to environmental factors such as
mechanical factors, trauma, immobilization,
smoking, DM, vascular diseases and infection,
genetic factors have also been implicated in
the etiology of disc degeneration. Miller et al.
reported that the intervertebral disc was the
connective tissue most subjected to age-asso-
ciated dramatic changes [9]. Several studies
have demonstrated that disc degeneration in-
creases with aging [9, 10]. In this study, we
determined a significant association between
disc degeneration and age in both the patients
with AS and the control group (r=0.649, P<
0.001 and r=0.851, P<0.001, respectively). Th-
is finding is not surprising, due to the decrease

1244

in proteoglycan and water levels in the disc,
changes in collagen type distribution and minor
changes in structures such as fibronectin.

Recent studies have shown that expression of
matrix degrading enzymes increases in disc
degeneration. Matrix metalloproteinases (MM-
Ps) in the extracellular matrix play a particular
role in disc degeneration by degrading collagen
and proteoglycans. Some studies have desc-
ribed an association between MMP1 and MM-
P3 and inflammatory cells in granulation tissue
in herniated vertebral discs [11, 12]. Neidhart
et al. compared bone and soft tissue speci-
mens from 30 patients with AS and 20 patients
with degenerative disc disease, and detected
elevated MMP1 and cathepsin K, involved in
bone resorption and cartilage tissue destruc-
tion, in patients with AS [13]. Another recent
study showed that aggrecan turnover and car-
boxypropeptide (CPII), a type Il procollagen bio-
marker, increased in patients with AS [14].

An increased predisposition to atherosclerosis
has been demonstrated in AS, and this consti-
tutes a significant risk factor for degenerative
disease in discs relying on diffusion for nutri-
tion [6]. Inflammation in the vertebrae, spondy-
lodiscitis and posture impairment affecting
mechanical equilibrium are also risk factors for
disc degeneration in these patients [6, 15]. Di-
sc degeneration was significantly higher in the
patients with AS in our study compared with the
control group. Mean total degeneration for the
five discs at lumbar level was 16.77+4.67 in the
AS patient group and 13.004£4.08 in the control
group (P=0.001). We think that the significant
association between disc degeneration and ch-
olesterol and triglyceride levels in both groups
is secondary to the atherosclerotic process and
to compromise of disc nutrition [16]. There was
a significant association between duration of
disease and disc degeneration in patients with
AS (r=0.524, P=0.001). This is an expected out-
come due to AS’ association with atherosclero-
sis, impaired posture and inflammation follow-
ing a progressive course. There was also a sig-
nificant correlation between BASFI, the ability
to perform daily activities, and degeneration
(r=0.428, P=0.010). However, no correlation be-
tween BASDAI and degeneration was observed
(r=0.144, P=0,410). This is also not surprising,
since disc degeneration is a progressive pro-
cess and BASDAI reflects disease activation in
the most recent period. Additionally, these find-
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ings support Robertson’s report of a worsening
in BASFI while BASDAI remains relatively stable
in a 5-year follow-up of patients with AS [17].

Lumbar disc degeneration may be expected to
appear more at the L4-5 and L5-S1 level due to
the biomechanics and physical weight involved.
Cadaver and MRI studies have shown increased
degeneration in the L5-S1 level in particular
[18]. One important finding in our study is that
when lumbar disc levels were assessed sepa-
rately, there was a significant increase in de-
generation at all levels in patients with AS apart
from L5-S1. We think that the absence of a sig-
nificant difference in degeneration between
the groups at the L5-S1 level is associated with
predisposition to degeneration in both groups
because of spinal biomechanics, and that in
the other levels it stems from the systemic ef-
fects of AS in particular, as well as impaired
posture and inflammatory effects on cytokines
and vertebrae [19, 20].

Diffusion-weighted imaging is exceedingly sen-
sitive to changes in motion in water molecules.
Water diffusion in tissue can be measured
mathematically on ADC maps, and microscopic
changes in tissue can be identified [21, 22].
Kerttulla et al. first investigated diffusion imag-
ing and ADC measurement in the context of
discs [23]. However, 18 asymptomatic normal
discs were investigated in that study. Kealey et
al. investigated the association between ADC
values and anatomical level in lumbar discs
and reported that discs at higher levels had
greater ADC levels [24]. Both studies reported
a decrease in ADC values as disc degeneration
increased. In agreement with the literature, we
also determined a decrease in ADC values as
disc degeneration increased. Changes occur-
ring in basic molecules in the disc content, and
particularly a decrease in water and glycopro-
tein levels, changes in collagen level and type
distributions and fibrosis all affect this outcome
with degeneration.

Disc degeneration in the patients with AS was
significantly greater compared to the control
group. Disc degeneration in both groups was
correlated with age and cholesterol and triglyc-
eride levels. It was also significantly correlated
with disease duration and BASFI in the AS
group. ADC values decrease as degeneration
increases, in association with changes in water
and basic constituents.
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