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Abstract

Background: Degenerative disc disease of the lumbar spine is common, with severe disease increasing the risk for
chronic low back pain. This cross-sectional study examined whether disc degeneration is representative of a ‘whole-
organ’ pathology, by examining its association with bone (vertebral endplate) and soft tissue (paraspinal muscle fat)

abnormalities.

Methods: Seventy-two community-based individuals unselected for low back pain, had Magnetic Resonance
Imaging (MRI). Lumbosacral disc degeneration was determined via the Pfirrmann grading system, a validated
method to assess the intervertebral disc, distinguishing the nucleus and annulus, the signal intensity and the height
of the intervertebral disc. Modic change and high paraspinal muscle fat content was also measured from MRI.

Results: Severe disc degeneration was associated, or tended to be associated with type 2 Modic change from L2
to L5 (OR range 3.5 to 25.3, p<0.06). Moreover, severe disc degeneration at all intervertebral levels was associated
with or tended to be associated with high fat content of the paraspinal muscles (OR range 3.7 to 14.3, p <0.09).

Conclusion: These data demonstrate that disc degeneration of the lumbar spine is commonly accompanied by
Modic change and high fat content of paraspinal muscles, thus representing a ‘whole-organ’ pathology.
Longitudinal studies are required to determine the temporal relationship between these structural abnormalities.
Understanding this may have the potential to identify novel targets for the treatment and prevention of

lumbosacral disc degeneration.
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Background

Degenerative disc disease is common in the lumbar spine,
with one third of asymptomatic young women demonstrat-
ing abnormalities when assessed by Magnetic Resonance
Imaging (MRI) [1]. In a case-control study of older adults
with and without chronic low back pain, people with more
severe disc degeneration had a two-fold increased risk of
chronic low back pain than those without structural disc
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abnormalities [2]. Similarly, in a cross-sectional study, low
back pain was found to be associated with several features
of disc degeneration (dark nucleous pulposus and posterior
and anterior bulge) [3].

Despite degenerative disc disease being considered to be
a common finding, epidemiological studies have used var-
ied measures to define disease. In histological studies
these include granular changes, tear and cleft formation,
chondrocyte proliferation, mucous degeneration and cell
death [4], while macroscopic grading systems incorporate
changes in the endplate and vertebral body, as well as nu-
cleus and annulus [5]. Radiographic studies class disc de-
generation by varying grades of joint space narrowing,
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endplate sclerosis and osteophytes [6, 7], while MRI stud-
ies have focussed on individual features including tears in
the annulus [8], herniated nucleus [9] and height of the
intervertebral disc [10]. Pfirrmann’s method (2001) [11]
was endorsed as a valid and reliable method of assessing
intervertebral disc degeneration using MRI in a systematic
review of existing grading systems for lumbar disc degen-
eration [12]. The Pfirrmann system utilises a number of
MRI features including the appearance of the disc struc-
ture, the signal intensity, intervertebral disc height and the
distinction between the nucleus and the annulus, to give a
5 point grading system [11] (Table 1).

Although people with more severe disc degeneration
have an increased risk for chronic low back pain [2, 3],
whether disc degeneration is associated with other struc-
tural abnormalities is unclear. MRI has helped to better
understand degenerative joint pathology. For instance,
MRI studies of knee osteoarthritis have recognised that
deleterious cartilage changes are accompanied by bone
and soft tissue abnormalities, thus representing a ‘whole-
organ’ disease [13]. Spinal degeneration has not been as
well examined, and whether akin to the changes in hyaline
cartilage in the knee, fibrocartilage degeneration of the
intervertebral disc is associated with whole-organ spinal
pathology is unclear. Vertebral endplate lesions (Modic
change) may be analogous to subchondral bone sclerosis
seen in osteoarthritis and may be an important association
with disc degeneration [14-21]. Moreover, changes in the
architecture of spinal musculature, in particular fat con-
tent [9, 22-26], may also be a key structural feature of
spinal degeneration.

The aim of this cross-sectional MRI study was to deter-
mine the associations between intervertebral disc

Table 1 Pfirmann grading of lumbosacral disc degeneration ®

Grade Structure Distinction Signal intensity Height of
of nucleus and intervertebral
annulus disc

Homogenous,  Clear Hyperintense, ~ Normal
bright white isointense to
cerebrospinal
fluid
Il Inhomogenous  Clear Hyperintense, ~ Normal
with or without isointense to
horizontal cerebrospinal
bands fluid
Il Inhomogenous,  Unclear Intermediate Normal to
arey slightly
decreased

\% Inhomogenous, Lost Intermediate to  Normal to

grey to black hypointense moderately
decreased

\ Inhomogenous,  Lost Hypointense Collapsed

black disc space

@ Adapted from Pfirrmann et al. [11], whereby grades IV and V represent
“severe intervertebral disc degeneration”
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degeneration of the lumbar spine and Modic and para-
spinal muscle fat content.

Methods

Participants

Seventy-two community-based individuals were recruited
through local media and weight loss clinics as part of a
study of obesity and musculoskeletal health. Participants
were recruited without reference to whether they had or
did not have low back pain. Participants were excluded if
they had a history of malignancy, significant systemic con-
dition (e.g. cerebrovascular accident, movement disorder, or
connective tissue disease), or inability to understand
English. A further exclusion criterion was any contraindica-
tion to MRL Participants gave written informed consent.
The study was approved by the Human Research Ethics
Committees of the Alfred Hospital and Monash University.

Magnetic resonance imaging

MRI (2011-2012) was performed using a 3.0-T magnetic
resonance unit (MAGNETOM Verio, A Tim System;
Siemens, Erlangen, Germany). The participants’ were posi-
tioned in supine and the following scans were performed:
(1) sagittal T1 Turbo Spin Echo (TSE) imaging from T12
to the sacrum (time to recovery 670 ms; time to echo:
12 ms, slice thickness: 4 mm), (2) sagittal T2 TSE imaging
from T12 to sacrum (time to recovery: 3000—3600 ms; time
to echo: 87-114 ms, slice thickness: 4 mm), and (3) axial
T2 TSE imaging from L1 to S1 (time to recovery: 3000—
3600 ms; time to echo: 87—-114 ms, slice thickness: 4 mm).
Different readers independently measured each structural
lesion (e.g. modic change, intervertebral disc and paraspinal
muscle fat content), blinded to the results of other readers.

Degenerative intervertebral disc assessment

Intervertebral disc degeneration was assessed from
T2-weighted sagittal images based on the Pfirrmann
method [11] (Table 1). Grades 4 and 5 formed a “se-
vere disc degeneration” group. The measurement was
performed by one assessor who was trained to meas-
ure disc degeneration by a radiologist experienced in
musculoskeletal MRI, blinded to the characteristics of
the participants. Images were reassessed 1 week apart.
The intra-rater reliability of the disc degeneration
measures at each vertebral level was high, with intra-
class correlation coefficients (ICCs) ranging from 0.88
to 0.94 for the I-V grading system.

Modic change
Modic change was classified according to the original
system [21, 27] into 3 types:

Type 1: hypointense on T1 and hyperintense on T2
images
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Type 2: hyperintense on T1 and isointense/
hyperintense on T2 images
Type 3: hypointense on both T1 and T2 images

Images were assessed in the sagittal plane. A predefined
cut-off point for size was not used. The presence of modic
change was defined based on signal changes on either side
of the disc. Sixty randomly selected images were reas-
sessed for Modic change by the same observer 1 week
later. The ICC was found to be 0.74.

Paraspinal muscle fat content

Hyperintense regions of the paraspinal muscles observed
on T2 axial images at the level of each lumbar interver-
tebral disc (L1/2, L2/3, L3/4 and L4/5) were considered
to represent fat replacement [9] and categorised based
on a previously validated grading method; grade 0: no
fat, grade 1: 1-10 % fat, grade 2: 11-50 % fat and grade
3: >50 % fat [9]. High fat content was defined as greater
than 50 % of the muscle. The intra-observer ICC for the
paraspinal muscle fat content for both multifidus and
erector spinae was 0.99. To provide a measure of high
paraspinal muscle fat content in the lumbar spine, a di-
chotomous outcome was created. This measure scored
participants demonstrating >50 % of a muscle in at least
four spinal levels on either the right and/or left sides
(with the total possible score being 8).

Anthropometric data

Height was measured to the nearest 0.1 cm using a sta-
diometer. Weight was measured to the nearest 0.1 kg
using a single pair of electronic scales. BMI (kg m?)
was calculated.

Chronic pain and disability

The Chronic Pain Grade Questionnaire was administered
at the time of MRI in 2011-2012 to obtain information on
low back pain intensity over the past 6 months. The
Chronic Pain Grade Questionnaire is a reliable and valid in-
strument for use in population surveys of low back pain
[28, 29]. The questionnaire includes seven questions from
which a pain intensity and disability subscale score are cal-
culated. Subscale scores for pain intensity and disability are
combined to calculate a chronic pain grade that enables
classification of chronic pain into 5 hierarchical categories:
grades 0 (no pain) to 4 (high disability, severely limiting) as
previously described [28, 29]. High intensity pain/disability
was defined as being of either grade 2 (low disability but
high intensity), grade 3 (high disability, moderately limiting)
or grade 4 (high disability, severely limiting).

Statistical analyses
Binary logistic regression was used to examine the rela-
tionships between all exposures (Modic change and fat
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content of paraspinal muscles) and the prevalence of se-
vere intervertebral disc degeneration, adjusted for age,
gender, BMI and high intensity pain and or disability. A
p-value of less than 0.05 (two-tailed) was regarded as
statistically significant. All analyses were performed
using the SPSS statistical package (standard version 20.0
SPSS, Chicago, IL, USA). With 72 subjects, our study
had 80 % power to detect an odds ratio as low as 2.8,
assuming the prevalence of severe intervertebral disc de-
generation being 20 %, o = 0.05, and 2-sided significance.

Results
The characteristics of the 72 participants are shown in
Table 2. The mean (+ standard deviation) age of the

Table 2 Subject demographics (n=72) °

Age (years) 487 (8.3)
Gender (n, % female) 49 (68.1)
BMI (kgm ™) 292 (7.9)
Chronic low back pain grade, n (%)

0 - Pain free 14 (19.2)

1 - Low disability, low intensity 44 (60.3)

2 - Low disability, high intensity 5(6.8)

3 = High disability, moderately limiting 5(6.8)

4 - High disability, severely limiting 5(6.8)
High intensity pain and or disability, n (%) 15 (20.5)

Severe intervertebral disc degeneration n (%)

L1/2 3(42)
L2/3 8 (11.1)
L3/4 11 (15.3)
L4/5 23 (319
L5/S1 22 (30.6)
Modic (type 2) change in vertebrae adjacent to disc n (%)
Li/L2 4 (5.6)
L2/13 8 (11.1)
L3/14 16 (22.2)
L4/L5 21 (29.2)
L5/S1 17 (23.6)
Fat content (>50 %) at number of lumbar spinal levels, n (%)
Multifidus  Erector spinae
0 42 (57.7) 35 (479
1 8(11.3) 23 (324)
2 12 (16.9) 342
3 4 (5.6) 5(7.0)
4 6 (8.5) 6 (8.5)

16 (22.5)

®Results presented as mean (standard deviation) unless otherwise stated
PDerived from participants as having >50 % of a muscle (multifidus or erector
spinae) replaced by fat in >4 lumbar spinal levels, with the total possible score
being 8

High paraspinal muscle fat content, n (9%)°
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cohort was 48.7 + 8.3 years, comprising 49 (68.1 %) fe-
males. The prevalence of severe intervertebral disc de-
generation was low at L1/2 (4.2 %) but increased at
more inferior lumbosacral levels (L2/3 11.1 %, L3/4
15.3 %, L4/5 31.9 %, L5/S1 30.6 %). Similarly, the preva-
lence of Modic type 2 change was low at the L1/2 verte-
bral level (5.6 %) but increased at more inferior
lumbosacral levels (L2/3 11.1 %, L3/4 222 %, L4/5
29.2 %, L5/S1 23.6 %). No participants demonstrated a
Modic type 3 change. The prevalence of Modic type 1
change was low (1 =4), and was therefore not the focus
of subsequent analyses. Sixteen participants (22.5 %) had
>50 % fat content of either or both multifidus and
erector spinae at 4 or more lumbar levels (L1/2, L2/3,
L3/4 or L4/5).

The associations between severe intervertebral disc de-
generation and Modic change in the adjacent vertebrae
are shown in Table 3. In univariate analyses, Modic
change in the L2/3 and L3/4 vertebrae was significantly
associated with accompanying severe intervertebral disc
degeneration (all p <0.05) and approached statistical sig-
nificance at the L4/5 level (p =0.07). After adjusting for
age, gender, BMI and high pain and or disability, these
relationships were significant or approached statistical
significance at L2/3 (OR 25.3, 95 % CI 1.4 to 471.9, p =
0.03), L3/4 (OR 4.5, 95 % CI 1.0 to 21.0, p =0.06) and
L4/5 (OR 3.5, 95 % CI 1.0 to 12.5, p =0.05). There was
no association between Modic change at the L5/S1 level
and severe disc degeneration at that corresponding level
(OR 12,95 % CI1 0.3, 3.9, p = 0.82).

The associations between high fat content of para-
spinal muscles and severe intervertebral disc degener-
ation are shown in Table 4. High fat content of the
paraspinal muscles were associated with severe degen-
erative disease at L2/3 (OR 9.9, 95 % CI 1.2 to 81.5, p =
0.03), L3/4 (OR 14.3, 95 % CI 2.2 to 91.2, p = 0.005), L5/
S1 (OR 4.5, 95 % CI 1.1 to 18.8, p = 0.04) with results ap-
proaching statistical significance at L4/5 (OR 3.7, 95 %
CI 0.8 to 16.0, p=0.09) after adjusting for age, gender,
BMI and high pain and or disability.

Table 3 The prevalence of severe intervertebral disc
degeneration in relation to Modic change in the adjacent
vertebrae

Disc level  Prevalence of severe intervertebral disc degeneration
Univariate P Multivariate® P
OR (95 % C) OR (95 % CI)

L2/3 7.1(1.3,387) 0.02 253 (14,4719 0.03

L3/4 38 (1.0, 14.7) 0.05 45 (10,210 0.05

L4/5 2709, 7.7) 0.07 35(1.0,125) 0.05

L5/51 13 (04, 42) 063 12(03,3.9) 082

@ Adjusted for age, gender, BMI and high intensity pain and or disability
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Table 4 The prevalence of severe intervertebral disc
degeneration in relation to high fat content in paraspinal
muscles

Univariate p Multivariate p

OR (95 % Cl) OR (95 % Cl)
L2/3 15.9 (2.8, 90.3) 0.002 99 (1.2, 815) 0.03
L3/4 17.3 (38, 794) <0.001 143 (2.2,91.2) 0.005
L4/5 54(16,17.7) 0.005 3.7 (0.8, 16.0) 0.09
L5/51 6.0 (1.8, 19.8) 0.003 45 (1.1,188) 0.04

Adjusted for age, gender, BMI, and high intensity pain and or disability

Discussion

This cross-sectional study has demonstrated that severe
disc degeneration of the lumbar spine is accompanied by
other structural lesions. In particular, the presence of se-
vere disc degeneration was associated with adjacent
Modic type 2 change and high fat content of the para-
spinal muscles. These data highlight that akin to degen-
erative processes such as knee osteoarthritis, spinal
degeneration appears to be a ‘whole-organ’ disease, af-
fecting cartilage (intervertebral disc), bone (Modic
change) and soft tissues (paraspinal musculature).

As in a previous study [30], we found that the greatest
burden of degenerative disc disease was in the low lum-
bar (L4/5) and lumbosacral (L5/S1) spine. Degenerative
disc disease was uncommon at L1/2, with numbers too
small to meaningfully analyse (4.2 %). Since disc degen-
eration and Modic changes are more common in the
low lumbar spine, a previous study focused on the L5/S1
region in 228 male workers [31]. Consistent with the
previous study, we did not observe a significant associ-
ation between Modic change and the risk of severe L5/
S1 degenerative disc disease. Since L5/S1 is a transitional
point in the spine, it may be that the association be-
tween Modic change and degenerative disc disease at
this level differs from the rest of the lumbar spine. In-
deed, we have demonstrated that Modic type 2 change
was associated with severe disc degeneration at most
other lumbar levels. In another previous study of 108
surgical patients with lumbar degenerative disc disease
graded by the Pfirrmann system, Modic changes corre-
lated with the grade of disc degeneration [32]. However
in this previous study, it was unclear whether Modic
change was accompanied by degenerative disc disease at
the same vertebral level. To our knowledge, the current
study is the first study to present such data. Although
this may infer a local interaction between the two struc-
tural abnormalities, the mechanism accounting for the
co-existence of degenerative disc disease and accom-
panying Modic type 2 change is unclear. It may be that
disc degeneration reduces the shock absorbing capability
of the vertebrae, resulting in Modic change. Alterna-
tively, it may be that disruption to the vertebral end-
plates, such as Modic changes, impedes nutritional



Teichtahl et al. BMC Musculoskeletal Disorders (2016) 17:439

support of the intervertebral disc, causing subsequent
disc degeneration. In a previous study, endplate cartilage
damage increased with age and produced considerable
changes in diffusion [33]. Longitudinal studies are re-
quired to determine which structural features may be
the antecedent event in the natural history of degenera-
tive disc disease.

In the current study, we have demonstrated that a high
fat content of paraspinal muscles is associated with se-
vere intervertebral disc degeneration at each interverte-
bral level. Muscle atrophy is, in part, characterised by fat
infiltration [22, 24]. Histological studies have demon-
strated concordance between intermuscular adipose tis-
sue detected by MRI and intra-operative specimens of
paraspinal muscles [34], with other studies corroborating
MRI as a valid method of identifying the amount of fat
in skeletal muscle [35, 36]. Nevertheless, to our know-
ledge, only one MRI study has examined the association
between paraspinal muscle fat infiltration and interverte-
bral disc degeneration. A retrospective study of 78 par-
ticipants showed only a tendency toward multifidus
muscle atrophy (defined by the degree of fat and fibrous
tissue replacement) being associated with nerve root
compression, herniated nucleus pulposus and the num-
ber of degenerated discs [9]. The mechanism accounting
for the relationship between a high fat content of para-
spinal muscles and severe degenerative disc disease is
speculative. It is possible that degenerative disc disease
causes pain and reduced activity levels, resulting in fat
replacement of paraspinal muscles. We have however
adjusted our results for people with high intensity pain
and or disability, suggesting that the observed associa-
tions are independent of the potential confounding effect
of varied physical activity levels. Equally plausible is the
potential for fatty replacement of paraspinal muscles to
reduce segmental stability of the spine, causing disc de-
generation. Longitudinal studies will help to address
such issues.

A limitation of this study was its cross-sectional design,
and thus it cannot be determined whether associations be-
tween degenerative disc disease and other structural fea-
tures are a cause or result of one another. We used the
Pfirrmann grading system to assess disc degeneration.
While this 5 grade system has difficulty discriminating disc
pathology in the elderly spine (mean age 73 years; range 67
to 83 years) and requires a modified grading system [37],
our cohort was relatively young (mean age 48.7 (+8.3)
years). Additionally, we used a semi-quantitative method of
assessing fat replacement of paraspinal muscle based on
previously employed methods [9, 22, 38] and further
adapted this system whereby a high fat content within the
paraspinal compartment necessitated a participant demon-
strating >50 % of a muscle in at least four spinal levels in
any combination of the right and left sides (with the total
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possible score being 8). We combined the erector spinae
and multifidus muscles into the posterior compartment in
an attempt to identify individuals with poor quality sup-
porting musculature, rather than a focus on individual mus-
cles. This is a conservative approach and any potential
misclassification of high paraspinal fat content is likely to
have reduced our ability to demonstrate statistically signifi-
cant associations. Similarly, any potential misclassification
of disc degeneration in this study, whereby grades 4 and 5
represented severe disease, is likely to be non-differential
and have underestimated any of the associations observed
in this study. Moreover, although we have asserted that our
MRI measure captured replacement of muscle with fat
based on the concordance between intermuscular adipose
tissue detected by MRI and intra-operative specimens of
paraspinal muscles [34], it is possible that other fibrous
non-muscular elements may have been captured by this
assessment. Furthermore, this study recruited community-
based subjects. The presence of chronic pain was not re-
quired for inclusion in this study, which likely accounts for
the predominance of type 2, rather than type 1 Modic
change. Moreover, inclusion criteria necessitating the need
for chronic pain can be problematic, since avoidance behav-
iours and psychosocial variability are likely to be apparent
in chronic diseases [39, 40]. For instance, it has been docu-
mented that fear of movement is a common occurrence
among people with chronic low back pain [41], and selec-
tion of such subgroups in study designs may lead to selec-
tion bias. Instead, we chose to measure community-based
subjects with the aim of capturing a spectrum of spinal ab-
normalities. Nevertheless, we have adjusted our analyses for
the presence of high pain and or disability.

Conclusion

This study has demonstrated that severe disc degener-
ation of the lumbar spine is accompanied by other struc-
tural lesions. In particular, the presence of severe disc
degeneration is associated with adjacent Modic type 2
change and high fat content of the paraspinal muscles.
Although longitudinal studies are required to determine
the temporal relationship between these changes, these
data highlight the ‘whole-organ’ disease occurring in disc
degeneration. Understanding this will have the potential
to identify novel targets for the treatment and preven-
tion of lumbosacral disc degeneration.
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