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Abstract

Purpose: Low back pain (LBP) affects 50-85% of adults during their lifetime. It is sometimes caused by lumbar disc herniation (LDH), which will occasionally
require surgery. Some patients operated for LDH are at risk of developing chronic low back pain (CLBP) caused by degenerative disc disease (DDD). This study
aimed to determine if findings seen on preoperative magnetic resonance (MR) images or pain-scores can help identify these patients.

Methods: MR images from 851 patients, operated for LDH between 2002 and 2008, were studied concerning Modic changes, disc height and the location of LDH.
Baseline data, acquired from SweSpine, and radiologic findings were statistically evaluated.

Results: Patients with Modic 2 scored lower on VAS for back pain than others (p=0.036). Patients who developed DDD showed a higher preoperative score for VAS
back than patients who did not (p=0,002). Although not statistically significant, M1 findings were more common among those who developed DDD, whereas M2
findings were more common in patients who did not develop DDD.

Conclusions: Our results imply that M2 seen on MR images before surgery for LDH and a low score for VAS back might indicate a lower risk of developing CLBP
caused by DDD. A high score for VAS back was significantly more common among patients who developed DDD and more common among patients expressing
M1, although not significantly. We also suggest a convincing, but not conclusive, correlation between M1, DD and the development of DDD that requires further

research.

Introduction

Low back pain (LBP) is a costly and difficult diagnostic and
therapeutic challenge. It affects approximately 50-85% of adults during
their lifetime [1,2]. Symptoms are often mild and usually the patient
recovers within 6 weeks [1]. If the pain lasts for more than 3 months,
it is defined as chronic low back pain (CLBP). This condition affects
approximately 8-24% of patients with LBP [1,3]. Patients recovering
from their LBP within 6 weeks are at low risk for developing CLBP, but
improvement seems to slow markedly after this time [4,5]. Smokers,
patients with a relatively high baseline pain intensity, persistent
neurologic signs (such as sciatica), a perception that their back pain
will last a long time and/or patients with psychologic problems such as
depression when LBP symptoms start are more prone to develop CLBP
[2,4-6]. Although the underlying pathology of LBP remains unknown
in most cases, the primary cause is believed to be degeneration of
intervertebral discs [7,8]. Disc degeneration (DD) is a natural part of
aging and in some individuals can be accelerated and progress into
a chronic painful condition, usually called degenerative disc disease
(DDD) [9]. Accelerated DD cannot be attributed to load, such as any
specific profession. It is clearly established that DDD has a strong
genetic component [7,10] and smokers might be at greater risk [11].
Degenerative changes are often visible on radiologic examination,
especially on magnetic resonance imaging (MRI). They can either be
asymptomatic or symptomatic with pain and deteriorated function [12].
When lumbar DD turns symptomatic, it can manifest as either CLBP or
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sciatica as a result of lumbar disc herniation (LDH), or a combination
of these. DDD is the main cause of CLBP and is best described as a
mechanical lumbar pain condition in which specific motion and load
trigger pain [8]. The reason, in most cases, is biochemical changes in the
intervertebral disc [8,13]. The pain might also emanate from the facet
joints or the ligaments in the lumbar region. A loss of disc height might
generate a mismatch of the facet joints or a ligamentous laxity that in
turn gives rise to painful arthritis [9,12,13]. All patients who develop
CLBP because of DDD have by definition degenerative changes of the
intervertebral disc [12,13]. Therefore, it is not uncommon that these
patients also have, or have previously had, a disc herniation from the
same degenerated disc [14].

Radiological background

Two studies that were published in 1988 are generally accepted
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today for defining degenerative vertebral body marrow changes (Modic
changes) with MRI [15,16]. Modic change type 1 (M1) represents
bone marrow oedema, seen as a hypo-intense signal on T1-weighted
images (T1WI) and as a hyper-intense signal on T2-weighted images
(T2WI). M2 reflects fat accumulation in the vertebral body seen as a
hyper-intense signal on TIWI and as an iso- or hyper-intense signal
on T2W1. M3, sclerosis, is seen as a hypo-intense signal on both TIWI
and T2WI. The relationship between the types of Modic changes seems
to be time dependent. An M1 can convert, fully or partly, into an M2
over time, be more prominent or can regress [15-17]. Furthermore,
some M2 convert to M3 over time but it is more common that an M2
remains stable [15]. It seems that M1 reflects a more acute stage, M2 a
more intermediate to chronic stage, and M3 the end stage of the same
degenerative process [15-17]. Several published studies conclude that
there is a connection between LBP, its severity and Modic changes
[17-20]. M1 seems to correlate with more pain and accelerated DD
[17,19]. LBP symptoms will improve over time in patients with M1
that develops into an M2 [17,19]. The absence of M1 indicates a slower
degenerative process in line with normal aging [19]. On the other
hand, another study suggests that there remains uncertainty about the
association of MRI findings, LBP and CLBP [21].

Methods

The aim of this study was to investigate if it was possible to find
predictors for patients at risk of developing DDD after LDH surgery. If
predictors could be found, such as preoperative MRI findings, patient
expectations could be addressed and clinicians could justify intensified
and prolonged rehabilitation programs in an effort to avoid future
CLBP and more extensive surgery [4-6].

Inclusion and exclusion criteria

Patients operated for LDH from the start of 2002 until the end of
2008 at Stockholm Spine Center were included. Exclusion criteria were
previous spine surgery, other types of procedures than pure discectomy
and lack of baseline data before surgical treatment (Figure 1).

Data collection

SweSpine, the Swedish Spine Register, is partly based on baseline
questionnaires (including data on work status, smoking habits, age,
gender, function and quality of life scores and visual analogue scale
(VAS) for back and leg pain) completed by patients before spine
surgery. The register currently includes approximately 100,000 patients.

Preoperative baseline data for all patients fulfilling the primary
inclusion criteria were extracted from SweSpine; 1645 patients were
included primarily but 238 patients were excluded because they were
not being treated solely with removal of herniation, and 102 patients
were excluded because of a lack of baseline data; 156 patients who
had undergone previous lumbar spine surgery were excluded. Thus,
1149 patients were included in the study. Preoperative MR images
from 844 patients were available for study. Seven of the patients had
been operated on two lumbar segments at the same surgery. These
two segments were analysed separately, resulting in 851 participants
included in the MRI study (Figure 1).

Radiologic analysis

MR images were studied regarding the location of disc hernia, disc
height, and the presence of Modic changes. The MR protocol consisted
of sagittal and axial T1 and T2 sequences. Contrast was not used. Only
the affected segments, addressed with discectomy, were examined. In
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Figure 1. Flowchart illustrating the exclusion of the studied material.

line with earlier studies [22,23], the evaluation of disc height was based
on the supposed disc height in the affected segment. For example, the
L5-S1 disc is normally lower than the L4-L5 disc, which is normally
higher or at least as high as the lumbar discs above [22,23]. The
evaluation of disc height was based on the following questions:

1. Does the disc height seem to be normal? (1)

2. Does the disc height seem to be lower than normal, but not
lower than 50% of its supposed height? (2)

3. Does the disc height seem to be markedly lower than normal,
being less than 50% of its supposed height? (3)

The location of LDH was estimated to be medial (1) (not affecting
the exiting nerve roots), paramedial (2) (not reaching beyond the lateral
recess or into the foramina) or lateral (3) (foraminal or extraforaminal).

The evaluation of Modic changes was made according to the
original definitions made by Modic et al. [15,16]. In addition, it was also
noted if a patient showed more than one Modic type. Modic changes
were classified as shown in Table 1. A medical student, who had several
educational meetings with a specialist in neuroradiology, analysed the
MR images. After the study, an inter-observer analysis was carried
out. A radiologist rescanned the MR images from 87 patients (around
10% of the material). In addition, the student made an intra-observer
analysis in which 100 of the patients’ MRI scans were randomly chosen
and re-examined. Kappa scores were calculated. After the radiologic
study, a statistical analysis was made. Among the 851 patients, there
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Table 1. Classification of Modic types.

MO No Modic change

M1 Modic change type 1

MI1-2 Modic change type 1 and Modic change type 2

M2 Modic change type 2

M2-3 Modic change type 2 and Modic change type 3

M3 Modic change type 3

MI-3 Modic change type 1 and Modic change type 3

M1-2-3 Modic change type 1, Modic change type 2 and Modic change type 3

were 58 patients who had developed DDD requiring surgical treatment
between 2002 and 2013. The time interval was chosen to allow 5
years follow-up since the last LDH surgeries. The study was approved
by the ethical committee of Karolinska Institute (KI-2013/2245-
31/1). Patients who were surgically treated with either fusion or disc
replacement because of CLBP after previous LDH surgery were defined
as having developed DDD (DDD group), whereas patients who did
not receive this added treatment were defined as not having developed
DDD (non-DDD group).

Statistical analysis

Descriptive statistics were analysed. Differences in proportions
concerning categorical data (Modic type, smoking and gender) were
tested using the x* or Fisher exact test (frequencies<5). The numerical
data (VAS back, VAS leg and age) were tested with a non-parametric
Mann-Whitney test. Ninety-five percent confidence intervals were
used. A multiple regression analysis was carried out. Variables were
selected based on the descriptive and univariate analyses as well as
clinical experience. In the multivariate and univariate analyses, the
odds ratio with a 95% confidence interval and an R? value (Cox and
Snell or Nagelkerke) were calculated. Statistical analysis was made
using Statistica version 13 (StatSoft Inc. Tulsa, OK, USA).

Results

Descriptive analyses

There were no significant correlations between the presence of
any Modic change(s), the location of LDH, disc height, age or gender
and the development of DDD. Patients in the DDD group had higher
scores for VAS back preoperatively (mean 48) than patients in the non-
DDD group (mean 36) (p=0.002) (Table 2, Figure 2).

Modic changes

In the DDD group, 25.9% showed M1. In the non-DDD group,
20.3% showed M1 (p=0.313). Furthermore, M2 was under-represented
in the DDD group (32.8%) compared with the non-DDD group
(40.0%), although not statistically significant (p=0.278). No statistically
significant results concerning M3 and the development of DDD were
found. The correlation between DDD and Modic changes of any kind
(M1 and/or M2 and/or M3) was also tested without any significant
results. In the M2 group, the median VAS back score was 28 compared
with 34 in the MO group (p=0.036). M1 was more common among
women and among smokers; 16.3% of the males and 27.9% of the
females showed M1 (p=0.000). Among smokers, 28.2% showed M1
compared with 19.2% among non-smokers (p=0.013) (Tables 3 and 4).

Disc height

Among patients with a normal disc height (290 of 851 patients),
13.8% showed M1, 26.6% showed M2 and 3.4% had M1-2 (p=0.000). Of
the 561 patients with a reduced disc height (disc height 2 or 3), 24.2%
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Table 2. Differences between the DDD group (1) and the non-DDD group (0).

DDD
Test (p value)
0 (%) 1(%)
Modic 1
0 79.7 74.1 0.313
1 20.3 25.9
Modic 2
0 60 67.2
1 40 32.8 0.278
Modic 3
0 99 98.3
1 1 1.7 0.472
Smoker
0 80.3 80
1 19.7 20 0.952
Gender
1 62 55.2
2 38 44.8 0.294
VAS back (mean) 36 48 0.002
VAS leg (mean) 64 65 -
Mean age (years) 52 53 -

The p value is tested for each variable. For example, the table illustrates that 25.9% of
patients in the DDD group had M1 and that the same result for patients in the non-DDD
group was 20.3% (p=0.313). Gender 1, male; gender 2, female.

100+

80

60—

VASback

40+

20+

g DDD E

Figure 2. Boxplot illustrating the difference in preoperative VAS back and its normal
distribution among patients in the DDD group versus patients in the non-DDD group.

had M1, 46.3% had M2 and 9.4% showed M1-2 (p=0.000). Patients with
a markedly reduced disc height (3) were significantly older (median age
56 years), than patients with normal (1) or slightly reduced disc height
(2) (both with median age 50 years) (p=0.003) (Tables 5 and 6).

Location of LDH

In the DDD group, 10.3% had a medial LDH compared with 10.7%
in the non-DDD group; 84.4% had a paramedial LDH versus 81.8%
in the non-DDD group; 5.2% in the DDD group versus 7.4% in the
non-DDD group had a lateral LDH (p=0.805) (Table 7). Patients with
lateral LDH (location 3) were significantly older (median age 58 years)
than patients with paramedial (location 2) (median age 50 years) and
especially medial LDH (location 1) (median age 47 years) (p=0.000)
(Table 7).
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Table 3. Correlations between M1 and DDD and with different variables: gender, smoker, age, VAS back and VAS leg.

Modic 1

0 1 Total

Count Column N % Count Column N % Count Column N % p value
Categorical data
Gender
1 442 65.5 86 48.9 528 62
2 233 345 90 51.1 323 38 0
Smoker

554 83.2 132 75 686 81.5
1 112 16.8 44 25 156 18.5 0.013
DDD
0 632 93.6 161 91.5 793 93.2
1 43 6.4 15 8.5 58 6.8 0313
Numerical data

Mean/median (SD) N Mean/median (SD) N Mean/median (SD) N
Age (years) 51.0/50 (11.60) 675 51.6/50 (10.32) 176 51.1/50 (11.34) 851 -
VAS back 36.6/30 (28.32) 666 38.4/35(29.21) 175 37.0/31 (28.50) 841 -
VAS leg 64.1/69 (24.32) 667 64.4/69 (24.78) 174 64.2/69 (24.40) 841 -

Table 4. M2 and its possible correlations to gender, smoker, DDD, age, VAS back and VAS leg.

Modic 2

0 1 Total

Count Column N % Count Column N % Count Column N % p values
Categorical data
Gender
1 324 62.9 204 60.7 528 62
2 191 37.1 132 393 323 38 0.518
Smoker
0 416 81.7 270 81.1 686 81.5
1 93 18.3 63 18.9 156 18.5 0.813
DDD
0 476 924 317 943 793 93.2
1 39 7.6 19 5.7 58 6.8 0.278
Numerical data

Mean/median (SD) N Mean/median (SD) N Mean/median (SD) N
Age (years) 49.7/48 (11.97) 515 53.3/52 (9.94) 336 51.1/50 (11.34) 851 0
VAS back 38.8/34 (29.05) 508 34.2/28 (27.44) 333 37.0/31 (28.50) 841 0.036
VAS leg 64.2/69 (24.59) 508 64.1/70 (24.16) 333 64.2/69 (24.40) 841 -

The calculations were done as in Table 3. Gender 1, male; 2, female.

Table 5. Correlations between disc height and different variables.

Disc height (3 categories)

1 2 3 Total

Count ‘Column N%  Count Column N % | Count Column N % | Count Column N % |p value
Categorical data
Gender
1 184 63.4 316 62.8 28 48.3 528 62
2 106 36.6 187 37.2 30 51.7 323 38 0.08
Smoker
0 237 82.9 405 81.3 44 75.9 686 81.5
1 49 17.1 93 18.7 14 24.1 156 18.5 0.453
DDD
0 272 93.8 465 92.4 56 96.6 793 93.2
1 18 6.2 38 7.6 2 3.4 58 6.8 0.441
Numerical data

Median/mean (SD) |N Median/mean (SD) |N Median/mean (SD) |N Median/mean (SD) |N
Age 50/51.1 (11.9) 290 50/50.6 (10.9) 503 56/55.8 (10.8) 58 50/51.1 (11.3) 851 0.003
VAS back 31/36.9 (28.6) 287 31/36.3 (28.2) 498 41/43.3 (30.1) 56 31/37.0 (28.5) 841
VAS leg 71/65.5 (24.4) 288 68/63.5 (24.1) 497 70/62.9 (26.9) 56 69/64.2 (24.4) 841

In addition to its association with DDD, connections between disc height and gender, smoking, age, VAS back and VAS leg are shown. Disc height is demonstrated and tested in three
categories (1, not reduced height; 2, slightly reduced; and 3, markedly reduced disc height). Gender 1, male; 2, female.
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Table 6. Disc height categories 2 and 3 considered as one group: group 2.

Disc height (2 categories)
1 2 Total
Count ‘Column N % Count Column N % Count Column N % p value
Categorical data
Gender
1 184 63.4 344 61.3 528 62.0
2 106 36.6 217 38.7 323 38.0 0.544
Smoker
0 237 82.9 449 80.8 686 81.5
1 49 17.1 107 19.2 156 18.5 0.455
DDD
0 272 93.8 521 92.9 793 93.2
1 18 6.2 40 7.1 58 6.8 0.612
Numerical data
Median/mean (SD) N Median/mean (SD) N Median/mean (SD) N
VAS back 31/36.9 (28.6) 287 32/37.0 (28.5) 554 31/37.0 (28.5) 841 -
VAS leg 71/65.5 (24.4) 288 68/63.5 (24.4) 553 69/64.2 (24.4) 841 -
Gender 1, male; 2, female.
Table 7. Correlations between the location of LDH and the other variables tested.
Location of LDH
1 2 3 Total
Count Column N % Count Column N % Count Column N % Count Column N % p values
Categorical data
Gender
1 56 61.5 434 62.2 38 61.3 528 62.0
2 35 38.5 264 37.8 24 38.7 323 38.0 0.985
Smoker
0 68 74.7 569 82.6 49 79.0 686 81.5
1 23 253 120 17.4 13 21.0 156 18.5 0.169
DDD
0 85 93.4 649 93.0 59 95.2 793 93.2
1 6 6.6 49 7.0 3 4.8 58 6.8 0.805
Numerical data
Median/mean N Median/mean N Median/mean N Median/mean N
(SD) (SD) (SD) (SD)
VAS back 35/41.4 (29.2) 89 31/36.6 (28.5) 690 27/35.0 (27.6) 62 31/37.0 (28.5) 841
VAS leg 73/66.9 (22.3) 89 69/63.9 (24.5) 690 72/63.2 (25.9) 62 69/64.2 (24.4) 841

Gender 1, male; 2, female.

Correlation between disc height and location of LDH

A negative linear association was seen. If the disc height went from
a normal level (disc height 1) to a markedly reduced level (disc height
3), the location of the LDH went from lateral (location 3) to medial
(location 1).

Logistic regression analyses

In the univariate regression analysis, the only significant regression
model was that including VAS back (Table 8). In the multiple regression
analysis, some equations combining different variables were tested. No
significant results could be found except for a model including only
VAS back (Table 9). In the inter-observer analysis, the kappa score was
90.24%. In the intra-observer analysis, the kappa score was 89.03%.

Discussion

This study aimed to find predictors that could help us to identify
patients, scheduled for LDH surgery that have a higher risk of
developing CLBP caused by DDD. Modic changes, disc height and the
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location of LDH on MR images from 851 patients were analysed. To
our knowledge no studies of this kind have been performed previously.

Our results are supported in a recent study that concluded that
patients seeking primary care because of LBP, reporting a high baseline
level of pain, have a significantly higher risk of CLBP 6 months and 5
years later, respectively, compared with patients who reported lower
levels of pain [2].

Although this study did not find any significant correlations
between radiologic findings and DDD, some interesting significant
associations between Modic changes and VAS for back pain could be
seen. We found a non-significant trend that M2 tends to be less common
and M1 more common among patients who develop DDD compared
with those who do not. In addition, M2 correlated significantly with a
lower score for VAS back pain, whereas M1 seemed to correlate with
a higher VAS back [18]. Can the underlying mechanisms that cause
M2 be inhibiting for the development of future CLBP caused by DDD?
The presence of M2 accompanied by relatively low scores for VAS
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Table 8. Univariate regression analysis.

A B C D E F
B Exp (B) Sig. | 95% ClI for | Nagelkerke
exp (B) R
Woman 0.284 | 1.328 - 0.296 = 0.780-2.260 0.003
VAS back 0.014 | 1.014 | 1.150 0.002 | 1.005-1.024 0.025
Smoker: yes 0.021 | 1.021 - 0.952  0.519-2.010 0.000
Age 0.005 | 1.005 | 1.051 0.675 | 0.983-1.027 0.000
Modic 1: yes 0314 1.369 - 0.315 | 0.742-2.527 0.003
Modic 2: yes -0.313 | 0.732 - 0.279  0.415-1.289 0.004
Modic 3: yes 0.543 | 1.721 - 0.612 0.212-14.004 0.001
Disc height: reduced 0.149 | 1.160 - 0.613 | 0.653-2.062 0.001
Location of LDH: 2 (vs. 1) | 0.067 = 1.070 - 0.881  0.445-2.572 0.001
Location of LDH: 3 (vs. 1) 1 —0.328 = 0.720 - 0.652 | 0.173-2.995 0.001

Modic (1) (of any kind)  —0.055 0947 | —  0.841 0.555-1.614 |  0.000

Each variable has been tested and calculated against the possible development of DDD. A:
The estimated influence for the specific variable; B: Odds ratio for DDD, in other words the
odds for DDD when the variable increases one step; C: Differences in odds ratio when the
variable increases 10 steps (only numerical variables); D, the significance for the estimation
(p value); E, 95% confidence interval for the estimated odds ratio; F, the Nagelkerke R?
value for the model, i.e., how much of the variation in DDD can be explained by the specific
variable. For example, VAS back explained 2.5% of the variation in DDD.

Table 9. Multivariate logistic regression analysis.

Step 1* B Significance Exp(B) 95% CI for exp(B)

Lower Upper
Woman 0.181 0.526 1.199 0.685 2.098
Age 0.016 0.189 1.016 0.992 1.040
Modic 1 0.265 0.407 1.304 0.696 2.442
Modic 2 —0.275 0.352 0.760 0.426 1.355
VAS back 0.014 0.005 1.014 1.004 1.023
Constant —4.047 0.000 0.017

Model summary

-2 log likelihood 404.159°
Cox & Snell R? 0.015
Nagelkerke R? 0.038

The odds ratio and its significance were calculated for each variable. The model summary
tests how much of the variation in DDD can be explained by the combination of the chosen
variables (R? value). Nagelkerke R? for this model was 0.038 (3, 8%).

Variables entered on step 1, gender (female), age, M1, M2, VAS back; variables entered on
step 2, gender (female), age, VAS back, smoker and Modic of any kind; variables entered
on step 3, Modic change of any kind and medial or paramedial LDH; variables entered on
step 4, Modic of any kind and reduced (slightly or markedly) disc height.

back may indicate stagnation of the degenerative process, and possibly
mechanical stabilization of the degenerating disc. Some support is
found in a study on the evolution of Modic changes [20]. Earlier
studies [19,24] proposed that M1 is a sign of accelerated DD, which
is often linked to higher scores for VAS back pain. Our significant
results concerning M1 and decreased disc height correspond to these
propositions. The correlation between M1 and DDD is interesting but
not yet conclusive. In this study, we also saw a significant association
between disc height and the location of LDH. Patients with a medial
LDH more often had reduced disc height compared with patients with
lateral LDH. In addition, patients with medial LDH were significantly
younger than patients with lateral LDH. In other words, patients with
a medial LDH might have more severe DD at an earlier point in life.
A twin study from 1991 showed that smokers are at greater risk for
developing accelerated DD than non-smokers [11]. We found almost
no difference between smokers and non-smokers regarding the
development of DDD. On the other hand, we found that M1 occurred
significantly more often among smokers than non-smokers, and M1
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correlated significantly to decreased disc height, considered by many
to be a sign of DD [12,19]. Therefore smoking and M1 seem to have
a logical connection to DDD. A potential weakness of this study is
the relatively small group that developed such severe symptoms of
DDD that surgery was indicated, and possibly partly explains why we
found so few statistically significant results. The initial large number
of patients (1154) can be considered a strength of the study. Other
strengths were that a specialist in neuroradiology guided the radiologic
study and kappa scores of 90% were found in the inter- and intra-
observer analyses.

Conclusions

This study shows a significant correlation between M2, seen on
MRI before surgery for LDH, and a low score at VAS back. These
findings might be useful as negative predictors for future development
of CLBP caused by DDD. Patients who develop CLBP as a result of
DDD also have a significantly higher score for VAS back pain before
surgery for LDH compared with patients who do not develop DDD.
We also found a significant correlation between M1 and reduced disc
height, which indicates a potential correlation between M1 and the
development of DDD.
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