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Back pain was less explained than leg pain: @ e
a cross-sectional study using magnetic

resonance imaging in low back pain

patients with and without radiculopathy

Ole Kudsk Jensen", Claus Vinther Nielsen?, Joan Solgaard Serensen® and Kristian Stengaard-Pedersen’

Abstract

Background: Cross-sectional studies have shown associations between lumbar degenerative manifestations on
magnetic resonance imaging (MRI) and low back pain (LBP). Disc herniations and other degenerative
manifestations, however, frequently occur in asymptomatic individuals. The purpose of this cross-sectional study
was to analyze for associations between pain intensity and degenerative manifestations and other pain variables in
patients for whom prognostic factors have been published previously.

Methods: Included were 141 consecutive patients with and without radiculopathy, all sick-listed 1-4 months due
to low back pain and subsequently examined by MRI of the lumbar spine. Using different methods of grouping the
degenerative manifestations, linear regression analyses were performed with the intensity of back + leg pain, back
pain and leg pain as dependent variables covering actual pain and pain the preceding 2 weeks. The clinical
classification into +/— radiculopathy was established before and independently of the standardised description of
MRI findings.

Results: Radiculopathy was present in 43 % of the patients. Pain was best explained using rank-ordered
degenerative manifestations on MRI. Back pain and leg pain were differently associated, and back pain was less
explained than leg pain in the multivariate analyses (15 % vs. 31 % of the variation). Back pain intensity was higher
in patients with type 1 Modic changes and in some patients with nerve root touch, but was not associated with
disc herniations. Leg pain intensity was well explained by disc herniations causing MRI nerve root compromise and
radiculopathy. In patients with radiculopathy, nerve root touch caused as much leg pain as nerve root displacement
or compression. High intensity zones and osteophytes were not associated with back pain, but only associated with
leg pain in patients with radiculopathy. Tender points explained some of the back pain, and widespread pain
explained leg pain in some of the patients without radiculopathy.

Conclusions: Back pain was associated with type 1 Modic changes, nerve root touch and tender points, whereas leg
pain was associated with osteophytes, HIZ, disc herniation, all sorts of MRI nerve root compromise, radiculopathy and
widespread pain.
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Background

Cross-sectional population studies have shown statisti-
cally significant associations between degenerative mani-
festations on lumbar magnetic resonance imaging (MRI)
and low back pain (LBP) the preceding year [1, 2]. How-
ever, degenerative changes occur frequently in persons
without LBP [3]. A systematic review including 45 papers
found weak associations between LBP and degenerative
manifestations with meta-estimates of Odds Ratios ran-
ging from 2.3 to 3.6. [4]. Disc degeneration and disc
herniation were identified in 54 % (4-76 %) and 27 %
(7-85 %) of persons without LBP, respectively. However,
nerve root displacement or compression was only seen in
2-5 % of those without LBP [4], a finding that has been
confirmed elsewhere [3]. End plate oedema (Modic
changes) was not included in the analyses.

The difficulties in demonstrating clear-cut associa-
tions between MRI findings and low back pain may
have various explanations: First, MRI cannot differenti-
ate between new and old findings, which may weaken a
given association. Second, many studies only look at
the presence or absence of degenerative MRI findings
which may be inadequate, as more levels of the lumbar
spine involved in one person do not count more than
one level in another person. A sum score may adjust for
this shortcoming [5], but it does not distinguish between
persons with many moderate changes and persons with
few severe changes, who may have equal sum scores.
A rank-ordered classification by the most severely
degenerated segment [6] may solve this problem, but
then less severely degenerated discs in a person do
not count at all.

Finally, back pain may be caused by other mechanisms
not necessarily associated with degenerative manifesta-
tions. Back pain is part of the definition in chronic wide-
spread pain and fibromyalgia, a subset of this category
[7]. The pain in these patients have been shown to be
caused by facilitation of pain processing and/or insuffi-
cient pain inhibition due to central neuronal mecha-
nisms [8]. We have previously shown that this type of
pain mechanism may play a role in a proportion of pa-
tients with non-specific LBP [9].

Furthermore, MRI findings have been associated most
clearly with radiating pain below the knee [10], but
many studies do not differentiate between back pain and
leg pain [11-13].

In the present study including a subset of the patients
mentioned above [9], both back pain and leg pain inten-
sity were recorded. All patients had LBP with or without
radiating pain [14]. Therefore, a comparison between
participants with and without pain was not possibly. In-
stead, we aimed at analyzing the associations between
the pain intensity and MRI findings comparing normal
anatomy with degenerated anatomy.
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Accordingly, the aims were

1) to analyse for associations between the amount of
degenerative manifestations on MRI and the
intensity of back + leg pain as well as back pain and
leg pain, separately.

2) to clarify which of the three methods of grouping
the degenerative manifestations would explain most
of the variation in the pain-associations: present vs.
absent, sum scores or rank-ordered scores.

3) to establish multivariate models for back + leg pain,
back pain and leg pain based on degenerative
associations and associations with other pain
variables.

Methods

Design

Cross-sectional clinical study using standardised blinded
MRI description.

Patients

The patients in the present study belonged to a cohort
of patients participating in a clinical intervention study
previously reported [14]. They were selected by a one-
year study period, in which MRI was performed con-
secutively. One patient was excluded, as he stayed away
from the MRI examination.

Inclusion criteria for joining the clinical intervention
study: Partly or fully sick-listed from work for 4—
12 weeks due to LBP with or without radiculopathy, LBP
should be the prime reason for sick-listing and at least
as bothersome as any pain elsewhere, agel6—60 years,
referred from a well-defined area counting about
280,000 inhabitants, and the patient should be able to
speak and understand Danish.

Exclusion criteria: Registered as unemployed, living
outside the referral area, continuing or progressive radi-
culopathy resulting in plans for surgery, low back sur-
gery within the past year, previous lumbar fusion
operation, suspected cauda equina syndrome, progres-
sive paresis or other serious back disease (e.g. tumour),
pregnancy, known dependency on drugs, or alcohol or
primary psychiatric disease.

Patients with spondylolisthesis, severe scoliosis, in-
flammatory back pain or cancer were excluded [6].

At their first visit, the patients completed a compre-
hensive questionnaire. Afterwards, a rehabilitation doc-
tor (OK]J) recorded their symptoms and performed a low
back examination including measurement of forward
flexion, side-flexion and tender point examination. Based
on symptoms and physical examination, the patients
were classified as having non-specific LBP or radiculopa-
thy. Radiculopathy was defined as structural changes on
MRI corresponding to a minimum of one of the
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following signs: positive Lasegue of 60° or less, miss-
ing or inhibited reflex, altered sensation in a derma-
tome or paresis. In cases of spinal stenosis, spinal
claudicatio in combination with MRI findings were
sufficient [14, 15].

MRI of the lumbar spine including T1- and T2-
weighted sequences was performed within 4—6 weeks at
the local hospital using a 0.7-T machine. A few MRI’s were
performed with similar techniques at hospitals nearby.

All images were primarily evaluated for clinical use by
the rehabilitation doctor, who had access to all clinical
data, and the images were described by local specialists in
radiology at the hospital as well. A clinical suspicion of
radiculopathy was revised, if MRI did not confirm nerve
root compromise due to disc herniation or stenosis. After-
wards, all MRI images were transformed to compact discs
and blinded, except for identification number, and sent to
a specialist in radiology, who was blinded for the clinical
data. The MRI images were evaluated and described in ac-
cordance with a previously validated protocol [16].

Questionnaire and clinical data
At the top of the questionnaire, a figure showed the LBP
area between the 12th ribs and gluteal folds.

The LBP rating scale. This scale has been validated pre-
viously [17] and comprises a ‘sum score’ based on ques-
tions about worst, average, and actual pain during the
preceding 2 weeks. Three numeric rating scales (0-10)
were added to a back pain score and a leg pain score, re-
spectively. The sum of these two scores (0—60) comprised
the back + leg score.

Disability in daily life activities. A validated Danish
version of the Roland Morris Questionnaire (RMQ) in-
cluding 23 items [18].

Widespread pain (from the Danish version of the
General Health Questionnaire): Affirmative answer on
two questions covering the preceding 2 weeks: Much
bothered by pain or discomfort in 1) neck, shoulders,
arms, hands? 2) back, buttocks, legs, knees and feet?

Use of pain medication: 5-7 days per week, 1-4 days
per week, O days.

Radiculopathy: Nerve root pain and at least one of the
following clinical signs corresponding with MRI findings:
‘Positive Lasegue < 60°, ‘missing or inhibited reflex;
‘altered sensation’ or ‘paresis’.

Tender point (TP) examination [7] is a standardized
method for assessing diffuse hyperalgesia as in fibro-
myalgia. A gradually increasing pressure by 1 kg per sec.
up to 4 kg was applied by the thumb at 18 spots on the
body, symmetrically located on the neck, shoulders,
forearms, second ribs, buttocks and legs. Only painful
points were counted as positive. The examination tech-
nique has been shown to be reliable with good agree-
ment, but less precise [19].
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Ethical approval
Presented in original study [14]. All patients signed in-
formed consent.

Data analyses

Differences in proportions were analysed by Chi’-test,
and differences in discrete distributions were analysed
by unpaired ¢-test if the distributions were normally dis-
tributed and by Wilcoxon rank-sum test if not normally
distributed. Spearman’s test was used to correlate not
normally distributed variables. Logistic regression was
used for analyzing dichotomous outcomes when adjust-
ment was required.

All structural findings on MRI were established as var-
iables in three ways: ‘a max score, a ‘sum score’ and
‘present vs. absent’. ‘Max scores’ were calculated by
rank-ordering the degenerative manifestations and sum-
ming up all patients who had the structural finding in
question as the most extreme finding (the ‘max’ com-
mand in STATA). ‘Sum scores’ were calculated by add-
ing the structural findings on all lumbar levels. ‘Present
vs. absent’” were dichotomous variables. Modic changes
were analyzed by ‘types’ and ‘sum score’ of volume. The
resulting variables were analysed by descriptive statistics.

Back + leg pain, back pain and leg pain were normally
distributed and were used as dependent variables in uni-
variate linear regression analyses with the degenerative
manifestations and other baseline variables as independ-
ent variables. All analyses were adjusted for age and sex.
The MRI variables that potentially could cause nerve
root compromise were subdivided by radiculopathy, and
other variables showing interaction with radiculopathy
were also subdivided. Wald’s test was used to test statis-
tical significance for categorical variables. The conditions
for using linear regression were checked by normality
plots of residuals, residuals versus predicted, and check
of leverage and standardised residuals.

Subsequently, multivariate analyses were performed by
first analysing degenerative manifestations with back +
leg pain, back pain and leg pain as dependent variables
to establish models including more than one variable if
possible. Afterwards, other explanatory baseline variables
were incorporated to achieve higher adjusted R? i.e. the
percentage of the variation explained by the linear re-
gression model.

Variables that could be interpreted as caused by pain
were not included. Collinearity was checked by multiple
correlation analysis.

All analyses were performed by STATA [20], and a sig-
nificance level of 5 % was chosen.

Results
Baseline variables are shown in Table 1. Back + leg pain
intensity and disability were similar in men and women,
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Table 1 Baseline variables

Dependent variables

Back + leg pain intensity® , mean (SD) (range) 323 (11.9) (8, 60)
Women, mean (SD) 324 (12.3)
Men, mean (SD) 321 (11.6)

Back pain intensity®, mean (SD) (range) 17.7 (6.50) (3, 30)
Women, mean (SD) 186 (5.8)
Men, mean (SD) 16.6 (7.1)

Leg pain intensity®, mean (SD) (range) 144 (8.30) (0, 30)
Women, mean (SD) 136 (8.5)
Men, mean (SD) 15.3 (8.0)

Independent variables

MRI findings (presented in Table 2)

Demographic and clinical variables

Sex: female/all (% female) 75/141 (53)

Age: mean (SD) (range)
Body Mass Index (BMI): mean (SD) (range)

416 (106) (18-60)
2638 (4.55) (184-40.2)

N with radiculopathy/all, n (%) 61/141 (43)
Disability (Roland Morris), mean (SD) (range) 15.7 (3.8) (5-23)
Women, mean (SD) 15.6 (4.0)
Men, mean (SD) 15.8 (3.6)
Duration of pain, n (%)
<3 mo 73 (53)
3-6 mo 38 (27)
7-12 mo 9 (7)
> 12 mo 18 (13)
Much bothered by widespread pain the preceding 23/141 (16)
2 wk/all, n (%)
Using pain medicine 5-7 days pr. wk/ 0-4 days 86/50/135
pr. wk/all
Tender points: median (range) 6 (0-18)

Other baseline variables presented elsewhere [6]
?on the examination day and the preceding two weeks

but back pain and leg pain differed a little in regard to
sex. Radiculopathy was identified in 43 % of the patients,
and roughly half of the patients reported pain for more

than 3 months.

By subtracting leg pain intensity from back pain in-

tensity, the relative balance between back pain and
leg pain was calculated: Back pain exceeded leg pain
in 62 % of all patients. Leg pain was reported as
more intense or as intense as back pain in 66 % and
18 % of the patients with and without radiculopathy,
respectively. Thus, there was overlap between leg pain
and radiculopathy: By cutoff 0.5, the area under the
ROC curve for classifying leg pain correctly as radicu-
lopathy was 76 %, sensitivity was 55 % and specificity
was 73 %.
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Univariate analyses of degenerative manifestations

The degenerative manifestations shown to the left in
Table 2 were predominantly located caudally, the seg-
mental distribution has been presented elsewhere [6].

Summary of MRI associations in Tables 2 and 3

The relative proportion of patients with clinical radiculopa-
thy increased by increasing degree of disc herniation and
MRI nerve root sign (‘max score’ left column, Table 3).

Osteophytes and high intensity zone (HIZ) were not as-
sociated with back pain and were only associated with leg
pain, when radiculopathy was present (Tables 2 and 3).

Disc herniations were not associated with back pain,
but MRI nerve root compression was associated with
less back pain as compared to the reference group
(Table 2 Figs. 1 and 2). Nerve root touch (Fig. 3) tended
to be positively associated with back pain in contrast to
nerve root displacement or compression (Fig. 2 and 3).

Disc herniations and MRI nerve root signs were only
associated with leg pain when radiculopathy was present
(Tables 2 and 3 Figs. 4 and 5). Nerve root touch was as
much associated with leg pain as nerve root displace-
ment and compression in patients with radiculopathy
(Table 3, Fig. 5).

There were no statistically significant associations for
nucleus signal changes, disc height reduction, spinal
stenosis or Modic changes (Tables 2 and 3).

Generally, the ‘max scores’ showed the differences
more clearly than the ‘sum scores’ and ‘present vs. ab-
sent’ analysis. When analyzing the ‘max score’ associa-
tions subdivided by radiculopathy, more statistically
significant associations appeared (Table 3), and adjusted
R? increased owing to the strong association between
radiculopathy and leg pain as shown in Table 4.

When adjusting for leg pain by subtracting leg pain
from back pain, nerve root touch also was positively as-
sociated with back pain in patients without radiculopa-
thy (B=4.19 (0.27-8.10), p=0.036, data not shown in
the Tables).

Univariate analyses of demographic and clinical variables
Back pain was negatively associated with age, and leg
pain tended to be positively associated with age (Table 4).
BMI was not statistically significantly associated with
any of the outcomes (Table 4).

Radiculopathy was strongly associated with leg pain,
not with back pain. Disability and use of pain medicine
were associated with all three outcomes. Back pain was
higher in patients with pain duration >3 months, leg
pain not statistically significant (Table 4).

Widespread pain was associated with leg pain, not
with back pain (Table 4). The same was true when only
including patients with non-specific LBP (back pain f =
3.3, p = 0.054; leg pain p = 10.7, p < 0.001).
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Table 2 Univariate linear regression analyses, adjusted for age and sex
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Back + leg pain (0-60)

Back pain (0-30)

Leg pain (0-30)

(N=134) (N=135) (N=137)
MRl variable n (%) B (95 % ClI) p B (95 % Cl) p B (95 % ClI) p
Nucleus signal change
Max score 0.352% 0.137* 0.772*
Hyperintense
with band 18 (13) ref, ref. ref.
Intermediate 11984 121 (496,738 0699 -005 (-3.28,3.198) 0975 0.99 (-328,527) 0646
Hypointense 4(3) 963 (367,229 0154 6.39 (—0.58, 134) 0.072 324 (-5.98,125) 0488
Sum score (ref. with band) -0.23 (=1 07) 0.724 0.24 (=045, 0.93) 0490 -043 (=132, 045) 0336
Present (—) 123 87) 144 (—474,762) 0645 0.12 (—3.14, 3.39) 0.941 1.05 (-320,531) 0625
Osteophytes
Absent 45 (32)
Sum score (ref. absent) 0.65 (-031,161)  0.184 0.22 (-0.28,0.73) 0382 038 (-0.26,1.03) 0242
Present (—) 96 (68) 1.55 (—3.15, 6.25) 0469 -022 (269, 2.25) 0.859 2.05 (—1.14,5.25) 0.207
Disc height reduction
Max score 0.250* 0.631* 0.115%
Absent 28 (20) ref. ref. ref.
Slight 40 (28) 5.06 (=085, 11.0) 0.093 0.98 (=2.15,4.11) 0.536 3.97 (—0.06, 8.02) 0.054
Moderate 63 (45) 1.89 (-373,752) 0507 -0.77  (=3.76,232) 0614 218 (165,600  0.263
Severe 10 (7) 6.81 (=2.52,16.1) 0.151 0.15 (—4.82,5.13) 0.951 6.64 (0.25,13.0) 0.042
Sum score (ref. absent) 0.36 (=057, 1.29) 0447 0.08 (-042, 0.57) 0.757 0.24 (-0.39, 0.88) 0453
Present (—) 113 (80) 353 (163,870 0178 0.02 (=272, 2.76) 0.987 321 (033,674 0075
High Intensity Zone
Absent 42 (30)
Sum score (ref. absent)
Present (—) 99 (70) -005  (-240,230) 0969 -041  (-165,083) 0513 041 (120,200 0617
2.74 (=1.83,7.31) 0.238 -0.66 (=3.07,1.76) 0.593 3.53 (046, 6.60) 0.025
Protrusion/ herniation
Max score 0.548* 0.154* 0.032*
Absent 15(11) ref. ref. ref.
Bulging 23 (16) -194  (-103,631) 0637 0.12 (—4.19, 443) 0.956 -255  (-803,294) 0360
Protrusion
Broad 75 -2.55 (=135, 842) 0.646 0.09 (=561, 5.79) 0.976 -2.63 (=9.51, 4.70) 0479
Focal 48 (34) 277 (—449,100) 0452 148 (=229, 5.25) 0439 129 (-356,6.13) 0600
Extrusion 40 (28) 1.28 (—6.37, 894) 0.740 241 (—6.37,1.54) 0.229 3.21 (—1.87,829) 0214
Sequestration 8 (6) 6.18 (=5.35,17.7) 0.291 -149 (=748, 4.50) 0.624 7.65 (-0.05, 15.3) 0.051
Sum score (ref. absent) 0.03 (-0.82,086) 0939 -024  (-069,021) 0.290 029 (-029,086) 0328
Present (-) 126 (89) 1.78 (-5.61,797) 0.732 -0.05 (—3.63, 3.54) 0.979 0.97 (—3.70, 5.65) 0.681
MRI nerve root sign®
Max score 0.688* 0.023* 0.104*
No touch 52 (37) ref. ref. ref.
Touch 31 (22) 295 (=259, 849) 0.294 1.79 (=105, 462) 0.214 142 (=2.31,5.16) 0452
Displacement 37 (26) 259 (—2.87,805 0349 -098  (-3.77,1.82) 0490 345 (-=0.19,708)  0.063
Compression 21 (15) 1.02 (—5.80, 7.84) 0.769 -390 (—=7.30, —0.49) 0.025 5.09 (0.55, 9.62) 0.028
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Table 2 Univariate linear regression analyses, adjusted for age and sex (Continued)
Sum score (ref. no touch) 0.20 (—1.46, 1.86) 0.813 -0.82 (—-1.67,0.04) 0.062 0.90 (—0.20, 2.00) 0.109
Present (-) 89 (73) 243 (=197, 6.83) 0.276 -049 (—2.81,1.84) 0679 297 (0.00, 5.94) 0.050
Spinal stenosis
Max score 0.587* 0.426* 0.894*
Absent 123 (87) ref,
Relative 14 (10) 3.81 (-348,11.1) 0303 244 (=141, 6.28) 0.212 0.51 (-4.35,538) 0768
Severe 4(3) 1.11 (114, 13.6) 0.861 -0.74  (-7.34,5.86) 0.825 1.95 (—6.70, 10.6) 0.657
Sum score (ref. absent) 124 (—=1.63,4.11) 0.393 045 (-=1.06, 1.97) 0.554 0.52 (=141, 245) 0.594
Present (-) 18 (13) 1.90 (=3.12,692) 0455 0.79 (—1.86, 3.44) 0.556 0.78 (-2.63,4.18) 0653
Modic changes
Type 0.242% 0.109* 0.708*
Absent 57 (40) ref. ref. ref.
Type 1 25(18) 0.72 (=5.29, 6.73) 0813 1.52 (—1.63, 4.66) 0.341 -0.96 (-5.08, 3.16) 0.609
Type 2 59 (42) -3.54 (=847, 1.39) 0.157 -1.73 (—4.30, 0.85) 0.187 -1.42 (—4.83, 1.99) 0412
Sum score (ref. abs.) 0.13 (-0.51,077) 0689 0.08 (-0.26, 0.42) 0.642 0.05 (-039,049) 0812
Present (ref. abs.) 84 (60) =212 (—6.65, 241) 0.356 -064  (=3.03,1.74) 0.594 -1.26 (—4.37,1.84) 0464

B regression coefficient; CI confidence interval; ref reference. P-values less than 0.05 indicated by /talics

Back + leg pain, back pain and leg pain were dependent variables. The degenerative manifestations were described blinded and standardised and expressed as
‘max scores; ‘sum scores’ and ‘present vs. not present’. A ‘max score’ shows the number of patients with the manifestation indicated as the worst manifestation.
The distribution of degenerative manifestations across the lumbar segments has been published elsewhere [6]

The numbers in subgroups not adjusted for missing values
*Overall p by Wald’s test
2The highest adj. R*=0.10 (back pain intensity), all other < 0.10

TPs were associated with back pain (Table 4, Fig. 6),
but not with leg pain. When only considering patients
with non-specific LBP, B turned positive for leg pain
(back pain =044, p=0.010; leg pain $=0.35 p=
0.151).

TPs correlated with widespread pain (Wilcoxon’s rank-
sum test, p = 0.0002), but there was only partly overlap.
More than 10 TPs were present in 31 patients (22 %),
and widespread pain was reported by 23 patients (16 %).
A combination of more than 10 TPs and widespread
pain was only present in 11 patients (8 %).

Other associations

Except for HIZ displaying only borderline association
with age (p<0.1), all other degenerative manifestations
were associated with age (p varying form 0.02 to 0.0001).
Disc herniation, MRI nerve root sign and spinal stenosis
were more prevalent in men than in women (p varying
from 0.03 to 0.001), but there was no statistically signifi-
cant sex difference in regard to other degenerative mani-
festations. More men than women had radiculopathy
(66 %, p <0.001).

HIZ was associated with disc herniation (p <0.001),
and 76 of 99 HIZ were present in patients with focal
protrusions or extrusions. All degenerative manifesta-
tions were correlated, especially disc herniation and MRI
nerve root sign (Spearman’s rho 0.79, p <0.001). Nerve

root touch was most often seen in relation to focal pro-
trusion (21 of 31 nerve root touch cases).

Multivariate analyses also including other pain variables
Back + leg pain and leg pain associations were similar,
except for MRI nerve root sign explaining more of the
pain in the former and disc herniation in the latter
(Table 5). Widespread pain contributed further to the
two models explained leg pain in a subset of patients
without radiculopathy. Only 14 % of the back + leg pain
variation was explained, whereas 31 % of the leg pain
variation was explained. Age was only statistically signifi-
cant in the leg pain model. MRI findings explained most
of the variation.

Back pain was associated with type 1 Modic changes
as compared to type 2 Modic changes when adjusted for
MRI nerve root sign (Table 5). Other combinations of
MRI variables were not possible due to collinearity. MRI
nerve root displacement and compression were associ-
ated with less back pain, and nerve root touch tended to
be associated with more back pain. Only the tender
point variable contributed to this model. Thus, 15 % of
the back pain variation was explained, and MRI findings
explained most of the variation.

Disability and use of pain medicine were not included
in the models, as they were considered caused by the
pain, not explaining the pain. Sex and BMI did not
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Table 3 Univariate linear regression analyses as measured by max scores, subdivided by radiculopathy

Back + leg pain (N =134) Back pain (N=135) Leg pain (N=137)

MRI variable n (%) B (95 % Cl) p B (95 % Cl) p B (95 % Cl) p
Osteophytes® 0.003* 0.810% <0.001*

Absent 45 (32) ref. ref. ref.

Present

—radiculopathy 48 (34) -252 (—7.64, 2.59) 0331 0.19 (=260, 2.99) 0.892 -2.52 (=5.74,0.71) 0.125

+radiculopathy 48 (34) 6.00 (0.78,11.2) 0.025 -0.68 (=354, 2.19) 0.641 7.00 (3.72,10.3) <0.001
High intensity zone 0.034* 0.528* <0.007*

Absent 42 (30) ref. ref. ref.

Present

—radiculopathy 43 (31) -033 (=552, 448) 0.899 0.05 (—2.74, 2.85) 0.970 034 (—3.64,2.97) 0.841

+radiculopathy 56 (40) 563 (0.52,10.7) 0.031 -1.30 (—4.04, 1.44) 0.348 7.5 (3.90, 104) <0.001
Protrusion/herniat®. 0.116* 0.228* <0.007*

Absent 15 (11) ref. ref. ref.

Bulging

—radiculopathy 18 (13) -4.76 (—=13.2,3.71) 0.268 -0.71 (—5.23,3.81) 0.755 —443 (=9.74, 0.89) 0.102

+radiculopathy 54 9.26 (=3.16, 21.6) 0.143 367 (=295, 10.3) 0.275 567 (=2.23,13.6) 0.158

Protrusion

Broad
—radiculopathy 6 (4) —431 (—15.6, 6.95) 0450 —-0.71 (671, 5.29) 0815 -3.59 (=108, 357) 0323
+radiculopathy (M) 937 (—=15.2,33.9) 0451 532 (—7.76,184) 0422 414 (=11.5,19.7) 0.601
Focal
—radiculopathy 29 (21) 043 (=7.15,8.01) 0910 220 (—1.84, 6.24) 0.283 -1.74 (—6.56, 3.08) 0477

+radiculopathy 19 (13) 740 (—0.95, 15.8) 0.082 0.55 (—3.90, 5.00) 0.806 6.87 (1.56,12.2) 0012
Extrusion

—radiculopathy 129 0.62 (882, 10.1) 0.897 -1.29 (633,374 0613 0.78 (=5.09, 6.64) 0.793

+radiculopathy 28 (20) 2.51 (—545, 10.5) 0533 -2.77 (697, 143) 0.193 521 (0.16,10.2) 0.043
Sequestration

—radiculopathy 0 - - - - - - _ _ _

+radiculopathy 8 (6) 7.39 (-3.91,187) 0.198 -1.47 (749, 4.55) 0.630 8.89 (1.71,16.1) 0.016
MRI nerve root sign 0.033* 0.056* <0.007*
No touch 52 (37) ref. ref. ref.
Touch
—radiculopathy 19 (13) —2.62 (—8.84, 3.60) 0406 0.78 (—2.52,4.09) 0.639 -3.17 (-=7.19,0.86) 0.122
+radiculopathy 12 (9 13.0 (5.18, 20.8) 0.001 3.52 (—-0.62, 7.66) 0.095 9.73 (4.68, 14.8) <0.001
Displacement
—radiculopathy 15(11) 1.18 (—6.02, 8.39) 0.745 -0.09 (-3.92,3.73) 0.961 0.62 (-3.92, 5.15) 0.789
+radiculopathy 22 (16) 4.08 (=2.10, 10.3) 0.194 -1.51 (—4.79, 1.78) 0.365 5.90 (1.91, 9.90) 0.004
Compression
—radiculopathy 302 -1.50 (=153,12.3) 0.831 -0.61 (=796, 6.75) 0.871 0.60 (—9.58, 8.38) 0.895
+radiculopathy 18 (13) 2.18 (—4.92,9.29) 0.544 —4.53 (-8.18, -0.87) 0016 6.86 (2.36,114) 0.003
Spinal stenosis b 0.198* 0.532* 0.084*

Absent 123 (87) ref. ref. ref.
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Table 3 Univariate linear regression analyses as measured by max scores, subdivided by radiculopathy (Continued)

Present
—radiculopathy 7 (5 =277 (=129, 737) 0.590 0.56 (—4.83, 5.95) 0.837 —4.54 (=110, 1.93) 0.167
+radiculopathy 11 (8) 6.62 (=129, 15.5) 0.100 2.39 (—1.82, 6.60) 0.263 439 (=1.01,9.79) 0.110

B regression coefficient; C/ confidence interval; ref reference. P-values less than 0.05 indicated by /talics

Back + leg pain, back pain and leg pain intensity were dependent variables, all analyses adjusted for age and sex. The numbers in subgroups not adjusted for
missing values

The estimates for small subgroups (<5) should not be considered reliable

*Overall p by Wald's test

®The highest adj. R*=0.22 (leg pain), the second highest disc herniation (leg pain): 0.19

P'Relative and severe’ collapsed because of small number of ‘severe’

contribute to the models, and pain duration was not in-  X-ray studies have shown osteophytes and end plate scler-
cluded in the back pain model, as it explained less of the  osis more prevalent in men, but disc height reductions

back pain than the MRI associations. more prevalent in women [23, 24]. Furthermore, gender
was not associated with the one-year prognosis in the

Discussion present study [15, 25] or in LBP studies in general [26].

In the present study, 57 % and 43 % of the patients were In the multivariate analyses, age was positively associ-

classified clinically as non-specific LBP and radiculopa- ated with leg pain probably reflecting the age-association
thy, respectively, Sixty-two percent of the patients re-  with degenerative manifestations also demonstrated in

ported more back pain than leg pain. other studies [27].
Back pain tended to be dominant in women and leg pain Accordingly, all analyses were adjusted for age and sex.
dominant in men. However, back + leg pain and disability The associations between pain and MRI findings were

were strikingly similar in the two sexes probably owing to  best demonstrated by the ‘max score’ analyses. However,
common selection criteria in terms of 1-4 months of sick-  only 15 % of the back pain was explained by MRI nerve
listing. There was a preponderance of men among the pa-  root sign, type 1 Modic changes and tender points. In
tients with radiculopathy, which is in agreement with other ~ contrast, the leg pain was better explained by age, de-
studies [21, 22]. However, the literature is not consistent in  generative manifestations and widespread pain account-
regard to sex-difference of degenerative manifestations: ing for 31 % of the variation.
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Table 4 Univariate linear regression analyses of demographic and clinical variables
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Back + leg pain (0-60)

Back pain (0-30)

Leg pain (0-30)

(N=134) (N=135) (N=137)

Baseline demographic and clinical variables B (95 % CI) p B (95 % Cl) p B (95 % Cl) p
Sex , ref. female —-025 (-4.35,386) 0906 -201 (-4.21,0.19) 0.073 1.72 (=1.08,453) 0226
Age, pr.y, ref. 18y -006 (-025,014) 0576 135 (-024,-003) 0071 008  (-006,0.21) 0252
BMI, pr. unit, ref. 184 0.17 (—-0.28,062) 0449 0.22 (—0.01, 0.46) 0.062 -001 (=032,030) 0947
Radiculopathy, ref. no® 6.52 (2.20, 10.8) 0.003 -121  (=3.54,1.11) 0.302 795 (5.22,10.7) <0.001
Disability, pr. unit, ref. 57 150  (1.02,198) <0001 057  (0.30,0.84) <0001 093  (059,127)  <0.007
Duration of pain 0.080* 0.029% 0.083*

<3 mo ref. ref. ref.

3-6 mo 230 (=251,710) 0346 255 (007,502 0044 018  (-3.12,348) 0914

7-12 mo 109  (238,193) 0012 524  (0.86,9.62) 0019 606  (021,119) 0043

>12 mo 0.19 (-6.32,6.70) 0954 332 (-0.03, 6.68) 0.052 -269 (=7.16,1.79) 0238
Widespread pain yes, ref. no 946  (368,152) 0002 302 (-0.11,614) 0058 669 (271,107) 0001
Use of pain medicine 5-7 days pr. wk, ref. 0-4 days 6.34 (2.08, 10.6) 0.004 245 (0.19, 4.72) 0.034 345 (052,639 0021
Tender points, pr. point, ref. 0 0.15 (-0.39,069) 0.579 0.35 (0.08, 0.63) 0.012 -021 (=059,0.15) 0247

B regression coefficient; C/ confidence interval; ref reference. P-values less than 0.05 indicated by /talics
Back + leg pain, back pain and leg pain intensity were dependent variables. All analyses adjusted for age and sex, except age and sex

*Overall p by Wald’s test
2The highest adj. R? for dichotomous variables was 0.20 (radiculopathy —

Finally, back + leg pain was least explained reflecting dif-
ferent associations for back pain and leg pain. Nonetheless,
we still consider the back + leg pain variable important, as
it was previously identified as one of only two variables

leg pain) and for variables with discrete distributions 0.21 (disability -

leg pain)

pain, disability and return to work [15, 25]. The other vari-
able was type 1 Modic changes [6].

The lack of association between back pain and disc
herniation was in good accordance with some previous

contributing in explaining all three outcomes at 1 year: studies [1, 28]. It is also illustrated by the high
N
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Fig. 6 The association between back pain intensity and tender points. The slope 3 was 041 when unadjusted for age and sex. The broad cloud
of dots reflects the considerable variability, though statistically significant as shown in Table 4 and 5
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Table 5 Three multivariate models including MRI variables and other explanatory variables
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Back-+tleg pain (N=134)

Back pain (N=135)

Leg pain (N=137)

(0-60) (0-30) (0-30)
n (%) B (95% CI) p B 95% CI) p B (95% CI) p
Protrusion/herniation <0.001*
Absent 15(11) ref.
Bulging
—radiculopathy 18 (13) -2.21 (-7.18, 2.75) 0.375
+radiculopathy 5 (4) 8.60 (1.12, 16.1) 0.025
Protrusion
Broad
—radiculopathy 6(4) -3.00  (-9.59,3.58) 0.368
+radiculopathy 1(1) 6.38 (-8.00, 20.7) 0.381
Focal
—radiculopathy 29 (21) -0.02 (—4.50, 4.46) 0.993
+radiculopathy 19 (13) 10.2 (5.04,15.3) <0.001
Extrusion
—radiculopathy 12 (9) 2.41 (-3.02, 7.84) 0.382
+radiculopathy 28 (20) 8.34 (3.53,13.2) 0.001
Sequestration
—radiculopathy 0 - - -
+radiculopathy 8(6) 11.7 (5.04,18.4) 0.001
MRI nerve root sign 0.006* 0.022%
No touch 52 (37) ref. ref.
Touch
—radiculopath 19 (13 -3.00 -8.93,2.94 0.319
+radiculogath§ 12 ((9)) 14.8 ((6.99, 22.5)) <0Aoo1} 215 (-0.64,4.95) 0.129
Displacement
—radiculopathy 15(11) 035 (-6.53,7.23) 0.921 } 079 (-358,1.99) 0.573
+radiculopathy 22 (16) 5.50 (-0.45, 11.5) 0.070
Compression
7rad.iculopathy 3(2) 0.03 (-13.2,13.2) 0.996 } 348 (-6.92,-0.04) 0.047
+radiculopathy 18 (13) 3.64 (=3.16, 10.4) 0.292
Modic changes, type 0.031*
Absent 57 (40) ref.
Type 1 25(18) 236 (-0.72,5.44) 0.132
Type 2 59 (42) -1.69 (-4.17, 0.80) 0.182
Tender points, pr. point, ref. 0 0.31 (0.03, 0.59) 0.030
Diffuse pain <0.001* <0.001*
No 118 (84) ref. ref.
—radiculopathy 18 (13) 12.2 (5.92,18.4) <0.001 10.0 (6.06, 14.0) <0.001
+radiculopathy 5.4 037 (-114,12.2) 0.950 010  (-7.21,742)  0.979
Age, pr. year, ref 18 0.04 (-0.15, 0.23) 0.701 -0.07 (-0.18, 0.04) 0.213 0.13 (0.01, 0.25) 0.034

Adjusted R> = 0.14

Adjusted R> = 0.15 Adjusted R> = 0.31

B, regression coefficient; CI, confidence interval; ref., reference. P-values less than 0.05 indicated by /talics.
Back+leg pain, back pain and leg pain intensity were dependent variables, all analyses adjusted for sex.
The estimates for small subgroups (<5) should not be considered reliable.

* Overall p by Wald’s test

prevalence of asymptomatic disc herniations [4]. How-
ever, most studies have shown association between disc
herniation and LBP the past year [4, 29]. A cohort
study with follow-up imaging after 3 years showed as-
sociations between previous pain and the presence of
disc extrusion, central stenosis and nerve root com-
promise, however, not other degenerative manifesta-
tions [30]. Thus, disc herniation may be associated with
previous pain rather than actual pain.

Back pain was associated with nerve root touch espe-
cially in patients with radiculopathy, but not nerve root
displacement or compression. Thus, it may be hypothe-
sized that nerve root touch may be more important for
back pain than just the presence of disc herniation.

Type 1 Modic changes are characterized by more in-
flammatory changes than type 2 changes [31] which
may explain the association with back pain. The asso-
ciation demonstrated here is in accordance with the
literature [32, 33]. Although in the present study asso-
ciated with back pain and not leg pain, it may not be
concluded that type 1 Modic changes do not cause leg
pain.

Although disc herniations frequently occur without
pain [4, 34], leg pain is often well explained by disc her-
niations, especially extrusions and sequesters, which was
demonstrated here as elsewhere [10, 35]. However, we
found no association in patients without radiculopathy,
which may be due to the small sample size. But it also
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may reflect that disc herniation seldom causes leg pain
in the absence of radiculopathy.

As expected, nerve root touch, displacement and com-
pression were also closely associated with leg pain, but
clinical radiculopathy was only present in about two
thirds of these (43 % vs. 63 %). The explanation may be
chemical. Radiculopathy is dependent on both pressure
and chemical substances predominantly induced by con-
tact with nucleus pulposus tissue [36]. We found nerve
root touch as much associated with leg pain as nerve
root displacement or compression and also with back
pain. This also may indicate that the chemical compo-
nent is more important than the mechanical component,
which was supported by another study [28]. That study
showed no significant differences in regard to degenera-
tive manifestations between a group with radiculopathy
and a matched control group, except for nerve root im-
pingement. Some studies have shown effect of tumour
necrosis factor inhibitors or anti-interleukin 6 in patients
with radiculopathy. [36-38]. In one study in patients
with sciatica, a TNF-alfa inhibitor (eternacept) infiltrated
on the nerve root was more effective than dexametha-
sone at 1 month [37], in another study in patients with
lumbar stenosis, anti-interleukin 6 infiltrated on the
nerve root was more effective than dexamethasone at
1 month [38]. Thus in the future, we may learn to man-
age the chemical component more specifically by bio-
logic therapy in some of the patients with radiculopathy.

HIZ is often believed to be responsible for back pain, al-
though not confirmed by two population studies [1, 39],
one of these including more than 1000 patients [39]. In
the present study, HIZ was only associated with leg pain
in patients with radiculopathy, which partly may depend
on its association with disc herniation.

Similarly, osteophytes were only associated with leg
pain in patients with radiculopathy. This may be ex-
plained by the osteophytes’ potential of being space oc-
cupying. We have not been able to find other MRI
studies highlighting this aspect, but population studies
using X-rays have shown just modest associations with
LBP [40].

Associations between degenerative manifestations and
back pain may have been overshadowed by other pain
mechanisms as for instance descending anti-nociceptive
mechanisms: The TP variable contributed to the multi-
variate back pain model, and patients with more than 10
tender points had 4 units higher back pain intensity than
patients with less than 2 tender points. Tender points
may explain some cases of back pain by a fibromyalgia-
like pain mechanism, as tender points were previously
shown to be positively associated with back pain and
negatively associated with radiculopathy and disc
height reduction [9]. Of course tender points cannot be
regarded as a very precise measure, but rather may be
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understood as some sort of standardised measure of dif-
fuse tenderness.

Widespread pain was associated with both tender
points and leg pain, but not with back pain. It did ex-
plain leg pain in some of the patients without radiculo-
pathy. Widespread pain is reported by 10-13 % in the
general population [41] and was present in 16 % of the
patients. Tender points and widespread pain may indi-
cate sensitization of the nociceptive system, but notably,
they played different roles in relation to back pain and
leg pain in the present study.

Tender points were previously shown to be associated
with one-year pain and disability in the multivariate ana-
lyses, whereas widespread pain was only associated with
the outcome in the univariate analyses [15].

Strengths

The statistical analyses were performed in three different
ways allowing us to compare the result of ‘max scores’
‘sum scores’ and ‘present vs. absent’.

The present pain registration provided a better mapping
of back pain and leg pain than in most other studies. The
classification in non-specific LBP or radiculopathy took
place before and independent of the standardised MRI de-
scription that has been validated previously [16].

The present population included patients referred by
general practitioners for secondary health care [14], but
all patients were selected by sick-listing criteria and were
probably not subjected to other sorts of bias such as
economic aspects, care seeking behaviour or expecta-
tions or plans for surgery.

Activities of daily living were importantly affected, as
the mean Roland Morris score was 16, a high level in
comparison with other LPB populations [42].

Limitations

The present study was cross-sectional and therefore can-
not prove causal relationships. The total number of pa-
tients was limited and defined by pragmatic reasons and
not by power calculation. This resulted in small sub-
groups implying a risk for overlooking associations with
MRI findings, and it may also explain the lack of associ-
ations with spinal stenosis. Some structural findings
were not included such as disorders like Scheuermann
or spondylolisthesis. Widespread pain recording only
covered the preceding 2 weeks. Multiple testing implied
a risk for coincidental findings.

Perspectives

The lack of associations between back pain and all de-
generative manifestations except type 1 Modic changes
highlights the need for caution, when degenerative mani-
festations on MRI are interpreted and explained to pa-
tients with non-specific LBP. Usually, we do not know
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the exact cause of pain in patients with non-specific LBP
[43], and this is still so even when MRI of the lumbar
spine is available.

There is a need for more research in immunological
processes and chemical substances in the spinal canal in-
fluencing pain processing.

Conclusions

The associations between MRI findings and pain were
best demonstrated by the ‘max score’ analyses, i.e. by
subclassifying the patients in relation to the most se-
verely degenerated segment.

The present study confirmed the importance of identi-
fying patients with radiculopathy, not only for selection
purpose for surgery, but also in order to better under-
stand pain.

Degenerative MRI findings explained disappointingly
little of the back pain, but explained more of the leg
pain, especially after incorporating the clinical classifica-
tion of radiculopathy. Nerve root touch was both associ-
ated with back pain and leg pain, but nerve root
displacement or compression was only associated with
leg pain. Disc herniation, HIZ or osteophytes were not
associated with back pain, but with leg pain in patients
with radiculopathy. Diffuse hyperalgesia, as measured by
tender points, contributed in explaining the back pain.
Widespread pain contributed in explaining the leg pain
in patients without radiculopathy.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

OKJ was responsible for conception and design, acquisition of data, analysis
and interpretation of data and drafting of the manuscript. OKJ, KS and CVN
were responsible for obtaining funding, and KS and CVN were responsible
for supervision. JSS was responsible for the standardised MRI description and
for providing MRIs used in the Figures. All authors discussed the results and
commented on the manuscript. All authors read and approved the final
manuscript.

Acknowledgements
The study was supported by The Research Fund of Silkeborg Regional
Hospital and The Danish Rheumatism Association.

Author details

'The Spine Center, Diagnostic Center, Silkeborg Regional Hospital, Falkevej
1-3, 8600 Silkeborg, Denmark. “Section of Clinical Social Medicine and
Rehabilitation, Institute of Public Health, University of Aarhus, Aarhus,
Denmark. *Associated to Research Department, Spine Centre of Southern
Denmark, Lillebaelt Hospital, Little Belt, Denmark. “Department of
Rheumatology, Aarhus University Hospital, Aarhus, Denmark.

Received: 26 August 2015 Accepted: 21 November 2015
Published online: 03 December 2015

References

1. Kjaer P, Leboeuf-Yde C, Korsholm L, Sorensen JS, Bendix T. Magnetic
resonance imaging and low back pain in adults: a diagnostic imaging study
of 40-year-old men and women. Spine. 2005;30:1173-80.

20.

21

22.

23.

Page 14 of 15

Savage RA, Whitehouse GH, Roberts N. The relationship between the
magnetic resonance imaging appearance of the lumbar spine and low back
pain, age and occupation in males. Eur Spine J. 1997,6:106-14.

Hurwitz E, den HE V, Carragee E, Alamin T, Cheng |, Franklin T. Are first-time
episodes of serious LBP associated with new MRI findings? Spine J. 2006,6:624-35.
Endean A, Palmer KT, Coggon D. Potential of magnetic resonance imaging
findings to refine case definition for mechanical low back pain in
epidemiological studies: a systematic review. Spine. 2011;36:160-9.

Berg L, Hellum C, Gjertsen O, Neckelmann G, Johnsen LG, Storheim K, et al.
Do more MRI findings imply worse disability or more intense low back
pain? A cross-sectional study of candidates for lumbar disc prosthesis.
Skeletal Radiol. 2013;42:1593-602.

Jensen OK, Nielsen CV, Sorensen JS, Stengaard-Pedersen K. Type 1 Modic
changes was a significant risk factor for 1 year outcome in sick-listed low
back pain patients: a nested cohort study using magnetic resonance
imaging of the lumbar spine. Spine J. 2014;14(11):2568-81.

Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL,
et al. The american college of rheumatology 1990 criteria for the
classification of fibromyalgia. report of the multicenter criteria committee.
Arthritis Rheum. 1990;33:160-72.

Clauw DJ, Crofford L. Chronic widespread pain and fibromyalgia: what we know,
and what we need to know. Best Pract Res Clin Rheumatol. 2003;17:685-701.
Jensen OK, Nielsen CV, Stengaard-Pedersen K. Low back pain may be
caused by disturbed pain regulation: a cross-sectional study in low back
pain patients using tender point examination. Eur J Pain. 2010;14:514-22.
Shambrook J, McNee P, Harris EC, Kim M, Sampson M, Palmer KT, et al.
Clinical presentation of low back pain and association with risk factors according
to findings on magnetic resonance imaging. Pain. 2011;152:1659-65.

Ren XS, Selim AJ, Fincke G, Deyo RA, Linzer M, Lee A, et al. Assessment of
functional status, low back disability, and use of diagnostic imaging in
patients with low back pain and radiating leg pain. J Clin Epidemiol.
1999;52:1063-71.

Jarvik JG, Hollingworth W, Heagerty PJ, Haynor DR, Boyko EJ, Deyo RA.
Three-year incidence of low back pain in an initially asymptomatic cohort:
clinical and imaging risk factors. Spine. 2005;30:1541-8.

Patrick DL, Deyo RA, Atlas SJ, Singer DE, Chapin A, Keller RB. Assessing
health-related quality of life in patients with sciatica. Spine (Phila Pa 1976).
1995;20:1899-908.

Jensen C, Jensen OK, Christiansen DH, Nielsen CV. One-year follow-up in
employees sick-listed because of low back pain: randomized clinical trial
comparing multidisciplinary and brief intervention. Spine (Phila Pa 1976).
2011,36:1180-9.

Jensen OK, Nielsen CV, Stengaard-Pedersen K. One-year prognosis in sick-
listed low back pain patients with and without radiculopathy. Prognostic
factors influencing pain and disability. Spine J. 2010;10:659-75.

Solgaard SJ, Kjaer P, Jensen ST, Andersen P. Low-field magnetic resonance
imaging of the lumbar spine: reliability of qualitative evaluation of disc and
muscle parameters. Acta Radiol. 2006;47:947-53.

Manniche C, Asmussen K, Lauritsen B, Vinterberg H, Kreiner S, Jordan A. Low
back pain rating scale: validation of a tool for assessment of low back pain.
Pain. 1994,57:317-26.

Albert HB, Jensen AM, Dahl D, Rasmussen MN. Criteria validation of the
Roland morris questionnaire. A Danish translation of the international scale
for the assessment of functional level in patients with low back pain and
sciatica. Ugeskr Laeger. 2003;165:1875-80.

Jensen OK, Callesen J, Nielsen MG, Ellingsen T. Reproducibility of tender
point examination in chronic low back pain patients as measured by
intrarater and inter-rater reliability and agreement: a validation study. BMJ
Open. 2013;3:e002532.

Stata Statistical Software. Release 9. College Station, TX: StataCorp LP. 2005.
Ref Type: Computer Program

Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Hanscom B, Skinner JS,
et al. Surgical vs nonoperative treatment for lumbar disk herniation: the
Spine Patient Outcomes Research Trial (SPORT): a randomized trial. JAMA.
2006;296:2441-50.

Atlas SJ, Keller RB, Wu YA, Deyo RA, Singer DE. Long-term outcomes of
surgical and nonsurgical management of lumbar spinal stenosis: 8 to

10 year results from the maine lumbar spine study. Spine. 2005;30:936-43.
Pye SR, Reid DM, Smith R, Adams JE, Nelson K, Silman AJ, et al.
Radiographic features of lumbar disc degeneration and self-reported back
pain. J Rheumatol. 2004;31:753-8.



Jensen et al. BMC Musculoskeletal Disorders (2015) 16:374

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

de Schepper El, Damen J, van Meurs JB, Ginai AZ, Popham M, Hofman A,
et al. The association between lumbar disc degeneration and low back
pain: the influence of age, gender, and individual radiographic features.
Spine (Phila Pa 1976). 2010;35:531-6.

Jensen OK, Stengaard-Pedersen K, Jensen C, Nielsen CV. Prediction model
for unsuccessful return to work after hospital-based intervention in low
back pain patients. BMC Musculoskelet Disord. 2013;14:140.

Hayden JA, Chou R, Hogg-Johnson S, Bombardier C. Systematic reviews of
low back pain prognosis had variable methods and results: guidance for
future prognosis reviews. J Clin Epidemiol. 2009;62:781-96.

Battie MC, Videman T, Gibbons LE, Fisher LD, Manninen H, Gill K. 1995 Volvo
award in clinical sciences. Determinants of lumbar disc degeneration a
study relating lifetime exposures and magnetic resonance imaging findings
in identical twins. Spine (Phila Pa 1976). 1995,20:2601-12.

Boos N, Rieder R, Schade V, Spratt KF, Semmer N, Aebi M. 1995 Volvo award
in clinical sciences. The diagnostic accuracy of magnetic resonance
imaging, work perception, and psychosocial factors in identifying
symptomatic disc herniations. Spine (Phila Pa 1976). 1995,20:2613-25.
Takatalo J, Karppinen J, Niinimaki J, Taimela S, Mutanen P, Sequeiros RB,

et al. Association of modic changes, Schmorl's nodes, spondylolytic defects,
high-intensity zone lesions, disc herniations, and radial tears with low back
symptom severity among young Finnish adults. Spine (Phila Pa 1976).
2012;37:1231-9.

Jarvik JJ, Hollingworth W, Heagerty P, Haynor DR, Deyo RA. The longitudinal
assessment of imaging and disability of the back (LAIDBack) study: baseline
data. Spine. 2001,26:1158-66.

Ohtori S, Inoue G, Ito T, Koshi T, Ozawa T, Doya H, et al. Tumor necrosis
factor-immunoreactive cells and PGP 9.5-immunoreactive nerve fibers in
vertebral endplates of patients with discogenic low back Pain and Modic
Type 1 or Type 2 changes on MRI. Spine. 2006;31:1026-31. Phila Pa 1976.
Kjaer P, Korsholm L, Bendix T, Sorensen JS, Leboeuf-Yde C. Modic changes
and their associations with clinical findings. Eur Spine J. 2006;15:1312-9.
Jarvinen J, Karppinen J, Niinimaki J, Haapea M, Gronblad M, Luoma K, et al.
Association between changes in lumbar modic changes and low back
symptoms over a two-year period. BMC Musculoskelet Disord. 2015;16:98.
Mulleman D, Mammou S, Griffoul |, Watier H, Goupille P. Pathophysiology of
disk-related sciatica. |.—evidence supporting a chemical component. Joint
Bone Spine. 2006;73:151-8.

Beattie PF, Meyers SP, Stratford P, Millard RW, Hollenberg GM. Associations
between patient report of symptoms and anatomic impairment visible on
lumbar magnetic resonance imaging. Spine. 2000,25:819-28.

Risbud MV, Shapiro IM. Role of cytokines in intervertebral disc degeneration:
pain and disc content. Nat Rev Rheumatol. 2014;10:44-56.

Ohtori S, Miyagi M, Eguchi Y, Inoue G, Orita S, Ochiai N, et al. Efficacy of
epidural administration of anti-interleukin-6 receptor antibody onto spinal
nerve for treatment of sciatica. Eur Spine J. 2012,21:2079-84.

Ohtori S, Miyagi M, Eguchi Y, Inoue G, Orita S, Ochiai N, et al. Epidural
administration of spinal nerves with the tumor necrosis factor-alpha
inhibitor, etanercept, compared with dexamethasone for treatment of
sciatica in patients with lumbar spinal stenosis: a prospective randomized
study. Spine (Phila Pa 1976). 2012,37:439-44.

Cheung KM, Karppinen J, Chan D, Ho DW, Song YQ, Sham P, et al.
Prevalence and pattern of lumbar magnetic resonance imaging changes

in a population study of one thousand forty-three individuals. Spine

(Phila Pa 1976). 2009,34:934-40.

Raastad J, Reiman M, Coeytaux R, Ledbetter L, Goode AP. The association
between lumbar spine radiographic features and low back pain: a systematic
review and meta-analysis. Semin Arthritis Rheum. 2015;44:571-85.

Macfarlane GJ, Pye SR, Finn JD, Wu FC, Silman AJ, Bartfai G, et al.
Investigating the determinants of international differences in the prevalence
of chronic widespread pain: evidence from the European Male Ageing
Study. Ann Rheum Dis. 2009;68:690-5.

Hill JC, Whitehurst DG, Lewis M, Bryan S, Dunn KM, Foster NE, et al.
Comparison of stratified primary care management for low back pain with
current best practice (STarT Back): a randomised controlled trial. Lancet.
2011;378:1560-71.

Balague F, Mannion AF, Pellise F, Cedraschi C. Non-specific low back pain.
Lancet. 2012;379:482-91.

Page 15 of 15

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

® Thorough peer review

e Inclusion in PubMed and all major indexing services

* Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Design
	Patients
	Questionnaire and clinical data
	Ethical approval
	Data analyses

	Results
	Univariate analyses of degenerative manifestations
	Summary of MRI associations in Tables 2 and 3
	Univariate analyses of demographic and clinical variables
	Other associations
	Multivariate analyses also including other pain variables

	Discussion
	Strengths
	Limitations
	Perspectives


	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



