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Abstract

Background: Clinical experience suggests that many patients with Modic changes have relatively severe and
persistent low back pain (LBP), which typically appears to be resistant to treatment. Exercise therapy is the
recommended treatment for chronic LBP, however, due to their underlying pathology, Modic changes might be a
diagnostic subgroup that does not benefit from exercise. The objective of this study was to compare the current
state-of-the art treatment approach (exercise and staying active) with a new approach (load reduction and daily
rest) for people with Modic changes using a randomized controlled trial design.

Methods: Participants were patients from an outpatient clinic with persistent LBP and Modic changes. They were
allocated using minimization to either rest therapy for 10 weeks with a recommendation to rest for two hours
daily and the option of using a flexible lumbar belt or exercise therapy once a week for 10 weeks. Follow-up was
at 10 weeks after recruitment and 52 weeks after intervention and the clinical outcome measures were pain,
disability, general health and global assessment, supplemented by weekly information on low back problems and
sick leave measured by short text message (SMS) tracking.

Results: In total, 100 patients were included in the study. Data on 87 patients at 10 weeks and 96 patients at one-
year follow-up were available and were used in the intention-to-treat analysis. No statistically significant differences
were found between the two intervention groups on any outcome.

Conclusions: No differences were found between the two treatment approaches, ‘rest and reduced load’ and
‘exercise and staying active’, in patients with persistent LBP and Modic changes.

Trial Registration: ClinicalTrials.gov: NCT00454792

Background
Exercise therapy is currently the recommended first-line
treatment in clinical guidelines for chronic non-specific
low back pain (LBP) [1]. However, a meta-analysis of
exercise therapy trials in patients with chronic LBP has
shown that despite statistically significant improvements,
the effect size of exercise (mean treatment effect) was
small for pain (7 points out of 100) and disability (3
points out of 100) compared with no treatment or other
conservative treatments [2].

Clinical experience suggests that patients with chronic
non-specific LBP can respond very differently to the
same treatment. The reasons for this are unknown, as
few studies have been able to identify predictors of a
positive outcome [3]. However, one factor that may
influence an individual’s response to exercise treatment
is the underlying etiology of the pain. In the case of
chronic non-specific LBP, it is not unreasonable to
expect such pain to be caused by a number of condi-
tions, some of them involving identifiable pathoanatomi-
cal changes. If the same type of treatment were to be
provided for a wide range of different conditions or
pathologies, one might expect the outcomes to be dis-
similar. If and how researchers should deal with subpo-
pulations of LBP has attracted attention in recent years
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[4] and preliminary results suggest that targeting treat-
ment for specific LBP subgroups might be more effec-
tive than generic treatments directed towards mixed
populations with non-specific LBP [5].
Recently, focus has been put on a diagnostic subgroup

of LBP, those with Modic changes (MCs). MCs can only
be visualized using Magnetic Resonance Imaging (MRI)
and have been described as being a stage of the disc
degeneration process [6]. Modic et al. divided MCs into
three types: Type I, II and III [7,8]. Histological studies
show that Type I consists of fissured endplates and vas-
cular granulation tissue adjacent to the endplate whereas
Type II is characterized by a disruption of the endplates
and fatty degeneration of the adjacent bone marrow [7].
Type III seems to be similar to sclerosis of the bone
marrow as seen on plain-film radiographs [8].
A review of the prevalence of MCs and the association

with LBP estimated the median prevalence of MCs in
clinical populations at 43% and showed that MCs are
less common in non-clinical populations, with a median
prevalence of 6% [9]. Positive associations between MCs
and LBP were found with odds ratios (ORs) ranging
from 2 to 20 [9]. More recently, three additional studies
[10-12] reported similar findings, in which ORs for the
association were 5, 9 and 28. Although believed to be
associated with disc degeneration, the precise etiology of
MCs is unknown. One theory is that MCs are caused by
mechanical stress [13]. It has been shown that disc
degeneration alters the biomechanics of the disc [6].
Excessive loading and shear forces may result in micro-
fractures of the endplate causing inflammation in the
vertebral endplate and the adjacent bone marrow [14].
An association has been found between MCs and
severely degenerated discs [15,16], and also with pre-
vious disc herniation [17].
Our clinical experience suggests that many patients

with MCs have relatively severe and persistent LBP,
which is commonly unresponsive to treatment. Further-
more, a retrospective study (an unpublished Masters
thesis) at the Spine Center of Southern Denmark,
showed that patients with MCs were less likely to
improve with physical activity compared with patients
with non-specific LBP [18]. One hypothesis is that
patients with MCs treated with exercise are unlikely to
improve because vigorous weight-bearing exercise might
inhibit microfracture healing. This hypothesis is based
on knowledge of treating microfractures in other parts
of the body, for example in stress fractures in the lower
extremity [19,20]. The extension of this hypothesis is
that patients with LBP and MCs constitute a specific
subgroup, which should not be treated with physical
activity. It would be clinically useful to know if this
were true, because the gold standard treatment for
patients with persistent or chronic non-specific LBP is

back exercise and encouragement to keep physically
active [1,21].
Therefore, we undertook a controlled trial of patients

with both MCs and persistent LBP. The objective of this
study was to compare the current ‘state-of-the art’ treat-
ment approach (exercise and encouragement to keep
active) with a new approach (load reduction and daily
rest). The underlying hypothesis for this new treatment
approach was that if vertebral bone microfractures were
present in MCs, the provision of sufficient time and rest
to facilitate bone healing would improve patient
outcomes.

Methods
Trial design
A two-group randomized controlled clinical trial was
undertaken.

Participants
Participants in this study were patients with persistent
LBP who attended a specialized outpatient spine clinic
(Spine Center of Southern Denmark) after referral from
the primary care sector. Criteria for referral were: (1)
back problems with or without radiculopathy, (2) a max-
imum of two years’ duration of the current episode, and
(3) previous appropriate but unsuccessful treatment in
the primary care sector.
In this clinical setting, from August 2007 to December

2008, MRI was routinely performed [22] on all patients
(with no contraindications for MRI) meeting the follow-
ing criteria: (1) LBP or leg pain of at least 3 on an 11-
point Numerical Rating Scale, (2) duration of current
symptoms from 2 to 12 months, and (3) age above 18
years. These criteria were chosen on the basis of pre-
vious projects where there was a high prevalence of
MCs.
All patients with an MRI showing MCs Type I, II or

III with a distribution exceeding the endplate, were
clinically examined by a researcher (RKJ) to determine if
they met the inclusion criteria. The researcher was
blinded to subsequent patient allocation to intervention
groups. Eligible patients were then informed about the
results of the MRI, showing that MCs were a possible
reason for their LBP and invited to participate in the
trial. As directed by the Ethics Committee for the
Region of Southern Denmark, both written and oral
information about the trial was provided to each patient
before admission to the project. This information also
contained a layperson’s explanation of the rationale for
both treatment approaches. A team consisting of a
nurse, a medical practitioner, a physiotherapist and a
chiropractor attended participants during the trial if any
complications occurred or if any pain medication
required modification.
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Inclusion and exclusion criteria
Patient inclusion criteria were: (1) LBP of at least 3 on
an 11-point Numerical Rating Scale, (2) LBP greater
than any leg pain present, (3) duration of current symp-
toms from 2 to 12 months, (4) age from 18 to 60 years,
(5) ability to read and speak Danish, (6) a willingness to
participate in the study, and (7) a minimum of one MC
(Type I, II or III) that extended beyond the endplate
into the vertebral body.
Patients were excluded if they: (1) were unable to par-

ticipate in the project because of other physical or men-
tal disorders, (2) had a competing LBP etiology such as
disc herniation with symptomatic root compression, or
(3) had undergone previous spinal surgery with no pain
relief after the operation.

MRI evaluation
MRI was performed with a 0.2 T MRI-system (Magne-
tom Open Viva; Siemens AG, Erlangen, Germany). A
body spine surface coil was used with the patient in the
supine position. The imaging protocol consisted of sagit-
tal and axial T1- and T2-weighted sequences.
The MRI evaluation, at baseline, was performed by a

musculoskeletal radiologist (JSS) with extensive MRI
experience and trained in using the standardized evalua-
tion protocols [23,24] used in this study. MCs were eval-
uated according to the Nordic Modic Consensus Group
classification [23], which had shown substantial to
almost perfect reproducibility with Kappa values for
intra-observer reproducibility (k = 0.77 to 1.0) and
inter-observer reproducibility (k = 0.73 to 0.91).
Patients were included if the ‘maximum height’ of the

MC extended beyond the endplate into the vertebral
body on the sagittal image (Figure 1). This criterion was
chosen to enhance the probability that this MRI finding
was clinically relevant and because it had been shown to
have high Kappa values for intra-observer reproducibil-
ity (k = 0.83) and inter-observer reproducibility (k =
0.80) [23].

Interventions
Patients wishing to participate in the project were allo-
cated to one of two groups, the new treatment approach
(rest group) or a comparison treatment (exercise group).
The rest group was instructed to avoid hard physical

activity and to rest twice daily for one hour, by lying
down. To imitate the session structure in the exercise
group and thereby the potential effect of being in a
group [25], patients met in a ‘café-like’ environment
which provided the opportunity to exchange personal
experiences of pain and physical incapacity. They met in
groups of up to a maximum of 10 people once every
second week for 10 weeks for a session of 45 minutes
where they engaged in unstructured talk with a

physiotherapist present. To remind the patients not to
be physically active and to attempt to support the spine,
they were given an orthopedic flexible lumbar belt from
‘Camp Scandinavia’ and were instructed to use it as
needed for up to a maximum of four hours per day.
Patients were instructed to use a diary to record sepa-
rately how many hours a day they were resting and
wearing the lumbar belt. After 10 weeks, patients were
instructed to increase their physical activity gradually
until a self-determined acceptable level for the patient
was achieved.
The exercise group received exercises for the stabiliz-

ing muscles in the low back and abdomen together with
dynamic exercises, exercises for postural instability and
light physical fitness training. The patients exercised in
groups of up to a maximum of 10 people for one hour
once a week for 10 weeks guided by a physiotherapist.
They were encouraged to do the same exercises at
home three times a week and to maintain a ‘normal’
level of activity. The patients had the opportunity to
socially interact with each other during the sessions.
After 10 weeks of intervention, the patients were given
directions on how to continue their exercise at home.
This intervention represented the normal ‘active’ treat-
ment as recommended in current clinical guidelines
[1,26].
Two physiotherapists were assigned to each of the two

intervention groups for the duration of the trial,
although only one attended each session. These four
physiotherapists had 12, 15, 20 and 37 years of experi-
ence, respectively, working with back pain patients. For
both interventions, two nurses, one for each group, par-
ticipated in two of the sessions to discuss pain medica-
tion, introduce pain coping strategies and to tackle
‘unhelpful’ beliefs about LBP. The first session in both
groups started with 20 minutes of information about
anatomy and MCs as well as repetition of the rationale
for treating MCs with either exercise or rest. Only the
rationale that was relevant for the group to which the
patient was allocated was explained.
The patients’ attendance was recorded at each session

and if they were absent, they were contacted by a secre-
tary to determine the reason for their non-attendance
and to help to remove any obstacles to participation.
When the patient had more than 20% absence, she or
he was counted as a dropout.
A detailed protocol of procedures and content of the

sessions was made for each intervention group for use
by the attending nurses and physiotherapists, to ensure
a uniform and consistent approach to the interventions.
There was no overlap of personnel between the two
intervention groups. The interventions ran from August
2007 to April 2009 with an intake of patients every fifth
week to ensure that patients waited a maximum of five
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weeks from their initial examination to commencement
of their involvement in the intervention.

Variables
A booklet of questionnaires was distributed to patients
to complete in their own time at baseline, 10 weeks
from baseline (post-treatment) and 12 months from the
end of intervention (one-year follow-up).

Variables collected at baseline
MRI
Information on the presence and type of MCs for 11
endplates from upper L1 to upper S1 was extracted
using the evaluation protocol (Nordic Modic Consensus
Group classification [23]).
Questionnaires
Questionnaire information was collected at baseline
(before allocation) containing the following background
variables: age, sex, body mass index (BMI), smoking sta-
tus, employment status, type of occupation, education
level, whether currently on sick leave and days on sick
leave during the previous year. The outcome measures
of pain, disability and general health described below
were also contained in the baseline questionnaire book-
let. In addition, information on any ongoing complaint
at the National Social Appeals Board, the Patient Com-
plaints Board of the National Health Service or a

financial compensation case was collected together with
information on any previous treatment administered in
relation to the present episode of LBP. Finally, patients
were asked how they would expect the treatment
approaches (rest and exercise, respectively) to affect
their back pain. A five-point Likert scale for each treat-
ment with response options ranging from 1 (much bet-
ter) to 5 (much worse) was used as measurement.

Variables collected post-treatment (10 weeks) and at one-
year follow-up
Details on the primary and secondary outcome mea-
sures are described in Additional File 1.

Primary outcome measure
Pain
The numerical rating scale [27] (NRS) measures current
back pain on a 0 to10 scale.

Secondary outcome measures
Disability
The Roland Morris Disability Questionnaire [28] (RMQ)
is a 23-item disability questionnaire with a 0 to 23 scale,
measuring activity limitation.
Generic Health
EuroQol [29,30] (EQ-5D) is a standardized instrument
measuring health status-related quality of life consisting

Figure 1 Classification of size. Classification of the size of a Modic change (MC) based on its depth of extension into the vertebral body
height: A: Endplate only, B: > endplate to 25%, C: 25 to 50%, and D: > 50%. Only patients with B, C or D met this inclusion criterion for the
current study.
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of a health status index (EQindex 0 to 1 scale) and a
visual analogue scale (EQVAS 0 to 100 scale).
Global assessment
The global assessment transition questionnaire measures
the patients’ perceptions of the overall change in their
back pain since the beginning of the study on a 7-point
Likert scale [31].
Depression
Beck Depression Inventory [32] (BDI) is a 21-question
inventory measuring the presence and severity of
depressed mood with a 0 to 63 scale.
SMS-Track (pain and sick leave)
In order to obtain detailed information about each
patient’s clinical course, automated text messages via
short message service tracking (SMS-Track) [33] were
used for data collection. SMS-Track is a system for data
capture. Each week, for 52 weeks starting at baseline, a
programmed database sent a text message to patients’
cell phones containing two questions: ‘How many days
have you had low back problems during the last week?’
and ‘How many days have you been on sick leave due to
your back problem during the last week?’ Patients were
instructed to answer from ‘0’ to ‘7’ according to the
number of days per week that were relevant for each
question. If the patient did not answer the question
within five days, a text message reminder was automati-
cally sent. If the patient had three or more missing
answers, a secretary called the patient and asked if the
patient had any problems with the technique and if so,
tried to solve the problem. The sick leave data were
transformed into a five-day week instead of a seven-day
week, by recoding answers with six or seven days as five
days.

Additional information
Post-treatment and at the one-year follow-up, any
adverse events associated with the treatments, together
with a description of any care-seeking for the current
back problem (that is, having consulted a general practi-
tioner (GP), specialist, chiropractor, physiotherapist,
other care provider or been hospitalised) was also
measured.

Sample size
A power calculation was made using a data file (unpub-
lished observations) from the Spine Center of Southern
Denmark, which showed that patients with MCs on a
numerical rating scale (0 to 10) reported an average
pain of 6.4 (SD 1.8). The aim was to have 90% power to
observe a significant difference (alpha level) of 5%. To
ensure a mean difference of 30% or more between the
groups and with an estimated dropout rate of 20%, we
needed to include 38 patients in each group.

Randomization
On receiving the completed baseline questionnaire, the
project secretary allocated each patient into one of the
two intervention groups by means of computerized
minimization software (’Minim’, an MS-DOS program
[34]). Minimization [35] is a covariate adaptive randomi-
zation method [36] which aims to ensure that treatment
arms are balanced with respect to certain predefined
factors as well as for the number of patients in each
group [37]. The technique has been shown to be a
highly effective allocation method recommended in the
conduct of controlled trials particularly when trial sam-
ple sizes are small [37]. Variables equally distributed
through minimization were age (3 groups), sex (2
groups), heavy smoking, that is, ≥ 20 cigarettes a day (2
groups) and self-reported hard physical work (2 groups).
The variables were chosen for the following reasons: age
because activity level and care-seeking might be influ-
enced by age [38], sex because women more often
report some kind of consequences due to spinal pro-
blems than men [38], workload and smoking because
hard physical work in combination with heavy smoking
is associated with MCs [39]. A concern about using
minimization is the risk of selection bias due to the
potential for assignment being predicted if the person
conducting the minimization has knowledge of the char-
acteristics of earlier patients [37]. This was managed by
ensuring that minimization was consecutive in order of
patient registration and by the task of minimization
being shared between two people. The researchers were
masked to group assignment.

Blinding
The MRI evaluator (JSS) was blinded to all patient infor-
mation except name, sex and age. This was achieved by
sending the images to an external radiologist with no
access to other study data. The researchers analyzing the
data (RKJ and NW) were blinded to patient identification
as the study participants were given a random identifica-
tion number when assigned to the project. All researchers
were blinded to identification of the groups until all the
analyses were done. The key for identification of patients
and group was concealed by the project secretary.

Data management and analysis
Comparisons were made of baseline data between the
two intervention groups, and between compliers and
non-compliers in each group using t-tests or a non-
parametric equivalent for continuous variables and a
chi-square test or Fisher exact test for categorical
variables.
All data were analyzed using the intention-to-treat

(ITT) principle, whereby all patients who returned a
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questionnaire were included regardless of their partici-
pation in the intervention. In addition, an efficacy subset
analysis was carried out for the primary and secondary
outcome measures, selecting the subset of patients who
received their treatment and who did not drop out for
any reason.
For the whole study sample, the mean difference

between baseline and each of the two follow-ups for pri-
mary and secondary outcome measures were compared
using paired t-tests. A comparison between groups was
performed using multiple linear regression with robust
variance estimations. Regression models were adjusted
for baseline score and for the following covariates: age,
sex, hard physical work and heavy smoking. The covari-
ates were included because it has been suggested that
factors used for minimization in the allocation process
should be adjusted for in the analyses [37].
The number of patients in each group who achieved

a minimal clinically important difference (MCID) was
counted for the pain and disability outcomes using the
raw change score from baseline to follow-up. A poten-
tial group difference was analyzed using a chi-square
test. MCID values for secondary sector patients from a
study by Lauridsen et al. [40] were used because these
MCID values were derived for patients undergoing
standard treatment in the same clinical setting as the
current study. The MCID values were ‘quartile-speci-
fic’, which means that the value of MCID is dependent
on the quarter of the scale in which the baseline score
is located. For the pain scale (0 to 10), the MCID is 1
if the baseline score lies in the first quarter of the
scale (0 to 2.5), 2 if it lies in the second quarter (> 2.5
to 5), 4 if it lies in the third quarter (> 5 to 7.5), and 1
if it lies in the fourth quarter (> 7.5 to 10). For the
RMQ scale (0 to 23), the MCID is 4 if the baseline
score is in the first quarter of the scale (0 to 5.75) and
2 for the second and third quarter (> 5.75 to 17.25).
No quartile-specific value was available for the fourth
quarter, and so an overall score with the value 2 was
used [40].
Items on the 7-point global assessment transition

questionnaire were dichotomized into not better (that is,
reports of ‘much worse’, ‘worse’, ‘a little worse’, ‘about
the same’ and ‘a little better’) and better (that is, ‘better’
and ‘much better’) and the proportion of patients who
improved in each group was compared using a chi-
square test.
When analyzing the SMS-Track data, only patients

with a total response rate of more than 80% were
included. Generalized Estimating Equations (GEE) were
used to assess any difference between the groups over
time with age, sex, hard physical work and heavy smok-
ing as covariates. Further, we counted the total number
of days with back problems over the 52 weeks as a

proportion of the maximum number of days possible.
The same analysis was performed for the number of
days on sick leave, assuming each working week con-
sisted of 5 days. The groups were compared using a chi-
square test. The SMS-Track data were also presented
visually. Adverse events and care-seeking were reported
in raw numbers and percentages.
Finally, an analysis was performed investigating if the

patients’ expectations of the treatment they received
would influence the outcome [41]. The five-point Likert
scale for each treatment option was dichotomized into
not better (that is, reports of ‘much worse’, ‘worse’ or
‘unchanged’), and better (that is, ‘better’ and ‘much bet-
ter’). A dichotomous ‘treatment expectation’ variable
was constructed containing patients who received their
preferred treatment and those who did not. A compari-
son of the distribution in the two intervention groups
was analyzed using Fisher’s exact test. Thereafter, a
regression model was created with intervention group
and the ‘treatment expectation’ variable as the indepen-
dent variables, and the dependent variables (outcome
variables) of pain, disability and general health. The
model was adjusted for baseline score, age, sex, hard
physical work and heavy smoking.
Significance (alpha level) was set at 5%. All analyses

were performed using the Stata statistical software, ver-
sion 11.

Approval
The study was approved by the Ethics Committee for
the Region of Southern Denmark, approval # S-VF-
20060111 and registered in ClinicalTrials.gov Identifier
# NCT00454792.

Results
Participant flow
A flow diagram summarizing the study process, includ-
ing drop-out rates and reasons for drop-out, is illu-
strated in Figure 2. In total, 557 patients were screened
with MRI and, of those, 244 (44%) had MCs with a
‘maximum height’ extending beyond the endplate into
the vertebral body. Of the 244 patients with MCs who
were potential participants, 100 were included in the
interventions, and 144 did not meet inclusion criteria
(Figure 2). Data on 87 patients post-treatment, and 96
patients at one-year follow-up were available and used
in the data analysis (ITT).

Compliance
At the end of the intervention period, 78 patients had
completed the full treatment program (dropout rate
22%). Of those who completed the intervention, two
patients declined participation in the one-year follow-
up. In total, 78 patients post-treatment and 76
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patients at one-year follow-up had completed the
intervention. These participants were used in the effi-
cacy analyses.
On average, patients participated in 84% of the ses-

sions in the rest group or 91% of sessions if only those
who completed the intervention were considered. In the
exercise group, patients participated in 74% of the ses-
sions or 88% of sessions if only completers were

considered. Patients in the rest group rested on average
for 1 hour and 34 minutes per day (range 18 to 161
minutes) and they used the lumbar belt on average for 1
hour and 33 minutes per day (range 0 to 291 minutes).
Those who completed the intervention rested on aver-
age 1 hour and 40 minutes per day (range 56 to 161
minutes) and used the belt on average for 1 hour and
34 minutes per day (range 1 to 291 minutes).

Figure 2 Flowchart. Flow of patients referred to the project and included in the interventions, together with an overview of dropouts and the
reasons for this.

Jensen et al. BMC Medicine 2012, 10:22
http://www.biomedcentral.com/1741-7015/10/22

Page 7 of 13



Outcomes and estimation
Baseline data
Table 1 shows baseline demographic and clinical charac-
teristics for the whole study sample and for each inter-
vention group. There were no significant differences
between the two groups regarding any of the baseline
variables, including patient expectations of treatment
effect. Patients who dropped out during the intervention
did not differ significantly on any baseline variables
compared with patients who completed the intervention.
Follow-up data
Overall, the efficacy subset analyses on the outcome
measures of pain, disability, general health and global
assessment did not produce results that were different
from the results of the ITT analyses and therefore only
the results of the ITT analyses will be reported.
Primary and secondary outcomes
There were no differences between the two intervention
groups for any of the outcomes of pain, disability, gen-
eral health, depression, global assessment or the num-
bers of patients achieving an MCID. Estimates are
summarized in Table 2 and Table 3. The pre- and post-
treatment BDI variables were found not to follow a nor-
mal distribution, and therefore a square root transfor-
mation was performed, which effectively corrected the
skew. Table 2 reports the untransformed scores to assist
with clinical interpretation and the results from both
transformed and untransformed analysis for comparison.
Seventy-nine patients had an SMS response rate of

more than 80% and the following results are reported
for those patients regardless of intervention drop-out
status. The regression analysis of the SMS-Track data
showed no significant difference between intervention
groups for either LBP problems or sick leave. The total
number of days with LBP problems was 70% of the
maximum possible days for the rest group and 68% for
the exercise group with no significant difference
between the groups. The total number of days on sick
leave was 24% of the total possible days for the rest
group and 33% for the exercise group with no signifi-
cant difference between the groups. For visual interpre-
tation of the SMS-Track data, see Figure 3 for days with
low back problems and Figure 4 for days on sick leave.

Additional information
Additional treatment for LBP
Post-treatment, 8 patients (18%) in the rest group and
10 (26%) in the exercise group had sought additional
consultations or treatments from external care providers
for their current back problem. At one-year follow-up,
the proportion of patients seeking additional care had
risen to 30 (64%) in the rest group and 23 (50%) in the

Table 1 Baseline characteristics of participants in each of
the intervention groups

Characteristic Rest Exercise All

Number enrolled 49 51 100

Age [mean, SD] 47 ± 9.8 45 ± 8.9 46 ± 9.3

Sex [female %] 33 (67) 35 (69) 68 (68)

BMI [median, IQR] 25 (22-
27)

25 (24-29) 25 (23-
28)

BMI distribution [N (%)]

Underweight < 18.5 0 0 0

Normal range 18.5 to 24.9 25 (51) 24 (47) 49 (49)

Overweight 25 to 30 16 (33) 17 (33) 33 (33)

Obese > 30 8 (16) 10 (20) 18 (18)

Smoking (Yes (%)) 23 (47) 18 (35) 41 (41)

Heavy smoking (> 20 cigarettes/day)
(N (%))

3 (6) 3 (6) 6 (6)

Employed (Yes (%)) 34 (69) 39 (76) 73 (73)

Unemployed (Yes (%)) 7 (15) 6 (12) 13 (13)

Disability pension (Yes (%)) 4 (9) 2 (4) 6 (6)

Applied disability pension (Yes (%)) 3 (6) 3 (6) 6 (6)

Type of occupation (N (%))

Sitting 11 (22) 6 (12) 17 (17)

Mostly walking 17 (35) 23 (45) 40 (40)

Walking and some lifting 11 (22) 12 (24) 23 (23)

Hard physical work 10 (20) 10 (20) 20 (20)

Education (Number (%))

Basic school 8 to 10 grade 17 (35) 14 (28) 31 (31)

High school 2 (4) 2 (4) 4 (4)

Vocational education 20 (41) 21 (41) 41 (41)

Academic, maximum 4 years 10 (20) 12 (25) 22 (22)

Academic, > 4 years 0 (0) 2 (4) 2 (2)

Sick leave (Yes (%)) 18 (37) 20 (39) 38 (38)

Sick leave last year Number (%))

0 days 8 (16) 9 (18) 17 (17)

1 to 30 days 17 (35) 19 (37) 36 (36)

31 to 365 days 24 (48) 23 (45) 47 (47)

Complaint or compensation case (Yes
(%))

5 (10) 3 (6) 8 (8)

Pre-trial exercise therapy (Number
(%))

30 (61) 23 (45) 53 (53)

MCs Type I (%) 38 (78) 40 (78) 78 (78)

MCs Type II (%) 30 (61) 31 (61) 61 (61)

MCs Type III (%) 9 (18) 4 (8) 13 (13)

Pain NRS (0 to 10) (mean ± SD) 5.6 ± 1.5 5.1 ± 2.2 5.3 ± 1.9

Disability RMQ-23 (mean ± SD) 12.0 ±
4.0

13.3 ± 4.8 12.6 ±
4.4

General health EQindex (mean ± SD) 0.68 ±
0.12

0.62 ±
0.18

0.65 ±
0.15

General health EQVAS (mean ± SD) 54 ± 18 53 ± 20 53 ± 19

Depression BDI 10.7 ±
6.1

9.6 ± 5.9 10.2 ±
6.0

BDI, Beck Depression Inventory; BMI, body mass index; EQ-5D, EuroQol; IQR,
interquartile range; NRS, numeric rating scale; RMQ, Roland Morris Disability
Questionnaire; SD, standard deviation.
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exercise group. This difference was not statistically sig-
nificant at either time-point (See Table 4).
Reported adverse events
No serious problems were reported post-treatment but
in the rest group, two patients reported that they found
it stressful to find the time to rest two hours a day,
three reported increased pain and two reported pain
from wearing the lumbar belt. In the training group, five
patients complained about increasing pain after training
sessions and one reported one episode of peripheraliza-

tion of the pain. At one-year follow-up, there were no
reported adverse events from the interventions.
Expectations
The distribution of patients who received the treatment
of which they had positive expectations was equally dis-
tributed between the intervention groups (67% in the
rest group and 75% in the exercise group, P = 0.4).
Receiving the intervention that a patient had positive
expectations of was not associated with outcome in
pain, disability or general health compared with those

Table 2 Mean scores for pain, disability, general health and depression from baseline to follow-up and adjusted
change scores

Outcome Group N Mean
(± SD)

Adjusted differencea

(95% CI)
P

Pain NRS (0-10)

Baseline Rest 49 5.6 (± 1.5)

Exercise 51 5.1 (± 2.2)

Post-treatment Rest 45 5.0 (± 1.9) -0.07 (-0.9 to 0.7) 0.9

Exercise 42 4.5 (± 2.1)

One-year Rest 48 4.8 (± 2.3) -0.3 (-1.3 to 0.6) 0.5

Exercise 46 4.3 (± 2.4)

Disability RMQ-23

Baseline Rest 49 12.0 (± 4.0)

Exercise 51 13.3 (± 4.8)

Post-treatment Rest 45 11.0 (± 4.8) -0.6 (-2.2 to 1.0) 0.5

Exercise 42 11.1 (± 5.4)

One-year Rest 47 10.7 (± 5.5) -1.2 (-3.3 to 1.0) 0.3

Exercise 46 10.7 (± 6.1)

General health EQindex

Baseline Rest 47 0.7 (± 0.12)

Exercise 51 0.6 (± 0.17)

Post-treatment Rest 43 0.7 (± 0.12) 0.04 (-0.007 to 0.09) 0.1

Exercise 42 0.7 (± 0.13)

One-year Rest 48 0.7 (± 0.21) 0.06 (-0.008 to 0.14) 0.08

Exercise 47 0.7 (± 0.13)

General health EQVAS

Baseline Rest 48 54 (± 18)

Exercise 49 53 (± 20)

Post-treatment Rest 44 56 (± 18) 0.02 (-7.7 to 7.7) 0.9

Exercise 41 56 (± 21)

One-year Rest 49 56 (± 21) 5.4 (-2.6 to 13.5) 0.2

Exercise 47 60 (± 22)

Depression score BDI

Baseline Rest 49 10.7(± 6.1)

Exercise 51 9.6(± 5.9)

Post-treatment Rest 45 8.6(± 6.1) 0.67 (-0.99 to 2.3) 0.4

Exercise 42 7.9(± 5.5) 0.08 (-0.3 to 0.4)b 0.7b

One-year follow-up Rest 49 9.5(± 7.1) -0.92 (-2.8 to 0.97) 0.3

Exercise 47 8.0(± 6.1) -0.17 (-0.6 to 0.22)b 0.4b

aBetween group differences adjusted for baseline score, age, sex, physical workload and smoking. bResults of analysis with square-root transformation of data.
Mean values reported for untransformed data to assist clinical interpretation.BDI, Beck Depression Inventory; CI, confidence interval; EQ-5D, EuroQol; NRS,
numeric rating scale; RMQ, Roland Morris Disability Questionnaire; SD, standard deviation.
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who received a treatment they did not expect to be
effective.
Secondary observations
When the whole study sample was considered, a statisti-
cally significant but small improvement was found in
most of the outcome measures (See Table 5). The global
assessment showed that post-treatment, 12 patients
(14%) rated themselves ‘better’ or ‘much better’ and at
one-year follow-up, this was 23 patients (24%).
Compliance with rest and use of the lumbar belt var-

ied considerably. It is plausible that patients with a high
compliance would have a better outcome. However, a
post-hoc analysis (data not shown) indicated that those
who rested the most (top 30%) were no different in out-
come for pain and disability than those with poorer
compliance in the rest group.

Discussion
Main findings
There was no statistically significant difference between
the two treatment approaches for any outcome measure
at any of the time-points.

Methodological considerations
The study might have been strengthened by the inclu-
sion of a control group consisting of a ‘no treatment’
group. However, as participants were all seeking care for
their LBP and as reviews and international guidelines
recommend exercise as effective first-line treatment for
chronic LBP[1,21], exercise therapy was used as the
comparative treatment.
All patients were referred from primary care where

treatment, including exercise, had been attempted in
53% of the patients. It is reasonable to assume that the
exercise treatment had been ineffective since the
patients were referred for secondary care. It is possible
that this could have negatively affected the patients’
expectations of exercise treatment, however this was not
reflected in the analysis concerning the patients’ expec-
tations of treatment.

Figure 4 SMS-Track of days on sick leave . SMS-Track data
showing means and CI for number of days on sick leave for both
groups. The CI of the rest group is colored grey and is visible
behind the transparent pink CI of the exercise group.

Table 4 The number of patients who had sought
additional consultations or treatments from external care
providers for their current back problem at 10-weeks
(post-treatment) and at one-year follow-up

Post-treatment One-year follow-up

Rest Exercise All Rest Exercise All

GP 4
(9%)

5 (13%) 9
(11%)

15
(32%)

14
(30%)

29
(31%)

Specialist
doctor

0
(0%)

2 (5%) 2 (2%) 6 (13%) 5 (11%) 11
(12%)

Chiropractor 2
(5%)

5 (13%) 7 (8%) 12
(26%)

11
(24%)

23
(25%)

Physiotherapist 2
(5%)

1 (3%) 3 (4%) 14
(30%)

10
(22%)

24
(26%)

Other 4
(9%)

1 (3%) 5 (6%) 9 (19%) 2 (4%) 11
(12%)

GP, general practitioner.

Table 3 The number of patients who achieved a minimal
clinically important difference (MCID) in pain and
disability at 10-weeks (post-treatment), at one-year
follow-up and at both time-points

Post-treatment One-year follow-up Both

Rest Exercise All Rest Exercise All All

Pain 9
(20%)

4 (10%) 13
(15%)

4
(8%)

9 (20%) 13
(14%)

2

Disability 4 (9%) 5 (12%) 9 (10%) 4
(9%)

7 (3%) 7 (8%) 1

Figure 3 SMS-Track of low back problems . SMS-Track data
showing means and CI for number of days with low back problems
for both groups. The CI of the rest group is colored grey and is
visible behind the transparent pink CI of the exercise group.
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Reflections on the new treatment approach (rest group)
In this study, the novel intervention being investigated
consisted of a combination of rest and a lumbar belt.
Evidence does not endorse this approach for non-speci-
fic LBP but we were targeting this treatment to a
pathoanatomic-specific subgroup based on a biologically
plausible hypothesis about the etiology of the pain.
Some physicians use MCs as an indication for pre-

scribing lumbar belts as treatment for LBP [42] but the
rest approach has not been investigated previously for
people with both LBP and MCs and therefore, the effec-
tiveness of this treatment could not be anticipated.
Although a recent Cochrane review reported that ‘it is
still unclear if lumbar supports are more effective than
no or other interventions for the treatment of LBP’ [43],
we were unable to find studies investigating the clinical
effect of using a lumbar belt specifically as treatment for
MCs.
The duration of the intervention for the rest group

was selected to allow time for microfracture healing [44]
and to match the duration of the exercise intervention.
The number of hours that the patients were advised to
rest per day was arbitrary but it was designed to allow
participants to maintain normal work hours and to pre-
clude the necessity for sick leave.

Reflections on the comparison treatment (exercise group)
A previous study of patients with non-specific LBP at
our centre compared physical training with education
[45] and had patient selection criteria similar to the cur-
rent study. The physical training group had a 25%
improvement in pain and an 8% improvement in disabil-
ity at one-year follow-up. In the current study, the exer-
cise group improved 16% for pain and 21% for disability
and, therefore, the improvement follows a similar trend

to that reported by others in a comparable study
population.
There is no compelling evidence that any particular

type of exercise is more effective than another for the
treatment of chronic LBP [46]. To expedite the study,
the content of the exercise intervention was similar to
that already provided at the Spine Center of Southern
Denmark. One guideline recommends that the duration
of an exercise program be a minimum of 12 weeks [26]
but for logistical reasons we were constrained to 10
weeks, which might have been a limitation.
The exercise group in the current study had super-

vised sessions only once a week. Members were encour-
aged to do home exercises three times a week in which
they had been instructed. Compliance with home exer-
cise is generally considered to be poor [47], and supervi-
sion by a therapist is therefore recommended [46].
Compliance with performing the exercise program at
home was not measured and the dosage unknown. The
low frequency of supervised exercise sessions (once a
week) is not optimal and could have influenced the
effectiveness of the exercise therapy.
The individual preference of the physiotherapists and

nurses involved in the intervention was unmeasured but
may have influenced the outcome of the treatment.
Both intervention approaches had face validity and the
rationale for the study was communicated to all mem-
bers of the study team. Blinding the therapists from the
study hypothesis was not realistic and could potentially
create bias, as the personal ‘belief’ in one rationale over
another could have been projected onto the participants.
However, the therapists involved had had substantial
experience, as multiple studies have been conducted at
the Spine Center previously and they were aware of the
risk.

Results and hypothesis
The absence of a between-group difference in this study
challenges its underlying assumptions and hypothesis.
Firstly, we had assumed that MCs were the cause of
pain in this patient cohort. However, it is likely that
spine-related pathoanatomical changes other than MCs
or perhaps psychosocial factors may have influenced or
caused the pain. Secondly, if MCs were the main cause
of pain in this cohort and if rest were useful, the dosage
may have been insufficient. It is possible that a few
hours of rest a day is not sufficient to counteract the
load induced by the activities of daily life. Thirdly, MCs
consist of histologically different subtypes and it may be
that subgroups of type, size and location of MCs could
respond differently to treatment. Such a subanalysis of
predictive factors for outcome will be reported in
another paper. Lastly, the underlying hypothesis that
MCs are caused by a biomechanical alteration of the

Table 5 Mean change of outcomes for the whole study
sample

Outcome Follow-up Mean difference
(95% CI)

P

Pain Post-treatment 0.6 (0.2 to 1.0) 0.004

NRS (0-10) One-year 0.8 (0.3 to 1.3) 0.003

Disability Post-treatment 1.5 (0.7 to 2.2) 0.000

RMQ-23 One-year 2.2 (1.1 to 3.2) 0.000

General health Post-treatment -0.04 (-0.07 to -0.005) 0.02

EQindex One-year -0.03 (-0.08 to -0.01) 0.18

General health Post-treatment -4 (-8.7 to 0.7) 0.09

EQVAS One-year -5 (-9.4 to -0.5) 0.03

Depression Post-treatment 3.0 (1.8 to 11.3) 0.000

BDI One-year 1.7 (0.8 to 2.7) 0.000

Mean differences, confidence interval (CI) and P-values for outcome measures
at baseline, post-treatment and at one-year follow-up. BDI, Beck Depression
Inventory; EQ-5D, EuroQol; NRS, numeric rating scale; RMQ, Roland Morris
Disability Questionnaire.
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disco-vertebral complex could be inadequate. Other
hypotheses of explanatory pathoanatomic pathways
exist, such as the possibility that the inflammation seen
on MRI in MCs is caused by low virulent bacteria [13].
There was a small yet statistically significant improve-

ment at both time-points for pain and disability at a
whole group level. However, because we did not include
a ‘no treatment’ group, we were not able to test whether
the slight improvement occurring in both groups was
due to an equal treatment effect in both groups or if the
treatments had no effect and the improvement was a
consequence of the natural course. Also, as this study
sample consisted of patients with MCs only, we do not
know if the overall poor prognosis is unique for this
subpopulation. To explore this would require a different
study design including patients both with and without
MCs.

Implications
By introducing the rest approach there may have been a
risk of maintaining unwanted behaviors such as poor
coping strategies, kinesiophobia, anxiety and catastrophi-
zation as studies have indicated that exercise treatment
reduces some of these behaviors [48,49]. The potential
psychosocial implications of the new approach might
not have been sufficiently measured in this study, but
we did not find a difference in emotional functioning
(measured with BDI) between the groups. Although
exercise was not superior to the rest approach in the
current study, the concept of exercise and keeping active
might have more general beneficial effects for physical
and mental health. In addition, exercise is a well estab-
lished treatment for chronic LBP and the results of this
single study are not sufficient to recommended rest as
an equal alternative for patients with MCs. However,
based on our findings, it is reasonable to consider the
possibility that not all subgroups of patients with persis-
tent non-specific LBP will benefit to the same extent
from exercise. Furthermore, when the relatively small
effect sizes of conservative treatment (including exercise)
for non-specific LBP in general are taken into account,
we recommend that the resource consumption of treat-
ment programs should be considered as a secondary
outcome in future research. In addition, we recommend
more research in the area of identifying subgroups that
could more effectively benefit from the treatment
provided.

Conclusions
There was no statistically significant difference on any
outcome measure between the treatment approach of
rest and reduced load and the conventional approach of
exercise and staying active.

Additional material

Additional file 1: Details on the primary and secondary outcome
measures.

Abbreviations
BDI: Beck Depression Inventory; BMI: body mass index; CI: confidence
interval; EQ-5D: EuroQol; GEE: generalised estimating equations; GP: general
practitioner; ITT: intention to treat; k: kappa value; LBP: low back pain; MC:
Modic change; MCID: minimal clinically important difference; MRI: magnetic
resonance imaging; NRS: numerical rating scale; OR: odds ratio; RMQ: Roland
Morris Disability Questionnaire; SD: standard deviation; SMS: short message
service.

Acknowledgements
The authors are grateful to the VELUX FOUNDATION, a non-profit
foundation, for funding this project. The authors thank physiotherapist
Hanne Rasmussen, Dorit Madsen, Vivi Toftegaard Pedersen, nurses Ida
Bhanderi, Anette Greve and Lene Kiertzner for their skillful participation in
this study, as well as Suzanne Capell, professional English language editor,
for her help in fine-tuning the manuscript. Written consent for publication
was obtained from the patients.

Author details
1Research Department, Spine Centre of Southern Denmark, Hospital
Lillebaelt, Oestre Hougvej 55, 5500 Middelfart, Denmark. 2Institute of
Regional Health Services Research, University of Southern Denmark,
Winsloewparken 19.3, 5000 Odense C, Denmark.

Authors’ contributions
RKJ participated in conception and design, carried out the data collection
and the analyses, and wrote the main parts of the manuscript. CLY, NW and
CM participated in conception and design and made substantial
contributions to the manuscript. JSS made a substantial contribution to the
acquisition of data and revising the manuscript. All authors have given their
final approval of the version to be published.

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

Received: 4 January 2012 Accepted: 29 February 2012
Published: 29 February 2012

References
1. Airaksinen O, Brox JI, Cedraschi C, Hildebrandt J, Klaber-Moffett J, Kovacs F,

Mannion AF, Reis S, Staal JB, Zanoli G: Chapter 4. European guidelines for
the management of chronic nonspecific low back pain. Eur Spine J 2006,
15(Suppl 2):S192-S300.

2. Hayden JA, van Tulder MW, Malmivaara AV, Koes BW: Meta-analysis:
exercise therapy for nonspecific low back pain. Ann Intern Med 2005,
142:765-775.

3. Wessels T, van TM, Sigl T, Ewert T, Limm H, Stucki G: What predicts
outcome in non-operative treatments of chronic low back pain? A
systematic review. Eur Spine J 2006, 15:1633-1644.

4. Hancock M, Herbert RD, Maher CG: A guide to interpretation of studies
investigating subgroups of responders to physical therapy interventions.
Phys Ther 2009, 89:698-704.

5. Fersum KV, Dankaerts W, O’Sullivan PB, Maes J, Skouen JS, Bjordal JM,
Kvale A: Integration of subclassification strategies in randomised
controlled clinical trials evaluating manual therapy treatment and
exercise therapy for non-specific chronic low back pain: a systematic
review. Br J Sports Med 2010, 44:1054-1062.

6. de Roos A, Kressel H, Spritzer C, Dalinka M: MR imaging of marrow
changes adjacent to end plates in degenerative lumbar disk disease. AJR
Am J Roentgenol 1987, 149:531-534.

7. Modic MT, Steinberg PM, Ross JS, Masaryk TJ, Carter JR: Degenerative disk
disease: assessment of changes in vertebral body marrow with MR
imaging. Radiology 1988, 166:193-199.

Jensen et al. BMC Medicine 2012, 10:22
http://www.biomedcentral.com/1741-7015/10/22

Page 12 of 13

http://www.biomedcentral.com/content/supplementary/1741-7015-10-22-S1.PDF
http://www.ncbi.nlm.nih.gov/pubmed/16550448?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16550448?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15867409?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15867409?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16575598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16575598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16575598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19465372?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19465372?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19996331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19996331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19996331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19996331?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3497539?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3497539?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3336678?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3336678?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3336678?dopt=Abstract


8. Modic MT, Masaryk TJ, Ross JS, Carter JR: Imaging of degenerative disk
disease. Radiology 1988, 168:177-186.

9. Jensen TS, Karppinen J, Sorensen JS, Niinimaki J, Leboeuf-Yde C: Vertebral
endplate signal changes (Modic change): a systematic literature review
of prevalence and association with non-specific low back pain. Eur Spine
J 2008, 17:1407-1422.

10. Lei D, Rege A, Koti M, Smith FW, Wardlaw D: Painful disc lesion: can
modern biplanar magnetic resonance imaging replace discography? J
Spinal Disord Tech 2008, 21:430-435.

11. O’Neill C, Kurgansky M, Kaiser J, Lau W: Accuracy of MRI for diagnosis of
discogenic pain. Pain Physician 2008, 11:311-326.

12. Thompson KJ, Dagher AP, Eckel TS, Clark M, Reinig JW: Modic changes on
MR images as studied with provocative diskography: clinical relevance–a
retrospective study of 2457 disks. Radiology 2009, 250:849-855.

13. Albert HB, Kjaer P, Jensen TS, Sorensen JS, Bendix T, Manniche C: Modic
changes, possible causes and relation to low back pain. Med Hypotheses
2008, 70:361-368.

14. van Dieen JH, Weinans H, Toussaint HM: Fractures of the lumbar vertebral
endplate in the etiology of low back pain: a hypothesis on the causative
role of spinal compression in aspecific low back pain. Med Hypotheses
1999, 53:246-252.

15. Jensen TS, Bendix T, Sorensen JS, Manniche C, Korsholm L, Kjaer P:
Characteristics and natural course of vertebral endplate signal (Modic)
changes in the Danish general population. BMC Musculoskelet Disord
2009, 10:81.

16. Luoma K, Vehmas T, Gronblad M, Kerttula L, Kaapa E: Relationship of
Modic type 1 change with disc degeneration: a prospective MRI study.
Skeletal Radiol 2009, 38:237-244.

17. Albert HB, Manniche C: Modic changes following lumbar disc herniation.
Eur Spine J 2007, 16:977-982.

18. Eriksen A, Harbak L: Modic-forandringers indflydelse på patienternes
prognose i relation til rygtræning og smerteintensitet. Master Thesis.
University of Southern Denmark, Faculty of Health Sciences 2005.

19. Patel DS, Roth M, Kapil N: Stress fractures: diagnosis, treatment, and
prevention. Am Fam Physician 2011, 83:39-46.

20. Rome K, Handoll HH, Ashford R: Interventions for preventing and treating
stress fractures and stress reactions of bone of the lower limbs in young
adults. Cochrane Database Syst Rev 2005, CD000450.

21. Hayden JA, van Tulder MW, Malmivaara A, Koes BW: Exercise therapy for
treatment of non-specific low back pain. Cochrane Database Syst Rev
2005, CD000335.

22. Jensen RK, Claus M, Leboeuf-Yde C: Routine versus needs-based MRI in
patients with prolonged low back pain: a comparison of duration of
treatment, number of clinical contacts and referrals to surgery. Chiropr
Osteopat 2010, 18:19.

23. Jensen TS, Sorensen JS, Kjaer P: Intra- and interobserver reproducibility of
vertebral endplate signal (modic) changes in the lumbar spine: the
Nordic Modic Consensus Group classification. Acta Radiol 2007,
48:748-754.

24. 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, 47:947-953.

25. Christensen FB, Laurberg I, Bunger CE: Importance of the back-cafe
concept to rehabilitation after lumbar spinal fusion: a randomized
clinical study with a 2-year follow-up. Spine (Phila Pa 1976) 2003,
28:2561-2569.

26. Low Back Pain: Early Management of Persistent Non-specific Low Back
Pain. 2009 [http://www.nice.org.uk/guidance/CG88/NICEGuidance].

27. Childs JD, Piva SR, Fritz JM: Responsiveness of the numeric pain rating
scale in patients with low back pain. Spine (Phila Pa 1976) 2005,
30:1331-1334.

28. 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, 20:1899-1908.

29. The EuroQol Group: EuroQol - a new facility for the measurement of
health-related quality of life. Health Policy 1990, 16:199-208.

30. Sorensen J, Davidsen M, Gudex C, Pedersen KM, Bronnum-Hansen H:
Danish EQ-5D population norms. Scand J Public Health 2009, 37:467-474.

31. Fischer D, Stewart AL, Bloch DA, Lorig K, Laurent D, Holman H: Capturing
the patient’s view of change as a clinical outcome measure. JAMA 1999,
282:1157-1162.

32. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J: An inventory for
measuring depression. Arch Gen Psychiatry 1961, 4:561-571.

33. Intelligent Communication with SMS-Track. 2011 [http://www.sms-track.
dk/].

34. Minim. 2011 [http://www-users.york.ac.uk/~mb55/guide/minim.htm].
35. Taves DR: Minimization: A new method of assigning patients to

treatment and control groups. Clin Pharmacol Ther 1975, 15:443-453.
36. Kang M, Ragan BG, Park JH: Issues in outcomes research: an overview of

randomization techniques for clinical trials. J Athl Train 2008, 43:215-221.
37. Scott NW, McPherson GC, Ramsay CR, Campbell MK: The method of

minimization for allocation to clinical trials. A review Control Clin Trials
2002, 23:662-674.

38. Leboeuf-Yde C, Fejer R, Nielsen J, Kyvik KO, Hartvigsen J: Consequences of
spinal pain: do age and gender matter? A Danish cross-sectional
population-based study of 34,902 individuals 20-71 years of age. BMC
Musculoskelet Disord 2011, 12:39.

39. Leboeuf-Yde C, Kjaer P, Bendix T, Manniche C: Self-reported hard physical
work combined with heavy smoking or overweight may result in so-
called Modic changes. BMC Musculoskelet Disord 2008, 9:5.

40. Lauridsen HH, Hartvigsen J, Manniche C, Korsholm L, Grunnet-Nilsson N:
Responsiveness and minimal clinically important difference for pain and
disability instruments in low back pain patients. BMC Musculoskelet Disord
2006, 7:82.

41. Main CJ, Foster N, Buchbinder R: How important are back pain beliefs
and expectations for satisfactory recovery from back pain? Best Pract Res
Clin Rheumatol 2010, 24:205-217.

42. Phaner V, Fayolle-Minon I, Lequang B, Valayer-Chaleat E, Calmels P: Are
there indications (other than scoliosis) for rigid orthopaedic brace
treatment in chronic, mechanical low back pain? Ann Phys Rehabil Med
2009, 52:382-393.

43. van Duijvenbode IC, Jellema P, van Poppel MN, van Tulder MW: Lumbar
supports for prevention and treatment of low back pain. Cochrane
Database Syst Rev 2008, CD001823.

44. Boccaccio A, Kelly DJ, Pappalettere C: A mechano-regulation model of
fracture repair in vertebral bodies. J Orthop Res 2011, 29:433-443.

45. Sorensen PH, Bendix T, Manniche C, Korsholm L, Lemvigh D, Indahl A: An
educational approach based on a non-injury model compared with
individual symptom-based physical training in chronic LBP. A pragmatic,
randomised trial with a one-year follow-up. BMC Musculoskelet Disord
2010, 11:212.

46. van Middelkoop M, Rubinstein SM, Verhagen AP, Ostelo RW, Koes BW, van
Tulder MW: Exercise therapy for chronic nonspecific low-back pain. Best
Pract Res Clin Rheumatol 2010, 24:193-204.

47. Jordan JL, Holden MA, Mason EE, Foster NE: Interventions to improve
adherence to exercise for chronic musculoskeletal pain in adults.
Cochrane Database Syst Rev 2010, CD005956.

48. Klaber Moffett JA, Carr J, Howarth E: High fear-avoiders of physical activity
benefit from an exercise program for patients with back pain. Spine
(Phila Pa 1976) 2004, 29:1167-1172.

49. Norris C, Matthews M: The role of an integrated back stability program in
patients with chronic low back pain. Complement Ther Clin Pract 2008,
14:255-263.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1741-7015/10/22/prepub

doi:10.1186/1741-7015-10-22
Cite this article as: Jensen et al.: Rest versus exercise as treatment for
patients with low back pain and Modic changes. a randomized
controlled clinical trial. BMC Medicine 2012 10:22.

Jensen et al. BMC Medicine 2012, 10:22
http://www.biomedcentral.com/1741-7015/10/22

Page 13 of 13

http://www.ncbi.nlm.nih.gov/pubmed/3289089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3289089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18787845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18787845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18787845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18679099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18679099?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18523502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18523502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19244050?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19244050?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19244050?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17624684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17624684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10580532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10580532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10580532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19575784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19575784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19096840?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19096840?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17334791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21888126?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21888126?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20618925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20618925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20618925?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17729006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17729006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17729006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17077047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17077047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17077047?dopt=Abstract
http://www.nice.org.uk/guidance/CG88/NICEGuidance
http://www.ncbi.nlm.nih.gov/pubmed/10109801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10109801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19535407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10501119?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10501119?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13688369?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13688369?dopt=Abstract
http://www.sms-track.dk/
http://www.sms-track.dk/
http://www-users.york.ac.uk/~mb55/guide/minim.htm
http://www.ncbi.nlm.nih.gov/pubmed/18345348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18345348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21299908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21299908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21299908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18194532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18194532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18194532?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17064410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17064410?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20227642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20227642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19524496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19524496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19524496?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20886646?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20886646?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20849601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20849601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20849601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20849601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20227641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18940712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18940712?dopt=Abstract
http://www.biomedcentral.com/1741-7015/10/22/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial Registration

	Background
	Methods
	Trial design
	Participants
	Inclusion and exclusion criteria
	MRI evaluation
	Interventions
	Variables
	Variables collected at baseline
	MRI
	Questionnaires

	Variables collected post-treatment (10 weeks) and at one-year follow-up
	Primary outcome measure
	Pain

	Secondary outcome measures
	Disability
	Generic Health
	Global assessment
	Depression
	SMS-Track (pain and sick leave)

	Additional information
	Sample size
	Randomization
	Blinding
	Data management and analysis
	Approval

	Results
	Participant flow
	Compliance
	Outcomes and estimation
	Baseline data
	Follow-up data
	Primary and secondary outcomes

	Additional information
	Additional treatment for LBP
	Reported adverse events
	Expectations
	Secondary observations


	Discussion
	Main findings
	Methodological considerations
	Reflections on the new treatment approach (rest group)
	Reflections on the comparison treatment (exercise group)
	Results and hypothesis
	Implications

	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


