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Abstract.
BACKGROUND: Low back pain is a common health problem for which there are several treatment options. For optimizing
clinical decision making, evaluation of treatments and research purposes it is important that health care professionals are able to
evaluate the functional status of patients. Patient reported outcome measures (PROMs) are widely accepted and recommended.
The Roland Morris Disability Questionnaire (RMDQ) and the Oswestry Disability Index (ODI) are the two mainly used condition-
specific patient reported outcomes. Concerns regarding the content and structural validity and also the different scoring systems of
these outcome measures makes comparison of treatment results difficult.
OBJECTIVE: Aim of this study was to determine if the RMDQ and ODI could be used exchangeable by assessing the correlation
and comparing different measurement properties between the questionnaires.
METHODS: Clinical data from patients who participated in a multicenter RCT with 2 year follow-up after lumbar spinal fusion
were used. Outcome measures were the RMDQ, ODI, Short Form 36 – Health Survey (SF-36), leg pain and back pain measured
on a 0–100 mm visual analogue scale (VAS). Cronbach’s alpha coefficients, Spearman correlation coefficients, multiple regression
analysis and Bland-Altman plots were calculated.
RESULTS: three hundred and seventy-six completed questionnaires filled out by 87 patients were used. The ODI and RMDQ had
both a good level of internal consistency. There was a very strong correlation between the RMDQ and the ODI (r = 0.87; p <
0.001), and between the VAS and both the ODI and RMDQ. However, the Bland-Altman plot indicated bad agreement between
the ODI and RMDQ.
CONCLUSIONS: The RMDQ and ODI cannot be used interchangeably, nor is there a possibility of converting the score from
one questionnaire to the other. However, leg pain and back pain seemed to be predictors for both the ODI and the RMDQ.
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1. Introduction

Low back pain is a common health problem. Lifetime
prevalence is estimated between 60% and 90% and it
is a leading global cause of years lived with disability
(YLDs) [1]. Low back pain is a major contributor to
global health costs due to activity limitation and sec-
ondary costs due to work absenteeism and work ces-
sation [2]. There are several treatment options for low
back pain depending on the underlying cause includ-
ing both surgical and non-surgical options. For opti-
mizing clinical decision making, evaluation of treat-
ments and research purposes it is important that health
care professionals are able to evaluate the functional
status of patients. In addition to objective information
obtained from clinical tests, subjective patient reported
outcome measures (PROMs) are widely accepted and
even recommended as important outcome tools [3].

To evaluate the functional status in patients with
back pain, the Roland Morris Disability Questionnaire
(RMDQ) and the Oswestry Disability Index (ODI) are
the two mainly used condition-specific patients reported
outcome measures [4]. Both instruments are focused
on pain and aspects of daily living and are therefore
assumed to measure the same constructs [5]. A recent
systematic review showed that there are no strong rea-
sons to prefer the RMDQ or the ODI in patients with
nonspecific low back pain regarding measurement prop-
erties [6].

As a result both outcome measures are used arbi-
trary depending on the preferences of the clinician or
researcher. For example, the North American Spine So-
ciety (NASS) have recommended the use of the ODI
to assess the functional outcome following spinal fu-
sion [7]. However a recently published study showed
the RMDQ is still widely used in practice [8]. This lack
of consensus and the different scoring systems of these
outcome measures makes comparison of treatment re-
sults more difficult. The difference in scaling of the
outcome measurements also results in differences in
Standard error of measurement (SEM) and the Minimal
detectable change (MDC). Furthermore, recently con-
cerns were raised regarding the content and structural
validity of the RMDQ and the ODI; suggesting further
research to fill existing gaps on content and structural
validity [9].

The main research question of this study was if the
RMDQ and ODI measure the same construct and can
thus both be used in evaluation of treatments and re-
search purposes. As a subsidiary question it was studied
if patient characteristics (age, gender, Body Mass Index
(BMI), smoking, VAS leg pain and VAS back pain)
were predictive for the ODI and RMDQ scores.

2. Materials and methods

2.1. Patient sample and data gathering

Clinical data were gathered from patients who
participated in a double blinded randomized con-
trolled trial [10]. A summary of the study protocol is
available on the clinicaltrails.gov website (Identifier
NCT01557829). In short, patients (18 to 75 years old)
presenting with a history of chronic low back pain with
or without leg pain that did not respond to conservative
treatment, and who had lumbar degenerative disc dis-
orders (Pfirrmann Grade III or higher) and/or spondy-
lolisthesis of Grade I or II, confirmed by MRI, received
a transforaminal lumbar interbody fusion with an inter-
body cage. Main exclusion criteria were osteoporosis,
prior failed fusion at the same level, degenerative sco-
liosis, more than two symptomatic levels that needed
fusion and active cancer or infection. We refer to the
published protocol for the detailed inclusion and exclu-
sion criteria [10]. Clinical assessments were performed
preoperative and 3, 6, 12 and 24 months postopera-
tively. Outcome measures were the RMDQ, ODI, Short
Form 36 – Health Survey (SF-36) leg pain and back
pain measured on a 0–100 mm visual analogue scale
(VAS). A medical ethics committee approved the trial.
Informed consent was obtained from all participating
patients.

2.2. Outcome measures

2.2.1. Roland Morris Disability Questionnaire
(RMDQ)

The RMDQ is a condition-specific (back pain) self-
reported instrument [11]. The validated Dutch version
of the RMDQ (version 1) was used [12]. The question-
naire is composed of 24 statements covering a range of
aspects of daily living. The maximum score is 24 points
(one point per statement) and represents maximum dis-
ability. Clinical improvement is shown if the RMDQ
score is reduces by 30% from baseline [13].

2.2.2. Oswestry Disability Index (ODI)
The ODI provides a self-assessed functional disabil-

ity score for patients with low back pain [14]. For this
study the Dutch ODI version 2.1a was used [5]. The
questionnaire is divided into ten sections: one to assess
pain and nine to assess limitations of various activities
in daily living. Each section is scored on a 0–5 scale, 5
representing the greatest disability. The scores of each
section are added up, multiplied by 2 and expressed as a
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percentage. The maximum score is 100% and expresses
maximum disability. For interpretation the ODI is sub-
divided into five categories: 1) 0–20 %, representing
minimal disability meaning; 2) 21–40 %, representing
moderate disability; 3) 41%–60%, representing severe
disability; 4) 61%–80% representing crippled patients;
5) 81%–100%, representing bedbound patients or pa-
tients overestimating their symptoms [14].

2.2.3. Short Form 36 – Health Survey (SF-36)
The SF-36 is a widely used generic health status

measure [15]. In this study the validated Dutch ver-
sion of the SF-36 was used [16]. The survey consists
of 36 questions with standardized answers divided into
eight health concepts. In this study, only the dimen-
sions Physical functioning and Bodily pain were used.
The score of each concept is the weighted sum of the
answers within that particular concept. Each answer
carries equal weight. The weighted sum is then trans-
formed into a 0–100 scale where 0 represents maximum
disability and 100 represents no disability.

2.3. Statistical analysis

Patient characteristics and questionnaire scores are
presented as mean with the standard deviation or as
frequencies with percentages. At least 50 patients are
needed for reliable comparing measurement proper-
ties [17]. No distinction was made between the pre-
operative or different postoperative measurements as
determining improvement was not the goal of this study.

Cronbach’s alpha coefficients (α) were calculated
for determining the internal consistency and thereby
the inter-relatedness of the items within the ODI and
RMDQ questionnaires [17,18]. Based on literature, both
questionnaires were assumed unidimensional. Internal
consistency was considered poor when alpha < 0.6;
reasonable between 0.6–0.7 and good between 0.71–
0.95. Above 0.95 there is a strong correlation between
the items, which supports summarizing the items [17].
Floor and ceiling effects were evaluated and defined
as present when > 15% of the patients respectively
achieved the lowest or highest (range ± 10%) possible
score [17,19].

Spearman correlation coefficients were calculated to
measure the strength and direction of association of the
total scores of the ODI, RMDQ and pain questions, as
well as for the comparison of single similar items of the
questionnaires. The levels of correlation were defined as
very weak (0.0–0.19), weak (0.2–0.39), moderate (0.4–
0.59), strong (0.6–0.79) and very strong (0.8–1.0) [20].

Table 1
Patient characteristics (N = 376)

N (%)
Gender

Male 118 (31.4%)
Female 258 (68.6%)

Smoking
Yes 249 (66.2%)
No 114 (30.3%)
Unknown 13 (3.5%)

Mean (standard deviation)
Age (years) 55.1 (10.8)
Body Mass Index (kg/m2) 27.0 (4.6)
Number of measurements per patient 4 (1)
ODI (0–100) 28.2 (20.2)
RMDQ (0–24) 9.2 (6.5)
Leg pain (VAS 0–100) 31.3 (28.6)
Back pain (VAS 0–100) 39.0 (24.8)
SF-36 physical functioning (0–100) 60.8 (24.1)
SF-36 bodily pain (0–100) 53.6 (24.9)

Multiple linear regression analysis (enter method) was
used to assess the predictive value of patient character-
istics on the ODI and RMDQ scores. Predictive vari-
ables that were taken into account were age, gender,
BMI, smoking, VAS leg pain and VAS back pain.

Bland-Altman plots (mean difference ± 1.96 × stan-
dard deviation of the difference) were created to ana-
lyze the agreement between the ODI and RMDQ and to
check for systematic differences [21,22]. For creating
the plots, the RMDQ was converted from a 0–24 scale
to a 0–100 scale. In order to permit the possibility of
composing a conversion module between the ODI and
the RMDQ, first the ODI was divided into categories
and then the categories were plotted against the RMDQ
using a boxplot. For all statistical analyses SPSS was
used (SPSS Statistics for Windows, Version 24.0; IBM
Corp., Armonk, NY, USA). For all analyses, the level
of significance was set at p 6 0.05.

3. Results

In total, 376 completed questionnaires filled out by
87 patients were used: 72 measurements at baseline, 75
at 3 months, 79 at 6 months, 78 at 12 months and 72
at 24 months. The mean number of measurement per
patient was 4 (range 1–5). Patients that did not com-
plete both questionnaires at a time point were excluded
from that specific time point. Patient characteristics and
outcome measurements are presented in Table 1.

In order to analyze whether the questions in the ques-
tionnaires were internally consistent, the Cronbach’s
alpha was used. The ODI and RMDQ had both a good
level of internal consistency with respectively α = 0.91
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Fig. 1. Bland-Altman plot with the mean and the difference between the ODI and RMDQ on respectively the x-axis and y-axis. The RMDQ was
converted to a 0–100 scale. The mean difference and the 95% confidence intervals are indicated with reference lines (N = 376).

Table 2
Spearman’s rho correlation coefficients for comparing the different
questionnaires (N = 376)

RMDQ ODI
RMDQ 1.00 0.87
ODI 0.87 1.00
VAS leg pain 0.61 0.64
VAS back pain 0.75 0.68
SF-36 physical functioning −0.83 −0.83
SF-36 bodily pain −0.78 −0.81

∗All correlations were significant at the 0.01 level (2-tailed).

(10 items) and α = 0.92 (24 items). Floor effects (best
possible score) were present in the ODI (27.4%) as well
as in the RMDQ (23.1%). No ceiling effects (worst
possible score) were seen.

3.1. Spearman correlations

There was a very strong correlation between the
RMDQ and the ODI (r = 0.87; p < 0.001). There
were strong correlations between the two questionnaires
and respectively VAS leg pain and VAS back pain (Ta-
ble 2). The ODI and RMDQ showed also strong to
very strong correlations with the two dimensions of the
SF-36 (physical functioning and bodily pain).

Correlations between similar questions of the RMDQ
and ODI were also calculated and are described in Ta-
ble 3. They showed a wide range and varied between
weak and strong.

Table 3
Spearman’s rho correlation coefficients for comparing separate ques-
tions of the RMDQ and ODI questionnaires

ODI –
question

RMDQ –
question

Spearman’s rho
(p-value)

Personal care 2 9 0.67 (p < 0.001)
(washing, 2 16 0.55 (p < 0.001)
dressing) 2 19 0.23 (p < 0.001)
Walking 4 3 0.46 (p < 0.001)

4 17 0.55 (p < 0.001)
Standing 6 10 0.33 (p < 0.001)
Sleeping 7 18 0.73 (p < 0.001)
Social life 9 1 0.57 (p < 0.001)

3.2. Bland-Altman plot

The Bland-Altman plot (Fig. 1) indicated bad agree-
ment between the ODI and RMDQ as the distance be-
tween the upper and lower 95% confidence interval
margins were large enough to be clinically important
and the variability around the mean was not constant.
Furthermore, the two-sided one-sample t-test showed
that the difference between the questionnaires was sig-
nificantly different from zero (p < 0.001) with a mean
difference of 10.2 points (± 13.7).

3.3. Regression analysis

A multiple linear regression was calculated to predict
the RMDQ score based on age, gender, BMI, smok-
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Table 4
Multiple linear regression coefficients (n = 352). The unstandardized Beta represents the slope of the line
between the predictor variable and the dependent variable (RMDQ or ODI). So e.g. for VAS back this would
mean that for every one unit increase in VAS back, the outcome variable RMDQ increases by 0.158 unit (p <
0.001)

RMDQ ODI

Unstandardized Beta P -value Unstandardized Beta P -value
Constant −2.333 0.238 3.264 0.623
VAS leg pain (0–100) 0.069 < 0.001 0.278 < 0.001
VAS back pain (0–100) 0.158 < 0.001 0.405 < 0.001
Age 0.016 0.451 0.085 0.226
Gender (1 = male; 2 = female) 0.335 0.482 1.102 0.491
Smoking (0 = yes; 1 = no) −0.124 0.796 −0.355 0.826
BMI 0.074 0.113 −0.225 0.152

Fig. 2. RMDQ score relative to their ODI score divided in subgroups. The mid-point line (median), lower and upper quartile are presented per
subgroup. The upper and lower whiskers represent scores outside the middle 50% of the scores. Outliers are indicated with a circle.

ing, VAS leg pain and VAS back pain. The results indi-
cated that the predictors explained 64.2% of the vari-
ance (R2 = 0.642, F (6, 345) = 102.949, p < 0.001).
Both VAS leg pain (p < 0.001) and VAS back pain (p <
0.001) were significant predictors for the RMDQ (Ta-
ble 4). The same was found for the ODI where the pre-
dictors explained 58.7% of the variance (R2 = 0.587,
F (6, 345) = 81.665, p < 0.001). Both VAS leg pain
(p < 0.001) and VAS back pain (p < 0.001) were also
significant predictors of the ODI.

In Fig. 2 the RMDQ score of the patients is presented
relative to their ODI score divided in subgroups. Only
one patient fell in the worst category 81–100 of the ODI
with a RMDQ score of 21. There is a clear trend visible
wherein the mean RMDQ scores are ascending with
the ascending ODI subgroups. However, the variability

of the RMDQ scores within the subgroups were too
large to define a reliable conversion equation. There-
fore, it is not possible to transform the score from one
questionnaire to the other.

4. Discussion

The RMDQ and the ODI are two frequently used
condition-specific patients reported outcome measures.
Both are used interchangeably depending on the prefer-
ences of the clinician or researcher which makes com-
parison of treatment results difficult. This study tried
to determine if the RMDQ and ODI could be used ex-
changeable. Secondly, the influence of several patient
characteristics (age, gender, BMI, smoking, leg pain
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and back pain) on the ODI and RMDQ scores was stud-
ied

Both the RMDQ and ODI showed good internal con-
sistency. The individual questions of the questionnaires
seem to measure one construct as previously determined
and are therefore of good consistency. If the cronbach’s
alpha is too high (above 0.95) it could be argued that
some questions are comparable to the extent that some
would be redundant [17]. As the scores are respectively
α = 0.91 (ODI) and α = 0.92 (RMDQ) no redundant
questions are present. Similar Cronbach alpha value
on the ODI and RMDQ have been reported previously,
thereby confirming the validity of our results [5,6].

Regarding floor and ceiling effect no ceiling effects
were found in both the ODI and RMDQ however, floor
effects were found in both. As lower values represent
less disability, many of the subjects showed minimal
functional disability which indicates a limitation in dis-
tinctive character of the questionnaires.

A strong correlation of 0.87 between the RMDQ and
the ODI was found similar to previous reports. A meta-
analysis showed a pooled correlation of −0.66 for the
RMDQ and −0.70 for the ODI with the physical func-
tional subscale of the SF-36, which is lower than the
correlations found in this study, which was −0.83 for
both outcomes [6]. However, correlations between sim-
ilar questions of the RMDQ and ODI varied between
weak and strong (Table 3). This might be partially ex-
plained by the different answering scales. Regarding
the RMDQ, each item is a statement which needs to be
answered with yes or no. In contrast, the ODI uses a
6-level Likert scale, which creates a wider distribution
of scores. To our knowledge this is the first paper re-
porting correlations between specific RMDQ and ODI
questions.

The Bland-Altman plots indicated bad agreement
between the ODI and RMDQ. In addition, the mean
difference between the questionnaires was significantly
different from zero. This information contributes to the
fact that the questionnaires are not interchangeable. A
limitation is that the RMDQ is measured on a different
scale (0–24) and needed to be converted to a 0–100
scale which might influence the results of the plots.

From all variables (age, gender, BMI, smoking, VAS
leg pain and VAS back pain) only VAS leg pain and
VAS back pain seemed to be predictors for both the ODI
and the RMDQ. To our knowledge this is the first study
reporting about predictors for the ODI and RMDQ.

Lastly the variability of the RMDQ scores within the
subgroups were too large to define a reliable conversion
equation. Therefore the RMDQ and ODI cannot be used

interchangeably, nor is there a possibility of converting
the score from one questionnaire to the other. This can-
not be explained by the sample size as the sample size is
large enough. A possible reason could be that the ODI
and the RMDQ are not measuring the same construct
and are therefore not exchangeable [3]. Further research
should attempt to clarify the use of either the ODI or
the RMDQ in specific patient categories. For example,
VAS pain scores from mild, moderate to severe could
be used to specify patient categories.

4.1. Clinical relevance

A previous systematic review [6] compared the mea-
surement properties of the RMDQ with the ODI and
stated that there are no strong reasons to prefer the
RMDQ or the ODI in patients with nonspecific low
back pain. The focus of the current study was not to
assess whether one of the two instruments has better
measurements properties, but to assess if they can be
used exchangeable [6]. Because results showed that the
ODI and RMDQ are not interchangeable, consensus on
their use in clinical practice is essential to analyze treat-
ment outcomes and provide sufficient patient counsel-
ing. To determine treatment outcomes and clinical pro-
gression, the SEM and MDC are properties that should
be used. The development of national registries with
standard validated PROMs could help to gain sufficient
data. For example, both the NASS and the Dutch Spine
Society (DSS) have already incorporated the ODI into
their registries.

4.2. Limitations

Limitations of this study include that data was col-
lected from a study with a different goal. Secondly
more female participants than male participants and
more smoking participants than non-smoking partici-
pants completed the questionnaires which could influ-
ence the generalizability However, this might be char-
acteristic for this specific patient category. Thirdly, we
included multiple measurements per patient at multi-
ple time points (see above). This presents two issues.
First including the same patient multiple times might
introduce bias; secondly by default these measurements
are not independent. However, as determining improve-
ment was not the goal of this study and RMDQ, ODI
and SF-36 measurements were paired at the different
measurement times it was a priori hypothesized that
this would not influenced the results. Lastly the authors
recognize that in order to compare two measurement
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properties, the properties must be calibrated on the same
scale preferably. Two ways of doing so is either by the
development and evaluation of a crosswalk, or by us-
ing item response models. For both of these methods
sufficient numbers are needed which the authors unfa-
vorably did not have. This could be a consideration for
future research.

5. Conclusion

The RMDQ and ODI are not interchangeable, nor
is there a possibility of converting the score from one
questionnaire to the other. However, VAS leg pain and
VAS back pain seemed to be predictors for both the ODI
and the RMDQ. Further research is needed in order to
determine in which type of patient which questionnaire
should be used.
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