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Abstract Epidemiological and clinical studies of people

with low back pain (LBP) commonly measure the inci-

dence of recovery. The pain numerical rating scale (NRS),

scores from 0 to 10, and Roland Morris disability ques-

tionnaire (RMDQ), scores from 0 to 24, are two instru-

ments often used to define recovery. On both scales higher

scores indicate greater severity. There is no consensus,

however, on the cutoff scores on these scales that classify

people as having recovered. The aim of this study was to

determine which cutoff scores most accurately classify

those who had recovered from LBP. Subjects from four

clinical studies were categorized as ‘recovered’ or

‘unrecovered’ according to their self-rating on a global

perceived effect scale. Odd ratios were calculated for

scores of 0, 1, 2, 3 and 4 on the NRS and RMDQ to

predict perceived recovery. Scores of 0 on the NRS and

B2 on the RMDQ most accurately identify patients who

consider themselves completely recovered. The diagnostic

odds ratio (OR) for predicting recovery was 43.9 for a

score of 0 on the NRS and 17.6 for a score of B2 on the

RMDQ. There was no apparent effect of LBP duration or

length of follow-up period on the optimal cutoff score.

OR for the NRS were generally higher than those for

RMDQ. Cutoffs of 0 on the NRS and 2 on the RMDQ

most accurately classify subjects as recovered from LBP.

Subjects consider pain more than disability when deter-

mining their recovery status.
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Introduction

Studies on low back pain (LBP) commonly measure the

incidence of recovery to make determinations of the effect

of treatment [12, 16, 31, 33] or prognosis [11, 20, 25, 28].

However, recovery is a complex construct and there is

currently no consensus on how it should be defined or

measured. This makes interpretation and comparison of

studies problematic.

Two measures that are frequently used and have been

endorsed as measures of outcome for LBP studies [9] are

the 11-point numerical rating scale for pain [7] (NRS) and

the Roland Morris disability questionnaire [30] (RMDQ).

These scales can be used to track the course of pain and

disability. Importantly, NRS and RMDQ scores are also

used to classify people as having recovered or not from an

episode of back pain [2, 3, 8, 14–17].

If NRS or RMDQ are to be used to classify people as

recovered or not, it is necessary for researchers to set a

cutoff value, below which people are considered recovered

and above which people are considered not recovered.

Currently, this choice of cutoff is made arbitrarily. Thus,
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while some studies define recovery as having NRS scores

of 0 [23], others define recovery as having NRS scores of

B1 [18], and still others define recovery as having NRS

scores of B2 [5]. The RMDQ score has also been used to

define recovery, but similar inconsistencies apply. Cutoff

scores used for the RMDQ have included B2 [2], B3 [23]

and B4 [15]. At this point, there are no studies that detail

the relationship of LBP patients’ perceptions of their own

recovery with cutoff scores on these commonly used

instruments and, hence, no data to guide selection of the

most suitable cutoff.

Recovery may also be assessed more directly by asking

patients whether they perceive they have recovered. The

response options may be binary [19], or on a Likert scale

[21], or a variant of the global perceived effect scale [24]

(GPE). Studies that concurrently consider patient self-

report measures of recovery and measure NRS or RMDQ,

therefore, offer an opportunity to consider what score on

the NRS or RMDQ best equates to patients’ perceptions of

recovery. That is the approach we have used in the present

study.

Patients with LBP are commonly categorized on the

basis of how long they have experienced their symptoms.

The European Guidelines for management of LBP [32]

suggest classification as follows: acute (\6 weeks of

symptom duration), subacute (6–12 weeks) and chronic

([12 weeks). It is not known if the duration of the episode

of LBP influences patients’ ratings of recovery. Such

information could provide guidance as to whether mea-

surement of recovery should be adapted to suit different

situations.

Recovery is a complex construct [1, 22, 27] and it is

possible that construct-specific instruments such as the

NRS and RMDQ may capture different aspects of recovery

to direct reports of perceived recovery. Both construct-

specific instruments and direct reports offer advantages and

disadvantages. While the latter enables the individual to

incorporate whatever constructs they consider important

into their rating of recovery, such ratings are inherently

idiosyncratic, which could make between-subject compari-

sons difficult. On the other hand, defining recovery in terms

of pain and disability may limit individual relevance, but

facilitate interpretation.

This study involved a secondary analysis of data from

four clinical studies of people with LBP. In each study,

subjects reported NRS and RMDQ scores and directly

reported whether they perceived they had recovered via a

GPE scale. The primary aim was to determine the cutoffs

for NRS and RMDQ that most accurately identified when

LBP patients consider themselves recovered. A secondary

aim was to assess whether the optimal cutoff varied

according to the duration of LBP at entry into the study or

to the length of follow-up period within the study.

Methods

Data sets

All subjects had non-specific LBP and were enrolled in one

of four clinical studies. One was an observational study [4]

in which patients were followed for 2 weeks while

receiving a course of physiotherapy treatment. The other

three studies were RCTs investigating the effects of

McKenzie exercises [26], exercise and advice [29] or

mobilization and stabilization exercises [10]. Symptom

duration and follow-up points varied across the studies

(Table 1).

We grouped studies according to the duration of partic-

ipants’ LBP [32] at entry into the study: acute (\6 weeks of

symptom duration), subacute (6–12 weeks) and chronic

([12 weeks). Follow-up times were defined as the time

from the entry into the study or randomization until follow-

up and grouped as follows: short term (\12 weeks), inter-

mediate term (12–26 weeks) and long term ([26 weeks).

Measures

All subjects completed (a) an 11-point NRS to score their

pain, either averaged over the previous 24 h or over the

previous week depending on the study, (b) the 24-point

RMDQ to rate their disability, and (c) a GPE scale to rate

recovery at each follow-up point. A full description of the

measures is presented in ‘‘Appendix’’. GPE was scored on

an 11-point scale from completely recovered (?5), through

unchanged (0) to vastly worse (-5). Scores were dichoto-

mized such that subjects who reported that they were

completely recovered (?5) were classified as recovered

and all others as unrecovered. It is acknowledged that

selection of a recovery cutoff score of completely recov-

ered (?5) on the GPE may be considered an arbitrary

choice on behalf of the authors, but there is at least face

validity for the assumption that subjects selecting the

option ‘completely recovered’ perceived themselves to be

recovered.

Analyses

We examined the performance of cutoffs of B0, 1, 2 and 3

for NRS scores and B0, 1, 2, 3 and 4 for RMDQ scores.

Data from all studies at all follow-ups were pooled.

Subjects were categorized according to whether their NRS

and RMDQ scores were B or [ each candidate cutoff

score. Diagnostic odds ratios (OR) were calculated for each

candidate cutoff score. OR is the odds of being recovered

for someone who scores on or below the cutoff divided by

the odds of being recovered for someone who scores above

the cutoff.
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To test whether the optimal cutoff score varied with

duration of LBP or length of follow-up, OR were calcu-

lated for each category of LBP (acute, subacute, chronic)

and for each follow-up period (short, intermediate and long

term).

Results

Optimal cutoff scores

Data from all studies at all follow-up points were pooled.

In 1,818 assessments, 7.98% patients assigned a GPE score

of completely recovered.

The cutoff scores that best discriminated people who felt

they were, or were not recovered were an NRS score of 0

and an RMDQ score of 2 (Table 2). For the NRS, the OR

for the optimal NRS cutoff was substantially higher than

for the other candidates’ cutoffs. That is, a cutoff of 0 was

clearly superior to other cutoff scores for the NRS. In

contrast for RMDQ, the ORs were similar for all candidate

cutoffs, indicating that no cutoff was clearly superior to

others for the RMDQ. ORs for pain scores were substan-

tially higher than those for RMDQ.

To compare the relative effectiveness of NRS and

RMDQ in classifying recovery, we created ROC [6] curves

(Fig. 1). Data were pooled from all assessments and areas

under the curves [6] and (AUC) were 0.897 for the NRS

and 0.856 for the RMDQ.

Effect of LBP duration on cutoff

Separate analyses were conducted on subjects with acute

LBP (476 assessments), subacute LBP (697 assessments)

and chronic LBP (645 assessments). An NRS score of 0

had the highest OR for acute and chronic populations,

while a score of 1 had the highest OR in subacute popu-

lations. RMDQ scores of 0, 1 and 2 had the highest ORs for

subacute, acute and chronic populations, respectively

(Table 3). There was no clear pattern of higher optimal

cutoff scores with increasing LBP duration for either

instrument. As with the data from the whole cohort, opti-

mal cutoffs for NRS have much larger ORs than other

candidates’ cutoffs, whereas ORs for all candidates are

much more similar for RMDQ. Optimal pain cutoffs had

higher absolute ORs for predicting recovery than optimal

RMDQ cutoffs.

Table 1 Included studies

Sample size LBP duration Follow-up points

Short Intermediate Long

Costa et al. [4] 99 Acute 1 day, 3 weeks – –

Machado et al. [26] 140 Acute 1 and 3 weeks – –

Pengel et al. [29] 230 Subacute 6 weeks 12 weeks 52 weeks

Ferreira et al. [10] 220 Chronic 8 weeks 26 weeks 52 weeks

Table 2 Odds ratios of complete recovery based on cutoff score

Cutoff OR

Numerical rating scale 0 43.9

B1 32.8

B2 20.9

B3 20.1

Roland Morris disability questionnaire 0 14.5

B1 15.5

B2 17.6

B3 15.5

B4 15.2

Cutoff scores that best discriminate between recovered and unre-

covered participants are indicated in bold

OR Odds ratio
Fig. 1 ROC curves for numerical rating scale and Roland Morris

disability questionnaire classifying recovery
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Effect of length of follow-up on cutoff

Candidate cutoffs were tested separately for all subjects at

short-term follow-up (929 assessments), intermediate-term

follow-up (447 assessments) and long-term follow-up (442

assessments). NRS scores of 0 or 1 and RMDQ scores of 0

and 4 had the highest ORs. There was no clear pattern of

higher optimal cutoff scores with increasing length of

follow-up for either instrument (Table 4). As with the data

from the whole cohort, optimal cutoffs for NRS have much

larger ORs than other candidates, whereas ORs for all

candidates are much more similar for RMDQ. Optimal pain

cutoffs had higher absolute ORs for predicting recovery

than optimal RMDQ cutoffs.

Discussion

This study provides the first data-based recommendations

for cutoffs to define recovery from LBP using NRS and

RMDQ scores. Patients who consider themselves com-

pletely recovered are most accurately classified by a score

of 0 on a pain NRS or a score of 2 or less on the 24-point

RMDQ. These cutoffs provide a high level of discrimina-

tion between people who consider themselves completely

recovered and those who do not. While we do not suggest

that pain or disability measures in isolation capture the full

complexity of recovery, the AUCs from the ROC curves

provide some assurance that NRS and RMDQ are useful in

defining recovered subjects.

We expected that subjects with longer LBP duration

would consider themselves recovered despite higher levels

of pain and disability (that is, we expected they would have

higher cutoff scores) but this was not the case. There was

no clear evidence that the optimal cutoff score was higher

with increasing LBP duration or with increasing length of

follow-up. While the optimal cutoff for RMDQ was higher

(B4) for long-term follow-up than for the complete data

set, it was also higher (4) for the short-term follow-up, and

lower (0) for the intermediate term. This apparently ran-

dom finding may reflect statistical imprecision associated

with the low number of recovered subjects.

Odds ratios for optimal NRS cutoffs were always higher

than those for the RMDQ. We did not use interferential

statistics to investigate the significance of these differences,

because observations were clustered by study and there was

more than one observation on some subjects and so we

could not assume independence of observations. To some

extent, this difference may be due to the different number

of response options for the 2 scales, i.e., 11 in the case of

the NRS and 25 for the RMDQ. Nonetheless, it appears

that NRS pain scores align better with patients’ perceptions

of recovery than do RMDQ scores. This contention is

supported by the AUCs for the ROC curves, which were

higher for the NRS than the RMDQ.

Various statistics can be used to quantify test perfor-

mance. These include accuracy, sensitivity and specificity,

positive and negative predictive values, likelihood ratios

Table 3 Odds ratios of complete recovery based on cutoff score and

LBP duration

Cutoff Acute Subacute Chronic

Numerical rating scale 0 42.5 47.9 23.5

B1 17.1 62.2 17.8

B2 12.8 31.8 11.8

B3 15.1 49.1 6.3

Roland Morris disability

questionnaire

0 21.0 11.4 7.2

B1 23.8 10.5 11.0

B2 23.1 11.0 14.7

B3 16.4 11.2 11.2

B4 19.9 10.4 8.4

Percentage recovered (%) 10.11 11.91 2.16

Cutoff scores that best discriminate between recovered and unre-

covered participants are indicated in bold

OR Odds ratio

Table 4 Odds ratios of

complete recovery based on

cutoff score and follow-up

period

Cutoff scores that best

discriminate between recovered

and unrecovered participants are

indicated in bold

OR Odds ratio

Cutoff Short term Intermediate term Long term

Numerical rating scale 0 46.2 25.9 73.7

B1 25.3 27.5 86.5

B2 18.5 16.8 35.5

B3 17.2 14.7 42.6

Roland Morris

disability questionnaire

0 18.0 13.6 13.0

B1 14.6 11.7 28.0

B2 18.7 9.6 35.1

B3 18.5 7.3 26.7

B4 19.2 5.7 44.3

Percentage recovered (%) 8.18 6.70 8.82
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and Youden’s index. Accuracy, the percentage of obser-

vations that are correctly classified, was not used because

high levels of accuracy can be achieved by chance alone

when the prevalence of recovered subjects is high or, as in

our study, low. We used the OR to quantify performance

because, unlike sensitivity and specificity or likelihood

ratios, OR provide a single summary statistic. An alterna-

tive single summary statistic is Youden’s index (sensitivity

plus specificity minus 1); the disadvantage of Youden’s

index in this instance is that the statistic is difficult to

interpret [13]. The OR has been recommended on the

grounds of its interpretability [13], but we know of no

compelling reason to prefer Youden’s or ORs for the

purposes of our study. To investigate the sensitivity of our

findings in the choice of summary statistic, we also esti-

mated optimal cutoffs using Youden’s index (data not

reported). These analyses yielded similar, but not identical,

findings. Optimal cutoffs as determined by Youden’s index

were 1 for both NRS and RMDQ.

The difference in ORs for the candidate cutoffs for the

RMDQ was quite small. That is, there is relatively little

difference in accuracy of the optimal cutoff and the scores

adjacent to it. Given that this is the case, it seems unrea-

sonable to make concrete recommendations about the

choice of cutoff scores for this measure. Instead,

researchers should consider, for each particular study

question, the consequences of choosing a higher or lower

cutoff on the RMDQ. This choice would involve a trade-off

between sensitivity and specificity.

By using the OR as a measure of test performance, we

implicitly assumed that sensitivity and specificity were

equally important. Selecting a higher cutoff will improve

the sensitivity (that is, a greater proportion of subjects who

consider themselves recovered will be correctly classified).

However, use of a higher cutoff will also result in a larger

proportion of unrecovered subjects being incorrectly clas-

sified as recovered. The opposite applies if a lower cutoff is

selected.

In summary, there are several implications that arise for

future studies. LBP researchers who decide to categorize

their subjects as recovered or unrecovered on the basis of

NRS or RMDQ score should use cutoffs of 0 and B2,

respectively. If a choice is to be made between the two

scales, it is likely that NRS-based categorization will align

better with patients’ perceptions of their recovery. These

findings do not appear to be sensitive to the duration of

LBP symptoms.

There are some limitations that should be considered

when determining the utility of these findings. First, the

data were collected from patients with LBP; it is unclear

whether the optimal cutoffs are transferable to patients

with other conditions. Second, there was some inconsis-

tency in the optimal cutoffs for different duration of LBP

and follow-up periods; this may be due to the fact that

relatively small numbers of subjects were completely

recovered at certain follow-up points. It is acknowledged

that the complete recovery rates in the source studies

(10% or less) are lower than that expected, possibly due

to the stringent criterion used for recovery. We have no

reason to believe that the samples in these studies are

substantially different from those typically enrolled in the

primary care studies of LBP. Consequently, we are con-

fident regarding the generalization of these findings.

Lastly, the data structure precluded formal statistical

inference and calculation of 95% confidence intervals

around the OR estimates.
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Appendix

Global perceived effect scale

Compared to when this episode first started, how would

you describe your back these days?

- 5 - 4 - 3 - 2 - 1 0 1 2 3 4 5 
Vastly
 worse

Unchanged Completely 
recovered

Pain numerical rating scale

I would like you to rate your pain on a scale from 0 to 10

where 0 is no pain and 10 is the worst pain possible. Please

give a number to describe your pain at the present time.

0 1 2 3 4 5 6 7 8 9 10 
elbissopniaptsrowniapoN

Roland Morris disability questionnaire

When your back hurts, you may find it difficult to do some

of the things you normally do.

This list contains some sentences that people have

used to describe themselves when they have back pain.

When you read them, you may find that some stand out

because they describe you today. As you read the list,

think of yourself today. When you read a sentence that

describes you today, fill the box to the left of the sen-

tence. If the sentence does not describe you, then leave

the box blank and go onto the next one. Remember, only

mark the sentence if you are sure that it describes you

today.
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  1.     I stay at home most of the time because of my back. 

  2.  I change positions frequently to try and get my back comfortable.  

 3.  I walk more slowly than usual because of my back. 

  4.  Because of my back, I am not doing any of the jobs that I usually do around the house. 

  5.  Because of my back, I use a handrail to get upstairs. 

  6.  Because of my back, I lie down to rest more often. 

 7.  Because of my back, I have to hold on to something to get out of an easy chair. 

 8.  Because of my back, I try to get other people todo things for me.  

 9.  I get dressed more slowly than usual because of my back. 

 10. I only stand up for short periods of time because of my back. 

11. Because of my back, I try not to bend or kneel down. 

12. I find it difficult to get out of a chair because of my back. 

13. My back is painful almost all the time. 

 14. I find it difficult to turn over in bed because of my back. 

15. My appetite is not very good because of my back pain. 

16. I have trouble putting on my socks (or stockings) because of the pain in my back. 

17. I only walk short distances because of my back pain.

18. I sleep less well because of my back. 

 19. Because of my back pain, I get dressed with help from someone else. 

 20. I sit down for most of the day because of my back. 

 21. I avoid heavy jobs around the house because of my back. 

 22. Because of my back pain, I am more irritable and bad tempered with people than usual. 

 23. Because of my back, I go upstairs more slowly than usual. 

 24. I stay in bed most of the time because of my back. 
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