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Abstract The purpose of this prospective, single site

cohort quasi-experimental study was to determine the

responsiveness of the numerical rating scale (NRS),

Roland–Morris disability questionnaire (RMDQ), Oswestry

disability index (ODI), pain self-efficacy questionnaire

(PSEQ) and the patient-specific functional scale (PSFS) in

order to determine which would best measure clinically

meaningful change in a chronic low back pain (LBP) pop-

ulation. Several patient-based outcome instruments are

currently used to measure treatment effect in the chronic

LBP population. However, there is a lack of consensus on

what constitutes a ‘‘successful’’ outcome, how an important

improvement/deterioration has been defined and which

outcome measure(s) best captures the effectiveness of

therapeutic interventions for the chronic LBP population.

Sixty-three consecutive patients with chronic LBP referred

to a back exercise and education class participated in this

study; 48 of the 63 patients had complete data. Five ques-

tionnaires were administered initially and after the 5-week

back class intervention. Also at 5 weeks, patients completed

a global impression of change as a reflection of meaningful

change in patient status. Score changes in the five different

questionnaires were subjected to both distribution- and

anchor-based methods: standard error of measurement

(SEM) and receiver operating characteristic (ROC) curves

to define clinical improvement. From these methods, the

minimal clinically important difference (MCID) defined as

the smallest difference that patients and clinicians perceive

to be worthwhile is presented for each instrument. Based on

the SEM, a point score change of 2.4 in the NRS, 5 in the

RMDQ, 17 in the ODI, 11 on the PSEQ, and 1.4 on the

PSFS corresponded to the MCID. Based on ROC curve

analysis, a point score change of 4 points for both the NRS

and RMDQ, 8 points for the ODI, 9 points for the PSEQ and

2 points for the PSFS corresponded to the MCID. The ROC

analysis demonstrated that both the PSEQ and PSFS are

responsive to clinically important change over time. The

NRS was found to be least responsive. The exact value of

the MCID is not a fixed value and is dependent on the

assessment method used to calculate the score change.

Based on ROC curve analysis the PSFS and PSEQ were

more responsive than the other scales in measuring change

in patients with chronic LBP following participation in a

back class programme. However, due to the small sample

size, the lack of observed worsening of symptoms over

time, the single centre and intervention studied these results

which need to be interpreted with caution.
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Introduction

Disability caused by low back pain (LBP) affects approx-

imately one quarter of adults in any one year and is the
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most common cause of physical disability in the working

age population of the UK [1]. LBP that persists continu-

ously or intermittently for longer than 3 months is deemed

chronic. While not a disease, LBP is associated with sub-

stantial morbidity. People report that most if not all aspects

of their lives are significantly affected by chronic pain [2].

In a survey conducted by Taylor [3], the impact of multiple

areas of musculoskeletal pain, including LBP on health-

related quality of life (HRQOL) was comparable to the

HRQOL of patients with chronic liver disease prior to

transplant and terminal cancer.

An historical review shows that there is no change in the

pathology of LBP; however, our understanding and man-

agement has changed [1]. Restoration of normal function

designed to address the patients’ specific needs is consid-

ered a key outcome of physiotherapy for low back prob-

lems [4]. A systematic review, concluded that there is

moderate evidence for clinical effectiveness of structured

exercise programmes and that ‘‘back schools’’ reduce pain

and improve function and return-to-work status, both in the

short- and intermediate-term, compared with other treat-

ments for recurrent and chronic LBP [5]. The UK-based

National Institute for Health and Clinical Excellence

(NICE) guidelines [6] for nonspecific LBP recommend a

structured exercise programme tailored to the person: up to

a maximum of 8 sessions over a period of up to 12 weeks.

Randomized control trials (RCTs) and the findings of

systematic reviews of different treatment approaches for

chronic LBP rarely show more than a small–moderate

improvement in short-term outcomes from treatment [7].

Many treatment options exist and currently no one treat-

ment has demonstrated superiority to the alternatives [8, 9].

One possible explanation for this is that chronic LBP is

complex and multi-dimensional in nature [1]. The bio-

psychosocial model of pain posits that the pain experience

is a function of interacting combinations of patho-ana-

tomical, neuro-physiological, physical and psychosocial

factors which are different for each individual [8, 9]. As

such the effects of treatment may be diluted in RCTs when

applied to a heterogeneous group with diverse treatment

needs [10].

Another possible explanation for small–moderate treat-

ment effects seen in RCTs is the lack of consensus on what

constitutes a ‘‘successful’’ outcome, how an important

improvement has been defined and which specific outcome

measures best measure this. This is difficult when the

outcome of interest is subjective, and there are no definitive

measurable end points to indicate when a patient is ‘‘bet-

ter’’ [11]. RCTs have focused on the statistical significance

of change in scores from outcome measures which reflects

both the magnitude and variability of the treatment effects

as well as the sample size. Statistical significance does not

indicate the proportion of individuals in the group who

achieved a clinical meaningful change from the treatment

intervention [11]. Beaton et al. [12] carried out a qualita-

tive study to explore the answer to the question ‘‘Are you

better?’’ They reported that people varied in their defini-

tions, both in terms of the type of change that they con-

sidered to be indicative of improvement and in the degree

of importance of that change to them. This wide disparity

between patients’ expectation and perception of treatment

further impairs our ability to definitively measure a ‘‘suc-

cessful’’ outcome.

Responsiveness

Responsiveness refers to the ability of a measurement tool

to detect real or important change over time when it has

occurred (and equally when it has not occurred) in the

concept being measured [13]. This has led to a search for

the elusive ‘‘minimally clinically important difference’’

(MCID) in the scores of these measures, which ideally

would identify when an individual or a group is ‘‘better’’

above and beyond change due to measurement error [14].

Jaeschke et al. [15], defined the MCID as the ‘‘the smallest

difference in a score of a domain of interest that patients

perceive to be beneficial’’.

Methods of exploring responsiveness can be classified

either as those that measure change alone (distribution-

based methods) or those that measure clinically meaningful

change (anchor-based methods). Both anchor- and distri-

bution-based methods have advantages and limitations,

with neither superior to the other therefore a combination

of both methods is preferred [16].

Distribution-based methods

The distribution-based method measures the statistical

significance of the change scores in the measure. There is

agreement that the standard error of measurement (SEM) is

the best method of calculating statistically meaningful

change [17]. The SEM accounts for the possibility that

some of the change observed with a particular measure

may be attributable to random error [14]. The SEM can

then be used to calculate the smallest detectable change

(SDC) for the score which reflects the smallest observed

change in score that is above measurement error [18].

Anchor-based methods

The anchor-based method determines the smallest impor-

tant difference in a measurement instrument that relates to

a corresponding change in a reference measure of clinical/

health status (the ‘‘anchor’’). There is no gold standard

‘‘anchor’’ to assess true change of status. A global

impression of change (GIC) instrument requires the
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respondent to compare post-treatment with pre-treatment

status and judge whether meaningful change has taken

place over the retest period. Patient global impression of

change (PGIC) has been recommended by the initiative on

methods, measurement, and pain assessment in clinical

trials (IMMPACT) for use in chronic pain clinical trials as

a core outcome measure of global improvement with

treatment [19]. Lauridson et al. [20] demonstrated that the

patients’ global retrospect of treatment effect is robust in

discriminating between those who have improved and

those who remain unchanged. Receiver operating charac-

teristics (ROC) analysis is an anchor-based method of

examining a measure’s responsiveness [18]. ROC curves

can be used to determine the most accurate (highest spec-

ificity and sensitivity) cutoff for change scores. ROC

curves are also used to rank the ability of competing

measures to detect clinical change.

To achieve comprehensive multidimensional evaluation

of outcome in LBP IMMPACT [19] propose six core out-

come domains that should be considered: (1) pain, (2)

physical functioning, (3) emotional functioning, (4) partic-

ipant ratings of improvement and satisfaction with treat-

ment, (5) symptoms and adverse events and (6) participant

disposition. The NICE guidelines [6] for nonspecific LBP

recommend that any intervention should have a high impact

on patients’ outcomes in particular pain, disability or psy-

chological distress. This current study evaluated the fol-

lowing core domains; numerical rating scale (NRS),

Roland–Morris disability questionnaire (RMDQ), Oswestry

disability index (ODI), patient-specific functional scale

(PSFS) and the pain self-efficacy questionnaire (PSEQ).

There are no agreed scientific grounds or empirical

evidence to determine the optimum method of estimating

the MCID [21]. Which instrument shows the best perfor-

mance with respect to the individual patient versus a

population view of the MCID can only be answered by a

direct comparison between the instruments in a single

study population. As such, the purpose of this study was

twofold: first, to demonstrate the responsiveness of five

different questionnaires PSFS, PSEQ, NRS, ODI and the

RMDQ (using both anchor- and distribution-based meth-

ods) and second, to compare which of these tools best

measures change in patients with chronic LBP following

participation in a back class programme.

Methodology

Ethical review

This study was reviewed and approved by the ethical

review board at the Lewisham Local Research Ethics

Committee (reference number 07/Q0701/12) and the

research and development centre for Greenwich, Lambeth,

Lewisham and Southwark PCTs (reference number

RDLAM 355).

Subjects/study population

Consecutive patients with LBP referred by their physio-

therapist to the back class (at the Pulross centre in Brixton)

were eligible for the study. The back class is run by a

physiotherapist once a week for 5 weeks. The class inclu-

ded a practical education session in order to improve

patients’ management and understanding of their pain.

Topics covered included; anatomy of the spine, mecha-

nisms of chronic LBP, goal setting, posture, pacing activ-

ity, management of pain and returning to exercise. The

class also included an exercise session to strengthen and

stretch the main muscle groups with particular emphasis on

the stomach, trunk and buttock muscles. Participants were

taught how to exercise safely and pace their activity.

Inclusion criteria: Patients with LBP aged 18 and over,

both males and females, LBP duration greater than

3 months with or without radiation to the lower limbs, not

undergoing any other concurrent treatments for pain other

than routine analgesia and sufficient level of spoken and

written English language. Exclusion criteria included:

Spinal surgery in the past 12 months, LBP as a result of new

spinal fracture, infection, malignancy, inflammatory joint

disease, clinical evidence of the need for specific inter-

ventions or further investigation, unstable neurological

signs/symptoms, general health problems that prevented the

patient from participating in an exercise programme,

pregnancy and poor English comprehension. Potential

participants were contacted by the researcher and received

both verbal and written information pertaining to the

essential elements of the study. Participation in the study

was voluntary, and participating subjects signed informed

consent documentation. Patients completed a booklet of five

of outcome measures before the class and on completion of

treatment. The following outcome measures were used.

Roland–Morris disability questionnaire (RMDQ)

The RMDQ consists of 24 statements about activity limi-

tations due to back pain, e.g. walking, lying and self-care

[22]. Patients were asked to answer yes or no to each

statement. Each positive answer is worth one point with

scores ranging from 0 (no disability) to 24 (severely

disabled).

Oswestry disability index (ODI) version 2

The ODI is divided into ten sections to assess the level of

pain and interference with several physical activities
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including; sleeping, self-care, sex life, social life and

travelling ([23]; Medical Research Council 1989). Each

question has a possible six responses which are scored from

0 to 5. Patients were asked to tick one response statement

in each section that was most relevant to them. The score

for each section was added and divided by the total pos-

sible score (fifty if all sections are completed), and the

resulting score was multiplied by a hundred to yield a

percentage score with 0% equivalent to no disability and

100% equivalent to a great deal of disability.

Numerical rating scale (NRS)

The NRS asked patients to rate their pain intensity on an

11-point scale where 0 indicates no pain and 10 indicates

worst imaginable pain.

Pain self-efficacy questionnaire (PSEQ)

Patients were asked to rate how confident they were at that

time despite the presence of their pain in performing ten

activities listed by selecting a number on a 7 point scale,

where 0 equals ‘‘not at all confident’’ and 6 equals ‘‘com-

pletely confident’’ [24]. Scores on the PSEQ may range

from 0 to 60, with higher scores indicating stronger self-

efficacy beliefs.

Patient-specific functional scale (PSFS)

Patients were asked by their clinician to identify up to three

activities that they had difficulty with or were unable to

perform as a result of their back pain and to rate these

activities on an 11-point scale from 0: unable to perform

activity to 10 able to fully perform the activity at same

level before back pain [25]. At follow-up, patients were

allowed to access their original scores and were invited to

rescore each activity according to their current perception

of their performance.

Patient global impression of change (PGIC)

On completion of the back class each patient completed a

global impression of change to assess whether the patient

was better, about the same, or worse. PGIC was measured

on a 7-point scale where 1 = completely recovered,

2 = much improved, 3 = slightly improved, 4 = no

change, 5 = slightly worse, 6 = much worse and

7 = vastly worsened. In this current investigation, patients

whose mean score was greater than 2 which corresponded

to the categories much improved and completely better

were considered to have improved, scores between 3, 4 and

5 were grouped as unchanged and scores 6 and 7 (worse

than ever) were grouped as deteriorated.

Statistical analyses

The data were analysed on both Microsoft Office Excel

2003 and the Statistical Package for Social Sciences

(SPSS) version 14, Chicago, USA, 2005. The change

scores between baseline and on completion of the class

were calculated for each outcome.

Two methods were used to quantify responsiveness: a

distribution-based method expressed by the standard error

of measurement (SEM) and an anchor-based method by

ROC curve analysis.

Distribution-based method

The patients whose status remained stable were used to

determine the SEM which allowed the calculation of

smallest detectable change in each measure.

Standard error of measurement (SEM)

The SEM indicates the precision of the outcome measure

[26]. The SEM = SDH(1 - r) where SD = standard

deviation of the scores at baseline, r = reliability coefficient

calculated by the intra-class correlation coefficient (ICC).

The ICC is a reliability parameter that relates the measure-

ment error to the variability between subjects [27] calculated

by dividing the inter-individual variation by the total varia-

tion (inter-individual variation plus the intra-individual

variation). The smallest detectable change (SDC) was then

calculated by the formula SDC = 1.96 9 H2 9 SEM [18].

The SDC at the 95% CI is equal to 1.96 (z value for the 95%

CI, two-tailed) multiplied by H2 to adjust for the error

associated with taking two measurements (baseline and

follow-up). Since only unchanged patients were assessed,

patients with a score less than or equal to the SDC have a 95%

chance that no real change has occurred [28].

Anchor-based method

Receiver operating characteristics (ROC) curve analysis

assessed the ability of each questionnaire to distinguish

patients who had and had not changed according to an

external criterion.

Receiver operating characteristic (ROC) curve

Deyo and Centor [29] suggested that an instrument’s

ability to correctly identify a clinically important change

could be evaluated like a diagnostic test in terms of sen-

sitivity and specificity. A ROC curve is produced by

plotting the sensitivity (the number of patients correctly

identified as improved by the questionnaire divided by the

number of patients as improved according to the GIC)
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against the specificity (number of patients correctly iden-

tified as unchanged by the questionnaire divided by the

number of unchanged patients according to the GIC) were

calculated. For each possible cutoff value the sensitivity (y-

axis) was plotted against 1 - specificity (x-axis) to gen-

erate a ROC curve [28].

An instrument that can discriminate well between two

groups of patients would have a plot where sensitivity

sharply increases, while 1 - specificity remains low [29].

The area under the curve (AUC) can be interpreted as

the probability of correctly identifying the improved

patients from the non-improved patients. The area ranges

from 0.5 (no accuracy in distinguishing improved from

non-improved) to 1.0 (perfect accuracy). The greater the

total area under the ROC curve indicates the instrument’s

accuracy. From each ROC curve the MCID can be esti-

mated [30]. This is identified as the cutoff value that

gives the best balance between the highest sensitivity and

the highest specificity, i.e. the lowest overall misclassifi-

cation in the ROC analysis [31]. This is represented

pictorially as the point nearest the upper left-hand corner

of the graph.

Results

Over a one year period, a total of 63 consecutive patients

who were referred to the exercise and advice programme,

who fulfilled the inclusion criteria and did not fulfil the

exclusion criteria consented to participate. Fifteen subjects

did not complete the study leaving 48 subjects. Eleven

subjects did not complete the back class due to a variety of

reasons such as; personal and family sickness as well as

childcare issues. Four subjects failed to complete the out-

come measures on completion of the class. The study

population characteristics are shown in Table 1. At follow-

up, 23 patients (48%) were classified as having improved

based on the PGIC and 25 patients (48%) were classified as

having remained stable (no change). No patients were

classified as having worsened.

For each outcome measure, the means and standard

deviations at baseline and 5 weeks are presented as a group

average, improved and unchanged patients in Table 2. To

determine whether the baseline scores for those patients

whose status remained stable differed from the baseline

scores for those who reported an improvement, Mann–

Whitney nonparametric tests were performed for each

instrument. It appears that those who did not improve had

worse baseline scores for all measures; this reached sig-

nificance (P \ 0.05) in baseline scores for NRS, RMDQ

and PSEQ. At 5-week follow-up, there were significant

differences in all outcomes between those who had

improved and those whose status remained unchanged.

Intra-class correlation coefficient (ICC)

The intra-class correlation coefficient (ICC) for each

instrument was calculated by dividing inter-individual

variation by the total variation (inter-individual variation

plus the intra-individual variation) produced using SPSS

version 14.0, 2005. The ICC ranges from 0 (no agree-

ment) to 1 (perfect agreement) above 0.75 is considered

good reliability [32]. The ICC values calculated in this

study were 0.92 for the NRS, 0.9 for RMDQ, and the ICC

for both PSEQ and PSFS were 0.92 and 0.91,

respectively.

Standard error of measurement (SEM) and the smallest

detectable change (SDC)

For each instrument, the corresponding ICC was used to

calculate the SEM. The SEM was then used to indicate

the smallest detectable change (SDC). Based on the val-

ues of the SEM, the SDC for the NRS is 2.4 points which

out of a maximum eleven points equates to a 22% score

change. The SDC for the RMDQ was 4.9 points which

out of a maximum 24 points equates to a 21% score

change. The SDC for the ODI was 16.7 points, which

equates to a 17% score change. 10.9 points on the PSEQ

of a maximum 60 points equates to an 18% score change

and 1.4 on the PSFS of a maximum 11 points equates to a

13% score change.

Table 1 Population characteristics

Baseline Improved

(n = 23)

No change

(n = 25)

Age

Range (years) 25–78 25–76 28–78

Mean age (years) 52 55 50

Gender

Male (%) 16 (33) 6 (26) 10 (40)

Female (%) 32 (67) 17 (74) 15 (60)

Working status

Retired 17 10 7

Employed 22 11 11

Unemployed 9 2 7

Duration of LBP

Range 6 months–20 years 1–15 years 6 months–

20 years

Mean (years) 6 5 6.5

Classes

attended

Completed all five

sessions (%)

74 72

Completed four of

the five sessions

(%)

26 28
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ROC curves

Figure 1 compares the ROC curve produced for each

instrument. The AUC for the PSEQ is 0.73 and PSFS is 0.86

which indicates that these measures are responsive to change

over time. The AUC of the RMDQ and ODI were 0.64 and

0.67, respectively. The NRS was least responsive with AUC

at 0.5 which indicates no accuracy for detecting change.

The MCID is identified as the optimal cutoff change

with the best balance between the highest sensitivity and

the highest specificity, i.e. the lowest overall misclassifi-

cation in the ROC analysis [31]. MCID was 4 points for

both the NRS and RMDQ, 8 points for the ODI, 9 points

for the PSEQ and 2 points for the PSFS.

A summary of results (Table 3) demonstrate that the

MCID score change for each outcome to determine those

who have changed and those who have remained stable are

dependent on the distribution- or anchor-based method

used. Based on the values of the ROC curve analysis the

PSEQ and PSFS appears to be more consistent and

responsive to change than the other scales in measuring

change in patients with chronic LBP following participa-

tion in a back class programme.

Discussion

Following a synthesis of the literature, the recent NICE

guidelines made three definitive recommendations for the

management of low back pain, which include: acupuncture,

manual therapy and exercise classes [6]. In addition, in the

Department of Health ‘‘High quality care for all’’ document

[33], it was stated that outcome measurements are to be

Table 2 Descriptive data of each outcome measure at baseline and 5 weeks later post back class

Baseline P values* 5 weeks P values*

Average Improved No change Average Improved No change

NRS

Mean (SD) 5 (2.6) 5 (2.7) 6 (2.3) 0.053* 4 (2.3) 3 (2.0) 5 (2.2) 0.007*

Range 0–10 0–9 0–10 0–9 0–7 0–9

RMDQ

Mean (SD) 11 (6.1) 9 (6.1) 14 (5.4) 0.01* 9 (6.3) 6 (4.9) 12 (6.1) 0.001*

Range 1–21 1–21 4–22 0–23 0–17 1–23

ODI

Mean (SD) 29 (20) 24 (18.2) 35 (20.2) 0.06 29 (1.9) 20 (14.9) 38 (18.4) 0.001*

Range 4–78 4–68 4–78 4–71 4–56 4–71

PSEQ

Mean (SD) 38 (14.8) 42 (14.6) 34 (13.8) 0.028 43 (15) 51 (11.9) 35 (13.6) 0.00*

Range 9–60 15–60 9–57 13–60 28–60 13–60

PSFS

Mean (SD) 4 (1.6) 4 (1.4) 4 (1.8) 6 (2.1) 7 (1.4) 5 (2.1) 0.00*

Range 1–7 2–6 1–7 0.264 1–10 3–10 1–8.3

RMDQ Roland–Morris disability questionnaire (score 0–24); ODI Oswestry disability index score (0–100); NRS numerical rating scale (score 0–

10); PSEQ pain self-efficacy questionnaire (score 0–60); PSFS patient-specific functional scale score (0–10)

* Significant (P \ 0.05) values based on the Mann–Whitney U test
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Fig. 1 ROC curves comparing NRS, RMDQ, ODI, PSEQ and PSFS
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used to determine the quality of a service. In order to

understand the impact of LBP on the patient’s life, clini-

cians require reliable, valid and responsive measurement

tools that accurately assess function and monitor change

over time [31].

In this current investigation, score changes in the five

different questionnaires were subjected to both distribu-

tion- and anchor-based methods: standard error of mea-

surement (SEM) and receiver operating characteristic

(ROC) curves to define clinical improvement. From the

anchor-based methods, a score change of 4 points for the

NRS, 3.5 for the RMDQ, 7.5 for the ODI, 8.5 for the PSEQ

and 2.3 for the PSFS was defined as the smallest difference

that patients perceive to be worthwhile. This compares to a

score change of 2.4 for the NRS, 4.9 for the RMDQ, 16.7

for the ODI, 10.9 for the PSEQ, and 1.4 for the PSFS

allowing one to have 95% confidence that the observed

change is real change above measurement error derived

from distribution-based methods. To combine these meth-

ods to be confident that clinically important change has

occurred beyond measurement error the SDC should be

less than the MCID [18]. In this current investigation, the

MCID was greater than the SDC for the NRS and PSFS

which suggests a score change of 4 points on the NRS and

2 points on the PSFS are associated with clinically

important change and scores less than this are associated

with measurement error. Based on ROC curve analysis, the

PSFS and PSEQ were more responsive than the NRS,

RMDQ and ODI to detect clinically important change in

patients with chronic LBP.

In this current investigation, based on the SEM, the SDC

for the NRS is 2.4 points, 5 points for the RMDQ and 17

points for the ODI. These results are comparable to an expert

panel’s consensus on clinical interpretation proposed for

the NRS, RMDQ, and ODI: 2 for NRS, 5 for RMDQ and

10 for ODI as the SDC [21]. In clinical psychology,

1.96 9 H2 9 SEM has been defined as the threshold for

classifying important improvement, whereas a change of

1 SEM in a health quality of life questionnaire for patients

with chronic heart and respiratory disease was determined as

the minimum threshold of change by Wyrich et al. [34].

Childs et al. [35] calculated the SDC of the NRS in patients

with LBP at the 95% CI as 1.96 9 SEM and concluded that

a 2-point change on the NRS is necessary to exceed the

bounds of statistical error and to be considered clinically

meaningful. Had the formula in this current investigation

been used which calculated the SDC as 1.96 9 H2 9 SEM,

a 2.8-point change on the NRS would have been considered

necessary. Previously Stratford et al. [36] and Davidson

and Keating [26] calculated the SDC as 5 points for

RMDQ and 10 points for ODI, respectively, by the for-

mula 1.65 9 H2 9 SEM to correspond with the 90% CI.

Clinicians need to be aware that disagreement exists

regarding how many SEMs an individual must change in

order for that change to confidently exceed the bounds of

measurement error to be considered significant [37].

In this current investigation, the AUC for the NRS was

0.51 indicating that the NRS did no better than chance

alone to discriminate for improvement. This contrasts to

the results reported by Childs et al. [35] who found the

AUC to be 0.72 at 1 week and 0.92 at 4 weeks. Farrar et al.

[38] reported a similar area under the curve (0.87) for

patients who were classified as very much improved. Sal-

affi et al. [39] also reported an area under the curve of 0.89

for the NRS. Farrar’s high degree of interrelationship

between change in pain intensity and the PGIC was not

found in this current investigation. The value of the area

under the curve in this study may be due to small sample

size. Although not explored in this study, there are perhaps

other components of the patient’s response (as opposed to

pain intensity reported by the NRS), such as psychological

and psychosocial factors which influenced their perception

of overall improvement. Turk [8] reported that relief from

chronic pain is rarely achieved by current treatments. Even

patients who report they have improved are not pain-free.

Baldwin et al. [40] reported that the main determinant of

return to work in this population is not a reduction in the

intensity of pain but how well the individual is able to

adapt to the pain. The 2,724 patients in the study by Farrar

et al. [38] were involved in a placebo-controlled trial of

pregabalin treatment for chronic pain, whereas in this

current investigation the intervention was a back class,

where improvement may have been perceived as a better

self-management and understanding of pain rather than a

reduction in pain intensity.

Based on ROC curve analysis in this study, the AUC of

the RMDQ and ODI were 0.64 and 0.67, respectively.

However, Stratford et al. [36] and Beurskens et al. [30]

previously calculated the AUC for RMDQ as 0.84 and

0.79, respectively. Beurskens et al. [30] in the same study

Table 3 Summary of results

Distribution Anchor (ROC analysis)

SEM SDC MCID AUC

NRS 0.86 2.4 4 0.5

RMDQ 1.78 4.9 3.5 0.64

ODI 6.06 16.7 7.5 0.67

PSEQ 3.95 10.9 8.5 0.73

PSFS 0.5 1.4 2.3 0.86

RMDQ Roland–Morris disability questionnaire (score 0–24); ODI
Oswestry disability index score (0–100); NRS numerical rating scale

(score 0–10); PSEQ pain self-efficacy questionnaire (score 0–60);

PSFS patient-specific functional scale score (0–10); SEM standard

error of measurement; SDC smallest detectable change; MCID min-

imal clinical important difference; AUC area under the curve
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also reported the area under the curve for the ODI as 0.78.

In this study, the PSFS (AUC 0.86) and PSEQ (AUC 0.73)

proved to be the more responsive than RMDQ, ODI and

NRS. Beurskens et al. [41] also concluded that the PSFS

was more sensitive to change but less specific when com-

pared to the RMDQ and pain. Pengel et al. [42] reported

that the PSFS was the most responsive outcome measure

when compared to the RMDQ and physical impairment

measures in patients with subacute (between 6 weeks and

3 months duration) LBP. While both the RMDQ and ODI

are an important measure of overall disability, they may

conceal improvements in specific activities that are rele-

vant to the patient [14, 43]. Research conducted by Hudak

et al. [44], investigating the relationship between patient

satisfaction and treatment outcome, indicated that this

could be facilitated by developing strategies to elicit the

patients’ most important reason for undergoing treatment.

The advantage of the PSFS is that only changes in activities

experienced as most relevant by the patient and that have

the potential to improve are assessed [41].

Asghari and Nicholas [45] revealed that self-efficacy is

one of the most significant factors influencing treatment

outcome for patients with chronic pain. Nicholas [46]

supports the use of the PSEQ as both a screening instru-

ment to determine patients’ confidence in performing

normal activities despite pain and as an evaluating tool to

measure outcomes after treatment. Sensitivity of the PSEQ

to treatment effects were reported by Williams et al. [47].

To date, no studies have used anchor-based methods to

examine criteria from clinically important changes on the

PSEQ. However, ROC analysis demonstrated that the

PSEQ is responsive to clinically important change over

time.

From the ROC curve analysis, MCID calculated in this

study was 4 points for both the NRS and RMDQ, 8 points

for the ODI, 9 points for the PSEQ and 2 points for the

PSFS. Beurskens et al. [30] previously reported the MCID

for the PSFS between 1.8 and 2.4 points and the MCID for

the ODI as between 4 and 6 points. Stratford et al. [36]

reported that the MCID for the RMDQ was 5 points. The

area under the curve and the MCID of the PSEQ has not

been reported previously.

One methodological challenge in responsiveness anal-

yses is the lack of a gold standard for the construct of

clinical change [31]. Patient global impression of change

(PGIC) has been recommended by IMMPACT [19] for use

in chronic pain clinical trials as a core outcome measure of

global improvement with treatment and has been exten-

sively used as a comparison in much of the literature

regarding responsiveness. Norman et al. [48], however,

questions the reliability of a single item global change

scale as the standard for evaluating a multi-item tool.

Patients’ ability to recall their previous health state is

questionable. Davidson and Keating [26] and Schmitt and

Di Fabio [49] found retrospective judgment of change to be

influenced by the respondents’ current status on the day the

instrument is completed rather than their previous health

status. The measurements are generally administered at the

same point in time so that errors in both the global

impression of change and the outcome measure are likely

to be correlated. However, Von Korff et al. [50] stated that

recall of chronic pain in terms of average intensity and

interference with activities has acceptable levels of validity

for up to a 3-month recall period. Ultimately patients

decide whether a treatment is beneficial and the PGIC

provides the single best measure of the significance from

the patients’ perspective [16].

Jaeschke et al.’s [15] full definition of the MCID is: ‘‘the

smallest difference in a score of a domain of interest that

patients perceive to be beneficial and would mandate, in

the absence of troublesome side effects and excessive

costs, a change in the patients’ management’’. Taking this

definition into consideration, the MCID greatly depends on

the type of anchor and the anchor’s definition of important

change which in its very nature is arbitrary [51]. In

agreement with other authors [35–38] much improved, was

set as the standard to reflect minimally important

improvement in the current investigation. Little research

has been carried out on the importance of change, for

example if a patient indicates that they are slightly

improved, it is a minimal change, but it is unknown how

important this change is to the patient. Some authors use

slight improvement, while others use much better to be the

minimally important improvement as measured by the

anchor [51]. A qualitative study conducted by Yelland and

Schluter [52] on a 110 patients with chronic LBP under-

going treatment reported a wide disparity between the

minimal reductions in pain and disability that makes a

treatment worthwhile to an individual with LBP and what

percentage reductions in pain and disability they desired. In

their study, patient’s self-reported outcome also depended

to some extent on meeting their pre-treatment expectations.

A good illustration of this from the current investigation is

subject 2 who listed walking and standing more than

10 min as the first two activities he had difficulty with

while the third activity listed was running. The back class

did improve his duration of standing and walking; running

was unchanged. He subjectively reported no overall

improvement. This appears contradictory; however, it may

be that to be able to walk and stand longer would be

considered worthwhile but being able to run is ultimately

what this patient desired.

The NICE guideline [6] recommends a structured

exercise programme tailored to the person: up to a maxi-

mum of 8 sessions over a period of up to 12 weeks.

However, uncertainty exists as to whether a back class over
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a 5-week period may substantially reduce the pain, dis-

ability and work absence associated with chronic LBP.

With respect to this, the immediate aim of the back class

was to facilitate patients to overcome limitations in func-

tion and to return safely in a graded manner to normal

activity levels, with the ultimate goal of improving func-

tion and social participation [1]. Although the treatment

offered may not lead to a complete resolution of symptoms,

the intervention may be still worthwhile to an individual

with LBP with regard to better self-management and

understanding of their pain [8].

Outcome measures that allow patients to generate their

own item content are a useful step in capturing how the

disorder has affected them and subsequently how treat-

ment may influence this. The findings of the current

investigation are in agreement with Walsh et al. [53] who

demonstrated that as the PSFS reflects the patient’s per-

sonal objectives it was more responsive to the effect of an

intervention than an outcome measure that has less rele-

vance to the individual patient. Studies investigating the

PSFS have examined its responsiveness in comparison to

a global rating of change score [25], to the subscales of

the short form-36 [43], to the neck disability index [54]

and the RMDQ [42]. Each study found the PSFS more

sensitive to change over time compared with the other

self-report measures.

Stratford et al. [36] demonstrated that the magnitude of

MCID is dependent on baseline scores, and hence the

MCID falls between 1 and 2 points for patients with low

initial scores and between 7 and 8 points with high initial

scores. Jordan et al. [55] compared methods used to

derive MCID and defined clinical improvement as a 30%

reduction from baseline RMDQ and back pain rated better

on a global rating scale. Farrar et al. [38] also examined

the relationship between baseline scores and the MCID

for the NRS and suggested a reduction of 30% from

baseline score to indicate a clinically important differ-

ence. IMMPACT [56] benchmark a 10–20% reduction in

the NRS to reflect minimally important changes and

reductions of C30% to reflect at least moderate clinically

important differences. In this current investigation, the

baseline scores for NRS, PSEQ and RMDQ were signif-

icantly higher between improved and unchanged sub-

groups in baseline. Due to the small sample size the effect

of different baseline measures was not assessed in this

current investigation, but should be considered for future

research.

This study presents both the statistical and clinical sig-

nificance of change in scores from outcome measures of

pain, disability and pain self-efficacy to interpret treatment

effect. However, due to the small sample size from one

centre with one intervention, this result needs to be inter-

preted with caution.

Limitations

Several limitations of this current investigation must be

noted. First, the sample size was small from one centre,

with one intervention. Subjects for this investigation only

included those who were appropriate to attend the back

class, consented to this pilot study, attended at least four

out of five back classes and fully completed the outcomes

measures pre- and post-intervention. Consequently the

results should not be generalised to all individuals with

chronic LBP. Second, no individuals in the current inves-

tigation reported a worsening of symptoms. As such, no

information was available to establish reasonable cutoffs

for determining how the instruments respond to a wors-

ening of symptoms. Third, there was not a true test–retest

period; the SDC was calculated for those patients who

reported no change with the intervention; therefore, the

results may be different if the distribution-based methods

were assessed prior to any intervention for all patients. In

addition, the period between administering the initial

questionnaires and collecting the follow-up dated was only

5 weeks, and the findings may have been different if this

follow-up period was of a longer duration. Finally, there

was no control group, and there is no certainty that the

changes observed related to the intervention of the natural

history of the condition.

Indications for future research

This investigation was a pilot study. Future research is

needed to demonstrate whether the methods used in this

study will produce comparable results when applied to a

larger population.

The aim of this study was to compare the ability of the

questionnaires to measure change and not to evaluate the

back class which served as the construct for change.

However, the premise of the back class is to allow patients

with chronic LBP to regain control of their pain by the re-

introduction of physical fitness, mobility and previously

valued activities using the principles of graded exposure

which may bias the sensitivity of the outcome measures

used in this study. Future research on these outcome

measures should not only include larger samples and

additional treatments, such as manual therapy and/or

acupuncture, which have also been recommended by

NICE [6].

The effect of different baseline measures was not

assessed in this current investigation, but consideration of

the amount of change for people with higher or lower

baseline measures should be investigated in future studies.

Future work should also evaluate whether an MCID for

improvement is the same as for worsening of symptoms.
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When measuring treatment effects in chronic LBP, both

clinician and patient would benefit from an understanding

of the change in common outcome measures that corre-

spond to a meaningful improvement or worsening symp-

toms from a patient’s perspective [14].

There is previous work on using different anchors to

measure clinically important change, e.g. a priori judgment

or percentage change scores; further comparisons of these

methods used to calculate the MCID should be considered.

The answer to the question ‘‘are you better?’’ could mean a

complete resolution of symptoms for some, a state of

acceptance to their condition or a redefinition of what being

better would be like. Further qualitative work in this area is

needed in terms of defining the best way to establish an

anchor for the type of recovery measured with the outcome

tools that are used.

Conclusion

The LBP has a significant impact on the quality of life of

those affected. A well-developed and responsive outcome

measure provides beneficial information to determine real

change and evidence of treatment effectiveness [57]. In

clinical practice, outcome measures are increasingly used

as screening instruments, but there is little evidence to

suggest that their use substantially changes patient man-

agement [58].One possible reason is that clinicians are

sceptical of the psychometric properties of measures and

have a poor understanding about the meaning of score

changes. This study presented score changes in five dif-

ferent questionnaires to define clinical improvement. From

the anchor-based methods, a score change of 4 points for

the NRS, 3.5 for the RMDQ, 7.5 for the ODI, 8.5 for the

PSEQ and 2.3 for the PSFS was defined as the smallest

difference that patients perceive to be worthwhile. This

compares to a score change of 2.4 for the NRS, 4.9 for the

RMDQ, 16.7 for the ODI, 10.9 for the PSEQ, and 1.4 for

the PSFS derived from distribution-based methods which

ensures that the observed change is real and beyond mea-

surement error. Evidence of robust measurement properties

and a clear understanding of score change in patient-based

measures are essential for clinicians to use these data to

target the most appropriate treatment, to monitor the sub-

sequent effects of treatment and thereby improve treatment

outcomes for patients with LBP.
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