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Abstract

Background: In response for the need of a freely available, stand‐alone, validated

outcome measure for use within musculoskeletal (MSK) physiotherapy practice, sen-

sitive enough to measure clinical effectiveness, we developed an MSK patient

reported outcome measure.

Objectives: This study examined the validity and reliability of the newly developed

Brighton musculoskeletal Patient‐Reported Outcome Measure (BmPROM) within

physiotherapy outpatient settings.

Methods: Two hundred twenty‐four patients attending physiotherapy outpatient

departments in South East England with an MSK condition participated in this study.

The BmPROM was assessed for user friendliness (rated feedback, N = 224), reliability

(internal consistency and test–retest reliability, n = 42), validity (internal and external

construct validity, N = 224), and responsiveness (internal, n = 25).

Results: Exploratory factor analysis indicated that a two‐factor model provides a

good fit to the data. Factors were representative of “Functionality” and “Wellbeing”.

Correlations observed between the BmPROM and SF‐36 domains provided evidence

of convergent validity. Reliability results indicated that both subscales were internally

consistent with alphas above the acceptable limits for both “Functionality” (α = .85,

95% CI [.81, .88]) and ‘Wellbeing’ (α = .80, 95% CI [.75, .84]). Test–retest analyses

(n = 42) demonstrated a high degree of reliability between “Functionality” (ICC = .84;

95% CI [.72, .91]) and “Wellbeing” scores (ICC = .84; 95% CI [.72, .91]). Further exam-

ination of test–retest reliability through the Bland–Altman analysis demonstrated that

the difference between “Functionality” and “Wellbeing” test scores did not vary as a

function of absolute test score. Large treatment effect sizes were found for both sub-

scales (Functionality d = 1.10; Wellbeing 1.03).

Conclusion: The BmPROM is a reliable and valid outcome measure for use in eval-

uating physiotherapy treatment of MSK conditions.
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1 | INTRODUCTION

Musculoskeletal (MSK) conditions in the UK are common and are a

major cause of ill health, pain, and physical disability. Almost one third

of all primary care consultations are for MSK conditions (30%), which

are the most common reason for repeat consultations with a General

Practitioner (GP) (DoH, 2006). A wide range of outcome measures are

currently used to assess the clinical effectiveness of the management

of these conditions. These outcome measures tend to be focused on

a specific condition (Bolton & Breen, 1999; Evans et al., 2004; Evans

& Kagan, 1986; Fairbank, Couper, Davies, & O'Brien, 1980; Hawker,

Mian, Kendzerska, & French, 2011; Roland & Morris, 1983; Ruta,

Garratt, Leng, Russell, & MacDonald, 1994b; Tan, Jensen, Thornby, &

Shanti, 2004) or measure the generic health status of the patient

(Brodin, Lohela‐Karlsson, Swardh, & Opava, 2015; Samsson & Larsson,

2015; Ware & Sherbourne, 1992; Ware, Kosinski, & Gandek, 2000).

At present, there are limits to the validated outcomemeasures avail-

able for use within MSK physiotherapy practice. More recently tools

have been designed to be used in conjunction with other measures such

as the EuroQol (EQ‐5D‐5L) (Hill, Thomas, Hill, Foster, & van der Windt,

2015). The need for a stand‐alone outcome measure, which is sensitive

enough to measure clinical effectiveness in physiotherapyMSK settings,

has clinical utility and can be used universally across the full range of

MSK conditions has beenwidely recognised (Kyte et al., 2015; The King's

Fund, 2010). In response, we developed an MSK patient reported out-

come measure, which is independent of other measures.

The aim of this study was to investigate the psychometric proper-

ties (reliability and validity) of the Brighton musculoskeletal Patient‐

Reported Outcome Measure (BmPROM) in outpatient physiotherapy

departments. This paper outlines both the development and validation

process of the BmPROM.
2 | METHODS

The BmPROM was devised following a detailed literature search and

using a consensus nominal group involving senior MSK clinicians and

through patient focus groups. An iterative process was adopted with

patients to ensure that the BmPROM captured all relevant domains

and that all items were worded correctly. The BmPROM was modified

accordingly and then piloted for acceptability, face validity, and feasi-

bility by a local private physiotherapy practice over a three‐month

period with patients with MSK conditions.

The BmPROM is an eight‐item questionnaire designed to include

the major areas of importance to people with MSK problems including

quality of life, activities of daily living, leisure or social activities, pain,

medication, sleep, anxiety, and depression levels. Patients rate their

response to each question using an 11‐point Likert scale (ranging from

0 to 10) in relation to the problem that has brought them to seek phys-

iotherapy. The wording response provided alongside the Likert scale
reflected the focus of each question. In some questions, the meaning

of the response scale has been reversed in order to minimize the selec-

tion of the maximum score for each response. The scoring for these

items was then reversed prior to the data analyses. The BmPROM has

been designed to be as user‐friendly as possible, for patients' self com-

pletion, taking approximately 5 min to complete. The BmPROM is avail-

able online in Appendix S1 (Found in the Supporting Information).

At the end of the questionnaire, in order to provide a prompt for

discussion between the physiotherapist and the patient, there is an

optional section where the patient can list their expectations of both

their physiotherapy treatment and of the physiotherapist. The

optional data is not analysed in this study.

Ethical approval for all procedures was granted by the NHS NRES

Committee North East (11/NE/0307).

Validity was established in a population of newly referred patients

attending physiotherapy departments in five NHS Trusts. Patients meet-

ing the inclusion criteria were invited to participate. The inclusion criteria

were patients aged 16+ seeking or referred to physiotherapy treatment

for an MSK condition and fluent in spoken and written English. Partici-

pants were asked to complete the BmPROM and the Short Form‐36

Health Evaluation Survey (SF‐36; Ware & Sherbourne, 1992) in the

waiting room on their first visit to the physiotherapy department prior

to treatment. Implied consent was obtained through the completion of

the BmPROM and SF‐36, which was returned to the site administrator.

Test–retest reliability was ascertained in a separate sample of new

patients referred to one NHS Trust physiotherapy department.

Patients who met the inclusion criteria described previously were

invited to participate, completing the BmPROM on two occasions

prior to commencing treatment. The site administrator sent newly

referred patients a study information pack with participant informa-

tion on the study and the BmPROM 10 days prior to attending the

physiotherapy department. As stated in the study information pro-

vided to patients, implied consent was obtained through the return

of the BmPROM, which was returned to the site administrator using

a stamped addressed envelope. Consenting patients were asked to

repeat completion of another BmPROM on their first visit to the phys-

iotherapy department prior to commencing treatment.

The capacity of the instrument to measure change statistically (sen-

sitivity to change) and the capacity of the instrument to detect clinically

relevant changes (responsiveness) were established from participating

patients in two physiotherapy departments. Patients were invited to

complete the BmPROM on two occasions, once before commencement

of treatment and again following their final treatment session.

To assess the user‐friendliness of the BmPROM, participants

were asked to provide feedback and to rate how easy they found

the questionnaire to complete. Responses were recorded on a 10‐

point Likert scale ranging from 1, “very difficult”, to 10, “very easy”.

Patients were also asked the following, “Do you feel that the question-

naire covered all areas that are of interest to you in relation to the

problem that brought you to physiotherapy today (please circle your
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response)?.” Patients could respond by circling “Yes” or “No”. Those

patients who indicated “No” were asked, “If no, please write in the

space below any additional areas that are of interest to you”.

2.1 | Data analysis

All analyses were performed using IBM SPSS Statistics for Windows

(version 22.0). A preliminary item‐level descriptive analysis was per-

formed to examine the distribution of all items. Standard psychometric

methods were used to evaluate the reliability and validity of the

BmPROM as described below (Streiner & Norman, 2008).

Exploratory factor analysis (EFA) was used to examine internal

construct validity (Tabachnick & Fidell, 2007). A number of well‐recog-

nized criteria for the factorability were used. First, Pearson correla-

tions between all items were examined with correlations of at least

.30 suggesting reasonable factorability. Second, the Kaiser–Meyer–

Olkin measure of sampling accuracy was examined with levels above

the recommended value of 0.5 considered acceptable (Byrne, 2001).

Third, Bartlett's test of sphericity was performed with a significant

result indicating good factorability.

Model parameters were estimated using the Maximum Likelihood

extraction method and oblique rotations. The choice of extraction

method allows for the computation of a wide range of indices of the

goodness of fit of the model and permits statistical significance testing

of factor loadings and correlations among factors and the computation

of confidence intervals (Fabrigar, Wegener, MacCallum, & Strahan,

1999). The number of factors retained was determined by the Kaiser

criterion (Kaiser, 1960) and a visual inspection of the scree plot.

Internal consistency of the measure was assessed using

Cronbach's alpha. Alpha levels of .70 and above were considered

acceptable (Nunnally, 1978). Test–retest reliability was analysed using

the paired t test and intraclass correlation coefficient (ICC; one‐way

mixed ANOVA model, adjusted for a single measure; Shrout & Fleiss,

1979). Test–retest reliability was also assessed using the Bland–Alt-

man method of assessing agreement between the test and retest mea-

sures (Bland & Altman, 1986). A plot of differences against the mean

values of the test and retest was used to provide an indication of fixed

bias, proportional bias, and heteroscedastic bias.

External construct validity was examined by means of convergent

and discriminant validity. This was performed through correlation of

the BmPROM scores with the SF‐36 scores. We hypothesized that
TABLE 1 Descriptive statistics of patient characteristics (gender, age, an

Participant characteristics Validity study (n = 224)

Gender (n [%])

Female 136 (61%)

Male 69 (31%)

Not stated 19 (8%)

Age (years)

Mean (SD) range 51.7 (16.8) 17–88

General body site of presenting problem (n [%])

Lower limb 80 (36%)

Upper limb 62 (28%)

Spine 72 (32%)

Other 9 (4%)
scales on the BmPROM that were considered to be conceptually

related would be associated moderately (r ≥ 0.30) to strongly

(r ≥ 0.60; Campbell & Fiske, 1959) with those of the SF‐36. Similarly,

weaker associations were expected for scales between the two mea-

sures that were not considered to be conceptually related.

The responsiveness (Beaton, Bombardier, Katz, & Wright, 2001) of

the BmPROM was examined using a paired t test, Cohen's D, and stan-

dardized response mean (SRM), which compares change with the stan-

dard deviation of change (Cohen, 1988). An SRM greater than .80 is

interpreted as a large effect; an SRM greater than 0.50 is interpreted

as a moderate effect, and an SRM greater than 0.2 is interpreted as

a small effect (Cohen, 1988). The standard error of measurement

was calculated as an indicator of the amount of variation in the

BmPROM due to measurement error based on the following: baseline

score standard deviation multiplied by the square root of 1‐ICC.
3 | RESULTS

Participant characteristics for each study population are displayed in

Table 1.

In our study sample of 224 patients, the mean scores of each of

the items were between 4.26 and 5.77. These results therefore found

no suggestion of floor or ceiling effects that can present when a con-

siderable proportion of patients score the maximum or minimum

scores on a scale rendering them unable to discriminate between sub-

jects at either extreme of the scale (Table 2). The skewness and kurto-

sis were within the normal ranges for assuming distribution, and this

was supported by examination of the histograms.

Initially, factorability of the eight items was examined. A number

of well‐recognised criteria for the factorability of the correlation were

used. First, item correlations ranged from .27 to .74 suggesting rea-

sonable factorability. Second, the Kaiser–Meyer–Olkin measure of

sampling accuracy was .85, which is above the recommended value

of .50 (Byrne, 2001). Third, Bartlett's test of sphericity was significant

(χ2 [28] = 805.37, p < .001).

The initial eigenvalue (4.17) showed that the first factor

accounted for 52.11% of the variance, and the second (1.06) explained

a further 13.25% of the variance. The two‐factor solution, which

explained a total of 65.36% of the variance, had at least three items

per factor, had common conceptual meaning, and measured different
d body site of presenting problem) for each study population

Reliability study (n = 42) Responsiveness (n = 25)

25 (59%) 16 (64%)

15 (36%) 9 (36%)

2 (5%) —

50.0 (18.8) 23–83 59.5 (12.4) 40–82

6 (14%) 10 (40%)

9 (21%) 6 (24%)

15 (36%) 4 (16%)

12 (29%) 5 (20%)



TABLE 2 Descriptive statistics and factor loadings for items of the BmPROM (n = 224)

Min Max M SD Skewness Kurtosis
Factor loadinga

Wellbeing Functionality

Item 1‐ Quality of life 0 10 5.77 2.13 −.36 −.57 (.49) 60

Item 2‐Pain 0 10 4.26 2.29 .21 −.58 .64

Item 3 ‐ Leisure/Social activities 0 10 5.12 2.91 −.02 −1.03 .76

Item 4‐ Activities of daily living 0 10 5.40 2.75 −.17 −.99 .88

Item 5‐ Medication 0 10 5.60 3.47 −.14 −1.36 .63

Item 6 ‐ Sleep 0 10 5.17 3.13 .11 −1.19 .44 (.31)

Item 7‐ Anxiety 0 10 4.67 2.92 .21 −.94 .69

Item 8‐ Depression 0 10 5.14 3.13 .07 −1.21 .70 (.39)

Note: BmPROM = Brighton musculoskeletal Patient‐Reported Outcome Measure.
aFactor loadings <.03 are suppressed. Secondary factor loadings are in brackets.
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constructs. These conclusions were also supported through the exam-

ination of the scree plot which indicated a levelling off of eigenvalues

after two factors and the Kaiser criterion. All items had primary load-

ings over .40, and three factors had a cross loading above .30. How-

ever, two of these items had strong primary loadings (i.e., >.50), and

one had a moderate primary loading (i.e., >.44). The factor loading

matrix is presented in Table 2.

Two subscales were formed on the basis of composite scores for

the two factors, labelled as “Functionality” and “Wellbeing”. Subscales

were created on the basis of the means of the items that loaded pri-

marily on each factor (see Table 2). Higher scores indicated an

increased amount of Functionality and Wellbeing. Descriptive statis-
TABLE 3 Descriptive statistics for the two subscales of the
BmPROM (n = 224)

No. of items M (SD) Skewness Kurtosis

Functionality 3 5.46 (2.30) −.20 −.79

Wellbeing 5 4.97 (2.24) .003 −.72

Note: BmPROM = Brighton musculoskeletal Patient‐Reported Outcome
Measure.

TABLE 4 Pearson's correlation coefficient as determined by comparing t
(n = 224)

SF‐36 Subscales

Physical function Role function Bodily pain Genera

Functionality .66** .60** .61** .31**

Wellbeing .54** .43** .69** .34**

Note: BmPROM = Brighton musculoskeletal Patient‐Reported Outcome Measu

*p < .05; **p < .01.

Text in bold highlights expected strong (i.e., >.60) correlations between concep

TABLE 5 Test–retest reliability of the BmPROM (n = 42)

Dimension
Time 1 Time 2
M (SD) M (SD)

Functionality 5.40 (1.93) 5.73 (1.84)

Wellbeing 4.69 (1.95) 4.68 (1.82)

Note: BmPROM = Brighton musculoskeletal Patient‐Reported Outcome Measu

*p < .05.
tics for the newly created subscales are presented in Table 3. The

skewness and kurtosis were within the normal range for assuming dis-

tribution, and this was supported by examination of the histograms.

The Cronbach's alphas for each of the scales were above the

acceptable limits for both Functionality (α = .85, 95% CI [.81, .88])

and Wellbeing (α = .80, 95% CI [.75, .84]). No substantial increases

in the alphas for either of the scales could have been achieved by elim-

inating items.

Significant and high correlations occurred between the Function-

ality subscale and domain scores of the SF‐36 that were considered to

be conceptually related (i.e., the Physical function score, r = .66,

p < .01; the Role function score, r = .60, p < .01; and the Social func-

tion score, r = .70, p < .01).

Significant and high correlations also occurred between the

Wellbeing subscale and the Bodily pain score of the SF‐36 (r = .69,

p < .01), a domain that is conceptually related. As expected, a signifi-

cant but lower correlation was observed between the Wellbeing sub-

scale and the Vitality scores of the SF‐36 (r = .44, p < .01), a domain

that was considered to be a partially conceptually related. These

results are shown in Table 4.
he two BmPROM subscales with the corresponding SF‐36 subscales

l health Vitality Social function Role emotion Mental Health

.50** .70** .44** .38**

.44** .44** .45** .49**

re.

tually related constructs.

t test ICC n (% cases lying
within 95% CI)

−2.06* .84 (.72–.91) 39 (82.86%)

.06 .84 (.72–.91) 40 (95.24%)

re; ICC = intraclass correlation coefficient.



BRYANT ET AL. 5 of 7
Test–retest reliability data were collected from 42 patients. The

mean and standard deviation for each occasion are shown in Table 5.

The results of the t test indicated a small but statistically significant differ-

ence between Functionality measurements (t41 = 2.06, p < .05, d = 0.18)

and a nonsignificant difference between Wellbeing measurements

(t41 = 0.06, p > .05, d = 0.01). High test–retest reliability was found

between Functionality measurements (ICC = .84; 95% CI [.72, .91) and

between Wellbeing measurements (ICC = .84; 95% CI [.72, .91). Correla-

tion coefficients between the mean differences and the means of the two

measures were small and nonsignificant for Functionality (r = .09, p > .05)

and Wellbeing (r = .12, p > .05) indicating that proportional bias was not

present in the data. The Bland–Altman analyses estimated that the 95%

limits of agreement between the T1–T2 measures ranged from −2.37 to

1.70 for mean differences in Functionality (Figure 1) and from −2.13 to

2.15 for mean differences in Wellbeing (Figure 2).

Responsiveness data (pretreatment and posttreatment data) were

collected for 25 participants. A paired‐samples t test indicated that

Functionality scores measured after physiotherapy (M = 7.5, SD = 1.73)
FIGURE 1 Bland and Altman scatterplot for differences in T1–T2
measures of Functionality with 95% limits of agreement

FIGURE 2 Bland and Altman scatterplot for differences in T1–T2
measures of Wellbeing with 95% limits of agreement
were significantly higher with large effect size (t = −5.53, p < .001,

d = −1.09) than scores measured before physiotherapy treatment

(M = 5.45, SD = 2.04). A paired‐samples t test indicated that Wellbeing

scores measured after physiotherapy treatment (M = 6.67, SD = 2.30)

were significantly higher with large effect size (t = −5.15, p < .001,

d = −1.20) than scores measured before physiotherapy treatment

(M = 4.33, SD = 1.60). Positive SRM scores with a large effect size

were calculated for both subscales: Functionality (SRM = 1.10) and

Wellbeing (SRM = 1.03). The standard error of measurement was

0.75 for Functionality and 0.87 for Wellbeing.

With regards to user‐friendliness, from the 224 participating par-

ticipants, the majority reported finding the BmPROM easy to com-

plete (median score = 9, interquartile range = 2). Ninety percent of

patients felt the questionnaire covered all areas of interest to them

in relation to their MSK problem. The responses from the remaining

10% who felt that all their interests were not covered were varied,

and no common theme was identified.
4 | DISCUSSION

This study presents the measurement properties of the BmPROM, a

patient‐reported outcome measure for use in MSK physiotherapy

practice. Overall, the measure displayed good psychometric properties

for the two subscales (Functionality and Wellbeing) supporting the

reliability and validity of the BmPROM as a patient‐reported outcome

measure. A distinct advantage of the tool over other widely used

patient‐reported outcome measures is that the measure is not condi-

tion specific and instead can be used to assess the efficacy of treat-

ment in all MSK patients. The measure therefore provides clinicians

with the opportunity to monitor patient outcomes as well as bench-

mark and evidence the quality of treatment in their practice.

Examination of the underlying factor structure of the measure

revealed two dimensions. The first, referred to as Functionality,

related to the patient's quality of life, capacity for leisure or social

activities, and capacity to carry out activities of daily living. The sec-

ond, referred to as Wellbeing, related to pain, medication, sleep, anxi-

ety, and depression. The distinction of these two dimensions is aligned

to the definition of physiotherapy accepted by the World Confedera-

tion of Physical Therapy (WCPT) in that, according to the WCPT,

physiotherapy “provides individuals with services to develop, maintain,

and restore maximum movement and functional ability throughout the

lifespan” and that maximizing quality of life and movement potential

“encompasses physical, psychological, emotional, and social wellbeing”

(WCPT, 2016). The capacity of practitioners to identify improvements

made in regards to a patient's Functionality and Wellbeing in isolation

is considered advantageous compared with standard generic PROMs

and Quality of Life measures that are typically used and that they

provide one overall score (e.g., EQ‐5D‐5L). Although such a quality

could be compared with the capacity of individualized instruments

(e.g., Patient Generated Index [Ruta, Garratt, Leng, et al., 1994a],

Patient Specific Function Scale [Stratford, Gill, Westaway, & Binkley,

1995], and the MYMOP [Paterson, 1996]), the application of individ-

ualized measures does not tend to be favoured by policy makers in

isolation given they are not standardized and can only provide limited
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evidence to demonstrate the quality of care, an outcome which is a

wider quality improvement agenda driven by commissioners of ser-

vices (DoH, 2011).

Reliable and valid methods of assessing MSK patients' reported

outcomes in physiotherapy settings are important and necessary if

we are to assess the effectiveness of, and change (i.e., responsiveness)

following treatment. The BmPROM demonstrated the ability to dis-

criminate between patients of varying severity (i.e., those at either

extreme of the scale). The measure demonstrated change statistically

as well as the capacity to detect clinically relevant changes.

The BmPROM demonstrated that it is both relevant to what

patients consider important and user‐friendly. Despite containing all

aspects considered relevant, the design of the measure remained brief.

This feature can be viewed as a strength in that its application in clin-

ical practice will not over burden the patient or the clinician.

The findings from this study are very promising. The strengths of

this study include the expert involvement and iterative process under-

taken with patients used in the development stage of the measure and

the statistical examination used to identify underlying dimensions of

the measure (i.e., Functionality and Wellbeing).

Our study is not without limitations that also serve to provide

direction for future research in this area. First, although the test–

retest reliability evidence was acceptable, logistical difficulties

concerning data collection meant that the sample size for this analysis

was less than anticipated. Second, patients participated in this study

on a voluntary basis; it is possible that patients with lower levels of lit-

eracy may have chosen not to participate in the study. Based upon

this assumption, it is possible that our sample is not representative

of all patients attending physiotherapy in this setting. This may be par-

ticularly important when the measure is used with individuals whose

first language is not English or who have lower level of literacy. Third,

our provision of evidence for the external validation of the BmPROM

consisted of comparisons with the SF‐36 (i.e., a measure of general

health). A wealth of convergent and divergence evidence was pro-

vided through these analyses to support the external validation of

the BmPROM. However, although these analyses provided some

important findings, these findings could be strengthened with the

application of think‐aloud studies and furthermore, through a

Multitrait–Multimethod Matrix, as defined by Campbell and Fiske

(1959) whereby construct validity is demonstrated simultaneously

through the examination of the trait (i.e., Functionality and Wellbeing)

through multiple methods (e.g., observation, test). Finally, examination

of the internal (structural) validity of the BmPROM in this study was

through the application of EFA. Although the strengths of EFA have

been widely demonstrated in the psychometric literature, the

approach is an exploratory technique that is used to represent

observed data and does not therefore include a formal a priori hypoth-

esis testing. The use of Confirmatory Factor Analysis in future

research, a theory‐driven rather than data‐driven approach, to assess

the internal validity of the BmPROM would allow for a more sophisti-

cated and advantageous technique to examine and identify the under-

lying dimensions of the outcome measure (Tabachnick & Fidell, 2007).

In conclusion, this study has shown that the BmPROM is a valid,

reliable, and responsive generic clinical outcome measure for use in

evaluating physiotherapy treatment of MSK conditions.
4.1 | Implications for physiotherapy practice

There is widely documented need for a validated outcome measure

that is sensitive enough to measure clinical effectiveness in physio-

therapy MSK settings across a number of different conditions. The

psychometric properties of the BmPROM have been examined, and

these results support its use in the assessment of the efficacy of phys-

iotherapy treatment for people with MSK conditions.
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