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Abstract

Purpose Self-rated activity limitations in patients with

non-specific chronic low back pain (cLBP) do not correlate

well with performance in traditional tests of impairment

(e.g. back strength, ROM, etc.). Tests using more ‘‘func-

tional activities’’ have therefore been recommended as

alternative ‘‘objective’’ outcome measures. We examined

the relationship between a battery of such tests and self-

reported activity limitations, before and in response to

physiotherapy, and the influence of psychological factors

on the relationship.

Methods 37 patients with cLBP took part (45 ± 12 years;

23 female, 14 male); 32 completed 9 weeks’ physiother-

apy. Before and after therapy, the patients completed the

Roland Morris (RM) disability questionnaire and ques-

tionnaires to assess fear avoidance beliefs, catastrophising

and psychological disturbance. They also performed eight

simple functional tests (stair climb, prolonged flexion,

stand to floor, lift test, sock test, roll-up test, pick-up test,

fingertip-to-floor test).

Results Baseline RM scores were significantly (p \ 0.05)

correlated with all but one of the functional test scores

(ranging from r = -0.34 (half-flexion) to 0.56 (pick-up

test), and with a functional test index score for all tests

together (r = 0.60, p \ 0.0001). The correlation between

the change-scores (after treatment) for RM and for the

functional test index was 0.55 (p = 0.001). Psychological

factors explained 7–23 % variance in RM scores (baseline,

post-therapy, and change scores), beyond that which was

explained by the functional tests. Effect sizes for patients

with a self-rated ‘‘good global outcome’’ were 1.23 for RM

and 0.75 for the functional test index; for those with a

‘‘poor outcome’’, they were -0.08 and 0.23, respectively.

Conclusion Moderately high correlations (for both abso-

lute and change scores) were observed between the sub-

jective and observed measures of activity limitation. This

indicates that to some extent they are assessing the same

underlying construct, but it also suggests that each is

delivering a certain amount of unique information. Psy-

chological factors explained some of the discrepancy

between the two types of measure. Both were responsive to

therapy, and their change scores reflected well the patients’

global outcome ratings. The two methods of assessing

activity limitations should serve to complement one

another in the assessment of treatment outcome.

Keywords Activity limitations � Self-ratings � Observed

function � Roland Morris � Chronic low back pain

Introduction

Low back pain (LBP) is a common problem in medical and

physiotherapy practice [4, 26, 30]. Up to 84 % of the adult

population in industrialised countries will suffer an episode

of LBP at some point in their life [2, 3]. Most of these

individuals do not seek medical care and are not disabled

by their pain; instead, they recover spontaneously after a

short period of time [2, 8, 30, 42, 44]. Best estimates place

the prevalence of chronic non-specific LBP at approxi-

mately 23 %, with about 12 % of the population being
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disabled by LBP [1, 2]. It has been suggested that per-

ceived disability is more strongly associated with care-

seeking than is pain intensity [8, 42].

Assessing the impact of back pain on physical perfor-

mance, in terms of impairment (range of motion, strength,

endurance), activity limitations (elementary and complex

activities of daily living) and participation restrictions

(work capacity, leisure activities and private life), can be a

challenging task [10, 16]; however, it is a prerequisite for

the targeted assessment and treatment of the individual

patient. Many different kinds of assessment are available.

Self-report questionnaires, typically including items con-

cerned with activity limitations and participation restric-

tions [10, 33], are being used with increasing frequency in

clinical practice to measure perceived LBP-related prob-

lems in daily functioning and their change after therapy.

They are simple to administer and complete, making them

especially useful for repeated assessments over a course of

treatment and follow-up, and they are important for indi-

cating how the patient perceives his/her own ability to

function. However, self-rated disability scores may be

influenced by perceptions, beliefs, and other psychological

factors [11, 21, 43, 46], meaning that they may not always

reflect the true capacity of the patient to perform the

activities enquired about. Direct observation/measurement

can be expected to yield more reliable estimates of perfor-

mance capacity. When comparisons of the two are made,

disability ratings derived from questionnaire assessments

are often shown to be worse than those derived from

observation [15, 31, 45]. However, the most relevant

functional test(s) to employ when making such assessments

remains the subject of discussion. Traditional physical tests

that seek to measure impairment (e.g. tests of lumbar range

of motion, back muscle strength, selective activation of

certain abdominal muscles, etc.) have proven to be a poor

indicator of the disability in everyday activities reported by

patients with chronic non-specific LBP (cLBP) [5]. As such,

they are of limited use as objective, clinically relevant

outcome measures in assessing the effects of treatment.

Moreover, they can be expensive and time-consuming. In

recent years, more clinically relevant measures of physical

performance have been developed, using batteries of tests

of ‘‘functional activities’’ [12, 17, 18, 27, 34, 43]. The

majority of these tests challenge trunk mobility, speed,

and coordination of movement, which are often impaired

in patients with cLBP. Such activities are typically also

the focus of enquiry in self-rated disability question-

naires. According to clinimetric theory, if ‘‘objective’’ and

‘‘subjective’’ measures of activity limitations/disability are

measuring the same underlying construct, they would be

expected to correlate significantly, with coefficients ranging

from 0.4 to 0.8 [38]. And indeed, studies carried out to date

report correlations of 0.40–0.60 between self-rated activity

limitations and performance in functional test batteries

[16, 18, 27, 34]. However, all of these studies have only

examined the relationship between subjective ratings and

observed function on a cross-sectional basis. If these mea-

sures are to be used to monitor outcome, it is important to

know whether the different methods are equally well able to

detect change after therapy and whether they deliver con-

cordant information (i.e. whether their change scores after

therapy are also correlated).

The aim of this study was to examine the relationships

between self-reported activity limitation and observed func-

tional performance and their respective changes following a

programme of physiotherapy. A secondary aim of the study

was to quantify the variance in self-reported activity limitation

that psychological variables (fear avoidance, psychological

disturbance and catastrophising) explain over and above that

explained by observed performance.

Methods

Patients

37 patients with cLBP (45 ± 12 years old; 23 women, 14

men; average duration of LBP, 8.6 ± 11.1 years) partici-

pated in the study, which was part of a larger investigation

into various aspects of deep trunk muscle activation in cLBP

[20, 24]. The patients were recruited from the outpatient

departments of rheumatology, orthopaedics and neurology

of local participating hospitals [one university hospital, two

foundation (non-profit) hospitals] and a local practice of

general practitioners. The inclusion criteria for the study

were: non-specific LBP [1, 40] with or without referred pain

(of a non-radicular nature) for at least 3 months and about to

undergo physiotherapy; average pain intensity over the last

2 weeks C3 and B8 on a 0–10 visual analogue scale; good

understanding (written and oral) of the German language;

and willingness to comply with the study protocol. Exclusion

criteria included factors reflecting the presence of serious

spinal disorders, as described in LBP treatment guidelines

[1, 40], as well as pregnancy within the last 2 years (potential

for subsequent changes in abdominal muscle function) and

prior participation in a programme of spine segmental sta-

bilisation exercises. The study was approved by the local

medical ethics committee. All participants gave their signed

informed consent to participate after receiving verbal and

written information about the study.

Therapy

Patients were referred for a 9-week programme of spine

segmental stabilisation exercises, directed by physiothera-

pists who were specially trained in this therapy concept.
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Attendance at physiotherapy was required once/week. The

treatment approach was based on the methods described by

Richardson et al. [28, 32], as detailed in Mannion et al.

[20, 24]. Patients were also asked to perform home exer-

cises comprising a sequence of 10 9 10 s repetitions, 10

times a day (total exercise time, approximately 20–25 min/

day). In order to explain the rationale behind the treatment

concept, and increase motivation for the programme,

patients were given illustrated information brochures

describing the exercises, their purpose, and how to perform

them, and offering various tips and advice on how to

integrate the exercises into their activities of daily living.

Questionnaires

Before and after therapy, the patients completed a ques-

tionnaire booklet containing questions on sociodemographic

variables, pain history (duration of problem, length of time

in treatment, work absence, etc.), the Roland and Morris

Disability Questionnaire [RM; measures 24 activity limita-

tions due to back pain (score 0–24: higher score, increased

disability)] [7, 33]; the Fear Avoidance Beliefs Question-

naire [35, 41]; the Pain Catastrophising Questionnaire

[25, 39]; and Psychological Disturbance [9, 22] given by the

combined scores of the Modified Somatic Perception

Questionnaire (heightened somatic awareness) [19] and

Modified Zung Self-Rating Depression Questionnaire [47].

In each case, higher scores indicated a higher degree of the

attribute being measured. All the questionnaires were

available in German or had been adapted for the German

language prior to the study.

After therapy a further question inquired about the

global outcome of treatment (‘‘overall, how much did the

treatment you received in the last few months help?’’)

using a five-item Likert response scale, subsequently

dichotomized for describing the success of the treatment

into ‘‘good outcome’’ (‘‘helped’’, or ‘‘helped a lot’’) or

‘‘poor outcome’’ (‘‘helped only little’’, ‘‘didn’t help’’,

‘‘made things worse’’) [23].

Functional performance tests

Performance was assessed using a battery of seven simple

functional tests with previously documented reliability [17]

in addition to the standard ‘‘fingertip-to-floor’’ trunk mobil-

ity test (Fig. 1). The battery included both quantitative and

Stair

Half-flex

Pick-up

Stand-
floor-stand

Lift

Sit-up Fingertip-floor

Sock

Fig. 1 Battery of functional tests
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qualitative assessments of performance, with the latter being

graded from 0 (patient can perform the activity without any

difficulty) to 4 (cannot perform activity at all). The tests

generally involved moving around and bending the trunk,

some with lifting or support of the upper body weight, and

comprised the following:

Quantitative assessments:

1. Stair climbing test: walking up and down 20 steps in a

standard staircase as fast as safely possible (timed)

2. Half flexion test: bending forward as if washing one’s

hair in a sink. The position must be held for as long as

possible (timed: max. 180 s)

3. Stand-to-floor test: lying down onto the floor from a

standing position and getting back up to standing again

(timed)

4. Finger-tip-to-floor test: bending forward in standing,

knees straight, trying to reach the floor with the

fingertips (movement quantified by measuring the

distance of the fingertips to the floor)

Qualitative assessments:

1. Sock test: putting on a loose sock in a standing

position; the leg with the worse performance is rated

(movement quality: scored 0–4).

2. Pick-up-test: picking up a scrunched-up piece of paper

from the floor in standing (movement quality: scored 0–4).

3. Lift test: five repetitions of lifting a box (size =

0.4 9 0.4 9 0.3 m with evenly distributed content)

from the floor to a table (height = 0.75 m) and back to

the floor again. Total weight of box was 3 kg for women

and 4 kg for men (movement quality: scored 0–4).

4. Sit-up test: sitting up from lying supine on a plinth into

a long-sitting (legs outstretched) position (movement

quality: scored 0–4).

The instructions and methods of evaluating test perfor-

mance were standardized in a test manual, and the tests

were administered by an independent investigator not

involved in the treatment of the patients. The test duration

was approximately 15 min.

To form a functional test index score for all eight tests,

performance in each of the quantitative tests was firstly

recoded as a 0–4 rating, based on the distribution of the raw

scores for the group (detailed information available on

request from the authors). The scores for all eight tests

were then averaged to yield a functional test index score

ranging from 0 to 4.

Statistical analysis

A sample size of approximately 35–40 patients allowed for

the determination of a moderate correlation between the

performance tests and RM disability scores (or their change

scores) of r = 0.5 (i.e. 25 % shared variance) with a

probability of 85 % (power) against the null hypothesis of

r = 0, at a two sided significance level of 5 %, and

allowing for *20 % drop-out.

Descriptive data are presented as means and standard

deviations (SD), or medians and interquartile ranges (IQR),

depending on the nature of the data (approximately nor-

mally distributed or not, when examined graphically). The

strength of the relationships between variables was quan-

tified using Spearman Rank correlation coefficients or

Pearson Product–Moment correlation coefficients, as

appropriate. Stepwise multiple regression was used to

identify the psychological attributes (fear avoidance beliefs

about physical activity and work, catastrophising, or psy-

chological disturbance) that made a significant contribution

to explaining the variance in RM scores, over and above

that accounted for by the functional test index score. That

is, the functional test index score was entered first as an

independent variable, and the RM as dependent variable; in

a second step the psychological variables were entered

using forward conditional selection (with a probability-of-

F-to-enter B0.05). The presence of collinearity was

excluded by examining the tolerance values and variance

inflation values for the independent variables in the final

regression model; values \0.1 and [5, respectively, were

considered to suggest problematic collinearity [13].

Differences between scores before and after treatment

were examined using paired t tests. Responsiveness (for the

RM and the performance test scores) was given by the

standardized response mean [SRM = (post test mean-pre

test mean)/SD changes].

Significance was accepted at the 5 % level. Following

the reasoning of Perneger et al. [29], no corrections were

made for multiple testing.

The analyses were carried out using Statview 5.0 (SAS

Institute Inc, San Francisco, USA).

Results

All 37 patients completed the baseline assessments (though

some questionnaire data was missing from one individual).

32/37 (86 %) patients (21 women, 11 men; 44 ± 12 years

old; average duration of LBP, 7.7 ± 10.8 years; RM score

8.9 ± 4.7) completed the 9-week physiotherapy programme

and the post-therapy questionnaire and performance

assessments.

Baseline RM scores were significantly (p \ 0.05) cor-

related with each of the functional test scores except for the

sock test, with coefficients ranging from r = -0.34 (pro-

longed half-flexion test) to 0.56 (pick-up test) (first column

Table 1, ranked by strength of correlation). The RM scores
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correlated most strongly with the functional test index

score for all the tests (r = 0.60; p \ 0.0001; Fig. 2).

Similar correlation coefficients (r = 0.43–0.70; p \ 0.05;

second column, Table 1) were recorded for these relationships

post-therapy, with the exception of those involving the sock

test and the pick-up test. Change scores (pre-therapy to post-

therapy) for two of the individual tests (sit-up test and fin-

gertip to floor test) and for the functional test index score

(Fig. 3) showed a significant (r = 0.45–0.55; p \ 0.05)

correlation with the RM change scores (third column,

Table 1).

The multivariate analysis of the baseline data, with RM

scores as the dependent variable and the functional test

index score as a force-entered independent variable,

revealed that fear avoidance beliefs about work made an

additional statistically significant contribution (p \ 0.001),

uniquely accounting for 19 % variance in baseline

RM scores (Table 2). For the post-therapy multivariate

model, psychological disturbance was the only additional

significant variable, uniquely explaining 7 % (p \ 0.05)

variance in the post-therapy RM scores (Table 2). For the

longitudinal (pre-therapy to post-therapy) multivari-

ate model, the change in catastrophising was the only

significant variable entered, explaining a further 23 %

(p \ 0.001) variance in the RM change-scores over above

that explained by the change-scores for the functional test

index (Table 2).

The standardised response mean (SRM) or ‘‘effect size’’

for the change in RM score, pre-treatment to post-treat-

ment, was 0.54. The corresponding value for the functional

test index was 0.73. In response to the global outcome

question, 17/32 (53 %) patients were classified as having a

‘‘good outcome’’ and 15/32 (47 %) a ‘‘poor outcome’’. The

SRM for the RM for the ‘‘good’’ group was 1.23 and for

the ‘‘poor’’ group, -0.08. The corresponding values for the

functional test index score were 0.75 and 0.23. In other

words, the RM scores were better able than the functional

Table 1 Correlations between performance tests and RM scores at baseline and at post-therapy, and for the change scores in each measure (from

baseline to post-therapy)

Test Baseline (pre-therapy) (N = 36b) Post-therapy (N = 32) Change scores (baseline to post-therapy)

(N = 32)

Correlation coefficient p value Correlation coefficient p value Correlation coefficient p value

Sock testa 0.27 0.11 0.33 0.07 0.28 0.12

Prolonged half-flexion -0.34 0.04 -0.65 <0.0001 -0.01 0.95

Sit-up test*,a 0.36 0.03 0.48 0.008 0.53 0.003

Stand to floor 0.40 0.02 0.51 0.003 0.26 0.16

Lift testa 0.49 0.004 0.45 0.01 0.27 0.15

Stair climb 0.49 0.002 0.52 0.003 0.23 0.21

Fingertip-to-floor test* 0.51 0.001 0.43 0.01 0.45 0.01

Pick-up testa 0.56 0.001 0.15 0.39 0.04 0.81

Functional test index score* 0.60 <0.0001 0.70 <0.0001 0.55 0.001

Bold highlighted p values indicate p \ 0.05

* Significant correlation for each analysis (baseline, post-therapy and change scores)
a Spearman Rank correlation coefficients (Rho, corrected for ties) for the qualitative tests rated 0–4; Pearson’s r for all others (quantitative tests)
b Missing questionnaire data for one patient at baseline

Fig. 2 Relationship between baseline RM scores and the functional

test index score

Fig. 3 Relationship between changes (pre- to post-therapy) in RM

scores and functional test index scores
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test scores to differentiate between good and poor out-

comes (wider separation between the SRMs in the good

and poor groups).

Discussion

This study examined the relationship between self-reported

activity limitation and observed performance in functional

tests, and the changes in each following a programme of

physiotherapy, in patients with cLBP. It also examined the

role of various psychological factors in explaining the

variance in self-report measures beyond that explained by

observed performance.

Bivariate analyses revealed moderate correlations between

self-reported activity limitation and observed performance,

with a shared variance of approximately 30–50 %. This

indicates that to some extent they are assessing the same

underlying construct, but it also suggests that each is deliv-

ering a certain amount of unique information. The correlations

were similar to those reported in previous studies on cLBP

patients for other functional test batteries and disability

instruments (r = 0.40–0.60; [16, 18, 27, 34]). The consis-

tency of the findings across studies of only ‘‘moderate

correlations’’ has prompted some authors to suggest that self-

reported activity limitation is not just a measure of physical

function but is likely influenced by other factors such as the

patient’s perceptions, beliefs, and fears regarding their abili-

ties and limitations, and their lifestyle, emotional and social

functions [10, 16]. The findings of a recent study on patients

with acute LBP, in which stronger correlations were reported

between psychological factors and subjective ratings than

between psychological factors and observed function [43],

suggested that this was indeed the case, and the present study

confirmed the hypothesis in patients with chronic problems:

when the psychological variables (fear-avoidance beliefs,

psychological disturbance, and catastrophising) were entered

into the multivariable models, one of them always explained a

significant proportion of additional variance (7–23 %) in the

self-reported limitations, beyond that explained by the mea-

sured performance. In clinical practice, the relative extent to

which a patient’s self-rated function is influenced by physical

factors as opposed to psychosocial/beliefs factors is not

always immediately apparent to the clinician; this highlights

the benefit of using multiple/combined input sources when

attempting to quantify function. Other factors that might

explain the unique variance in each of the two measures

(subjective and objective) include the fact that they do not

have exactly the same content. Although they attempt to

measure the same construct, some tests are not reflected in the

RM items, and some items in the RM have no direct equivalent

in the tests; depending on whether those respective items are

of relevance to a given patient or not, the patient could end up

with different disability ratings. Patients with LBP are a het-

erogeneous group, with differences in the manner and extent

to which LBP compromises their function. Finally, there is a

certain amount of measurement error in each method, which

inevitably accounts for some of the unique variation in the

scores of each. Though it might be useful to know which of the

two is the more ‘‘accurate’’ or ‘‘recommended’’ measure, this

is impossible to ascertain, since there is currently no ‘‘gold

standard’’ measure of activity limitation.

According to Strand et al. [37], functional performance

should be regarded as a global measure that is not

Table 2 Results of the final

multiple regression models

showing the ability of

psychological variables to

explain the variance in RM

scores, over and above that

explained by the functional test

index scores

MODEL and variables selected

for inclusion at each step

Standardised

beta coefficient

R2 Adjusted R2 Step increase

in adj. R2 (%)

p value, R2

step change

Baseline data

Step 1—forced entry

Functional test index score 0.472 0.36 0.34 0.0001

Step 2—stepwise selection

FAB-work 0.457 0.55 0.53 19 0.001

Post-therapy data

Step 1—forced entry

Functional test index score 0.603 0.46 0.44 \0.0001

Step 2—stepwise selection

Psychological disturbance

(MSPQ and ZUNG score)

0.294 0.54 0.51 7 \0.05

Longitudinal (change-score) data

Step 1—forced entry

Change score, functional test

index score

0.468 0.30 0.28 0.001

Step 2—stepwise selection

Change score, catastrophising 0.500 0.54 0.51 23 0.001
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sufficiently represented by a single test, but requires a

combination of tests. Further, from the ‘‘clinimetrics’’

perspective, a greater number of items in an index leads to

greater internal reliability of the construct being mea-

sured. In the present study, the index score combining all

individual tests generally gave the best correlations with

the RM scores. Individually, some of the tests showed a

poor correlation with the RM scores, but analysis of the 8

items together revealed good internal consistency for the

whole battery, with no improvement after removal of any

given item (Cronbach’s alpha 0.83–0.85; detailed results

not shown). A scaled-down test battery would nonetheless

be desirable, where time was of the essence in clinical

practice or large numbers of patients were to be assessed

in research studies. Based on the results of this small

study, two of the most promising tests to include would

appear to be the sit-up test and the fingertip-floor test,

addressing a qualitative and quantitative dimension of

function, respectively. Both of these items performed well

in the Back Performance Scale of Strand et al. [36, 37]

and previous studies have highlighted the superior clinical

relevance of the fingertip-floor distance [6, 26, 37]. It may

be advisable to include both qualitative and quantitative

tests in any test battery, since the manner in which the

movement is carried out, including potential deficits in

motor control or balance, is not evidenced by timed-

methods alone. The tests should also be acceptable and

meaningful to patients and practitioners, as well as simple

to administer and to interpret.

The RM and the functional test index showed compa-

rable responsiveness for the whole group change-scores

after therapy (RM scores, 0.54, and functional test index

score, 0.73), with moderate effect sizes that were in

keeping with those reported in the literature for the phys-

iotherapeutic treatment of cLBP [14]. Although the SRM

for the functional test index was slightly higher, at first

sight suggesting it might be more responsive than the RM,

it indicated a small positive effect (SRM, 0.23) even in the

group that declared a poor global treatment outcome (i.e.

those with a poor outcome still showed an improvement in

function), and not such a high effect size in the good

outcome group (SRM, 0.75). In contrast, the RM scores

showed a more appropriate differentiation between good

and poor global outcomes in terms of the corresponding

SRMs (1.23 and -0.08, respectively). In other words, there

was a notable improvement in RM scores for those with a

good outcome and almost no change in score in the group

with a poor outcome. This is a desirable characteristic of an

outcome instrument, but it may possibly have resulted from

the choice of external criterion used for assessing ‘‘global

treatment outcome’’. Other types of (possibly more

objective) external criteria for indicating success should be

investigated in future studies.

Certain limitations of the present study are worth men-

tioning. We did not evaluate the reliability of the test battery

although this was done during its initial development [17]

and many of its component tests have proven reliable, valid

and responsive in other studies [18, 36, 37]. The sample size

was relatively small, but the participants were nonetheless

representative of typical patients with non-specific cLBP as

defined in the European guidelines for cLBP [1] and the main

findings were comparable to those reported in other studies,

as far as the correlations between objective and subjective

measures was concerned [18, 27, 34, 37]. Further, many

analyses were performed, which increases the likelihood of

chance findings occurring. The results should be interpreted

with caution until such times as they can be confirmed in

larger groups of patients.

Conclusion

Moderately high correlations (for both absolute and change

scores) were observed between the subjective and observed

measures of activity limitation. This indicates that to some

extent they are assessing the same underlying construct, but it

also suggests that each is delivering a certain amount of unique

information. Psychological factors explained some of the

discrepancy between the two types of measure in both the

cross-sectional analyses (before and after therapy) and also in

relation to the change scores measured over time. Both were

responsive to therapy, and their change scores reflected well

the patients’ global outcome ratings. The two methods of

assessing activity limitations should serve to complement one

another in the assessment of treatment outcome.
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