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One-minute stair climbing, 50-foot walk,
and timed up-and-go were responsive
measures for patients with chronic low
back pain undergoing lumbar fusion
surgery
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Abstract

Background: Physical capacity tasks are useful tools to assess functioning in patients with low back pain (LBP), but

evidence is scarce regarding the responsiveness (ability to detect change over time) and minimal important change

(MIC). The aim was to investigate the responsiveness and MIC of 5-min walk, 1-min stair climbing, 50-ft walk, and

timed up-and-go in patients with chronic LBP undergoing lumbar fusion surgery.

Methods: In this clinimetric study, 118 patients scheduled for lumbar fusion surgery for motion-elicited chronic LBP

with degenerative changes were included. All patients performed the physical capacity tasks 5-min walk, 1-min stair

climbing, 50-ft walk, and timed up-and-go 8–12 weeks before and six months after surgery. Responsiveness was

evaluated by testing five a priori responsiveness hypotheses. The hypotheses concerned the area under the receiver

operating characteristics (ROC) curve and correlations (Spearman’s rho) between the change scores of the physical

capacity tasks, the Oswestry Disability Index 2.0 (ODI), and back pain intensity measured with visual analog scale (VAS).

At least 80% of the hypotheses would have to be confirmed for adequate responsiveness. Absolute and relative MICs

for improvement were determined by the optimal cut-off point of the ROC curve based on the classification of

improved and unchanged patients according to construct-specific global perceived effect (GPE) scales.

Results: One-minute stair climbing, 50-ft walk and timed up-and-go displayed adequate responsiveness (≥ 80% of

hypotheses confirmed), while 5-min walk did not (40% of hypotheses confirmed). The absolute MICs for improvement

were 45.5 m for 5-min walk, 20.0 steps for 1-min stair climbing, − 0.6 s for 50-ft walk, and − 1.3 s for timed up-and-go.

Conclusions: The results of responsiveness for 1-min stair climbing, 50-ft walk, and timed up-and-go implies that these

have the ability to detect changes in physical capacity over time in patients with chronic LBP who have undergone

lumbar fusion surgery.
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Background

Lumbar degenerative conditions, including lumbar spinal

stenosis, disc herniation and degenerative disc disease

(DDD), are the most common reasons for elective lumbar

spine surgery [1, 2]. Over the past two decades, the number

of lumbar fusion operations has constantly increased world-

wide [3–6].

The outcome of lumbar fusion surgery is often assessed

with back-specific patient-reported outcome measures

(PROMs) of disability, e.g. the Oswestry Disability Index

(ODI). With these, patients rate their perceived limitations

in performing various activities commonly affected by low

back pain (LBP), such as walking, sitting and lifting [7, 8]. A

benefit of back-specific PROMs is that they require little

administration and let the patients convey their own view

of their health status [9–11]. However, back-specific

PROMs have shown low- to very low-quality evidence for

content validity [12], meaning that it is not certain whether

the activities in the PROMs are those that matter most to

the patients themselves. Previous research and clinical ex-

perience also indicate discrepancies between patients’

scores on PROMs and how they actually perform activities

when observed by others or as measured by wearable

equipment (e.g. accelerometers) [13, 14].

Several authors have recommended the use of physical

capacity tasks [13, 15–19], during which the patient per-

forms a standardized activity in the clinic rather than

self-reporting his/her ability to perform the activity [17]. An

example of a physical capacity task is the timed up-and-go,

which measures the time it takes for a person to rise from a

chair, walk three meters, turn around, walk back to the

chair and sit down [17]. Physical capacity tasks have been

designed to measure what patients can do in a standardized

environment, rather than what they think they can do, and,

as such, they appear to capture important information

about a patient’s functioning that PROMs do not [17, 20,

21]. Physical capacity tasks have also been suggested to be

less influenced by language skills and education level than

PROMs [10, 22, 23].

Outcome measures used in clinical practice and research

should have sufficient evidence for reliability, validity, and re-

sponsiveness to avoid imprecise or biased results in the as-

sessment of health interventions [24–26]. A recent

systematic review showed that the physical capacity tasks

5-min walk, 50-ft walk, 1-min stair climbing, and timed

up-and-go demonstrated moderate to strong evidence for re-

liability and validity [27]. However, the review also identified

a lack of evidence concerning responsiveness. Responsive-

ness is one of the most important properties of an outcome

measure since it signifies the ability to detect change over

time [24]. It has been recommended that responsiveness is

investigated by testing a priori hypotheses on expected asso-

ciations with other instruments [24, 28]. The responsiveness

hypotheses of the current study are presented in Table 1.

It is also important to determine whether the change

over time of an outcome measure is clinically relevant.

The minimal important change (MIC), defined as “the

smallest change score that patients perceive as import-

ant” [28], has been suggested to be a helpful parameter

for this purpose [24, 29]. However, the MICs of physical

capacity tasks for patients with chronic LBP have been

rarely reported in the literature, not least for patients

with chronic LBP who undergo lumbar fusion surgery.

The aim was to investigate the responsiveness and

MIC of 5-min walk, 1-min stair climbing, 50-ft walk,

and timed up-and-go in patients with chronic LBP

undergoing lumbar fusion surgery.

Methods

This clinimetric study had a prospective design using

data from a randomized controlled trial (RCT) [30].

Table 1 A priori responsiveness hypotheses

1. The change scores (differences between baseline and 6-month assessments) of a physical capacity task will be able to distinguish between
patients with and without meaningful improvementa as classified by a construct-specific GPE scale (area under the ROC curve ≥0.70)
[24, 37, 56].b

2. The change scores of a physical capacity task will yield greater misclassifications of improved and unchanged patients on a ROC curve
when that classification is based on a generic GPE scale rather than construct-specific GPE scales [24, 37, 56].b

3. The change scores of the four physical capacity tasks will be correlated ≥0.50 to each other in the expected direction [17, 22].c

4. The correlations between change scores of physical capacity tasks and the ODI will be at least 0.10 weaker than the correlations between
the change scores among the physical capacity tasks themselves [13, 20].

5. The correlations between change scores of a physical capacity task and VAS on back pain intensity will be at least 0.10 weaker than
the correlations between change scores of the physical capacity task and the ODI [13, 17].

GPE Global perceived effect, ODI Oswestry Disability Index, ROC Receiver operating characteristic, VAS Visual analog scale
aImproved patients were considered to be those who had scored the response alternatives “much better” or “better” on the construct-specific GPE scales and

unchanged patients were those who had scored response alternatives “somewhat better,” “unchanged,” or “somewhat worse”
bFor timed up-and-go, Hypotheses 1 and 2 were tested separately for the construct-specific GPE scales on walking and chair rise, respectively, since the task

includes both of these activities
cThe expected direction depends on whether a negative or positive change score of a physical capacity task indicates an improvement or deterioration. The

correlations between five-minute walk and 1-min stair climbing as well as the correlations between 50-ft walk and timed up-and-go were expected to be positive.

The other possible correlations among the four physical capacity tasks were expected to be negative
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Eligibility criteria

Eligible patients had motion-provoked chronic LBP with

degenerative changes of 1–3 lumbar segments, were aged

between 18 and 70 years, and were on the waiting list for

lumbar fusion surgery [30]. The patients’ main surgical pro-

cedure was lumbar fusion surgery for back pain, but they

could have minor radiating symptoms with or without a

simultaneous surgery for isthmic spondylolisthesis, forami-

nal stenosis, or disc herniation. Patients with predominant

radiculopathy, a rheumatic or neurological disorder, spinal

malignancy, thoracolumbar deformities (e.g. idiopathic

scoliosis) were excluded. Patients who had undergone

decompression surgery for spinal stenosis or those who had

a poor understanding of Swedish were also excluded.

Procedure

Patients were recruited at one university hospital and two

private spine clinics in Sweden [30]. An orthopedic sur-

geon examined the patients and made a diagnosis, based

on radiological and clinical findings. The clinic coordina-

tors informed the physiotherapist responsible for patient

recruitment when patients were placed on the waiting list.

Patients were then contacted by the physiotherapist who

informed them of the study and invited them to partici-

pate. Patients who were interested in study participation

were scheduled for an appointment with an independent

observer at one of the private spine clinics, 8–12 weeks

before surgery. The independent observer provided the

patients with oral and written information about the study.

Patients who agreed to participate signed an informed

consent form. The independent observer then instructed

the patients to fill out PROMs and perform four physical

capacity tasks (described below). The patients were then

randomized to participation in either a prehabilitation pro-

gram or conventional care prior to surgery. The prehabili-

tation program was based on the principles of person-

centered care and had a cognitive behavioral approach

[30]. The prehabilitation program comprised four

preoperative treatment sessions and one postoperative

booster session. In accordance with regional procedure,

conventional care comprised a single session with a phys-

ical therapist. In this session, the patient received informa-

tion about the post-operative mobilization routine and was

introduced to a core exercise program that was initiated

the day after surgery. Both study groups received the same

physical therapy treatment in the ward after surgery [30].

In the current study, the patients were studied irrespective

of the preoperative intervention assigned to them.

Follow-up assessments of the physical capacity tasks

for the RCT occurred at 3, 6, 12, and 24 months after

surgery [30], but for the purpose of the present study,

only the data from baseline and the 6-month follow-up

were used.

Sociodemographic variables and fear-avoidance variables

for descriptive statistics

Data on age, gender, education, height and weight, back

pain duration, previous back surgery, work status, and

comorbidity were collected with the preoperative ques-

tionnaire used in the Swedish National Quality Registry

for Spine Surgery (Swespine) [2]. The type of surgical

procedure and the number of fusion levels were

obtained from the patients’ medical journals. Fear of

movement, depressive symptoms, and pain catastro-

phizing were assessed with the Tampa Scale for Kine-

siophobia [31], the Hospital Anxiety and Depression

Scale [32], and the Pain Catastrophizing Scale [33],

respectively.

Physical capacity tasks

� 5-min walk: The patient was asked to walk as fast as

possible (without running) for a 5-min period [17].

The circuit was 30 m long and octagonal. The dis-

tance covered was recorded in meters.

� 1-min stair climbing: The patient was asked to climb

up and down a flight of stairs for one minute [19].

The staircase was straight with ten steps (16 cm

high) and with handrails on both sides which the

patient was allowed to use. The handrails were

positioned too far apart to be used at the same time.

The total number of steps was recorded.

� 50-ft walk: The patient was instructed to walk as fast

as possible (without running) until he/she came

back to the starting point [17]. The circuit was 15 m

(approximately 50 ft) long and figure-of-eight-

shaped. The time needed to complete the test was

rounded to the nearest 0.1 s.

� Timed up-and-go: The patient was asked to rise up

from a chair (seat 45 cm high, without armrests) as

fast as possible, walk (without running) 3 m to a

marked line on the floor, turn around, and walk back

to the chair and sit down [17]. The time needed to

complete the test was rounded to the nearest 0.1 s.

Five-minute walk, 50-ft walk, and timed up-and-go

have demonstrated moderate to strong evidence for ad-

equate test-retest reliability and construct validity [27].

One-minute stair climbing has demonstrated moderate

evidence for adequate test-retest reliability [27].

Anchors in the responsiveness and MIC analyses

� The Oswestry Disability Index 2.0 (ODI) was used

to assess patient-reported disability [34]. The ODI

has shown a moderate level of evidence of good

reliability and construct validity for patients with

chronic LBP [35].
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� A 100-mm visual analog scale (VAS) was used to

assess the intensity of back pain over the last week.

The reliability and validity of VAS in patients with

chronic pain are supported by previous research [36].

� At the 6-month follow-up, the patient filled out

three 7-point construct-specific global perceived

effect (GPE) scales on how he/she perceived his/

her walking ability, stair climbing ability and chair

rise ability to have changed from the baseline

assessment to the 6-month follow-up: “much

worse,” “worse,” “somewhat worse,” “unchanged,”

“somewhat better,” “better,” and “much better”

(eAppendix 1). Similar GPE scales have been

shown to have good reliability and validity for

patients with chronic LBP [37, 38].

� At the 6-month follow-up, the patient filled out a

5-point generic GPE scale on how he/she per-

ceived his/her back pain to have changed from

before surgery: “worse,” “unchanged,” “somewhat

better,” “much better,” “pain-free.” The scale has

shown good responsiveness for patients with

chronic LBP undergoing lumbar fusion surgery

[39].

Statistical analysis

Statistical analyses were performed with IBM SPSS,

version 24.0 (IBM Corp., Armonk, USA) and R, ver-

sion 3.5.1 (R Foundation for Statistical Computing,

Vienna, Austria). Descriptive statistics were used to

characterize demographics and score distributions of

the physical capacity tasks and the anchors. Continu-

ous variables were presented as means with standard

deviations in case of normal distribution, or medians

with interquartile range otherwise. Categorical vari-

ables were presented as frequencies with accompany-

ing percentages.

If a patient had missing data for a physical capacity

task, the patient was excluded from all the analyses on

that particular task. Patients who did not fill out the

ODI, VAS, or any of the GPE scales were excluded from

the analyses of the responsiveness hypotheses that

included that particular outcome measure. In the case of

missing data on the GPE scales, patients were also

excluded from MIC analyses.

Responsiveness analysis

Responsiveness was investigated with a hypothesis-

testing approach as recommended by the Consensus-

based Standards for the Selection of Health Measure-

ment Instruments (COSMIN) initiative [24]. Respon-

siveness in the present study was evaluated by testing

the five hypotheses presented in Table 1. According

to recommendations, an outcome measure is usually

considered to have adequate responsiveness if at least

75% of the hypotheses are confirmed [40]: in this

study, with five hypotheses, a criterion of at least 80%

confirmed was adopted.

Hypothesis 1 was tested by calculating the area under the

receiver operating characteristic (ROC) curve for improved

and unchanged patients, as classified by the construct-speci-

fic GPE scales matched for each particular physical capacity

task. The area under the ROC curve can vary from 0.5 to 1

and can be understood as the probability of correctly distin-

guishing improved patients from unchanged, with 1 indi-

cating perfect ability to distinguish improved from

unchanged patients [41]. For hypothesis 1, patients scoring

“better” and “much better” on the construct-specific GPE

scales (matched for each particular physical capacity task)

were classified as improved and those scoring “somewhat

worse,” “unchanged,” and “somewhat better” were classified

as unchanged. Hypothesis 1 was accepted if the area under

the ROC curve was ≥0.70 [40]. For timed up-and-go, hy-

pothesis 1 was tested separately for the construct-specific

GPE scales on walking and chair rise, since this task in-

cludes both of these activities.

Hypothesis 2 concerned the area under the ROC curve

for improved and unchanged patients, as classified by

the generic GPE scale. Patients scoring “much better”

and “pain-free” on this scale were classified as improved,

and those scoring “unchanged” and “somewhat better”

were classified as unchanged. Hypothesis 2 was accepted

if the area under the ROC curve generated by the gen-

eric GPE scale was lower than the area under the ROC

curve generated by the construct-specific GPE scales.

For timed up-and-go, hypothesis 2 was tested separately

for the construct-specific GPE scales on walking and

chair rise,

Hypotheses 3–5 were investigated with Spearman’s

rho [42].

MIC analysis

MIC for deterioration was not calculated for any phys-

ical capacity tasks since few patients reported deterior-

ation on the construct-specific GPE scales (n = 2). MIC

for improvement was determined by the optimal cut-off

point of the ROC curve based on the classification of

improved and unchanged patients according to the

construct-specific GPE scales (same dichotomization as

for responsiveness hypothesis 1, described above),

matched for each specific physical capacity task. The op-

timal cut-off point of the ROC curve represents the

change score of each physical capacity task that yields

the smallest number of misclassifications between im-

proved and unchanged patients [43]. Since MIC can be

highly influenced by baseline scores [44, 45], relative

values were calculated in addition to absolute values.

Relative MICs were calculated based on the ROC curve

plotted with the percentage of change from baseline of
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each physical capacity task, and absolute MICs for im-

provement were calculated based on the ROC curve

plotted with the absolute change from baseline for each

physical capacity task. The 95% confidence intervals of

the absolute and relative MICs for improvement were

generated by taking the 2.5 and 97.5 percentiles of the

distribution of 10,000 bootstrap samples [46]. This pro-

cedure was performed with the R library pROC [47]. Ab-

solute and relative values for MICs for improvement for

timed up-and-go were calculated separately for the

construct-specific GPE scales for walking and chair rise.

The adequacy of using the construct-specific GPE

scales as anchors for the responsiveness and MIC

analyses was determined by calculating the correlation

(Spearman’s rho) between the construct-specific GPE

scales and the change scores of the physical capacity

tasks. Previous research suggests that a correlation of

at least 0.30 between an anchor and a change score

of a measurement instrument is adequate [48].

Patient characteristics

Of the 118 included patients, 10 did not go through

surgery. Of those undergoing surgery, 15 did not per-

form physical capacity testing at the 6-month

follow-up. The number of patients included in each

analysis of responsiveness and MIC for improvement

is presented in Fig. 1. Table 2 shows the baseline

characteristics of patients who completed the

follow-up, and of the drop-outs. Patients in the

drop-out group reported significantly higher levels for

depressive symptoms, fear of movement, and pain cat-

astrophizing than those completing the follow-up.

The frequency of patients who reported disorders that

affect walking ability was significantly larger in the

drop-out group (four patients) compared with the pa-

tients who completed follow-up (two patients). Pa-

tients classified as improved by the construct-specific

GPE scales had, on average, more favorable changes

from baseline of the physical capacity tasks than

Fig. 1 Flowchart of patient inclusion and the number patients included in the responsiveness and minimal important change analyses

*One patient did not perform 5-min walk at the baseline assessment. **The number of patients concerns the responsiveness analysis for

hypotheses 2–5. In the data analysis for responsiveness hypothesis 1, only 57 patients were included due to missing data on the

construct-specific global perceived effect scales. Moreover, since one patient had missing baseline data for 5-min walk, the number of

patients in the responsiveness analysis for all hypotheses was one less for this task than for the others. ***For 5-min walk, 54 patients

were included in the minimal important change analysis since one patient had missing baseline data for that physical capacity task

Jakobsson et al. BMC Musculoskeletal Disorders          (2019) 20:137 Page 5 of 12



Table 2 Patient characteristics at baseline

Variable Completed 6-month follow-up of
physical capacity tasks (n = 93)

Drop-outs
(n = 25)

Completed 6-month follow-up of physical capacity
tasks AND construct-specific GPE scales (n = 57)

Age, mean (SD) 46.5 (8.0) 43.0 (9.2) 47.2 (8.4)

Gender, n (%)

Men 42 (45.2) 13 (52.0) 26 (45.6)

Women 51 (54.8) 12 (48.0) 31 (54.4)

Education level, n (%)

Elementary school 6 (6.5) 1 (4.0) 5 (8.8)

High school 38 (40.1) 13 (52.0) 22 (38.6)

University or college 36 (38.7) 6 (24.0) 21 (36.8)

Vocational education 12 (12.9) 5 (20.0) 9 (15.8)

Missing information 1 (1.1) 0 (0.0) 0 (0.0)

BMI, mean (SD) 26.2 (3.6) 26.9 (4.0) 26.1 (3.7)

Back pain duration, n (%)

3–12 months 8 (8.6) 1 (4.0) 3 (5.3)

> 1 year to ≤2 years 17 (18.3) 3 (12.0) 11 (19.3)

> 2 years 66 (71.0) 21 (84.0) 41 (71.9)

Missing information 2 (2.1) 0 (0.0) 1 (1.8)

Previous back surgery, n (%)

0 occasions 83 (89.2) 24 (96.0) 55 (96.4)

1 occasion 7 (7.5) 0 (0.0) 1 (1.8)

2 occasions 2 (2.2) 1 (4.0) 1 (1.8)

Missing information 1 (1.1) 0 (0.0) 0 (0.0)

Current surgical procedure, n (%)

Instrumented posterior fusion 88 (94.6) 14 (56.0) 55 (96.5)

Instrumented anterior interbody fusion 1 (1.1) 0 (0.0) 0 (0.0)

Instrumented combined posterior and
interbody fusion

4 (4.3) 1 (4.0) 2 (3.5)

Did not go through fusion surgery 0 (0.0) 10 (40.0) 0 (0.0)

Number of fusion levels, n (%)

One level 55 (59.1) 9 (36.0) 34 (59.7)

Two levels 33 (35.5) 6 (24.0) 21 (36.8)

Three levels 5 (5.4) 0 (0.0) 2 (3.5)

Did not go through fusion surgery 0 (0.0) 10 (40.0) 0 (0.0)

Work status, n (%)

Working 54 (58.1) 19 (76.0) 33 (57.8)

Part-time sick leave 15 (16.1) 0 (0.0) 9 (15.8)

Fulltime sick leave 17 (18.3) 5 (20.0) 12 (21.1)

Unemployed 4 (4.3) 1 (4.0) 2 (3.5)

Missing information 3 (3.2) 0 (0.0) 1 (1.8)

Comorbidity, n (%)

Neurological disorder 0 (0.0) 0 (0.0) 0 (0.0)

Heart disease 0 (0.0) 0 (0.0) 0 (0.0)

Other disease that affects walking ability 2 (2.2) 4 (16.0) 2 (3.5)

Other disease that causes pain 4 (4.4) 2 (8.0) 1 (1.8)

5-min walk, mean (SD) 422.3 (82.4) 402.2 (82.4) 419.7 (87.6)
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unchanged patients (Table 3). Average scores for

patients classified as deteriorated are not presented in

Table 3 due to small sample sizes (n = 2).

Results

Responsiveness

Hypothesis 1 was confirmed for 1-min walk, 50-ft walk,

and timed up-and-go as the areas under the ROC curves

generated with the construct-specific GPE scales were ≥

0.70 for these tasks (Table 4). Hypothesis 2 was con-

firmed for 1-min walk, 50-ft walk, and timed up-and-go

as they had larger areas under the ROC curves generated

by the construct-specific GPE scales than those gener-

ated by the generic GPE scales (Table 4). In contrast,

Hypotheses 1 and 2 were rejected for the 5-min walk.

Hypothesis 3 was confirmed for all physical capacity

tasks as the correlations among the tasks themselves

were ≥ 0.50 (Table 5). Hypothesis 4 was confirmed for all

physical capacity tasks as the correlations between the

tasks and the ODI were consistently lower than the

correlations among the tasks themselves. Hypothesis 5

was rejected for all tasks except for timed up-and-go.

In summary, one-minute stair climbing, 50-ft walk,

and timed up-and-go displayed adequate responsiveness

(80% of the hypotheses confirmed for 1-min stair climb-

ing, 50-ft walk, and 100% for timed up-and-go), while

5-min walk did not (only 40% of the hypotheses con-

firmed) (Table 6).

Minimal important change

Of the 57 patients who completed the construct-specific

GPE scales, two reported deterioration on the scales and

were excluded from the MIC analyses. Absolute MICs

for improvement were 45.5 m for 5-min walk, 20 steps

for 1-min stair climbing, − 0.6 s for 50-ft walk, and − 1.3

s for timed up-and-go (Table 4). The sensitivity and spe-

cificity of the absolute and relative MICs for improve-

ment are presented in Table 4. As reference values to

Table 2 Patient characteristics at baseline (Continued)

Variable Completed 6-month follow-up of
physical capacity tasks (n = 93)

Drop-outs
(n = 25)

Completed 6-month follow-up of physical capacity
tasks AND construct-specific GPE scales (n = 57)

1-min stair climbing, mean (SD) 105.3 (24.8) 99.4 (23.4) 104.9 (26.7)

50-ft walk, mean (SD) 9.2 (2.8) 9.4 (2.6) 9.4 (3.3)

Timed up-and-go, mean (SD) 7.8 (3.0) 8.2 (2.6) 8.2 (3.6)

Disability, ODI, mean (SD) 35.8 (11.5) 40.7 (14.8) 34.6 (12.7)

Back pain intensity, VAS, mean (SD) 60.0 (19.9) 65.1 (17.1) 56.7 (20.5)

Leg pain intensity, VAS, median (IQR) 29.8 (3.4–55.0) 59.5 (7.0–
71.4)

29.2 (3.7–59.8)

Depression, HADS, mean (SD) 5.0 (3.5) 6.9 (3.6) 4.6 (3.5)

Kinesiophobia, TSK, mean (SD) 37.3 (8.6) 41.6 (7.1) 37.5 (9.0)

Pain catastrophizing, PCS, mean (SD) 21.8 (7.9) 26.4 (7.9) 22.5 (7.5)

GPE Global Perceived Effect Scale, HADS Hospital Anxiety and Depression Scale, IQR Interquartile range, ODI Oswestry Disability Index 2.0, PCS Pain Catastrophizing

Scale, TSK Tampa Scale for Kinesiophobia, VAS Visual analog scale

Table 3 Baseline, follow-up, and change scores for physical capacity tasks of improved and unchanged patients

Physical capacity task Construct-specific GPE used for
classification of improved/unchanged

GPE categoriesa Baseline T1
Mean (SD)

Follow-up T2
Mean (SD)

Change score T2-T1
Mean (SD)

5-min walk (m) GPEwalking Improved (n = 32) 403.2 (94.2) 484.9 (66.7) 81.7 (75.1)

Unchanged (n = 22) 445.5 (73.3) 474.7 (93.0) 29.2 (59.9)

1-min stair climbing (steps) GPEstair climibing Improved (n = 33) 95.3 (26.9) 125.0 (24.3) 29.7 (23.6)

Unchanged (n = 22) 114.1 (20.7) 127.1 (22.3) 13.0 (19.4)

50-ft walk (s)a GPEwalking Improved (n = 33) 9.9 (3.8) 7.7 (1.5) −2.2 (3.3)

Unchanged (n = 22) 8.6 (2.4) 8.3 (2.4) −0.3 (1.5)

Timed up-and-go (s)a,b GPEwalking Improved (n = 33) 9.0 5.8 −3.2 (4.1)

Unchanged (n = 22) 6.9 (1.6) 6.4 (1.9) −0.5 (1.6)

GPEchair rise Improved (n = 31) 9.1 (4.4) 5.7 (1.2) −3.4 (4.0)

Unchanged (n = 28) 7.1 (1.6) 6.4 (1.9) −0.7 (1.6)

GPE Global Perceived Effect scale, SD Standard deviation, T1 Baseline assessment, T2 6-month follow-up assessment
aA negative score indicates improvement. bThe results for timed up-and-go are presented for the classifications of the construct-specific GPE scales for both

walking and chair rise since this task includes both these activities.
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the MICs for improvement, Table 4 gives the mean

change scores of the physical capacity tasks, indicating

the change of the “average” patient.

Adequacy of using the construct-specific GPE scales in

the responsiveness and MIC analyses

The correlation between the construct-specific GPE

scales and the change scores of the physical capacity

tasks were all above the recommended threshold value

of 0.30 [48], which supports the adequacy of using the

scales in the responsiveness and MIC analyses (Table 4).

Discussion

The present study was one of the first to assess respon-

siveness and MIC of physical capacity tasks for patients

with chronic LBP undergoing lumbar fusion surgery.

One-minute stair climbing, 50-ft walk, and timed

up-and-go displayed adequate responsiveness with ≥80%

of the responsiveness hypotheses being confirmed, while

five-minute walk displayed inadequate responsiveness.

The positive results of responsiveness for 1-min stair

climbing, 50-ft walk, and timed up-and-go suggests that

these physical capacity tasks have the ability to detect

changes in physical capacity over time in patients who

undergo lumbar fusion surgery. The absolute MICs for

improvement for 5-min walk, 1-min stair climbing, 50-ft

walk, and timed up-and-go were 45.5 m, 20.0 steps, −

0.6 s, and − 1.3 s, respectively.

In line with our results, Gautschi et al. found adequate

responsiveness for timed-up-and-go [49]. Gautschi et al.

investigated the responsiveness of timed up-and-go for a

mixed study sample of patients with lumbar spinal sten-

osis, lumbar disc herniation, and chronic LBP due to

DDD undergoing various types of lumbar spine opera-

tions. In concordance with our findings, Andersson et al.

found that one-minute stair climbing had adequate re-

sponsiveness [50]. Furthermore, the authors of that

study found that five-minute walk had inadequate re-

sponsiveness, also in line with our results. Andersson et

al. reasoned that the finding might be a result of the pos-

sibility that the task was not challenging enough for pa-

tients with chronic LBP. Patients might therefore only

Table 4 Area under the receiver operating characteristics curve and minimal important change for the physical capacity tasks

Physical capacity tasks 5-min walk 1-min stair
climbing

50-ft walk Timed up-and-go GPEwalking Timed up-and-go GPEchair rise

AUCConstruct-specific GPE (95% CI) 0.68 (0.54
to 0.82)

0.72 (0.59
to 0.85)

0.80 (0.67
to 0.93)

0.74 (0.61
to 0.86)

0.79 (0.67
to 0.91)

AUCGeneric GPE (95% CI) 0.70 (0.58
to 0.82)

0.70 (0.59
to 0.81)

0.76 (0.66
to 0.87)

0.72 (0.67
to 0.91)

0.72 (0.62
to 0.83)

Correlation between change score
and construct-specific GPE

0.39 0.50 −0.57 −0.48 − 0.53

MICabsolute (95% CI) 45.5 m (8.5
to 62.0)

20.0 steps
(10.5 to 48.0)

−0.6 s (− 0.7
to − 0.2)

−1.3 s (−2.4
to − 0.5)

−1.3 s (− 2.4
to − 0.3)

Sensitivity for MICabsolute 0.63 0.63 0.73 0.67 0.73

Specificity for MICabsolute 0.75 0.76 0.83 0.71 0.79

Average absolute change from baseline
of the physical capacity tasks, mean (SD)

62.5 m (69.5) 22 steps (22.4) −1.3 s (2.5) −2.0 s (2.9) −2.0 s (2.9)

MICrelative (95% CI) 9.0% (4.5
to 11.8)

12.5% (7.2
to 48.4)

−6.1% (−7.1
to −3.4)

−17.3% (−29.4
to − 10.2)

− 17.6% (− 20.7
to − 10.2)

Sensitivity for MICrelative 0.69 0.70 0.76 0.73 0.79

Specificity for MICrelative 0.75 0.72 0.88 0.71 0.79

AUC Area under the receiver operating characteristics curve, CI Confidence interval, GPE Global Perceived Effect scale, MIC Minimal important change

Table 5 Correlations between change scores of physical capacity tasks, Oswestry disability index, and visual analog scale on back pain intensity

5-min walk 1-min stair-climbing 50-ft walk Timed up-and-go ODI VAS

5-min walk 1.000 0.815a − 0.755a − 0.586a − 0.422a − 0.342a

1-min stair climbing 1.000 −0.755a − 0.670a − 0.396a − 0.342a

50-ft walk 1.000 0.665a 0.467a 0.368a

Timed up-and-go 1.000 0.413a 0.286a

ODI 1.000 0.727a

VAS 1.000

ODI Oswestry Disability Index 2.0, VAS Visual Analog Scale on back pain intensity
ap < 0.01
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show small improvements in this task after an interven-

tion, which could limit the task’s responsiveness.

In contrast to our results, Andersson et al. [50] and

Strand et al. [51] found that 50-ft walk had inadequate re-

sponsiveness. The differences in results might be because

of dissimilarities in patient characteristics. Andersson et

al. [50] and Strand et al. [51] included patients with non-

specific chronic LBP who underwent non-surgical inter-

ventions. Patients with chronic LBP undergoing lumbar

fusion surgery in the current study had motion-elicited

back pain, so that they can have difficulties with quick

movements of the spine. As such, 50-ft walk could be

challenging for these patients, the task requiring them to

make a quick turn after having walked 25 ft. In contrast,

the patients in the two previous responsiveness studies

[50, 51] may have found the task less challenging. Second,

Andersson et al. did not use a hypothesis testing approach

to evaluate responsiveness [50], which could also explain

why their results differed from ours.

The MICs for improvement in the current study might

be used by researchers and clinicians as reference values

when interpreting patients’ postoperative change scores

[24, 43]. In research, the MICs for improvement could, for

example, be used to evaluate the proportion of “re-

sponders” to treatment, where patients with change scores

larger than the MIC values are classified as responders

[52]. It is, however, important to acknowledge that the

MIC is a group-based statistic and that the value for MIC

might not always reflect an individual patient’s view of the

change [53]. Thus, when comparing an individual patient’s

change score with the current study’s MICs for improve-

ment in clinical practice, it is essential to interpret the

change score in relation to the patient’s reported experi-

ence and not just the MIC. Comparing individual change

scores with the MICs might, for instance, serve as a refer-

ence for what the “average” patient finds important and

could possibly aid the shared decision-making process in

the patient’s postoperative rehabilitation. However, the

95% confidence intervals of the MICs were wide, and they

should therefore be viewed with some caution.

In order to detect changes as small as the MIC, it is

important that the MIC is larger than the smallest

detectable change (SDC), defined as “the smallest change

that can be detected by the measurement instrument,

beyond measurement error” [24]. The MIC of 1-min

stair climbing in the present study is larger than the

SDC (derived from the limits of agreement) in Smeets et

al. [19], which suggests that when a patient scores

change equal to or greater than the MIC this is indeed

an important change and unlikely to be due to measure-

ment error. In contrast, the MICs for improvement of

50-ft walk and timed up-and-go in the present study are

below the smallest detectable change given in previous

studies [17, 19], meaning that observed changes could

be due to measurement error and not reflect important

and real changes. As the SDCs have only been assessed

in patients with chronic LBP who undergo conservative

treatment [17, 19], future studies should investigate the

SDC specifically for patients with chronic LBP who

undergo lumbar fusion surgery.

A strength of the present study is that it is one of the

first to investigate the responsiveness of physical capacity

tasks by testing a priori hypotheses. Using a hypothesis

testing approach in the assessment of responsiveness has

been recommended by experts in clinimetrics since it

minimizes bias in the interpretation of the results [24, 28].

Another strength of the study is that we used an

anchor-based method (the optimal cut-off point of the

ROC curve) to determine MICs. Anchor-based methods

have been recommended over so-called distribution-based

methods, such as the standardized response mean or

other effect size parameters [24]. Moreover, we used

construct-specific GPE scales rather than generic GPE

scales in the anchor-based method since previous research

implies that construct-specific GPE scales generate better

approximations of MICs than do generic ones [37]. How-

ever, there is no consensus on the optimal method for de-

termining MIC. For instance, the so-called predictive

modeling approach has been shown to be a good alterna-

tive to the optimal cut-off point method [54]. Research

also suggests that MIC estimates may be biased when the

proportion of improved patients is higher than 50% (in

our study, 60% of the patients were improved) [55].

Consequently, future studies using other methods for

Table 6 Results of Hypothesis-Testing for Responsiveness

Physical capacity
tasks

Construct-specific GPE
used in Hypotheses 1 & 2

Responsiveness hypotheses confirmed Percentage of
hypotheses confirmed

1 2 3 4 5

5-min walk GPEwalking – – + + – 2 of 5 = 40%

1-min stair climbing GPEstair climbing + + + + – 4 of 5 = 80%

50-ft walk GPEwalking + + + + – 4 of 5 = 80%

Timed up-and-go GPEwalking + + + + + 5 of 5 = 100%

GPEchair rise + +

GPE Global Perceived Effect scale

+, confirmed hypothesis; −, rejected hypothesis
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determining MIC and also adjusting for the proportion of

improved patients might provide better estimates than in

the current study.

A limitation of this study is that a large proportion (36

patients) of those whom attended the follow-up visits did

not fill out the construct-specific GPE scales. The reason

for this is that MIC was first planned to be investigated

with a generic GPE scale [39] instead of the construct-spe-

cific ones. However, during the course of this study, other

studies showed that construct-specific GPE scales seemed

to be more suitable for determining MIC [37, 56], and we

therefore decided to use this type of scales instead. A nat-

ural consequence of this decision is that the results for

Hypothesis 1 and the MICs for improvement had less stat-

istical power than the other analyses, which is reflected in

the wide confidence intervals of these MICs.

Another limitation could be potential selection bias

since the patients were a part of an RCT. Patients with

higher preoperative levels of disability and pain intensity

may have declined study participation as the RCT re-

quired patients to travel to one of the spine clinics to

see a physical therapist before surgery [30]. This could

be the reason why the study sample reported a slightly

lower disability level and back pain intensity compared

with patients in Swespine undergoing surgery for

chronic LBP due to DDD [2]. However, our study sam-

ple had similar characteristics as patients in Swespine in

terms of age, duration of symptoms and proportion of

men and women. It is therefore reasonable to assume

that our findings are generalizable to most patients

undergoing lumbar fusion surgery for chronic LBP, but

possibly not for those with the highest preoperative

levels of disability and pain intensity.

Conclusions

The results of responsiveness imply that 1-min stair

climbing, 50-ft walk, and timed up-and-go they have the

ability to detect changes in physical capacity over time

in patients with chronic LBP who have undergone lum-

bar fusion surgery. In contrast, the 5-min walk showed

inadequate responsiveness for this patient group.

Abbreviations

COSMIN: Consensus-based Standards for the Selection of Health

Measurement Instruments; DDD: Degenerative disc disease; GPE: Global

perceived effect; LBP: Low back pain; MIC: Minimal important change;

ODI: Oswestry disability index; PROMs: Patient-reported outcome measures;

RMDQ: Roland-Morris disability questionnaire; ROC: Receiver operating

characteristic; Swespine: The Swedish National Quality Registry for Spine

Surgery; VAS: Visual analog scale

Acknowledgements

N/A

Funding

The Swedish Research Council (VR) (No. 2015–02511), AFA Research Funding

(No. 120216), the Eurospine Research Grants (No. TFR 8–2014), Doctor Felix

Neubergh grants (No. 2017–346), and The Health and Medical Care Executive

Board of the Västra Götaland Region (VGR). The funding sources did not

have any role in the study design, data collection, data analysis, data

interpretation, nor in writing the manuscript. The views expressed in the

study are the authors’ and do not necessarily reflect those of the funding

sources.

Availability of data and materials

The datasets used for the current study are available from the corresponding

author upon reasonable request.

Authors’ contributions

MJ, ML, AG, and RS conceived the study and planned the evaluation and the

coordination of the study. MJ participated in the design of the study,

coordinated the study, performed statistical analysis, and drafted the

manuscript. ML obtained ethical approval and project funding. ML, AG, RS

and HB participated in the design of the study and revised the manuscript

critically for important intellectual content. All authors have critically read

and approved the final version of the manuscript to be published.

Ethics approval and consent to participate

The Regional Ethical Review Board in Gothenburg approved of the study

(Dnr. 586–11, amendment T 527–15). All patients gave written consent to

participate in the study.

Consent for publication

N/A

Competing interests

The authors declare that they have no competing interest to disclose.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.

Author details
1Department of Orthopaedics, Institute of Clinical Sciences, Sahlgrenska

Academy, University of Gothenburg, House R, Göteborgsvägen 31, S-431 80

Mölndal, Sweden. 2Department of Orthopaedics, Sahlgrenska University

Hospital, Gothenburg, Sweden. 3Division of Physiotherapy, Department of

Health and Rehabilitation, Institute of Neuroscience and Physiology,

University of Gothenburg, Box 455, S-405 30 Gothenburg, Sweden. 4Division

of Physiotherapy, Department of Neurobiology, Care Sciences and Society

(NVS), Karolinska Institutet, Stockholm, Sweden. 5Department of

Rehabilitation Medicine, Research School of CAPRHI, Maastricht University,

CIR Revalidatie, Zwolle/Eindhoven, PO Box 616, 6200 Maastricht, MD, The

Netherlands.

Received: 27 August 2018 Accepted: 17 March 2019

References

1. Weiss AJ, Elixhauser A, Andrews RM. Characteristics of Operating Room

Procedures in U.S. Hospitals, 2011: Statistical Brief #170. In: Healthcare Cost

and Utilization Project (HCUP) Statistical Briefs. Rockville: Agency for

Healthcare Research and Quality (US); 2014.

2. Fritzell P, Hägg O, Gerdhem P, Abbott A, Songsong A, Parai C, et al. 2018

annual report follow up of spine surgery performed in Sweden in 2017.

2018 [updated 2018 Sep 5; cited Dec 10 2018]. Available from: http://www.

4s.nu/pdf/180910_Swespine_%20arsrapport_2018_eng_isbn.pdf.

3. The Health and Social Care Information Centre. Primary diagnosis: 3

character tables: health and social care information Centre. 2016.

4. Rajaee SS, Bae HW, Kanim LE, Delamarter RB. Spinal fusion in the United States:

analysis of trends from 1998 to 2008. Spine (Phila Pa 1976). 2012;37(1):67–76.

5. Deyo RA, Gray DT, Kreuter W, Mirza S, Martin BI. United States trends in

lumbar fusion surgery for degenerative conditions. Spine (Phila Pa 1976).

2005;30(12):1441–5 discussion 6-7.

6. Kalakoti P, Missios S, Maiti T, Konar S, Bir S, Bollam P, et al. Inpatient

outcomes and postoperative complications after primary versus revision

lumbar spinal fusion surgeries for degenerative lumbar disc disease: a

national (Nationwide) inpatient sample analysis, 2002-2011. World

Neurosurg. 2016;85:114–24.

Jakobsson et al. BMC Musculoskeletal Disorders          (2019) 20:137 Page 10 of 12

http://www.4s.nu/pdf/180910_Swespine_%20arsrapport_2018_eng_isbn.pdf
http://www.4s.nu/pdf/180910_Swespine_%20arsrapport_2018_eng_isbn.pdf


7. Fairbank JCT, Davies JB, Couper J, O'Brien JP. The Oswestry low back pain

disability questionnaire. Physiotherapy. 1980;66(8):271–3.

8. Roland M, Morris R. A study of the natural history of back pain. Part I:

development of a reliable and sensitive measure of disability in low-back

pain. Spine (Phila Pa 1976). 1983;8(2):141–4.

9. Mannion AF, Junge A, Taimela S, Muntener M, Lorenzo K, Dvorak J. Active

therapy for chronic low back pain: part 3. Factors influencing self-rated disability

and its change following therapy. Spine (Phila Pa 1976). 2001;26(8):920–9.

10. Wand BM, Chiffelle LA, O'Connell NE, McAuley JH, Desouza LH. Self-reported

assessment of disability and performance-based assessment of disability are

influenced by different patient characteristics in acute low back pain. Eur

Spine J. 2010;19(4):633–40.

11. Food and Drug Administration. Guidance for Industry Patient-Reported

Outcome Measures: Use in Medical Product Development to Support

Labeling Claims. 2009 [updated 2009 Dec 15; cited Dec 10 2018]. Available

from: https://www.fda.gov/downloads/drugs/guidances/ucm193282.pdf.

12. Chiarotto A, Ostelo RW, Boers M, Terwee CB. A systematic review highlights the

need to investigate the content validity of patient-reported outcome measures for

physical functioning in patients with low back pain. J Clin Epidemiol. 2018;95:73–93.

13. Gautschi OP, Smoll NR, Corniola MV, Joswig H, Chau I, Hildebrandt G, et al.

Validity and reliability of a measurement of objective functional impairment

in lumbar degenerative disc disease: the timed up and go (TUG) test.

Neurosurgery. 2016;79(2):270–8.

14. Lin CW, McAuley JH, Macedo L, Barnett DC, Smeets RJ, Verbunt JA.

Relationship between physical activity and disability in low back pain: a

systematic review and meta-analysis. Pain. 2011;152(3):607–13.

15. Caporaso F, Pulkovski N, Sprott H, Mannion AF. How well do observed

functional limitations explain the variance in Roland Morris scores in

patients with chronic non-specific low back pain undergoing

physiotherapy? Eur Spine J. 2012;21(SUPPL. 2):S187–S95.

16. Wittink H. Functional capacity testing in patients with chronic pain. Clin J

Pain. 2005;21(3):197–9.

17. Simmonds MJ, Olson SL, Jones S, Hussein T, Lee CE, Novy D, et al.

Psychometric characteristics and clinical usefulness of physical performance

tests in patients with low back pain. Spine (Phila Pa 1976). 1998;23(22):2412–21.

18. Harding VR, Williams AC, Richardson PH, Nicholas MK, Jackson JL, Richardson

IH, et al. The development of a battery of measures for assessing physical

functioning of chronic pain patients. Pain. 1994;58(3):367–75.

19. Smeets R, Hijdra HJM, Kester ADM, Hitters MWGC, Knottnerus JA. The

usability of six physical performance tasks in a rehabilitation population

with chronic low back pain. Clin Rehabil. 2006;20(11):989–98.

20. Lee CE, Simmonds MJ, Novy DM, Jones S. Self-reports and clinician-

measured physical function among patients with low back pain: a

comparison. Arch Phys Med Rehabil. 2001;82(2):227–31.

21. Conway J, Tomkins CC, Haig AJ. Walking assessment in people with lumbar

spinal stenosis: capacity, performance, and self-report measures. Spine J.

2011;11(9):816–23.

22. Teixeira Da Cunha-Filho I, Lima FC, Guimarães FR, Leite HR. Use of physical

performance tests in a group of Brazilian Portuguese-speaking individuals

with low back pain. Physiother Theory Pract. 2010;26(1):49–55.

23. Guralnik JM, Branch LG, Cummings SR, Curb JD. Physical performance

measures in aging research. J Gerontol. 1989;44(5):M141–6.

24. de Vet HC, Terwee CB, Mokkink LB, Knol DL. Measurement in medicine: a

practical guide. Cambridge: Cambridge University Press; 2011.

25. Brakenhoff TB, Mitroiu M, Keogh RH, Moons KGM, Groenwold RHH, van

Smeden M. Measurement error is often neglected in medical literature: a

systematic review. J Clin Epidemiol. 2018;98:89–97.

26. Brakenhoff TB, van Smeden M, Visseren FLJ, Groenwold RHH. Random

measurement error: why worry? An example of cardiovascular risk factors.

PLoS One. 2018;13(2):e0192298.

27. Jakobsson M, Gutke A, Mokkink LB, Smeets R, Lundberg M. Level of

evidence for reliability, validity, and responsiveness of physical Ccapacity

tasks designed to assess functioning in patients with low back pain: a

systematic review using the COSMIN standards. Phys Ther. 2018. https://doi.

org/10.1093/ptj/pzy159. [Epub ahead of print].

28. Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol DL, et al.

The COSMIN study reached international consensus on taxonomy,

terminology, and definitions of measurement properties for health-related

patient-reported outcomes. J Clin Epidemiol. 2010;63(7):737–45.

29. Crosby RD, Kolotkin RL, Williams GR. Defining clinically meaningful change

in health-related quality of life. J Clin Epidemiol. 2003;56(5):395–407.

30. Lotzke H, Jakobsson M, Brisby H, Gutke A, Hägg O, Smeets R, et al. Use of

the PREPARE (PREhabilitation, physical activity and exeRcisE) program to

improve outcomes after lumbar fusion surgery for severe low back pain: a

study protocol of a person-centred randomised controlled trial. BMC

Musculoskelet Disord. 2016;17(1):349.

31. Lundberg M, Styf J, Carlsson SG. A psychometric evaluation of the Tampa

scale for Kinesiophobia - from a physiotherapeutic perspective. Physiother

Theory Pract. 2004;20(2):121–33.

32. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta

Psychiatr Scand. 1983;67(6):361–70.

33. Kemani MK, Grimby-Ekman A, Lundgren J, Sullivan M, Lundberg M. Factor

structure and internal consistency of a Swedish version of the Pain

Catastrophizing Scale. Acta Anaesthesiol Scand. 2019;63(2):259–66.

34. Fairbank JCT, Pynsent PB. The Oswestry disability index. Spine (Phila Pa

1976). 2000;25(22):2940–53.

35. Chiarotto A, Maxwell LJ, Terwee CB, Wells GA, Tugwell P, Ostelo RW.

Roland-Morris disability questionnaire and Oswestry disability index: which

has better measurement properties for measuring physical functioning in

nonspecific low Back pain? Systematic Review and Meta-Analysis. Phys Ther.

2016;96(10):1620–37.

36. Price DD, McGrath PA, Rafii A, Buckingham B. The validation of visual

analogue scales as ratio scale measures for chronic and experimental pain.

Pain. 1983;17(1):45–56.

37. Ward MM, Guthrie LC, Alba M. Domain-specific transition questions

demonstrated higher validity than global transition questions as anchors for

clinically important improvement. J Clin Epidemiol. 2015;68(6):655–61.

38. Kamper SJ, Ostelo RW, Knol DL, Maher CG, de Vet HC, Hancock MJ. Global

Perceived Effect scales provided reliable assessments of health transition in

people with musculoskeletal disorders, but ratings are strongly influenced

by current status. J Clin Epidemiol. 2010;63(7):760–6.e1.

39. Hägg O, Fritzell P, Oden A, Nordwall A. Simplifying outcome measurement:

evaluation of instruments for measuring outcome after fusion surgery for

chronic low back pain. Spine (Phila Pa 1976). 2002;27(11):1213–22.

40. Terwee CB, Bot SDM, de Boer MR, van der Windt DAWM, Knol DL, Dekker J,

et al. Quality criteria were proposed for measurement properties of health

status questionnaires. J Clin Epidemiol. 2007;60(1):34–42.

41. de Vet HC, Bouter LM, Bezemer PD, Beurskens AJHM. Reproducibility and

responsiveness of evaluative outcome measures. Int J Technol Assess Health

Care. 2001;17(04):479–87.

42. de Winter JC, Gosling SD, Potter J. Comparing the Pearson and Spearman

correlation coefficients across distributions and sample sizes: a tutorial using

simulations and empirical data. Psychol Methods. 2016;21(3):273–90.

43. de Vet HC, Terwee CB, Ostelo RW, Beckerman H, Knol DL, Bouter LM.

Minimal changes in health status questionnaires: distinction between

minimally detectable change and minimally important change. Health Qual

Life Outcomes. 2006;4:54.

44. de Vet HC, Foumani M, Scholten MA, Jacobs WCH, Stiggelbout AM, Knol DL,

et al. Minimally important change values of a measurement instrument

depend more on baseline values than on the type of intervention. J Clin

Epidemiol. 2015;68(5):518–24.

45. Demoulin C, Ostelo R, Knottnerus JA, Smeets RJ. What factors influence the

measurement properties of the Roland-Morris disability questionnaire? Eur J

Pain. 2010;14(2):200–6.

46. Carpenter J, Bithell J. Bootstrap confidence intervals: when, which, what? A

practical guide for medical statisticians. Stat Med. 2000;19(9):1141–64.

47. Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez JC, et al. pROC: an

open-source package for R and S+ to analyze and compare ROC curves.

BMC Bioinformatics. 2011;12:77.

48. Revicki D, Hays RD, Cella D, Sloan J. Recommended methods for

determining responsiveness and minimally important differences for

patient-reported outcomes. J Clin Epidemiol. 2008;61(2):102–9.

49. Gautschi OP, Joswig H, Corniola MV, Smoll NR, Schaller K, Hildebrandt G,

et al. Pre- and postoperative correlation of patient-reported outcome

measures with standardized timed up and go (TUG) test results in lumbar

degenerative disc disease. Acta Neurochir. 2016;158(10):1875–81.

50. Andersson EI, Lin CC, Smeets RJ. Performance tests in people with chronic

low back pain: responsiveness and minimal clinically important change.

Spine (Phila Pa 1976). 2010;35(26):E1559–63.

51. Strand LI, Anderson B, Lygren H, Skouen JS, Ostelo R, Magnussen LH.

Responsiveness to change of 10 physical tests used for patients with back

pain. Phys Ther. 2011;91(3):404–15.

Jakobsson et al. BMC Musculoskeletal Disorders          (2019) 20:137 Page 11 of 12

https://www.fda.gov/downloads/drugs/guidances/ucm193282.pdf
https://doi.org/10.1093/ptj/pzy159
https://doi.org/10.1093/ptj/pzy159


52. Guyatt GH, Juniper EF, Walter SD, Griffith LE, Goldstein RS. Interpreting

treatment effects in randomised trials. BMJ. 1998;316(7132):690–3.

53. de Vet HC, Terluin B, Knol DL, Roorda LD, Mokkink LB, Ostelo RW, et al.

Three ways to quantify uncertainty in individually applied "minimally

important change" values. J Clin Epidemiol. 2010;63(1):37–45.

54. Terluin B, Eekhout I, Terwee CB, de Vet HC. Minimal important change (MIC)

based on a predictive modeling approach was more precise than MIC

based on ROC analysis. J Clin Epidemiol. 2015;68(12):1388–96.

55. Terluin B, Eekhout I, Terwee CB. The anchor-based minimal important

change, based on receiver operating characteristic analysis or predictive

modeling, may need to be adjusted for the proportion of improved

patients. J Clin Epidemiol. 2017;83:90–100.

56. Scott W, McCracken LM. Patients' impression of change following treatment

for chronic pain: global, specific, a single dimension, or many? J Pain. 2015;

16(6):518–26.

Jakobsson et al. BMC Musculoskeletal Disorders          (2019) 20:137 Page 12 of 12


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Eligibility criteria
	Procedure
	Sociodemographic variables and fear-avoidance variables for descriptive statistics
	Physical capacity tasks
	Anchors in the responsiveness and MIC analyses
	Statistical analysis
	Responsiveness analysis
	MIC analysis

	Patient characteristics

	Results
	Responsiveness
	Minimal important change
	Adequacy of using the construct-specific GPE scales in the responsiveness and MIC analyses

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

