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Objective: To investigate whether low-back-pain 
patients classified based on the risk of pain chroni-
fication (low, medium, high) differ in psychosocial 
and physical function measures, and whether these 
subgroup differences are moderated by age, gen-
der, and body mass index. 
Methods: In this cross-sectional study, 595 Austrian 
patients with chronic low back pain (68% female; 
mean age: 53 ± 6.7 years) completed the STarT Back 
screening tool, visual analogue scale, Roland Morris 
Disability Questionnaire, Pain Disability Index, 
5-level European Quality of Life Questionnaire, Hos-
pital Anxiety and Depression Scale, and Avoidance–
Endurance fast screen. Physical function tests 
assessed maximum trunk strength, trunk range of 
motion, and hand grip strength, while multivariate 
analyses of variance evaluated differences among 
the risk groups. 
Results: The intensity of physical and psychosocial 
problems differed significantly among the pain chro-
nification risk groups. Physical function also varied 
across subgroups, with the high-risk group exhibi-
ting the weakest muscle strength and the greatest 
stiffness. Gender significantly moderated the asso-
ciation between pain risk group and trunk strength.
Conclusion: In people of working age with chronic low 
back pain, the STarT risk of pain chronification was 
correlated with physical and psychosocial variables. 
Moreover, this screening tool can be used irrespective 
of personal factors such as age, gender, and BMI.
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LAY ABSTRACT
This study compared 595 chronic low-back-pain 
patients among groups at various levels of risk for 
chronic pain as classified by the STarT Back screen-
ing tool across physical and psychosocial measures, 
and investigated possible interactions with age, gen-
der, and body mass index. The patients completed 
questionnaires and tests assessing pain, physical and 
psychosocial variables, and physical performance. 
Questionnaire results as well as trunk strength, range 
of motion, and hand grip measures all revealed signi-
ficant differences among groups at low, medium, and 
high risk of pain chronicity. These results were partly 
moderated by gender. The findings suggest that the 
STarT Back screening tool can predict the likelihood of 
pain becoming chronic in working-age people indepen-
dently of gender, age, and body mass index.
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Chronic low back pain (cLBP) is the most common 
chronic health condition worldwide (1), being the 

primary cause of long-term disability (2). It is asso-
ciated with extremely high healthcare costs while also 
reducing an individual’s ability to work or removing 
them from the workforce entirely (3). 

In evidence-based guidelines, the World Health 
Organization (WHO) recommended a multimodal re-
habilitative approach to optimize impaired functioning 
and health for persons with cLBP. This is supported by 
a recent concept analysis (4), which aimed to identify 
the essential attributes of biopsychosocial rehabilita-
tion for cLBP. However, whether all persons with cLBP 
need rehabilitation remains unclear. Previous research 
suggested (5) that multimodal rehabilitation should be 
recommended to cLBP patients at medium or high risk 
of pain chronification (6, 7), as classified by the STarT 
Back screening tool (SBST) (6). SBST is a popular, 
well-regarded, and short patient-reported instrument 
used to screen for the risk of chronic pain. The risk 
groups have been shown to correlate with physical and 
psychosocial variables, such as pain intensity, activity 
restrictions, depression, fear, and quality of life (QoL) 
(6, 8, 9), which are also relevant for a classification 
of LBP patients with the International Classification 
of Functioning, Disability and Health (ICF) (10). 
Different care programmes for cLBP stratified by the 
SBST have been proposed and evaluated, which clearly 
reduced healthcare costs and sick leave (7, 11). Factors 
such as age, gender,and body mass index (BMI) should 
also be considered when planning a rehabilitation pro-
gramme, as they may markedly affect cLBP patients’ 
physical functioning and health and rehabilitation 
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outcomes (12, 13–15). However, whether and how 
such factors affect associations between physical/
psychosocial problems and SBST risk classification 
in working-age populations remains unclear. 

In the WHO’s core sets for cLBP, the “muscle fun-
ction”, “range of motion (ROM)”, and “trunk stability” 
body functions are important categories to be assessed 
and addressed in LBP rehabilitation programmes (8). 
However, there has been limited research relating the 
risk of chronification of pain as assessed by SBST 
to relevant ICF-listed physical function categories. 
Nonetheless, evidence has suggested that LBP patients 
classified by SBST as being at high risk of pain chro-
nification take longer to bend over and show more 
protective behaviours compared with the other sub-
groups (16). In contrast, neither postural stability nor 
cognitive and proprioceptive functions were affected 
by the risk of pain chronification (17). Notably, no 
research has investigated whether SBST subgroups 
differ in maximum trunk muscle strength, ROM, and 
hand grip strength. Such assessments provide baseline 
values for planning physical rehabilitation and are 
widely covered by health insurance systems.

The primary aim of this study was to analyse whether 
SBST subgroups of LBP patients differ in physical and 
psychosocial scores covering important ICF categories. 
The findings should help characterize LBP patients’ 
biopsychosocial status prior to intervention and deter-
mine which patient subgroups likely most benefit from 
specific forms and components of rehabilitation. Its 
secondary aim was to determine whether age, gender, 
and BMI moderate these group differences, and help to 
clarify SBST’s utility for assessing pain chronification 
risk independently of these personal factors. 

MATERIAL AND METHODS

Participants and study design
Patients referred to an outpatient rehabilitation centre 
in Vienna, Austria, from various inpatient rehabilita-
tion facilities between April 2021 and February 2023 
for progressive strength training-focused rehabilitation 
were screened for suitability for this cross-sectional 
study. They used a tablet to complete a self-reported 
general checklist to assess demographic factors (age, 
gender, level of education, employment status, marital 
status), anatomical location, duration and intensity of 
pain, and functional limitations and comorbidities. 
Inclusion criteria comprised being ≥ 18 years old and 
having LBP for ≥ 3 months at a pain intensity of ≥ 30 
as rated on a visual analogue scale (VAS 0 to 100) 
(18). Exclusion criteria were as follows: severe pain 
(> 60) at anatomical sites other than the lower back; 
peripheral motor or severe sensory neurological defi-

cits (complete numbness in radicular areas); specific 
causes of back pain, such as recent spinal fracture, 
infection or cancer; recent surgery involving the back; 
osteoporosis; severe mental health issues or an inability 
to follow verbal instructions in German in a way that 
would interfere with the study protocol; and pregnancy. 
Patients underwent a medical examination performed 
by specialists in physical and rehabilitation medicine 
and completed the questionnaires on physical and 
psychological functions within 2 weeks before the 
physical assessment. Patients with borderline clinical 
findings could be excluded from the maximum strength 
testing for medical reasons (e.g., time since specific 
events causative of LBP, severity of sensory deficits) 
at the physician’s discretion. Patients were asked not to 
take analgesic drugs or muscle relaxants within 1 day 
before functional testing. Shortly before the maximum 
strength testing, blood pressure was measured. If it was 
> 160/90 mmHg, second and (if necessary) third mea-
surements were performed after a few minutes of rest. 
If the result remained above the threshold, the patients 
were excluded from maximum strength testing. Other 
exclusion criteria for undergoing maximum strength 
measurements were intense pain (VAS > 50) on the 
day of testing or recent night pain, likely indicating 
significant worsening of the condition. 

To determine the minimum sample size, power 
analysis was conducted (19) covering all outcome 
variables, which estimated a minimum required sample 
size of 122 patients to detect medium-sized effects 
(Cohen’s f2: 0.15).

The study complied with the ethical principles of 
the Declaration of Helsinki and was approved by the 
Ethics Committee of the City of Vienna (approval 
No.: 1740/2021). Study conditions were explained 
comprehensively to eligible participants verbally and 
in written form, and written informed consent was 
obtained from all participants. 

Measures
Physical and psychosocial questionnaires. LBP chro-
nification risk was appraised with the German version 
of SBST (10). This questionnaire comprises 9 items, 
and cut-off values stratify the scores into low, medium, 
and high chronification risks, which are related to the 
presence of psychosocial risk factors such as fear, anx-
iety, catastrophizing or negative future expectations, 
mood, and bothersomeness of LBP. The questionnaires 
described below were chosen to represent important 
body functions according to the ICF LBP core set (8), 
the generic core sets (20) for sensations of pain (b280), 
energy and drive functions (b130) and emotional fun-
ctions (b152), as well as the LBP brief core sets for 
activities and participation (21).
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Pain intensity on the examination day was assessed 
using VAS ranging from 0 (no pain) to 100 (worst pain 
imaginable) (covering b280), which has been shown 
to be a valid and reliable measurement (18). 

LBP-related functional disability level was asses-
sed using the validated German version of the Roland 
Morris Disability Questionnaire (RMDQ) (covering 
d240, d410, d415, d430, d450, d530, d540, and d640); 
a maximum of 24 points indicates the most severe per-
ceived back-pain-related health state. The RMDQ has 
been proven to be valid and reliable (22,23). Perceived 
back-pain-related disability in 7 domains of life was 
investigated using the validated German version of 
the Pain Disability Index (PDI) (covering d640, d760, 
d845, d850, d859); the maximum score of 70 indicates 
the most severe perceived disability. The reliability of 
the PDI has been demonstrated (24).

The 5-Level European Quality of Life Questionnaire 
(EQ-5D-5L) (25) was used to examine health-related 
QoL (covering d450, d540, d640, d760, d845, d850, 
d859, b280, b152). Based on the assessment of pro-
blems within 5 life domains, a standardized country-
specific index value is calculated, with scores ranging 
from 0 to 1; higher scores indicate better health-related 
QoL. The current perceived health status is rated on 
a numerical scale ranging from 0 to 100, with 100 
representing the best imaginable health status. The Ger-
man version of the Hospital Anxiety and Depression 
Scale (HADS) (26) was used to identify the presence 
of anxiety and depression (covering b130 and b152; 
27). Back-pain-related coping mechanisms according 
to the Avoidance–Endurance Model were identified 
using the valid and reliable Avoidance–Endurance Fast 
Screen (AEQ-FS) measure (28), which focuses on the 
persistence of pain and endurance behaviour. 
Physical measures. The ICF body functions for LBP 
(b720 and b730) can be classified through the physical 
measures of maximum back extension and flexion 
torque and ROM measures (8). A special test device 
(F110; DAVID Health Solutions, Helsinki, Finland) 
measured the maximum isometric back extension and 
flexion strength. A hip fixation mechanism with which 
this device is equipped allows valid trunk muscle 
strength measurements. Patients were seated with their 
knees flexed and their trunks flexed forward at 30° 
relative to the vertical. The trunk extensor torque was 
shown on a monitor in real time. Patients were encou-
raged to undergo a familiarization session and adequate 
submaximal dynamic warm-up before generating 2 
maximum isometric back extensions/flexions under 
standardized verbal encouragement from expert exa-
miners. A third trial was conducted in cases in which 
maximum back extensions/flexions varied by > 10%. 
The better of 2 consecutive attempts was recorded. The 
F110 device was also applied to assess patients’ trunk 

ROM in the sagittal plane from the maximum flexed 
to the maximum extended positions (in degrees). The 
grip strength of the right and left hands was measured 
3 times with a handheld dynamometer. The mean of 
the best 2 consistent measurements was recorded, and 
the mean grip strength of the right and left hands was 
calculated. 

Statistical analysis
All analyses were carried out in R environment (R 
Foundation for Statistical Computing, Vienna, Austria) 
(29). SBST subgroups were established using cut-off 
values. Specifically, those with overall SBST scores 
of 0–3 were allocated to the low-risk subgroup, while 
those with ≥ 4 for the psychosocial subscale were allo-
cated to the high-risk subgroup. Those with an overall 
SBST score > 3 but < 4 on the psychosocial subscale 
were allocated to the medium-risk subgroup (6). χ2 tests 
were conducted to investigate possible differences in 
demographic factors among the SBST groups. 

To compare levels of physical and psychosocial 
variables among the SBST groups, multivariate ana-
lysis of variance (MANOVA) was performed using 
VAS and the sum scores of PDI, HADS (anxiety), 
HADS (depression), EQ-5D-5L, AEQ-FS, and 
RMDQ as dependent variables and SBST score as 
an independent variable. Age, gender, and BMI were 
included in the model as moderators, as shown in 
the following R syntax: lm(cbind(VAS, pdiScore, 
hads_fear, hads_depression, eq5d, aeqPpsst, rmdqS-
core) ~ start_group*Age + start_group*gender + 
start_group*BMI). The small proportion of missing va-
lues within the physical and psychosocial questionnaire 
data (2.9%) were retained as “NA” in the models. De-
fault case-wise deletion of observations with missing 
values was applied. Physical function measures were 
also compared among SBST subgroups using MA-
NOVA with maximum trunk extension and flexion 
strength, mean hand grip and ROM as dependent 
variables, SBST score as an independent variable, and 
age, gender, and BMI as moderators in the following 
R syntax: lm(cbind(flexion, extension, grip_mean, mo-
tion_range) ~ start_group*Age + start_group*gender 
+ start_group*bmi, data = df_physical). 

This was followed by MANOVA calls from the 
“car” package (30). The assumptions of MANOVA 
(normality, homoscedasticity, homogeneity of varian-
ce–covariance) were assessed and showed acceptable 
results overall. We used Pillai’s trace in all MANOVAs 
due to its robustness. The MANOVA plots were initi-
ally created using the “candisc” package to visualize 
canonical discriminant analyses (31). For improved 
readability, the plots were then reconstructed using 
“ggplot2” (32). Subsequently, based on the indivi-
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dual linear models, effects plots (sjPlot package; 33) 
were produced, followed by corresponding post hoc 
tests (emmeans package; 34). To control for inflated 
Type I errors across 2 MANOVA models, Bonferroni 
correction was applied to all results by adjusting the 
significance threshold to α = 0.025 (i.e., 0.05/2).

RESULTS

Sample characteristics
A total of 622 patients were eligible for the study and 
completed the questionnaire assessment. Owing to 
missing SBST values, 27 patients were excluded from 
further analyses. Thus, questionnaire data on physical 
and psychosocial variables from 595 persons with LBP 
were available. Baseline characteristics of the whole 
group are presented in Table I. Mean (SD) patient 
age was 53 (6.66) years, with a range of 26–65 years. 
Overall, 68.6% of the patients were female. Most par-
ticipants were employed and had a mean pain intensity 
of 43.6 (24.58) on VAS on the day they completed the 
medical examination and questionnaires.

Using SBST, 380 patients were classified as being 
at low risk of pain chronification, 140 at medium risk, 
and 75 at high risk. Exploratory χ2 tests comparing 
subgroups across demographic variables revealed sig-
nificant between-group differences in educational level 
and employment status. There were fewer individuals 
who had completed only compulsory education in the 
low-risk group, and more compulsory school but fewer 
university graduates in the high-risk group, than expec-
ted under independence. Additionally, there were fewer 
unemployed people than expected in the low-risk group, 
more in the medium- and high-risk groups, and more 
people on maternity leave/homemaking as well as fewer 
employed people in the high-risk group than expected. 
ANOVA revealed significant differences among the risk 
groups regarding age, with significantly more young 
patients in the high-risk group than in the low-risk group. 

Group differences in physical and psychosocial 
questionnaire data 
The proportions of missing values were 9% in PDI, 8% 
in AEQ-FS, 4% in HADS, 2% in RMDQ, 1% in EQ-
5D-5L, and 1% in VAS. The correlations among the 
dependent variables was examined first (see Fig. S1). 
Fig. 1 presents a scatter plot of the physical and psy-
chosocial scores for each subgroup. The ellipses show 
the distribution of scores for the dependent variables 
of the 3 SBST groups.

The MANOVA across all psychosocial variables 
yielded significant main effects of SBST risk groups 
for all variables except AEQ-FS but did not identify 
any significant interactions with age, gender, or BMI 

(Table II). Pairwise comparisons revealed significant 
differences among all 3 risk groups for PDI, HADS 
anxiety, HADS depression, EQ-5D-5L, and RMDQ 
(Table III). Significant differences between the low- 
and medium-risk groups, as well as the low- and high-
risk groups, were found for VAS.

Group differences in physical measures 
Not all patients participated in the physical testing. 
Overall, 378 out of 595 (64%) patients took part in 
maximum back strength testing, 565 (95%) in ROM 
testing, and 511 (86%) in hand grip strength analysis. 
A total of 33% were excluded from maximum strength 
testing on the judgement of a physician at a medical 
examination or due to high blood pressure or high 
pain levels on the day of maximum performance tes-
ting, while 3% of patients provided written informed 
consent, but either declined to undergo maximum 
strength testing or were unavailable for the scheduled 
appointment 2 weeks later. χ2 tests revealed that those 
who did not take part in the physical testing were signi-
ficantly more frequently in the high- and medium-risk 
groups than those who did (χ2[2] = 56.26, p < 0.001). 
Approximately 74% of patients in the low-risk group 
participated in the testing, 52% in the medium-risk 
group, and only 33% in the high-risk group. Upon 
stratification by gender, 39% of female patients in the 
high-risk group performed the maximum strength tests, 
while 20% of male patients did so. 

Table I. Demographics, pain and disability of chronic low-back-
pain patients at baseline

Characteristics Mean (SD) or n (%)

N 595
Age (years) 53.04 (6.66)
Gender (female/male) 408/187 (68.6%/31.4%)
SBST subgroups 
Low risk 380 (63.9%)
Medium risk 140 (23.5%)
High risk 75 (12.6%)
Marital status (%)
Married 330 (55.5%)
Divorced 120 (20.2%)
Partnered 65 (10.9%)
Single 65 (10.9%)
Educational level* (%)
Completed compulsory education 64 (10.8%)
Intermediate 412 (69.2%)
University 113 (19%)
Employment status (%)
Employed 487 (81.9%)
Retired 6 (1%)
Homemaker/maternity leave 2 (0.3%)
Unemployed 84 (14.1%)
Self-employed 6 (1%)
Pain characteristics
Pain intensity† 43.64 (24.58)
Roland Morris Disability Questionnaire 6.68 (5.30)
Pain Disability Index 21.96 (14.18)

*Low/intermediate/high educational level = 9 years/10 to 12 years/> 12 years 
of schooling; †Pain scores on a visual analogue scale (0 to 100); SD = standard 
deviation.
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The correlation coefficients of the dependent vari-
ables reveal moderate correlations among the flexion, 
extension, and hand grip strength measures (see Fig. 
S2). The scatter plot in Fig. 2 shows the directions in 
which the variables influence the ellipses representing 
the SBST risk groups.

A MANOVA conducted across all variables of the 
strength and ROM measures yielded statistically sig-
nificant main effects for the SBST group, as well as 
significant interactions of SBST group with gender but 
not with age or BMI (Table IV).

For maximum back flexion strength, analyses 
revealed a significant main effect of SBST risk group 
(F[2,368] = 4.31, p = 0.014). Post hoc tests demon-
strated that the low- and high-risk subgroups differed 
significantly, with LBP patients in the high-risk group 
showing the lowest maximum back strength scores 
(Table V). Significant interactions between SBST 
group and gender were also found (F[2,368] = 9.19, 
p < 0.001), with significant differences in maximum 

back flexion strength between male and female patients 
in the low- and medium-risk groups, but not in the 
high-risk group (Fig. 3, Table SI). 

Considering the maximum back extension strength 
scores, significant main effects of SBST group 
(F[2,366] = 9.88, p < 0.001) were observed. Subse-
quent pairwise comparisons showed that the low- and 
medium-risk groups, as well as the low- and high-risk 
groups, differed significantly from each other, with 
the higher risk groups performing significantly worse 

Table III. Pairwise comparison of physical and psychosocial 
variables between STarT Back screening tool (SBST) subgroups

Variables Contrast Estimate SE df t-ratio p-value

VAS Low risk vs Medium risk -27.09 2.24 549 -12.11 < 0.001*
Low risk vs High risk -33.79 2.99 549 -11.29 < 0.001*
Medium risk vs High 
risk

-6.69 3.36 549 -1.99 0.115

PDI Low risk vs Medium risk -13.45 1.29 504 -10.40 < 0.001*
Low risk vs High risk -23.00 1.81 504 -12.68 < 0.001*
Medium risk vs High 
risk

-9.56 2.01 504 -4.75 < 0.001*

HADS  
Anxiety

Low risk vs Medium risk -2.48 0.38 532 -6.47 < 0.001*
Low risk vs High risk -6.13 0.52 532 -11.84 < 0.001*
Medium risk vs High 
risk

-3.66 0.58 532 -6.31 < 0.001*

HADS 
Depression

Low risk vs Medium risk -3.57 0.38 532 -9.33 < 0.001*
Low risk vs High risk -6.50 0.52 532 -12.46 < 0.001*
Medium risk vs High 
risk

-2.92 0.58 532 -5.01 < 0.001*

EQ-5D-5L Low risk vs Medium risk 0.18 0.02 549 10.03 < 0.001*
Low risk vs High risk 0.37 0.02 549 15.02 < 0.001*
Medium risk vs High 
risk

0.18 0.03 549 6.66 < 0.001*

RMDQ Low risk vs Medium risk 0.18 0.02 549 10.03 < 0.001*
Low risk vs High risk 0.37 0.02 549 15.02 < 0.001*
Medium risk vs High 
risk

0.18 0.03 549 6.66 < 0.001*

Contrast: risk group contrast; estimate: differences in adjusted means; SE: 
standard error; df: degrees of freedom; t-ratio: t-statistic, the ratio of the 
difference between group means from the standard error; p-value: level of 
significance, adjusted using Tukey’s HSD and interpreted against a Bonferroni-
corrected alpha of 0.0167 (0.05/3) because 3 MANOVAs were performed.

Fig. 1. Scatterplot of STarT Back screening tool (SBST) 
Subgroups for Physical and Psychosocial Variables. Green: 
low-risk group; blue: medium-risk group; red: high-risk 
group. SBST: STarT Back screening tool; HADS: Hospital 
Anxiety and Depression Scale; PDI: Pain Disability Index; 
AEQ-FS: Avoidance–Endurance Questionnaire Fast Screen; 
RMDQ: Roland Morris Disability Questionnaire; VAS: 
visual analogue scale; EQ-5D-5L: European Quality of Life 
Questionnaire. The ellipses represent the area of 1 standard 
deviation of the estimated group distributions and visualize 
the scores for the dependent variables of the 3 SBST groups. 
The variable vectors are determined by the canonical 
structure coefficients and represent the correlations of the 
predictor variables with the canonical variables.

Table II. Results of multivariate analyses of variances of physical 
and psychosocial variables of the STarT Back screening tool (SBST) 
subgroups (N = 595)

Effect df Pillai F-value df (num, den) p-value

SBST 2 0.66 31.76 14, 896 < 0.001*
Age 1 0.02 1.49 7, 447 0.171
Gender 1 0.03 2.09 7, 447 0.043
BMI 1 0.11 8.20 7, 447 < 0.001*
SBST:Age 2 0.03 0.91 14, 896 0.553
SBST:Gender 2 0.03 1.13 14, 896 0.325
SBST:BMI 2 0.04 1.25 14, 896 0.236

BMI: body mass index; df: degrees of freedom; Pillai: Pillai’s trace statistic; 
F-value: multivariate test statistic, representing the ratio of model variance to 
error variance; num: numerator; den: denominator; p-value: significance value, 
interpreted against a Bonferroni-corrected alpha of 0.0167 (0.05/3) because 3 
MANOVAs were performed.
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in maximum strength testing than the other group 
(Table V). SBST group and gender also interacted 
significantly (F[2,366] = 3.97, p = 0.019), showing 
significantly lower maximum back extension strength 
scores for females than for males in the low- and 
medium-risk groups, but not in the high-risk group 
(see Fig. 4, Table SII). 

For ROM scores, analyses revealed significant main 
effects of SBST group (F[2,551] = 36.74, p < 0.001), 
with patients in the low- and medium-risk groups 
reporting significantly greater ROM than those in 
the high-risk group. Regarding the mean value of 
hand grip strength, significant main effects could be 
found according to SBST group (F[2,498] = 14.51, 
p < 0.001), with significantly higher hand grip scores 
for the low-risk group than for the medium- and high-
risk groups. 

DISCUSSION

This study revealed that the SBST risk groups for pain 
chronification were well correlated with physical and 
psychosocial measures in people of working age with 
LBP, while they were not influenced by personal factors 
(age, gender, and BMI). Furthermore, the SBST risk 

Table IV. Results of multivariate analyses of variances of physical 
measures of the STarT Back screening tool (SBST) subgroups

Effect df Pillai F-value df (num, den) p-value

SBST 2 0.07 2.90 8, 652 0.003*
Age 1 0.06 4.90 4, 325 < 0.001*
Gender 1 0.71 197.32 4, 325 < 0.001*
BMI 1 0.29 33.14 4, 325 < 0.001*
SBST:Age 2 0.04 1.47 8, 652 0.164
SBST:Gender 2 0.07 2.83 8, 652 0.004*
SBST:BMI 2 0.05 2.0 8, 652 0.044

BMI: body mass index; df: degrees of freedom; Pillai: Pillai’s trace statistic; 
F-value: multivariate test statistic, representing the ratio of model variance to 
error variance; num: numerator; den: denominator; p-value: significance value, 
interpreted against a Bonferroni-corrected alpha of 0.0167 (0.05/3) because 
3 MANOVAs were performed.

Table V. Pairwise comparison of physical measures between STarT 
Back screening tool (SBST) subgroups

Variables Contrast Estimate SE df t-ratio p-value

Flexion 
strength

Low risk vs 
Medium risk

11.7 4.23 368 2.76 0.017*

Low risk vs High 
risk

30.2 7.87 368 3.83 < 0.001*

Medium risk vs 
High risk

18.5 8.52 368 2.17 0.078

Extension 
strength

Low risk vs 
Medium risk

28.2 9.96 366 2.84 0.013*

Low risk vs High 
risk

78.8 18.53 366 4.25 < 0.001*

Medium risk vs 
High risk

50.6 20.06 366 2.52 0.032

Hand grip 
strength

Low risk vs 
Medium risk

3.45 0.85 498 4.06 < 0.001*

Low risk vs High 
risk

4.92 1.12 498 4.38 < 0.001*

Medium risk vs 
High risk

1.47 1.27 498 1.16 0.480

Range of 
motion

Low risk vs 
Medium risk

1.67 1.20 551 1.40 0.344

Low risk vs High 
risk

13.22 1.59 551 8.34 < 0.001*

Medium risk vs 
High risk

11.54 1.79 551 6.46 < 0.001*

Contrast: risk group contrast; estimate: differences in adjusted means; SE: 
standard error; df: degrees of freedom; t-ratio: t-statistic, the ratio of the 
difference between group means from the standard error; p-value: level of 
significance, adjusted using Tukey’s HSD and interpreted against a Bonferroni-
corrected alpha of 0.0167 (0.05/3) because 3 MANOVAs were performed.

Fig. 2. Scatterplot of STarT Back screening 
tool (SBST) Subgroups for Physical 
Measures. Green: low-risk group; blue: 
medium-risk group; red: high-risk group. 
Range of motion: range of motion of flexion 
to extension; extension strength: maximum 
back extension strength; flexion strength: 
maximum back flexion strength; hand grip 
strength: mean strength of left and right 
hand grip measurements. The ellipses 
represent the area of 1 standard deviation 
of the estimated group distributions and 
visualize the scores of the dependent 
variables for the 3 SBST groups. The variable 
vectors are determined by the canonical 
structure coefficients and represent the 
correlations of the predictor variables with 
the canonical variables.
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groups were associated with recommended physical 
measures (flexion/extension strength, ROM, hand grip 
strength) that are widely used in cLBP rehabilitation. 
Significant interactions were observed between gender 
and SBST risk group when considering maximum 
trunk flexion and extension muscle strength scores. 
Notably, a small proportion of patients were available 
for maximum strength testing in the high-risk group.

Consistent with previous research (6, 9, 10), this 
study found that SBST-classified risk of pain chroni-
fication was strongly associated with the intensity of 
physical and psychosocial problems. Individuals with 
cLBP classified as being at high risk for pain chronicity, 
and to a lesser extent those classified as medium risk, 
displayed higher pain ratings; more disability, fear, 
and depression; and a lower QoL than those at low 
risk. Thus, our findings support previous results (6, 
7, 10) indicating that SBST may accurately stratify 
LBP patients into groups regarding the risk for pain 
chronification. 

Interestingly, in this study, there was no identified 
relationship between the risk of pain chronification and 
endurance behaviour as assessed with the AEQ-FS, 
an aspect that has not been investigated previously. 
The AEQ-FS examines maladaptive mechanisms for 
coping with pain, with a major focus on endurance and 
pain-persistence behaviour (28). Endurance behaviour 
may not be regarded as a general risk factor for pain 

chronification, as some studies found a higher risk for 
pain chronicity in individuals with distress endurance 
but not in those with eustress endurance behaviour 
who report feeling positive despite experiencing stress 
or pain (35). 

It is worth noting that BMI was also a major indepen-
dent risk factor driving pain chronification in cLBP (see 
Table II), which is corroborated by previous studies 
(15, 36). However, for clinical use, there is an urgent 
need to determine whether the SBST risk classifica-
tion for cLBP can be applied to all cLBP patients or 
whether it is influenced by particular personal factors. 
This study’s findings did not reveal any moderating 
effects of age, gender, or BMI on associations between 
the risk of pain chronification and the physical and 
psychosocial variables. This suggests that the SBST 
risk classification can be applied to working-age cLBP 
patients without any restrictions. 

This study also investigated whether persons with 
cLBP subclassified into different levels of risk for 
pain chronification differ in important ICF WHO body 
function categories, as assessed by measurements of 
maximum back flexion and extension strength, sagittal 
ROM (flexion to extension), and hand grip strength. 
Subjects in the high-risk and partly the medium-risk 
group exhibited significantly lower trunk muscle 
strength scores in flexion and extension than those in 
the low-risk group. This might be explained by the 

Fig. 3. Effects plots for the STarT Back screening 
tool (SBST) × gender interaction with regard to 
flexion strength.
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observation that individuals classified as being at high 
risk for pain chronicity exhibit higher levels of fear-av-
oidance behaviour, which is known to promote muscle 
weakening and physical deconditioning via inactivity 
(37, 38). This is supported by the observation in this 
study that participants who reported higher anxiety or 
depression levels were classified more frequently in 
the high-risk group. 

Interestingly, the maximum hand grip strength scores 
were also found to be significantly lower in the high- 
and medium-risk groups than in the low-risk group. 
This finding suggests that fear-avoidance and thus lower 
motivation to be physically active not only affects trunk 
muscle strength but may also cause general muscle 
weakness due to physical inactivity, which also affects 
hand grip strength, a proxy for a person’s general muscle 
strength. Another potential explanation relates to phy-
siological associations between emotions and stiffness 
within the myofascial system (39). Emotional strain, 
as reported by the high-risk group in particular, could 
increase tension in the fascia within and around mus-
cles, thereby altering and decreasing the muscle pro-
prioceptive afferent excitatory input to neuromuscular 
activity overall. Consequently, stress-associated fascial 
stiffness could catalyse muscle weakness by impairing 
neuromuscular activity (39, 40). Rehabilitation for 
such higher-risk patients needs to include psycholo-
gical interventions to reduce depression and anxiety, 
influencing deconditioning in a negative way and 

exercise regimens to optimize functioning and health. 
Psychological interventions could focus on overcoming 
maladaptive thoughts and behaviours that affect pain 
chronification and avoidant behaviour. Furthermore, 
endurance training could be integrated into the therapy 
of high-risk patients, which has been proven to achieve 
antidepressant and anxiolytic effects (41).

This study also revealed that SBST-related differen-
ces in maximum back strength scores were affected by 
the participants’ gender. For the high-risk group, trunk 
strength scores were similar in males and females, a 
finding that contrasts with the results from the medium- 
and low-risk groups, in which males clearly had higher 
scores than females. This suggests that males at high 
risk of pain chronification are more likely to be disab-
led via general muscle deconditioning than females. 
This is supported by previous research (42) that found 
a reduction in muscle mass in depressed middle-aged 
men but not in depressed middle-aged women. 

Considering ROM measures, patients at high risk 
of pain chronification were found to have less flexible 
spines in terms of ROM compared with the other risk 
groups. These results appear to be in line with previous 
findings showing patients in the high-risk group to de-
monstrate higher pain summation while bending over, 
longer bending times, and more protective behaviours 
compared with the low-risk group (16), which is related 
to greater trunk stiffness and lower ROM. Furthermore, 
studies found LBP to be associated with back muscle 

Fig. 4. Effects plots for the STarT Back screening tool (SBST) 
× gender interaction with regard to extension strength.
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stiffness (43), and an association between stiffness and 
negative mood (44). 

A major limitation of the current study is that 
there were many more missing data in the high- and 
medium-risk groups than in the low-risk group for 
the ICF-related physical function tests. Patients at 
high risk of pain chronification, who experience and 
report higher pain and disability levels, psychosocial 
stressors, and unemployment rates, and who are more 
likely to have comorbid symptoms, may be less willing 
to participate in or are more frequently excluded from 
physical testing procedures, particularly maximum 
strength testing. However, this may have introduced 
bias given that participants who did not undergo such 
testing would presumably have been particularly weak 
due to deconditioning, comorbidity, or fear of injury. 
Moreover, the results regarding gender differences in 
maximum strength measures should be interpreted 
with caution because the male and female subgroups 
of the high-risk group were small. However, these 
results nonetheless align with those obtained in pre-
vious research.

Another limitation of our study is that most of the 
patients were middle-aged and thus of working age. 
The study results did not show a strong effect of age 
on the assessments, whereas a wider age range among 
the subjects may have led to different results. Howe-
ver, LBP poses particular challenges for working-age 
patients and often results in work duty restrictions, 
extensive sick leave, or work loss. Therefore, the re-
sults of this study, given the age range of the sample, 
should be valuable. 

In conclusion, the results of the study have shown 
that in people of working age with cLBP, SBST group 
classification representing the risk of chronification of 
pain was correlated with physical and psychosocial va-
riables. Thus, this screening tool can be used irrespec-
tive of personal factors such as age, gender, and BMI. 
Maximum muscle strength and ROM were more impai-
red in the high-risk group than in the lower-risk groups. 
As the high-risk group of patients showed a greater 
tendency to withdraw or be excluded from the trunk 
muscle strength testing, we assert that maximum trunk 
strength assessments are unnecessary in these patients. 
These LBP patients likely experience major problems 
with the deconditioning of trunk muscles and, indeed, 
of muscles in general. For low-risk patients physical 
therapy interventions alone might achieve good results, 
while medium-risk patients probably profit most from 
a combination of physical and psychosocial therapy. 
Future longitudinal studies should test the hypothesis 
that patients at high risk of pain chronification would 
benefit less from rehabilitation programmes focusing 
exclusively on physical training therapy and increasing 
physical strength. 

ACKNOWLEDGEMENTS
The authors would like to thank Tom Buckle from Scribendi 
(www.scribendi.com) for editing a draft of this manuscript.
Ethical approval: This study was conducted in accordance with 
the tenets of the Declaration of Helsinki and was approved by 
the Ethics Committee of the City of Vienna (approval No.: 
1740/2021).

The authors have no conflicts of interest to declare.

REFERENCES
1.	Buchbinder R, Blyth FM, March LM, Brooks P, Woolf AD, Hoy 

DG. Placing the global burden of low back pain in context. 
Best Pract Res Clin Rheumatol 2013; 27: 575–589. https://
doi.org/10.1016/j.berh.2013.10.007

2.	Global Burden of Disease 2021 Low Back Pain Collabo-
rators. Global, regional, and national burden of low back 
pain, 1990–2020, its attributable risk factors, and projec-
tions to 2050: a systematic analysis of the Global Burden 
of Disease Study 2021. Lancet Rheumatol 2023; 5: e316–
e329. https://doi.org/10.1016/S2665-9913(23)00098-X

3.	Fatoye F, Gebrye T, Mbada CE, Useh U. Clinical and eco-
nomic burden of low back pain in low- and middle-income 
countries: a systematic review. BMJ Open 2023; 13: 
e064119. https://doi.org/10.1136/bmjopen-2022-064119

4.	Ceulemans D, Moens M, Reneman M, Callens J, De Smedt 
A, Godderis L, et al. Biopsychosocial rehabilitation in the 
working population with chronic low back pain: a concept 
analysis. J Rehabil Med 2024; 56: jrm13454. https://doi.
org/10.2340/jrm.v56.13454 

5.	Foster NE, Hill JC, O’Sullivan P, Hancock M. Stratified 
models of care. Best Pract Res Clin Rheumatol 2013; 27: 
649–661. https://doi.org/10.1016/j.berh.2013.10.005

6.	Hill JC, Dunn KM, Lewis M, Mulli R, Main CJ, Foster NE, et 
al. A primary care back pain screening tool: identifying 
patient subgroups for initial treatment. Arthritis Rheum 
2008; 59: 632–641. https://doi.org/10.1002/art.23563

7.	Hill JC, Whitehurst DG, Lewis M, Bryan S, Dunn KM, 
Foster NE, et al. Comparison of stratified primary care 
management for low back pain with current best prac-
tice (STarT Back): a randomised controlled trial. Lancet 
2011; 378: 1560–1571. https://doi.org/10.1016/S0140-
6736(11)60937-9

8.	Al Zoubi FM, Eilayyan O, Mayo N, Bussières A. Evaluation 
of cross-cultural adaption and measurement properties 
of STarT Back screening tool: a systematic review. J 
Manipulative Physiol Ther 2017; 40: 558–572. https://
doi.org/10.1016/j.jmpt.2017.07.005

9.	Aebischer B, Hill JC, Hilfiker R, Karstens S. German trans-
lation and cross-cultural adaptation of the STarT Back 
screening tool. PLoS One 2015; 10: e0132068. https://
doi.org/10.1371/journal.pone.0132068

10.	Cieza A, Stucki G, Weigl M, Disler P, Jäckel W, van 
der Linden S, et al. ICF Core Sets for low back pain. 
J Rehabil Med 2004; suppl. 44: 69–74. https://doi.
org/10.1080/16501960410016037

11.	Sowden G, Hill JC, Morso L, Louw Q, Foster NE. Advancing 
practice for back pain through stratified care (STarT Back). 
BJPT 2018; 22: 255–264. https://doi.org/10.1016/j.
bjpt.2018.06.003

12.	Spinord L, Stenberg G, Kassberg AC, Stålnacke BM. 
Sex and age group focus on outcomes after multimodal 
rehabilitation for patients with chronic pain in northern 
Sweden. J Rehabil Med 2022; 54: jrm00333. https://doi.
org/10.2340/jrm.v54.2336

13.	Fehrmann E, Kotulla S, Fischer L, Kienbacher T, Tuechler 
K, Mair P, et al. The impact of age and gender on the 
ICF-based assessment of chronic low back pain. Disabil 
Rehabil 2019; 41: 1190–1199. https://doi.org/10.1080/

J Rehabil Med 57, 2025

http://www.scribendi.com
https://doi.org/10.1016/j.berh.2013.10.007
https://doi.org/10.1016/j.berh.2013.10.007
https://doi.org/10.1016/S2665-9913(23)00098-X
https://doi.org/10.1136/bmjopen-2022-064119
https://doi.org/10.2340/jrm.v56.13454
https://doi.org/10.2340/jrm.v56.13454
https://doi.org/10.1016/j.berh.2013.10.005
https://doi.org/10.1002/art.23563
https://doi.org/10.1016/S0140-6736(11)60937-9
https://doi.org/10.1016/S0140-6736(11)60937-9
https://doi.org/10.1016/j.jmpt.2017.07.005
https://doi.org/10.1016/j.jmpt.2017.07.005
https://doi.org/10.1371/journal.pone.0132068
https://doi.org/10.1371/journal.pone.0132068
https://doi.org/10.1080/16501960410016037
https://doi.org/10.1080/16501960410016037
https://doi.org/10.1016/j.bjpt.2018.06.003
https://doi.org/10.1016/j.bjpt.2018.06.003
https://doi.org/10.2340/jrm.v54.2336
https://doi.org/10.2340/jrm.v54.2336
https://doi.org/10.1080/09638288.2018.1424950


JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

tio
n 

M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

tio
n 

M
ed

ic
in

e

E. Fehrmann et al. “Differences in physical and psychosocial measures among STarT Back risk groups” p. 10 of 10

09638288.2018.1424950
14.	Fehrmann E, Ebenbichler G, Tüchler K, Habenicht R, Mair 

P, Fischer-Grote L, et al. Do the WHO-ICF personal factors 
“age” and “sex” impact limited activity and restricted parti-
cipation category profiles differently between younger and 
older women and men in multimodal chronic back pain 
rehabilitation? Disabil Rehabil 2022; 0: 1–10. https://doi.
org/10.1080/09638288.2021.2023665

15.	Zhang TT, Liu Z, Liu YL, Zhao JJ, Liu DW, Tian QB. Obe-
sity as a risk factor for low back pain: a meta-analysis. 
Clin Spine Surg Spine Publ 2018; 31: 22–27. https://doi.
org/10.1097/BSD.0000000000000468

16.	Rabey M, Kendell M, Godden C, Liburd J, Netley H, 
O’Shaughnessy C, et al. STarT Back Tool risk stratifica-
tion is associated with changes in movement profile and 
sensory discrimination in low back pain: a study of 290 
patients. Eur J Pain 2019; 23: 823–834. https://doi.
org/10.1002/ejp.1351

17.	Ingemann-Molden S, Pessoto Hirata R, Bach Jensen M, 
Graven-Nielsen T, Riis A. Difference in postural stability 
between STarT Back Tool subgroups of patients with low 
back pain under conditions of sensory deprivation and cog-
nitive load. J Int Med Res 2022; 50: 030006052211120. 
https://doi.org/10.1177/03000605221112046

18.	Sindhu BS, Shechtman O, Tuckey L. Validity, reliability, 
and responsiveness of a digital version of the visual ana-
log scale. J Hand Ther 2011; 24: 356–364. https://doi.
org/10.1016/j.jht.2011.06.003

19.	Zhang Z, Mai Y. WebPower: Basic and advanced statistical 
power analysis. 2023 [cited 2024 Aug 15]. Available from: 
https://CRAN.R-project.org/package=WebPower

20.	Amatya B, Elmalik A, Song K, Lee SY, Galea MP, Khan F. 
Responsiveness of the International Classification of Fun-
ctioning, Disability And Health (ICF) Clinical Functioning 
Information Tool (ClinFIT) in routine clinical practice in an 
Australian inpatient rehabilitation setting. J Rehabil Med 
2022; 54: jrm00268. https://doi.org/10.2340/jrm.v54.159

21.	Tuechler K, Fehrmann E, Kienbacher T, Mair P, Fischer-
Grote L, Ebenbichler G. Mapping patient reported outcome 
measures for low back pain to the International Classifica-
tion of Functioning, Disability and Health using random 
forests. Eur J Phys Rehabil Med 2020; 56: 286–296. 
https://doi.org/10.23736/S1973-9087.20.05465-9

22.	Wiesinger GF, Nuhr M, Quittan M, Ebenbichler G, Wölfl G,  
Fialka-Moser V. Cross-cultural adaptation of the Roland-Morris 
questionnaire for German-speaking patients with low 
back pain. Spine 1999; 24: 1099–1103. https://doi.
org/10.1097/00007632-199906010-00009

23.	Roland M, Fairbank J. The Roland-Morris Disabi-
lity Questionnaire and the Oswestry Disability Ques-
tionnaire. Spine 2000; 25: 3115–3124. https://doi.
org/10.1097/00007632-200012150-00006

24.	Chibnall JT, Tait RC. The Pain Disability Index: factor structure 
and normative data. Arch Phys Med Rehabil 1994; 75: 1082–
1086. https://doi.org/10.1016/0003-9993(94)90082-5

25.	Herdman M, Gudex C, Lloyd A, Janssen MF, Kind P, Parkin 
D, et al. Development and preliminary testing of the new 
five-level version of EQ-5D (EQ-5D-5L). Qual Life Res 
2011; 20: 1727–1736. https://doi.org/10.1007/s11136-
011-9903-x

26.	Zigmond AS, Snaith RP. The Hospital Anxiety and Depres-
sion Scale. Acta Psychiatr Scand 1983; 67: 361–370. 
https://doi.org/10.1111/j.1600-0447.1983.tb09716

27.	James M, Banik A. ICF-based analysis of psychological and 
functional aspects of tinnitus. IJHSR 2018; 8: 226–237.

28.	Wolff SV, Willburger R, Hallner D, Rusu AC, Rusche H, 
Schulte T, et al. Avoidance-endurance fast screening (AE-
FS): content and predictive validity of a 9-item screening 
instrument for patients with unspecific subacute low back 
pain. Schmerz 2020; 34: 1–7. https://doi.org/10.1007/
s00482-018-0323-5

29.	R Core Team. R: A language and environment for statistical 
computing. Vienna: R Foundation for Statistical Compu-
ting. 2022 [cited 2024 Aug 15]. Available from: https://
www.R-project.org

30.	Fox J, Weisberg S. An R companion to applied regression, 
third edition. Thousand Oaks, CA: Sage; 2019 [cited 
2024 Aug 15]. Available from: https://www.john-fox.ca/
Companion/

31.	Friendly M, Fox J, Monette G. Heplots: Visualizing hypo-
thesis tests in multivariate linear models. The R Founda-
tion (CRAN: Contributed Packages). 2007 [cited 2024 
Sep 17]. Available from: https://CRAN.R-project.org/
package=heplots

32.	Wickham H. Ggplot2: elegant graphics for data analysis. 
New York: Springer-Verlag; 2016.

33.	Lüdecke D (2023). sjPlot: data visualization for statistics 
in social science. R package version. 2023 [cited 2024 
Aug 2]. Available from: https://CRAN.R-project.org/
package=sjPlot

34.	Lenth RV. emmeans: estimated marginal means, aka least-
squares means. 2017 [cited 2024 Aug 29]. Available from: 
https://CRAN.R-project.org/package=emmeans

35.	Fehrmann E, Tuechler K, Kienbacher T, Mair P, Spreitzer J, 
Fischer L, et al. Comparisons in muscle function and train-
ing rehabilitation outcomes between avoidance-endurance 
model subgroups. Clin J Pain 2017; 33: 912–920. https://
doi.org/10.1097/AJP.0000000000000479

36.	Nieminen LK, Pyysalo LM, Kankaanpää MJ. Prognostic 
factors for pain chronicity in low back pain: a systematic 
review. Pain Rep 2021; 6: e919. https://doi.org/10.1097/
PR9.0000000000000919

37.	Al-Obaidi SM, Nelson RM, Al-Awadhi S, Al-Shuwaie N. 
The role of anticipation and fear of pain in the persis-
tence of avoidance behavior in patients with chronic low 
back pain. Spine 2000; 25: 1126–1131. https://doi.
org/10.1097/00007632-200005010-00014

38.	Thomas JS, France CR, Sha D, Wiele NV. The influence 
of pain-related fear on peak muscle activity and force 
generation during maximal isometric trunk exertions. 
Spine 2008; 33: E342–348. https://doi.org/10.1097/
BRS.0b013e3181719264

39.	Bordoni B, Marelli F. Emotions in motion: myofascial 
interoception. Complement Med Res 2017; 24: 110–113. 
https://doi.org/10.1159/000464149

40.	Abraham A, Franklin E, Stecco C, Schleip R. Integrating 
mental imagery and fascial tissue: a conceptualization for 
research into movement and cognition. Complement Ther 
Clin Pract 2020; 40: 101193. https://doi.org/10.1016/j.
ctcp.2020.101193

41.	Verhoeven JE, Han LK, Lever-van Milligen BA, Hu MX, 
Révész D, Hoogendoorn AW, et al. Antidepressants or run-
ning therapy: comparing effects on mental and physical 
health in patients with depression and anxiety disorders. J 
Affect Disord 2023; 15: 19–29. https://doi.org/10.1016/j.
jad.2023.02.064

42.	Kahl KG, Utanir F, Schweiger U, Krüger TH, Frieling H, 
Bleich S, et al. Reduced muscle mass in middle-aged 
depressed patients is associated with male gender and ch-
ronicity. Prog Neuropsychopharmacol Biol Psychiatry 2017; 
76: 58–64. https://doi.org/10.1016/j.pnpbp.2017.01.009

43.	Masaki M, Aoyama T, Murakami T, Yanase K, Ji X, Tateuchi 
H, et al. Association of low back pain with muscle stiffness 
and muscle mass of the lumbar back muscles, and sagit-
tal spinal alignment in young and middle-aged medical 
workers. Clin Biomech 2017; 49: 128–133. https://doi.
org/10.1016/j.clinbiomech.2017.09.008

44.	Schanberg LE, Gil KM, Anthony KK, Yow E, Rochon J. Pain, 
stiffness, and fatigue in juvenile polyarticular arthritis: 
contemporaneous stressful events and mood as pre-
dictors. Arthritis Rheum 2005; 52: 1196–1204. https://
doi.org/10.1002/art.20952

J Rehabil Med 57, 2025

https://doi.org/10.1080/09638288.2018.1424950
https://doi.org/10.1080/09638288.2021.2023665
https://doi.org/10.1080/09638288.2021.2023665
https://doi.org/10.1097/BSD.0000000000000468
https://doi.org/10.1097/BSD.0000000000000468
https://doi.org/10.1002/ejp.1351
https://doi.org/10.1002/ejp.1351
https://doi.org/10.1177/03000605221112046
https://doi.org/10.1016/j.jht.2011.06.003
https://doi.org/10.1016/j.jht.2011.06.003
https://CRAN.R-project.org/package=WebPower
https://doi.org/10.2340/jrm.v54.159
https://doi.org/10.23736/S1973-9087.20.05465-9
https://doi.org/10.1097/00007632-199906010-00009
https://doi.org/10.1097/00007632-199906010-00009
https://doi.org/10.1097/00007632-200012150-00006
https://doi.org/10.1097/00007632-200012150-00006
https://doi.org/10.1016/0003-9993(94)90082-5
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1111/j.1600-0447.1983.tb09716
https://doi.org/10.1007/s00482-018-0323-5
https://doi.org/10.1007/s00482-018-0323-5
https://www.R-project.org
https://www.R-project.org
https://www.john-fox.ca/Companion/
https://www.john-fox.ca/Companion/
https://CRAN.R-project.org/package=heplots
https://CRAN.R-project.org/package=heplots
https://CRAN.R-project.org/package=sjPlot
https://CRAN.R-project.org/package=sjPlot
https://CRAN.R-project.org/package=emmeans
https://doi.org/10.1097/AJP.0000000000000479
https://doi.org/10.1097/AJP.0000000000000479
https://doi.org/10.1097/PR9.0000000000000919
https://doi.org/10.1097/PR9.0000000000000919
https://doi.org/10.1097/00007632-200005010-00014
https://doi.org/10.1097/00007632-200005010-00014
https://doi.org/10.1097/BRS.0b013e3181719264
https://doi.org/10.1097/BRS.0b013e3181719264
https://doi.org/10.1159/000464149
https://doi.org/10.1016/j.ctcp.2020.101193
https://doi.org/10.1016/j.ctcp.2020.101193
https://doi.org/10.1016/j.jad.2023.02.064
https://doi.org/10.1016/j.jad.2023.02.064
https://doi.org/10.1016/j.pnpbp.2017.01.009
https://doi.org/10.1016/j.clinbiomech.2017.09.008
https://doi.org/10.1016/j.clinbiomech.2017.09.008
https://doi.org/10.1002/art.20952
https://doi.org/10.1002/art.20952
http://www.medicaljournals.se/jrm

