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Objective: Dynamometric trunk muscle strength and endur-
ance tests are performed widely within the rehabilitation 
management of chronic low back pain. The aim of this study 
was to examine the accuracy and long-term reliability of 
these measurements in patients with chronic low back pain.
Design: Cross-sectional study.
Subjects: Thirty-two patients with chronic low back pain, 
19 healthy controls and 15 patients with chronic headache 
matched for age, sex and body mass index.
Methods: Both patient groups and healthy controls per-
formed isokinetic and isometric trunk extensor and flexor 
tests on a Biodex 2000 dynamometer. The Biering-Sørensen 
test served to examine back muscle endurance. Borg- 
Category-Ratio-Scales CR-10 rated participants’ body ex-
perience immediately before and after the testing. Patients 
with chronic low back pain repeated measurements after 3 
weeks.
Results: Among dynamometric tests, isokinetic measure-
ments revealed the best area under the curve (AUC = 0.89) 
for the discrimination between patients with chronic low 
back pain and healthy controls. Reliability testing revealed 
highly significant learning effects for isometric trunk flex-
ion and isokinetic measurements. The Biering-Sørensen test 
demonstrated excellent accuracy (AUC = 0.93) and no learn-
ing effects. Borg-category-ratio-scale ratings were not asso-
ciated with the observed changes.
Conclusion: In chronic low back pain dynamometric trunk 
muscle measures are limited to muscle function assessment 
purposes. Monitoring treatment outcome in these patients 
with these measures appears to be problematic because of 
learning effects. Based on our findings, we recommend the 
Biering-Sørensen test for management of chronic low back 
pain rehabilitation.
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reliability of results, validity of results. 
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INTRODUCTION

In chronic low back pain (cLBP) rehabilitation practice, 
trunk muscle power production is usually measured with 
dynamometers, either in the isokinetic or isometric test mode 
(1–4), whereas trunk/back muscle endurance is measured best 
with the Biering-Sørensen test (5). The relevance of muscle 
functional measures to the rehabilitation management of 
these patients has been emphasized by findings from a recent 
international research project by the “International Classifica-
tion of Functioning, Disability and Health” (ICF) – Research 
Branch of the World Health Organization (WHO), which has 
developed Core Sets for cLBP (6). These Core Sets represent 
a selection of ICF domains or categories from the whole clas-
sification and are intended to serve as minimal standards for 
the reporting of functioning and health in clinical studies and 
clinical encounters or as standards for multi-professional, 
comprehensive assessment (7). The Brief ICF Core Sets for 
cLBP identified from the whole ICF classification a total of 10 
highly relevant body functional categories and ranked “muscle 
power functions”, i.e. muscle strength, endurance and muscle 
tone, as the second most important category (6). 

To be clinically and scientifically useful as functional diag-
nostic and treatment monitoring tools, measurements must be 
both accurate and reliable (8). Measurements are accurate if 
they correctly classify cases with a certain condition and cases 
without the condition, expressed by the area under the receiver 
operating characteristic (ROC) curve, and reliable (reproduc-
ible), if they are stable over time and show an acceptable level 
of measurement variability (9).

Reliability of trunk muscle strength and endurance tests has 
been examined mainly in healthy individuals (2, 10–12), but 
there is reason to believe that reliability is lower in patients with 
cLBP. A few studies investigated reliability of trunk muscle 
strength measures in patients with cLBP and revealed con-
flicting results. One study demonstrated excellent reliability, 
when patients were re-tested after 2 days (13), whereas others 
observed significant improvements of muscle power, when 
measures were performed for a second time after either 2–3 
days (10, 14, 15), or after 5–10 days (2), respectively. These 
“learning effects” may be reduced, when baseline measure-
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ments were repeated after 1 or 2 days and the second value was 
used as the reference value (10, 13–15). In everyday clinical 
practice, however, collecting the baseline data twice on 2 dif-
ferent days seems unfeasible, and would be unlikely to qualify 
for reimbursement by healthcare providers. Similarly, evidence 
supporting the reliability of trunk muscle endurance measures, 
as examined by the Biering-Sørensen test seems conflicting. 
Whereas some studies demonstrated good reliability (16–19), 
others found low reliability for the Biering-Sørensen test in 
patients with cLBP (2, 3, 20). In contrast to the muscle strength 
measurements, none of the muscle endurance reliability studies 
observed any relevant learning effects. 

Several studies tested the discriminative power of trunk 
muscle strength and endurance measurements between cLBP 
patients and healthy controls. Results, however, were incon-
sistent. Some studies identified significantly lowered trunk 
muscle power (10) and endurance (18) in patients with cLBP, 
whereas others did not (2). 

Regardless of the sparse and conflicting evidence on their 
accuracy and reliability, both trunk muscle strength and endur-
ance tests are widely performed in rehabilitation settings. The 
ICF Core Sets for cLBP would indeed strongly support the 
use of dynamometric trunk muscle measurements within the 
rehabilitative assessment of patients with cLBP. It is general 
knowledge that muscle strength and endurance measurements 
are semi-objective and therefore depend on the patient’s ad-
herence with the measurements. Both a lack of compliance 
and related feelings may significantly affect the outcome of 
these measurements. We are not aware of any study that has 
examined the accuracy of trunk muscle strength and endurance 
tests in patients with cLBP, or has ever examined the effect of 
patient-related feelings on the results of isometric or isokinetic 
muscle strength tests. 

This study sought: (i) to examine for the first time the ac-
curacy of trunk muscle strength and endurance measurements 
in patients with cLBP; (ii) to test their long-term reliability 
with test protocols that are clinically feasible in rehabilitation 
settings; and (iii) to examine the relationship between possible 
learning effects and test-related feelings, respectively. 

METHODS
All the procedures described in this study were approved by the lo-
cal ethics committee and informed consent was obtained from all 
participants. The study was conducted at the Department of Physical 
Medicine and Rehabilitation, Medical University of Vienna, Vienna 
General Hospital.

Study design
A case-control cross-sectional reliability study was performed com-
paring 3 groups (patients with cLBP, patients with chronic headache 
(cHA) and healthy controls) with matched pairs.

Study population
The study included 32 patients with non-specific cLBP, 19 controls and 
15 patients with cHA. Patients and healthy controls were matched on a 
specific matching system (13 pairs: 2 cLBP, 1 control, 1 cHA; 6 further 
pairs: 1 cLBP, 1 control, in 2 of the pairs 1 cHA) for age (± 5 years), 
gender, athletic activity and body mass index (BMI) (± 4 kg/m²).

Formal sample size analysis for the main comparisons resulted in 
sample size estimates of 30 patients with cLBP and 15 controls for a 
case-control design with matched pairs (2cLBP: 1 control), providing 
a power of 0.87. Sample size was estimated using data from 2 previ-
ous studies that investigated differences between healthy controls and 
patients with LBP using isometric measurement techniques of the back 
extensor muscle torque (6, 7).

Patients were eligible for the study if they were between 18 and 60 
years old and had a BMI below 30 kg/m2. 

The patients with cLBP had experienced LBP for at least 3 months, 
the pain intensity had to be equal to or exceed 3, measured on an 
11-point visual analogue pain rating scale (VAS), and they had not 
sought healthcare advice for headaches within the last year, and had 
had no more than 5 mild headache episodes of a maximum duration 
of 2 days per year and no headache within the past 6 weeks.

The patients with cLBP were included according to the recommenda-
tions of the International Headache Society (21) (suffering from bi-lateral 
headache, rather more frontal than in the neck or shoulders, described as 
a continuing aching or dull pain, feeling of tightness, external pressure or 
cap-like pressure around the head and occurring on the average at least 
twice per week) and did not seek healthcare advice within the last year 
for back pain, had no more than 5 mild back pain episodes per year with a 
maximum duration of 2 days, and no back pain within the past 6 weeks.

All patients were referred to the Department of Physical Medicine 
and Rehabilitation, Medical University of Vienna, Vienna General 
Hospital for diagnostic evaluation and treatment. Patients with pe-
ripheral neurological symptoms, spinal fracture, infection or cancer 
as the aetiology of back pain and patients with organic diseases that 
may interfere with the physical fitness were excluded from the study. 
No participant in the study had undergone any surgery involving the 
lower back. None of the participants had any previous experience with 
muscle power testing. All patients were asked not to take any drugs, 
such as muscle relaxants, analgesics and psychochemicals, for at least 
4 days before the day of testing. 

The 19 controls were allowed to have up to 5 headaches/back pain 
per year (none of which can be judged more than mild in severity), 
did not seek healthcare advice for headaches or LBP within the last 
year, and should not perform sports on a regular basis more frequently 
than once a week.

Outcome measurements
Trunk muscle strength test. For static and dynamic trunk muscle 
measurements, subjects were seated on a Biodex 2000 dynamometer 
(Biodex Medical Systems, New York, USA). After a few trials for 
familiarization with the equipment and a rest interval of a few minutes, 
the study assistant encouraged all subjects and patients to perform 
maximum static and dynamic trunk flexions and extensions as quickly 
and as forcefully as possible in a standardized way. Participants per-
formed a total of 3 repetitions during the isometric measurement at 20°, 
60° and 100° of hip flexion and extension. Main outcome parameter 
was peak torque in Newton-metres. The isokinetic measurements were 
repeated 4 times at 90°/sec and with a range of motion from 20° to 
100° during hip flexion and extension. Main outcome parameters were 
maximal power output (power) in Watts, work (work) in Joules, and 
peak torque (torque) in Newton-metres. If variability exceeded 15% 
tests were repeated after a rest interval of 5 min.

Back muscle endurance test. The Biering-Sørensen test measures how 
many seconds the participant is able to keep the unsupported upper part 
of the body in a horizontal position. In this test, the load is equal to the 
weight of the upper part of the body, with torque determined by the lever 
arm from the pubic symphysis to the upper body centre of gravity (5).

The participant was positioned prone over an examination table. The 
lower extremities were stabilized by 2 belts at the level of the hips and 
just below the knees. The iliac crests were positioned at the edge of 
the table with the trunk extended beyond the table and initially hang-
ing flexed in 90°. The trunk then was raised to the horizontal position 
with hands crossed over the chest. The test was continued until the 
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participant could no longer control the horizontal posture, or until he 
or she reached limit of fatigue pain (5). 

Assessment of Body/pain perception (Borg Category-Ratio-Scales). The 
Borg Category-Ratio (CR-10) scales with scale ranges from 0 (nothing at 
all) to 10 (extremely strong) were used for assessing patients’ body experi-
ence, perceived exertion, tension, and fear of harm or injury or re-injury 
of the back before and after the trunk muscle strength measurements. The 
rating “extremely strong” was anchored as strong as a person has ever 
experienced a stimulus previously. These scales have been used extensively 
and have been shown to have a high intra-subject reliability (22).

Procedure. Each subject underwent a comprehensive clinical examina-
tion and assessment in a standardized way according to the ICF, includ-
ing the examination of sociodemographic data and the assessment of 
pain activities of daily life and physical functioning by an experienced 
physiatrist. The Biering-Sørensen test was subsequently performed. 
After a short rest period, subjects were seated on the dynamometer 
for the muscle strength measurements. 

Immediately before static and dynamic trunk muscle strength 
measurements the test subjects were given a written description of 
the following measurements by a psychologist. All patients and sub-
jects were asked to rate their test-related feelings immediately before 
static and dynamic trunk muscle strength measurements. They were 
instructed to imagine the required tasks of movement and then to rate 
their feelings on a 0–10 Anticipation-scale. The 6 rating contents of the 
Borg CR-10 scales with the score 0 (nothing at all) to 10 (extremely 
strong) (22), were expressed as 4 values: fear of LBP, fatigue level, 
feeling of tension, fear of injury or re-injury.

All of the static and dynamic trunk muscle strength measurements, 
the Biering-Sørensen test and the ratings of test-related feelings were 
administered on 2 separate days, 2–3 weeks apart in order to test 
long-term reliability in patients with cLBP. This interval corresponds 
to the period of time an inpatient rehabilitation programme for cLBP 
would take in central Europe (23). Patients with cLBP did not receive 
any physical and rehabilitation medicine (PMR) treatment between 
the first and second day of examination. cHA and controls were not 
scheduled to repeat the testing on a second test day. 

Statistics. The 3 repetitions during the isometric measurements and the 
4 repetitions during the isokinetic measurements were summarized by 
their arithmetic mean. As an additional variable for each patient, the 
ratios between flexion and extension during the isokinetic measure-
ments were calculated. 

Borg CR-10 Scales about exertion, tension, fear of harm and injury 
or re-injury were correlated to the outcome measurements.

Testing accuracy of the tests. Discriminative power of the trunk muscle 
strength and endurance tests was investigated including the data from 
the first visit for all 3 groups (cLBP, cHA and controls). 

First, an analysis of variance (ANOVA) with the independent factors 
“group”, “age”, “sex”, “height” and the random factor “subject” were 
used to compare the mean differences between groups.

Secondly, a matched analysis (ANOVA with independent factors 
group and matching variable) was performed.

Third, logistic regression analysis that included the data for the 
cLBP and healthy controls served only for testing specificity and 
sensitivity. In this analysis the independent variables were “muscle 
power”, “muscle endurance” and “sex” and the dependent factor was 
“group”, respectively. The analysis was repeated with the additional 
dependent factor “sex”. The respective ROC curves were plotted and 
the area under the curve (AUC) calculated (9, 24).

Reliability. Reliability was investigated based on data from cLBP 
whose dynamometric measurements were assessed on 2 different days. 
Intraclass correlation coefficients for repeatability were computed 
from separate mixed model analyses. Paired t-tests served to exam-
ine systematic differences of the outcome measures between the first 
and the second test day. 95% prediction intervals were computed to 
assess clinically relevant changes of the respective variables. Due to 
systematic time trend from day 1 to day 2, the intra-class correlation 
coefficients (ICC) (25) have limited interpretability. Repeatability was 
visualized with Bland-Altman plots (26).

RESULTS

Subject’s characteristics and patient flow
All 47 patients and 19 healthy controls completed clinical and 
dynamometric measurements as described above. The socio-
demographic variables of the patients and healthy controls 
are shown in Table I. A total of 21 out of the 32 patients with 
cLBP, who received no therapy repeated all the experiments on 
a second test day, 2.38 (± 0.9) weeks later. Those 11 patients 
who refused re-testing decided to start with their rehabilita-
tion program (n = 7) or just refused to be tested a second time 
(n = 4). Epidemiological and clinical parameters including pain 
intensity (p = 0.305), pain duration (p = 0.497) and total score 
(p = 0.477) did not show any significant differences between 
drop-outs and those who completed all experiments.

Accuracy and discriminative power of muscle strength and 
endurance measures
All the isokinetic and isometric muscle strength tests as 
well as the Biering-Sørensen muscle endurance test differed 

Table I. Subject’s characteristics and level of physical impairment

Patients with cLBP 
Mean (SD) Patients with cHA 

Mean (SD)
Controls 
Mean (SD)Day 1 Day 2

Age, years
Height, cm
Weight, kg
Body mass index, kg/m²

Back pain duration, months
Back pain, VAS, cm
Headache duration, months
Headache, VAS (11 pts)
Biering-Sørensen test, sec

43 (10)
168 (8)
73.4 (14.8)
25.7 (4.2)
92.8 (94.1)
5.3 (1.6)

96 (75)

4.5 (1.8)

89 (55)

43 (11)
169 (7)
71.5 (14.5)
24.9 (4.1)

179 (143)
6.0 (1.3)

174 (79)

42 (13)
171 (9)
74.3 (13.6)
25.3 (3.9)

221 (54)

cLBP: chronic non-specific low back pain; cHA: chronic headache; Day 1: first test day; Day 2: second test day; SD: standard deviation; VAS: visual 
analogue scale.
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highly significantly between healthy controls and patients 
with cLBP. Furthermore, significant group differences were 
observed when the results from the isometric back extension 
and flexion strength tests as well as the muscle endurance test 
were compared between patients with cHA and cLBP. The 
subsequent comparison between healthy controls and patients 
with cHA, however, did not reveal relevant significant differ-
ences between groups. The results of the ANOVA are shown 
in Table II. 

Logistic regression analysis tested accuracy and revealed 
sex-adjusted areas under the ROC curve with AUC values 
between 0.6 and 0.89 for isometric and isokinetic  trunk ex-
tension and flexion strength tests. Among these tests, the best 
AUC values were observed for the isokinetic back extensions 
and flexions, respectively. Accuracy testing of the back mus-
cle endurance test revealed an AUC value of 0.93, indicating 
excellent accuracy. For this test this would mean that a cut-off 
point corresponding to a sensitivity of 0.9 would result in a 
specificity of 1. The results are presented in Figs 1–3.

Reliability of trunk muscle strength and endurance measures
Significant changes in the mean between the 2 study days were 
observed for all the isokinetic trunk flexion and extension tests 
and for all isometric trunk flexion strength measurements. 
The observed increases ranged between 45% and 160% of 
the initial value. No such significant changes in the mean 
were found for the isometric back extension tests and the 
Biering-Sørensen test, respectively. The ICC for the Biering-
Sørensen test revealed a value of 0.59 and for the isometric 
back extension tests between 0.81 and 0.85, suggesting clini-
cally acceptable-to-good reliability. The results are shown in 
Tables III and IV.

Relationship between pain intensity, test-related feelings and 
systematic changes of dynamometric measures
Per scale ratings of feelings and fear-associated beliefs were 
not associated with the observed changes in the mean between 
the 2 test days.

Table II. Discriminative power of isometric and isokinetic strength tests and the Biering-Sørensen test between controls, patients with chronic low 
back pain (cLBP) and patients with chronic headache (cHA) (expressed as means with standard deviations within parentheses)

Controls cLBP cHA

Controls vs 
cLBP
p-value

cLBP vs  
cHA
p-value

Controls vs 
cHA
p-value

Isokinetic strength tests during back extension
Torque, Nm 197.94 (73.48) 103.11 (89.43) 167.59 (103.73) < 0.001** 0.003** 0.271
Work, J 221.74 (85.88) 109.04 (112.62) 184.62 (114.6) < 0.001** 0.004** 0.297
Power, W 180.36 (73.87) 85.31 (91.38) 140.48 (88.92) < 0.001** 0.007** 0.155

Isokinetic strength tests during flexion
Torque, Nm 100.96 (43.11) 58.75 (43.68) 73.06 (36.04) < 0.001** 0.046* 0.009**
Work, J 107.76 (47.84) 55.38 (48.28) 80.88 (42.8) < 0.001** 0.008** 0.057
Power, W 83.54 (40.48) 40.89 (37.53) 57.18 (31.86) < 0.001** 0.014* 0.008**

Isometric strength tests during back extension
20°, Nm 192.40 (68.61) 163.38 (68.88) 196.82 (60.42) 0.045* 0.028* 0.757
60°, Nm 247.08 (99.14) 179.01 (86.88) 235.30 (85.65) 0.001** 0.007** 0.595
100°, Nm 260.92 (94.14) 178.92 (100.59) 223.77 (84.65) < 0.001** 0.037* 0.124

Isometric strength tests during flexion
20°, Nm 44.91 (35.7) 32.85 (41.23) 30.21 (27.52) 0.098 0.833 0.116
60°, Nm 97.41 (49.38) 73.36 (51.05) 87.71 (41) 0.005** 0.093 0.358
100°, Nm 116.64 (46.97) 84.38 (46.71) 107.28 (29.43) 0.002** 0.019* 0.526

Endurance test
Biering-Sørensen test, sec 220.68 (54.29) 96.19 (74.47) 174.00 (79.38) < 0.001** < 0.001** 0.120

*p < 0.05, **p < 0.01, matched analysis.

Fig. 1. Receiver operating characteristic plots of the sex-adjusted logistic 
regression for the discrimination between patients with chronic low back 
pain and healthy controls.     isokinetic peak torque during extension (area 
under the curve (AUC): 0.86);     isokinetic peak torque during flexion 
(AUC: 0.89);     Biering-Sørensen test (AUC: 0.93);     isokinetic ratio 
between flexion and extension peak torque (AUC: 0.66). 
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DISCUSSION

To summarize: there are two major findings to report. Firstly, 
both isokinetic trunk muscle tests and the Biering-Sørensen 
back muscle endurance test revealed excellent diagnostic 
accuracy. This finding was corroborated by the results of the 
ANOVA, which tested differences between healthy controls 
and patients with cLBP or chronic headache patients, and the 
ROC. Secondly, reliability testing revealed major changes in 

the mean for the isokinetic trunk muscle tests and the isometric 
trunk flexion tests. Such changes in the mean were not related 
to patients per scale ratings of feelings or fear. In contrast, 
the Biering-Sørensen back muscle endurance test revealed no 
significant changes in the mean and demonstrated clinically 
acceptable-to-good reliability.

It is widely accepted that a structured rehabilitation man-
agement, as presented in the Rehab-CYCLE© (27, 28), which 

Table III. Indices of systematic changes in the mean of between-day analyses from patients with chronic low back pain (cLBP)

Day 1
Mean (SD)

Day 2
Mean (SD) Mean difference p-value 95% prediction interval

Isokinetic strength tests during back extension
Torque, Nm 87.74 (74.34) 117.96 (87.96) 30.23 (9.81) 0.006** –65.71, 126.16
Work, J 89.83 (86.13) 118.14 (97.61) 28.32 (11.3) 0.021* –82.26, 138.89
Power, W 69.98 (70) 93.59 (81.93) 23.61 (9.02) 0.016* –64.63, 111.85

Isokinetic strength tests during flexion
Torque, Nm 50.58 (35.57) 63.83 (38.13) 13.25 (4.53) 0.008** –31.06, 57.55
Work, J 47.11 (39.37) 62.12 (43.44) 15.02 (5.06) 0.008** –34.45, 64.48
Power, W 34.33 (30.64) 45.05 (31.76) 10.73 (3.84) 0.011* –26.88, 48.34

Isometric strength tests during back extension
20°, Nm 160.23 (58.08) 161.67 (68.05) 1.43 (7.85) 0.857 –75.40, 78.27
60°, Nm 171.74 (53.63) 182.28 (63.25) 10.54 (6.78) 0.136 –55.78, 76.86
100°, Nm 163.97 (62.85) 179.16 (73.78) 15.18 (8.75) 0.098 –70.40, 100.77

Isometric strength tests during flexion
20°, Nm 28.15 (31.24) 35.23 (33.02) 7.08 (3.15) 0.036* –23.74, 37.91
60°, Nm 69.67 (37.96) 81.87 (44.29) 12.21 (4.78) 0.019* –34.59, 59.00
100°, Nm 77.54 (35.57) 95.22 (35.79) 17.68 (4.51) 0.001** –26.41, 61.78

Endurance test
Biering-Sørensen test, sec 81.57 (42.53) 88.81 (54.96) 7.24 (9.8) 0.469 –88.69, 103.17

p < 0,05*, p < 0.01**, paired t-tests.
SD: standard deviation; mean difference: between Day 1 and Day 2. 

Fig. 2. Receiver operating characteristic plots of the sex-adjusted logistic 
regression for the discrimination between patients with chronic low back 
pain (cLBP) and healthy controls.     isometric peak torque during extension 
at 20° (area under the curve (AUC): 0.68);     isometric peak torque during 
extension at 60° (AUC: 0.79);     isometric peak torque during extension 
at 100° (AUC: 0.82).

Fig. 3. Receiver operating characteristic plots of the sex-adjusted logistic 
regression for the discrimination between patients with chronic low back 
pain (cLBP) and healthy controls.     isometric peak torque during flexion 
at 20° (area under the curve (AUC): 0.66);     isometric peak torque during 
flexion at 60° (AUC: 0.74);     isometric peak torque during flexion at 
100° (AUC: 0.75).
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consists of 4 basic elements (assessment, assignment, realiza-
tion and evaluation) will contribute to the optimization of a 
patient’s rehabilitation outcome in a relevant way. In European 
countries the ICF Core Sets are regarded as a clinically feasible 
screening method for the assessment and outcome evaluation 
of patients with impaired functional health. The ICF Core Sets 
for cLBP suggest screening of muscle strength and endurance 
functions as being highly important. 

To our knowledge, this is the first study to investigate the ac-
curacy of dynamometric trunk muscle function measurements 
and the Biering-Sørensen test. Sensitivity analysis revealed 
excellent sensitivity and specificity for both the isokinetic trunk 
muscle tests and the Biering-Sørensen test. Our findings are 
supported by results from previous studies that observed a high 
discriminative power between healthy controls and patients with 
cLBP (5, 10, 18). As we also investigated for the first time the 
discrimination ability between patients with cLBP and patients 
with other pain conditions, such as chronic headache, our find-
ings suggest that both the isokinetic trunk muscle tests and the 
Biering-Sørensen test qualify well as muscle function diagnostic 
tools within the rehabilitative assessment of patients with cLBP. 
Our findings seem to contrast with those of a recent study that 
did not find any group differences between healthy controls 
and patients with cLBP, when isokinetic measurements and the 
Biering-Sørensen test were performed (2). This is surprising as 
our study included relatively sedentary healthy controls, who 
were not athletic and did not performed any kind of sports on a 
regular basis. Such a discrepancy suggests that factors associated 
with dynamometric trunk muscle testing, such as subjects’ and 
patients’ anticipatory feelings and emotions, are likely to influ-
ence the discriminative power of these measurements. 

So far only one study (2) seems to have investigated the 
reliability of both the isokinetic trunk muscle power measure-
ments (at 60° and 150°/sec) and static back muscle endurance 
measurements using the Biering-Sørensen test in cLBP after an 
interval of 5–10 days and found significant learning effects. In 
the presented study we used a Biodex 2000 dynamometer. The 
test protocol followed the manufacturer’s recommendations and 
tested isokinetic trunk muscle strength within a range of motion 
of 0–20–110° trunk/hip flexion/extension. We chose an angular 
velocity of 90°/sec, which was relatively slow, and refused to 
test at higher angular velocities of 150°/sec as, according to 
the personal experience of the researchers, testing at higher 
angular velocities was not feasible in all patients with LBP. 
Following the manufacturer’s advice, tests were repeated if the 
coefficient of variation from a series of 4 trunk extensions and 

flexions exceeded 15%. Furthermore, all patients and subjects 
performed training sessions with the test protocols in advance 
of the actual testing, and a break of sufficient duration was kept 
between the training and the test session, respectively. Despite 
all these quality assurances, we were unable to avoid significant 
changes in the mean when subjects were re-tested 2.5 weeks 
later. Both our findings and those of the Keller study (2), which 
used a different dynamometer, seem to support the notion that 
baseline assessment with dynamometric muscle strength tests 
have to be performed on 2 different tests days, with the second 
value being taken as the baseline reference value. This appears 
to be supported by findings that revealed no further changes in 
the mean in patients with cLBP, if they were re-tested on a third 
day a couple of days later (2). Thus, 2 baseline measurements 
recorded on 2 different days would be required if the isokinetic 
trunk muscle tests are to be used as an outcome measure in a 
rehabilitation programme. Unfortunately baseline recordings 
on 2 different test days may not be possible in daily practice in 
outpatient rehabilitation units, because these measures are time-
consuming and it is unlikely that the second baseline measure 
would be paid for by healthcare providers. The isometric back 
tests, however, revealed either large 95% prediction intervals 
or significant changes in the mean. Therefore, none of these 2 
muscle power measurement methods seem to be superior in 
rehabilitation outcome documentation of patients with cLBP.

It may be argued that the external validity of our findings was 
limited due to a relatively small and varying number of subjects 
in each of the 3 groups. The number of subjects was based on a 
power analysis in which there was an assumption that all the tests 
would be performed in a laboratory environment in advance of 
the study. A statistical power exceeding 0.8 deemed sufficient to 
provide external validity to our findings for the central European 
population. Nevertheless a future large multi-continental study 
will be needed to prospectively prove the validity of the muscle 
function assessment in different populations of patients with 
cLBP. For the main comparison between healthy controls and 
patients with cLBP, our study included a total of 19 matched 
pairs, with a total of 13 pairs agreeing in matching criteria 
according to a 1:2 ratio and further 6 pairs according to a 1:1 
ratio, respectively. Such procedure is legitimate as the power of 
our statistical sensitivity analyses was not decreased, but rather 
increased. A total of 31.3% of the patients with cLBP refused to 
repeat the muscle strength and endurance tests on the second day. 
Such high drop-out rate may represent a limitation of the current 
investigation, even though the number of patients who repeated 
the muscle functional tests after 2–3 weeks was at least as high 
as in most of the reliability studies (29–32). A larger sample 
size may not change the estimate of reliability, but may serve to 
narrow the confidence intervals about reliability coefficients. Suf-
ficient blinding of the different study groups was not achievable 
in this study. However, standardization of patients’ information 
forms and the use of a standardized study protocol minimized the 
influence of any systematic bias. All dynamometric and muscle 
endurance examinations took place in the same room and the 
same examiners performed the tests and re-tests.

In conclusion, our findings suggest that dynamometric muscle 
strength measurements and isometric muscle strength measure-

Table IV. Intraclass correlation coefficient values for chronic low back 
pain (cLBP) between days 1 and 2

Extension – torque na Flexion – torque na
Extension – work na Flexion – work na
Extension – power na Flexion – power na
Extension – 20° 0.85 Flexion – 20° na
Extension – 60° 0.85 Flexion – 60° na
Extension – 100° 0.81 Flexion – 100° na
Biering-Sørensen test, sec 0.59

na: not applicable.
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ments are limited to muscle function diagnosis and treatment 
planning purposes in rehabilitative assessment. Monitoring the 
treatment outcome with these measures, as recommended in the 
Rehab-CYCLE© (27, 28), is problematic. The Biering-Sørensen 
test demonstrated both excellent diagnostic accuracy and ac-
ceptable reliability. Consequently, we recommend this test for 
the assessment of trunk muscle function in the rehabilitation 
management of patients with cLBP, and infer that the category 
“muscle function” in the Brief ICF Core Set for cLBP would be 
examined best by back muscle endurance tests.
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