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Chapter 1
Introduction
In the Netherlands, 60% to 90% of the population suffers from
low back pain (LBP) at least once in their life. The incidence of
LBP is approximately 125 per 1000 persons per year [1]. Most of
the time, however, LBP is a self-limiting disease. Seventy-five to
ninety percent of patients with acute LBP recover within 4 – 6 weeks
[2,3]. Nevertheless, a small proportion will develop long lasting or
with frequent recurrence LBP [3,4]. LBP is called chronic when
the complaints last for more than 3 months or frequent recurrence
[3]. Approximately 90% of all patients with chronic low back pain
(CLBP) are labelled as non-specific, because no underlying pathology
can be found [3,5,6,7]. Pain and disabilities in non-specific CLBP
patients may affect daily functioning [8,9]. In the Netherlands 40% of
the patients with non-specific CLBP perceive limitations in activities
of daily living, 60% has medical health care and 32% is absent from
work [10]. Non-specific CLBP patients place a heavy financial burden
on society because of the impact on medical consumption, sickness
absence and incapacity for work [11].
Effective interventions, like rehabilitation aimed at management
of this non-specific chronic condition and instruments to evaluate
effectiveness of rehabilitation interventions are needed.
Non-specific CLBP and rehabilitation
Over the years, the emphasis has shifted from biomedical rehabilitation
models to bio-psychosocial rehabilitation models aimed at management
of perceived disability in non-specific CLBP patients. For many years,
biomedical rehabilitation in non-specific CLBP patients was focused
on the physical aspects of disability. It was thought that the disability
could be attributed to the pathological-anatomical dysfunction which
would cause a reduced physical capacity like muscle strength and
flexibility [12]. Studies supported the thoughts, that the disability could
be the cause of a reduced physical capacity. Evidence for this was
found in physical rehabilitation programs that improve muscle strength
and flexibility more than the advice or waiting list control patients
with non-specific CLBP [13,14]. To evaluate treatment effectiveness,
physical capacity measurements were used as the primary means of
inferring the severity of disability [12]. Over the years it has become
clear that in non-specific CLBP patients the pathological-anatomical
conditions underlying back symptoms, like reduced muscle strength
and flexibility, are unknown. Physical capacity measurements could
not longer be used to infer the severity of disability at the activity,
because the physical capacity and disability were weakly related to
the patient perceived physical disability [15]. Measuring of daily
functioning and the ability to perform daily activities is considered
one of the most important outcome measures for patients in bio10
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psychosocial rehabilitation. Generally, self-reported measures are
preferred over physical capacity based testing, because questionnaires
are mostly well-validated, less expensive, less time consuming and
give information of the patient perceived disability [16]. However, it
has been recommended to use both a physical capacity measure and a
questionnaire to obtain a more comprehensive picture of the disability
of the patient [16,17]. At present, bio-psychosocial rehabilitation
interventions for non-specific CLBP focus on the perceived disability
and activity of domestic activities in daily living. On the other hand,
reports on confidence in performing different physical capacity tasks
are variable and do not necessarily demonstrate strong association
with measures of perceived disability [17]. There is a clear need for a
comprehensive measurement of objective tests for non-specific CLBP
patients associated to perceived disability.
Psychometric properties
To obtain evidence about the usefulness of developed instruments to
measure effectiveness in rehabilitation, the psychometric properties
of the instruments should be tested. Important psychometric
properties are reliability and validity. Reliability involves the extent
to which a measurement is consistent and free from errors [18]. The
most common measure of reliability is the extent to which repeated
measures in individuals remain stable over time provided that the
construct measured is unchanged, under the same circumstances in
the absence of treatment (test-retest reliability) [19]. Reliability is
important, because it ensures that change found in the assessment is
the result of change in the construct and not the result of measurement
inconsistencies over time. Systematic errors influence the extent of
stability over time in the change of the construct. The validity of an
instrument is the ability to measure what it is intended to measure
[18,20].
The validity of a test refers to the appropriateness, meaningfulness
and usefulness of the specific inferences made from the test results.
Besides reliability and validity, responsiveness is an important
property in measuring treatment effectiveness. Responsiveness
involves the ability of an instrument to detect change in the construct
being measured when actual change in the construct has occurred
[21,22].
Aerobic capacity measure in non-specific CLBP patients
Deconditioning is suggested as one of the perpetuating factors for
chronicity and it is thought to be both a cause and a consequence of
non-specific CLBP [23-26]. Deconditioning, as a factor contributing
to the chronicity of non-specific CLBP, forms the basis of aerobic
exercise training in rehabilitation programs [25,26]. Despite the
11
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suggestion that non-specific CLBP patients are deconditioned, it is
not clear whether non-specific CLBP patients actually suffer from
a reduced aerobic capacity. A number of studies have investigated
aerobic capacity in patients with conflicting results. In some studies,
the level of aerobic capacity of non-specific CLBP patients appeared
to be lower than the level of healthy persons and in some, it appeared
to be similar to those in healthy subjects [25,27-29]. However,
authors have been consistent in suggesting that differences in levels
of physical activity may influence discrepant findings. Sporting and
physical activity influence aerobic capacity and it is important that
studies in non-specific CLBP patients incorporate information about
the preceding as well as the current level of sporting and physical
activities [25,27,28,30].
Generally, aerobic capacity is assessed with a maximal aerobic capacity
test; however, this test is influenced by the perceived disability and
pain in non-specific CLBP patients. The average non-specific CLBP
patient does not reach the criteria of maximal performance because of
perceived pain and fatigue [28,30]. To achieve a valid performance,
it seems more reasonable to use a submaximal bicycle test like the
Åstrand submaximal bicycle test for non-specific CLBP patients.
Normative data have already been collected by using the Åstrand
submaximal bicycle test and cycling is a common activity in the
Netherlands. Nevertheless, the expectation is that a valid performance
will not be achieved, because workload is increased considerably
during the first 2 minutes without taking into account the individual
situation of non-specific CLBP patients with a long duration and
severe perceived disability [31, 32].
The consequences of deconditioning, based on long-term inactivity in
non-specific CLBP patients, include not only a decreased physiological
aerobic capacity but also muscle atrophy and changes in body fat
[27]. Changes in body compositions because of long-term inactivity
were confirmed in healthy persons in several studies [33,34]. Lean
body mass (i.e., body mass without the mass of fat) decreases during
rest or long duration of inactivity, whereas body weight does not
change [33]. This implies that the percentage of body fat increases
as the percentage of muscle mass decreases, which changes body
composition and may influence aerobic capacity tests in non-specific
CLBP patients.
Consequently, there is a need to develop a modified Åstrand
submaximal bicycle test where the predefined workload increase is
tailored to the condition and body composition of the non-specific
CLBP patient.

12
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Psychophysical capacity in non-specific CLBP patients
Perceived disability is frequently inferred from physical capacity
measurements in non-specific CLBP patients, but the results of these
measurements may have little relation to perceived disability or actual
functioning [6,15]. In addition, there may be differences between the
physical capacity measurement performed and the perceived effort in
non-specific CLBP patients [15]. This suggests that both outcomes
are important to evaluate non-specific CLBP patients and that it is
necessary to pay attention on the objective physical capacity as well as
the perceived effort performed. Depending on whether physiotherapy
can influence the restrictive factors, at the level of physical capacity
or perceived effort or the combination of both, both outcomes will be
important to the physical therapist.
Consequently, there is a need for comprehensive measurable tests
for non-specific CLBP patients. Such tests must include tasks that
evaluate objective effort as well as subjective effort of the patients
like physical capacity and perceived effort. In addition, other aspects
should be considered while evaluating non-specific CLBP patients.
Confidence in performing a given task and perception of disability
secondary to LBP may influence the willingness and sense of safety
while accomplishing specific physical tasks. The patient has to be in
control and determines his or her own termination point on behalf of
acceptability and sense of safety as used in the acceptable maximal
effort approach [35]. Based on these thoughts a psychophysical
approach as the acceptable maximal effort with a psychophysical
outcome by evaluating objective as well as subjective elements of the
non-specific CLBP patients could be useful.
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Aim of the thesis
In this thesis, the psychometric properties of the developed instruments,
based on the suggestions mentioned, will be investigated to determine
their usefulness in rehabilitation in non-specific CLBP patients.
Furthermore, the determinants for change in perceived disability after
rehabilitation will be studied.
The main research questions answered in this thesis are:
What is the level of aerobic capacity and body fat percentage
of non-specific CLBP patients compared to healthy controls?
What is the reliability, feasibility and validity of the
developed lean body mass (LBM)-based Åstrand submaximal
bicycle test?
What is the reliability of the developed psychophysical
capacity tests and psychophysical outcome?
What are the short-term outcomes of a rehabilitation
program in non-specific CLBP patients?
What are the determinants for change in perceived
disability in non-specific CLBP patients of a rehabilitation
program?
Overview of this thesis
Chapter 2 describes a study in which the aerobic capacity of nonspecific CLBP patients assessed with the LBM-based Åstrand
submaximal bicycle test are compared with normative data of healthy
subjects matched for age, gender, and level of sporting activity.
Chapter 3 describes a study in which the reliability and feasibility
of an LBM-based Åstrand submaximal bicycle test in non-specific
CLBP patients is investigated. In addition, the reliability and validity
of an LBM-based Åstrand submaximal bicycle test in healthy subjects
are investigated.
Chapter 4 describes the test-retest reliability of a new developed
measurement, the psychophysical lifting capacity tests in non-specific
CLBP patients and healthy subjects.
Chapter 5 describes the short-term outcomes of a cognitive somatic
rehabilitation program in non-specific CLBP patients compared with
a waiting list control group of non-specific CLBP patients.
Chapter 6 describes the study to identify determinants for change in
perceived disability after a cognitive somatic rehabilitation program.
Chapter 7 describes a general discussion evaluating the methods,
findings, and conclusions of this thesis.

14
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Abstract
The aim of this cross-sectional study was to compare data on the level
of aerobic capacity and body composition of non-specific chronic low
back pain (CLBP) patients with normative data matched for gender,
age and level of sporting activity. An LBM-based Åstrand submaximal
bicycle test was used to estimate maximum oxygen consumption
(VO2 max). Body fat percentage was estimated according to the
Durnin and Womersly protocol using a skinfold calliper. Values were
compared with normative data matched for gender, age and level of
sporting activity. The study population consisted of 101 outpatients
with non-specific CLBP who had entered a rehabilitation program.
Results were as follows: the mean (sd) aerobic capacity (VO2 max)
of CLBP patients was significantly (P < 0.001) lower 7.3 (5.6) ml/
kg LBM * min ˉ¹ as compared to the norm data. The mean (sd) body
fat percentage of the patients was significantly (P < 0.001) higher 3.9
(5.9) % as compared to the norm data. The effect size (ES) between
the observed and the predicted VO2 max (ml/kg LBM * min ˉ¹) was
considerable (ES = 0.88) and between the observed and predicted
body fat percentage it was moderate (ES = 0.55). These results provide
evidence of a reduced level of aerobic capacity and an increased body
fat percentage in non-specific CLBP patients compared to healthy
subjects.
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Introduction
Patients with non-specific chronic low back pain (CLBP) often report
that they experience a reduced level of activity as a result of their pain
problems. As a result of a long-term reduction in levels of activity,
a ‘deconditioning syndrome’ has been proposed to describe these
patients [1,2,3]. This theory implies that a longer period of complaints,
with reduced levels of activity, may be associated with lower levels
of conditioning. In terms of exercise physiology, deconditioning is
defined as a loss of aerobic capacity (VO2 max) [3,4], and because
it is considered a contributing factor to the duration of complaints
in non-specific CLBP patients, the training of aerobic capacity is
used in many rehabilitation programs for non-specific CLBP patients
[4,5,6]. Aerobic endurance exercises are included in about 52% of the
treatment plans designed by physical therapists for individuals being
treated for non-specific CLBP [7].
Despite the deconditioning theory, it is not clear whether non-specific
CLBP patients actually suffer from a reduced aerobic capacity. Some
studies have found the aerobic capacity of non-specific CLBP patients
to be lower than that of healthy subjects [8,9,10], while in other
studies it was found to be similar to healthy subjects [3,11]. However,
differences in levels of physical sporting activity may explain these
discrepant findings. As physical sporting activity influences the level
of aerobic capacity, it is important that studies of non-specific CLBP
patients incorporate information about the preceding level of physical
sporting activity when analysing aerobic capacity.
Deconditioning may also affect body composition. Lean body mass,
that is, body mass minus the mass of fat, decreases during 30 days bed
rest, whereas body weight does not change during that period [12].
This finding suggests that the percentage of body fat may increase and
the percentage of muscle mass may decrease as a result of a reduction
in physical sporting activity in non-specific CLBP patients. Similar
to aerobic capacity research, conflicting results have been reported
regarding body fat percentage in non-specific CLBP patients. In
female non-specific CLBP patients, the percentage of body fat has
been found to be higher compared to healthy age-matched female
controls [13]. However, similar body fat percentages for non-specific
CLBP patients and healthy controls have also been reported [14].
The aim of this study was to analyse the level of aerobic capacity and
the body fat percentage of non-specific CLBP patients and to compare
the data with normative data from healthy subjects corrected for age,
gender and level of sporting activity. The second aim was to analyse
the association between the level of aerobic capacity and body fat
percentage and the duration of complaints.
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Methods
Data from 101 outpatients diagnosed with non-specific CLBP were
included in this cross-sectional study (Table I). Data were gathered
at the University Medical Centre Groningen, the Netherlands, as part
of the routine assessment of the patients prior to the rehabilitation
program.
Prior to starting the rehabilitation program patients were seen by a
rehabilitation physician. Those who entered the program were between
18 and 65 years of age and had suffered from non-specific CLBP
for at least three months. The rehabilitation physician used general
admittance criteria for the rehabilitation program: 1) CLBP (i.e., pain
lasting for more than 3 months, LBP with no demonstrable organic
substrate) and 2) patients were content with the diagnostic process
and motivated to take part in the rehabilitation program. Patients were
excluded if they were: 1) in a conflict situation with an employer or
insurance company regarding their work, 2) in a financially profitable
situation because of their illness, or 3) suffering from specific low back
pathology, co-morbidity, pregnancy, psychopathology, any medical
condition that could interfere with physical performance tests, had
undergone major surgery within the previous year, or had an existing
infectious disease, cancer or neuralgic or cardiovascular disease.
Assessments
Results from a Lean Body Mass (LBM)-based Ǻstrand submaximal
bicycle test were analysed in order to estimate aerobic capacity
expressed in absolute values and normalized-for-weight VO2 max
values [15,16]. Before starting the bicycle test, LBM was measured
according to the Durnin and Womersly [17] protocol using a skinfold
calliper (Servier Nederland B.V., Leiden, the Netherlands) [18]. LBM
values were used to identify resistance to the LBM-based Ǻstrand
submaximal bicycle test [15,16]. The subjects performed the test on a
calibrated cycle ergometer (Excalibur Sport, Lode B.V., Groningen, the
Netherlands). Heart rate (HR) was recorded using a monitor connected
to electrodes on the patient’s chest (Polar Favour, Kempele, Finland).
The subjects started cycling at a predetermined workload of 0.5 Watt/
kg LBM at a constant rate of 60 per minute. After 2 minutes cycling
the workload was increased to 1.5 Watt/kg LBM. If the HR remained
below 120 beats/minute the workload was increased by 0.5 Watt/kg
LBM every 2 minutes. Once the HR exceeded 120 beats/minute, the
patient cycled for 6 minutes at a fixed workload to reach a steady-state
phase, meaning that the HR did not vary more than ± 5 beats/minute
during the final 2 minutes of exercise. The mean HR during the last
2 minutes of exercise was calculated. The maximum oxygen uptake
(VO2 max) was estimated using the Binkhorst calculation based on
22
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the linear association between HR and increase in oxygen uptake for
men and women [19].
		
VO2 max (men)
		

174.2* load Watts + 4020			
= -------------------------------103.2 * heart rate - 6299

			
VO2 max (women)
		

163.8 * load Watts + 3780
=--------------------------------104.4 * heart rate -7514

The calculated VO2 max was corrected for age using an age-correction
factor from Ǻstrand [18]. The test was terminated if the subject did
not attain an HR of at least 120 beats/minute, if the HR exceeded
the predetermined maximum ([220-age]* 0.85), the systolic/diastolic
blood pressure reached a level of 220/115 mm Hg, or if the subject
showed signs of serious cardiovascular or pulmonary difficulties.
After 6 minutes cycling at a fixed workload, the load decreased over
1 minute to 0.25 W/kg LBM and the subject cycled for 1 minute at
this workload of 0.25 Watt/kg LBM. This test has previously been
proven reliable and feasible in non-specific CLBP patients and valid
in healthy subjects [16].
All patients provided information on the average number of hours
per week they had spent undertaking sporting activities over the
preceding half year and this data was used to classify each patient
using the same criteria as used for the norm data.
Normative Data
Norm data on the levels of aerobic capacity of healthy Dutch people
were used [18]. These data were collected from 18,082 healthy people,
17 to 70 years of age and living across the country, using the Åstrand
submaximal bicycle test [18]. Data were already classified into
groups specified by age, gender and level of sporting activity during
the preceding half year. People who undertook sports for less than 1 to
2 hours per week or not at all for at least half a year were categorized
as ‘untrained’. People who undertook sports for 1 to 2 hours per week
for at least half a year were categorized as ‘recreational’, and people
who undertook sports for 3 to 6 hours per week for at least half a year
were categorized as ‘duration’. The norm data provided mean values
and standard deviations (sd) of VO2 max in ml/kg LBM * min ˉ¹; VO2
max in ml/kg BM * min ˉ¹ and l/min; and body fat percentage for
groups specified by age, gender and the level of sporting activity.
23

Chapter 2
Table I: Clinical characteristics of the non-specific CLBP patients
(n=101)

n (%)

Female

47 (46%)

Sporting activity “Untrained”
Sporting activity “Recreational”

53 (52%)
36 (36%)

Sporting activity “Duration”

12 (12%)

Age (years)
Height (cm)
Weight, Body Mass (kg)

Mean (sd)
39.2 ( 9.6)
174.6 ( 9.7)
81.9(15.5)

Duration of complaints in months

64.1(68.4)

Data analysis
The mean and standard deviation (sd) were calculated for all
variables. The aerobic capacity (VO2 max) and body fat percentage
were also expressed as predicted percentages. Differences in scores
between observed and predicted scores that were matched on age,
gender and level of sporting activity were then analysed using paired
t-tests. Correlations between duration of complaints and aerobic
capacity (VO2 max) and body fat percentage expressed as a predicted
percentage were calculated with Spearman’s rho. The correlation
coefficients were interpreted as follows: correlations ranging from
0.00 to 0.25 indicated little or no relationship, from 0.25 to 0.50 a
fair relationship, from 0.50 to 0.75 a moderate to good relationship,
and values above 0.75 were considered good to excellent [20]. Effect
size (ES) indices between the observed and the predicted values for
aerobic capacity and body fat percentage were calculated as a mean
difference/sd pooled [20,21]. The ES indices were interpreted as
follows: an ES < 0.20 indicated no difference, an ES < 0.50 indicated
a small difference, an ES > 0.50 but < 0.80 indicated a moderate
difference, and an ES > 0.80 indicated a considerable difference [20].
Data analyses were performed using the Statistical Package for the
Social Sciences (SPSS 14.0).
Results
The characteristics of the patients are summarized in Table I. Fortysix percent of the patients were female. The majority of all patients
24
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(52%) were categorized as ‘untrained’, while 36% were classed
as ‘recreational’ and 12% as ‘duration’. The mean (sd) duration of
complaints was 64 (68.4) months. A Kolomogorov-Smirnov test
revealed no significant differences from the normal distribution
for aerobic capacity and body fat percentage, but the duration of
complaints was not normally distributed.
Aerobic capacity (VO2 max) could be calculated in 90% of the
patients. Six patients (6%) stopped the test prematurely due to pain or
fatigue. In four patients (4%), aerobic capacity could not be calculated
due to medical reasons (in three patients because the predefined heart
rate or blood pressure was exceeded, and in one patient because of a
technical reason). The non-specific CLBP patients had a significantly
lower level of aerobic capacity compared to the matched healthy
controls (Table II). For 90% of the patients, the aerobic capacity was
lower than predicted based on their gender, age and level of sporting
activity. Mean (sd) body fat percentage was 3.9% (5.9), significantly
higher than was predicted based on their gender, age and level of
sporting activity. In 78% of the patients, the body fat percentage was
higher compared to the norm data of healthy subjects.
The ES between the observed and the predicted aerobic capacity
was large, while the ES between the observed and predicted body
fat percentage was moderate (Table II). No correlation was found
between the duration of complaints and aerobic capacity ml/kg LBM
* min ˉ¹ (VO2 max), expressed as a predicted percentage (Table III).
Table II: Results of the LBM-based Åstrand submaximal bicycle test and the
measured body fat percentage
Variables

Patients
Mean(sd)

Predicted data
Mean(sd)

Mean ∆ (sd)

ES

VO2 max ml/kg LBM *
min ˉ¹ (n=91)
VO2 max ml/kg BM *
min ˉ¹ (n=91)
VO2 max l/min (n=91)
Body fat % (n=101)

45.7(9.6)

53.1(6.9)

-7.3(5.6)*

0.88

32.1(7.3)

38.6(6.1)

-6.5(5.6)*

0.97

2.5(0.6)
30.4(8.2)

3.0(0.5)
26.4(6.1)

-0.4(0.2)*
3.9(5.9)*

0.91
0.55

LBM: Lean Body Mass, BM: Body Mass
Predicted data: are based on normative data, with each patient being matched for
age, gender and sporting activity. ES: Effect Size
*: significant P < 0.001
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Discussion
Non-specific CLBP patients have a reduced level of aerobic capacity
as well as a higher percentage of body fat compared to healthy controls
matched for age, gender and level of physical sporting activity. These
results support the hypothesis that non-specific CLBP patients are
clinically deconditioned and overweight. Significantly lower aerobic
capacity (VO2 max) in non-specific CLPB patients compared to the
normative data of Ǻstrand or compared with healthy subjects has
been found in several studies [8,9,10]. However, Nielens et al. [11]
and Wittink et al. [3] both reported that aerobic capacity in women
with non-specific CLBP is not reduced. A potential explanation for
this finding put forward by these authors is that women may maintain
their level of physical activity by undertaking household tasks. Their
findings contrast with our finding that women with non-specific
CLBP also have a lower level of aerobic capacity compared to healthy
female subjects. Information regarding work and household activities
and the decline in sporting activities in terms of hours per week was
not available. However, a potential explanation for our finding might
be that the women in our study have reduced their level of physical
sporting activity despite undertaking household activities. This
explanation is supported by the fact that the actual physical activity of
daily living (PAL) in non-specific CLBP patients was less than their
habitual PAL [22]. Furthermore, a decline in aerobic capacity (VO2
max) is related more to a decline in physical sporting activities than
to work and household activities [23]. In addition, after ‘detraining’,
a significant reduction in aerobic capacity occurred and the largest
reduction occurred in the first 12 to 21 days [24,25]. These study
results support the idea that a decline in habitual physical sporting
activities leads to a reduction in aerobic capacity in women despite
household activities.
No significant relationship was found between aerobic capacity (VO2
max) and the duration of complaints. Therefore, we could not confirm
that chronicity contributes to deconditioning in non-specific CLBP
patients. Our results are in agreement with those of other studies [3,26].
These results suggest that the level of aerobic capacity in non-specific
CLBP patients is not associated with the duration of complaints but
probably with the decline in PAL compared to their habitual PAL.
However, it should be kept in mind that this is a cross-sectional study
and the results should be treated with caution, especially regarding the
cause and effect relationship between the postulated factors and the
difference in the levels of aerobic capacity.
The clinical relevance of a change from baseline to final measurement
can be estimated with effect size (ES) indices (20,27]. In our study,
ES indices were used to determine whether there was a meaningful
difference between non-specific CLBP patients and healthy subjects.
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The results of the present study show clinically large effect sizes
between patients and healthy subjects with respect to aerobic capacity
(VO2 max), and clinically moderate effect sizes in relation to body
fat percentages [20,27]. However, the relationship found by Middel
et al. [27], between a perceived change in time and the ES, is not
the same as the difference we found between objective and predicted
aerobic capacity and body fat percentage. Nevertheless, we assume
that, due to non-specific CLBP, patients decline from a normal level
to a lower level in aerobic capacity and this decline is reflected in
the difference between the actual aerobic capacity and the predicted
aerobic capacity of non-specific CLBP patients. Thus, this difference
may in fact reflect the change in aerobic capacity and the perceived
change as described by Middel et al. [27].
Table III: Correlation between aerobic capacity and body fat percentage expressed
in percentage predicted with duration of complaints (Spearman’s rho)
Variables
ml/kg LBM * min ˉ¹ % predicted
ml/kg BM * min ˉ¹ % predicted
l/min % predicted
Body fat % predicted

mean
% predicted (sd)
86(11.4)
83(14.1)
86( 8.9)
116(26.4)

Duration complaints
Spearman’s rho (p value)
-0.19(0.082)
-0.05(0.649)
-0.22(0.059)
-0.07(0.967)

As the patients were tested using an LBM-based Åstrand submaximal
bicycle test and the healthy controls by the original Åstrand
submaximal bicycle test, the comparability of the two tests is an
important issue. In both tests, participants must reach a steady-state
phase, during which the heart rate does not vary more than ± 5 beats/
minute. The calculation of the mean heart rate during the last minute
of this steady-state phase and the extrapolation of the corresponding
aerobic capacity (VO2 max) is exactly the same for the two tests. The
difference between the two tests is that in the LBM-based Åstrand
submaximal bicycle test the predefined workload increase is based
on LBM and is reached in 2–6 minutes rather than 1–2 minutes used
in the original Åstrand submaximal bicycle test. The two tests have
been compared to a maximal bicycle test in healthy subjects and no
significant differences in outcomes between this test and the two used
in this study have been found [16,28].
One weakness of the present study is that we were not able to gather
data regarding the quality and decline of PAL. Future research should
monitor activities of daily life, preferably combined with methods that
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can measure total energy consumption, as this might provide more
information about the actual activity levels of non-specific CLBP
patients.
Conclusion
Non-specific CLBP patients have a reduced level of aerobic capacity
and an increased body fat percentage.
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Abstract
Objective:
Measurement of exercise capacity is essential in patients with nonspecific chronic low back pain (CLBP). However, the conventional
Ǻstrand bicycle test is not feasible in patients with a very poor
aerobic capacity. Therefore the Ǻstrand bicycles test for non-specific
CLBP patients based on lean body mass (LBM) was developed as
an alternative. The aim of this study was to evaluate reliability and
validity of the LBM-based Ǻstrand test.
Subjects:
Twenty Patients with non-specific CLBP and 20 healthy subjects were
included for the reliability evaluation, and 19 healthy subjects for the
validity evaluation.
Method:
Patients and healthy subjects were assessed twice. Intra class
correlation (ICC), repeatability coefficient (RC) and the limits of
agreement (LOA) were calculated as a measure of test re-tests
reliability. An ICC ≥ 0.75 was considered acceptable. Validity was
tested by calculating ICC between the LBM-based Ǻstrand test and a
maximal bicycle test.
Results:
The LBM-based Ǻstrand test shows good reliability, reflected by
an ICC ≥ 0.91 and 95% of the 20 patients could perform the test.
However, differences with the estimated true value reflected by the
RC and natural variation reflected by the LOA were substantial in
patients. Validity was good, reflected by ICC ≥ 0.88.
Conclusion:
The present study shows that the LBM-based Ǻstrand test is a
reliable, valid and feasible method for patients with non-specific
CLBP. However, a substantial amount of variation should be taken
into account in patients when interpreting the test results clinically.
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Introduction
Deconditioning in terms of exercise physiology is associated with a
loss of exercise capacity (VO2 max) [1]. In patients with non-specific
chronic low back pain (CLBP) deconditioning is thought to be both a
cause and a consequence of non-specific CLBP [1,2]. Deconditioning,
as a factor contributing to the chronicity of non-specific CLBP, forms
the basis of aerobic exercise training in CLBP rehabilitation programs
[1-4]. Recently, activity avoidance has been presented as one of the
factors perpetuating chronic pain in the fear-avoidance model [5-8]. It
is assumed that fear and the feelings of disability may both contribute
avoidance of activity leading to reduction of aerobic capacity [9].
However this assumption could not be confirmed [5]. Additionally
levels of aerobic fitness in patients with CLBP are comparable with
those in healthy subjects [1]. Generally aerobic capacity is measured
using a maximal aerobic capacity test; however, this test is strongly
influenced by motivation, fear, and pain in patients with non-specific
CLBP and is invalid when fear and pain expectation rather than aerobic
capacity limits performance [7,10,11]. It has been reported that 54%
of the CLBP patients who underwent maximal treadmill testing did
not reach maximal performance criteria due to pain [7,12].
Submaximal tests, like the Ǻstrand test, are used as an alternative for
maximal exercise testing. The reliability of the submaximal Ǻstrand
bicycle test is good in healthy subjects [7,12]. However, problems
are expected when using this test in patients with a very poor aerobic
capacity like patients with non-specific CLBP because workload
is intensively increased during the first 2 minutes without taking
into account the individual aerobic capacity [5,7]. Clinically, many
non-specific CLBP patients are unable to finish the Ǻstrand bicycle
test because the initial workload was set too high [7]. Therefore,
estimation of the maximum oxygen uptake from the submaximal test
results may not be possible in a substantial number of patients. In
the Siconolfi protocol (1982), which is specifically designed to assess
aerobic performance in healthy inactive persons, load is increased
more gradually, and the initial load is lower, compared with the
Ǻstrand test [5]. This protocol starts with 25 watt and increases with
25 watt every two minutes until the subject achieved target heart
rate [5]. The disadvantage of this protocol is the long duration some
subjects have to cycle to achieve the target heart rate. This problem
can be avoided if the individual workload is tailored on lean body
mass (LBM). LBM decreases over 30 days of rest while body weight
does not. This phenomenon suggests that LBM reflects the state of
loss of muscle mass and deconditioning, related to avoidance of
activity in non-specific CLBP patients [6,13]. An LBM-based Ǻstrand
test in a subject with a poor aerobic capacity has smaller increases in
workload as compared to a subject with a very good aerobic capacity.
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In order to decrease the test duration and to increase the number of
patients that can finish the bicycle test, an LBM based Ǻstrand bicycle
test was developed where the predefined workload increase schedule
is based on LBM [7,9,14].
The purpose of this study was to determine the reliability, validity and
feasibility of the LBM-based Ǻstrand bicycle test.
Methods
Participants
The test-retest reliability of the LBM-based Ǻstrand bicycle test was
evaluated in 20 patients with non-specific CLBP (12 women) and 20
healthy pain-free subjects, group I (10 women) (Table I). Patients
were recruited from the Centre for Rehabilitation at the University
Medical Centre Groningen, the Netherlands. Healthy subjects were
recruited from the students’ body of the Institute for Human Movement
Sciences of the University of Groningen, the Netherlands.
The validity of the LBM-based Ǻstrand bicycle test was evaluated in
another group of 19 healthy pain-free subjects, group II (11 women).
These healthy subjects were also students from the Institute for Human
Movement Sciences of the University of Groningen, the Netherlands.
Procedure
Admission assessment of patients was carried out by a rehabilitation
physician at the Centre for Rehabilitation from the University Medical
Centre Groningen before patients entered the study. Twenty patients
diagnosed with non-specific CLBP who participated in a rehabilitation
program were included in the study if they were between 18 to 65
years of age. The rehabilitation physician used general admittance
criteria 1) non-specific CLBP (ie, pain lasting for more than 3 months,
LBP without shown organic substratum); and 2) patients were content
with the diagnostic process and motivated for the treatment program.
Patients were excluded if they were in: 1) a conflict situation with
employer or insurance company regarding their work; 2) a financially
profitable situation caused by their illness; and 3) specific low back
pathology, co-morbidity, pregnancy and psychopathology. Any
medical condition that could interfere with physical performance
tests, major surgery within the previous year, existing infectious
disease, cancer, neuralgic or cardiovascular disease were exclusion
criteria for both patients and controls. Additionally, healthy subjects
were excluded if they had a history of LBP which had lasted more than
1 week, required medical attention or resulted in absence from work
or school within the previous 6 months. The median duration of LBP
complaints in patients is 68 months with a range from 8 to 180 months.
The mean (sd) score of the Roland Morris Disability Questionnaire
is 10.2 (5.3). All participants signed informed consent forms and
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were assessed in two sessions. Patients were assessed twice, during
the waiting time, before starting the cognitive somatic back school
rehabilitation program. The second session was performed after a
2–week interval. Time of day, day of week and place of assessment
were kept constant for the two sessions. The aim of this cognitive
somatic back school program is to achieve optimal functioning. The
program is given by a physical therapist and consists of the following
parts: (1) self-treatment according to the principles of McKenzie;
(2) education to gain insight into perception of physical symptoms
that occur during exposure of physical sporting activities and to learn
to react appropriately to these physical symptoms; (3) Education
concerning overload mechanisms and influence of psychosocial
factors on functional capacity and perceived disability.
To evaluate validity, 19 healthy subjects, group II was assessed, using
the LBM-based Ǻstrand bicycle test, and the maximal aerobic bicycle
capacity test with a 2-week interval.
Measurements
LBM-based Ǻstrand bicycle test
An LBM-based Ǻstrand bicycle test was performed to estimate the
maximum oxygen consumption; VO2 max in l/min, ml/min/kg Body
Mass (BM) and ml/min kg LBM [7,9,14]. First LBM was measured
according to the Durnin and Womersly protocol using a skinfold
calliper (Servier Nederland B.V., Leiden, the Netherlands) [7,9,15].
The subjects performed the test on a calibrated Cycle ergometer
(Excalibur Sport, Lode B.V., Groningen, the Netherlands). Heart
rate (HR) was recorded using a monitor connected to electrodes on
the patient’s chest (Polar Favour, Kempele, Finland). The subjects
started cycling under a predetermined workload of 0.5 Watt/kg LBM
at a constant rate of 60 rates per minute. After 2 minutes cycling the
workload was increased to 1.5 Watt/kg LBM. If the HR remained
below 120 beats / minute the workload was increased by 0.5 Watt/
kg LBM every 2 minutes. Once HR exceeded 120 beats / minute, the
patient cycled 6 minutes under a fixed workload to reach a steady state
phase, meaning that HR did not vary more than ± 5 beats / minute
during the final 2 minutes of exercise. The mean HR during the final
2 minutes of exercise was calculated. The maximum oxygen uptake
(VO2 max) was estimated using the Binkhorst calculation based on
the linear association between HR and increase in oxygen uptake, for
men and women [9,14,16].

37

Chapter 3

VO2 max (men)
			

174.2* load Watts + 4020		
= ------------------------------103.2 * heart rate - 6299

			
VO2 max (women)

163.8 * load Watts +3780
= ----------------------------104.4 * heart rate -7514

The calculated VO2 max was corrected for age using an age correction
factor from Ǻstrand [17]. The test was terminated if the subject did
not attain a HR of at least 120 beats/min, if the HR exceeded the
predetermined maximum (([220-age]) * 0.85), the systolic/diastolic
blood pressure reached a level of 220/115 mm Hg, or if the subject
showed signs of serious cardiovascular or pulmonary difficulties.
After 6 minutes cycling under a fixed workload, the load decreased
over 1 minute to 0.25 Watt/kg LBM and the subject cycled for 1
minute under this workload of 0.25 Watt/kg LBM.
Maximal bicycle test
The maximal bicycle test was performed on a calibrated cycle ergo
meter (Excalibur Sport, Lode B.V., Groningen, the Netherlands).
During the maximal exercise test the participants breathed through
a facemask (Hans Rudolph Inc, USA) connected to a calibrated
metabolic cart (Oxygen Champion, Jaeger, Mijnhardt, Bunnink, the
Netherlands). Expired gas was passed through a flow meter, oxygen
(O2) analyzer, and a carbon dioxide (CO2) analyzer. These analyzers
were connected to a computer, which calculated breath-by-breath
minute ventilation, oxygen consumption (VO2), CO2 production and
the respiratory exchange ratio using conventional equations. HR was
measured continuously during the test on a bipolar electrocardiogram.
The HR was recorded by a monitor connected to electro cardio gram
electrodes (3M red dot) on the patient’s chest. Maximal effort was
registered when one of two criteria were met, HR > 220 - age +10
or respiratory exchange ratio >1.0 [18]. The healthy subjects started
cycling the first 2.5 minutes under a predetermined workload of 0.5
Watt/kg body mass (BM) and the second 2.5 minutes under a workload
of 1 Watt/kg BM. After these five minutes the load increased by 0.25
Watt/kg BM per minute until maximum effort was reached. During
the recovery period of 5 minutes the subjects cycled under a workload
of 50 Watt.
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Table I: Basic characteristics of the participants, patients (n=20) and healthy
subjects group I for the reliability test (n=20) and healthy subjects group II for the
validity test (n=19).

Age (year)
Height, meters
Weight, kg
LBM, kg
Women (%)

Patients(n=20)
mean (sd)

Healthy subjects
(n=20)
mean (sd)
Group I

Healthy subjects
(n=19)
mean (sd)
Group II

33.8( 8.6)
1.76( 0.1)
73.9(14.7)
55.2(10.7)
12(60%)

22.0( 1.6)
1.79( 0.1)
72.4( 8.5)
60.4( 9.7)
10(50%)

22.9( 2.2)
1.74( 0.2)
70.9( 8.5)
57.1( 9.6)
11(58%)

(sd): standard deviation

Data analysis
Descriptive statistics were calculated for the scores of the two test
session. Independent samples t tests were used to analyse differences
in age and exercise capacity between patients and the healthy subjects
group I and group II. Test-retest reliability was analyzed by means of
a paired t-test and intra class correlation coefficient (ICC, one way
random model). For the reference range of the differences between
the two measurements of the LBM-based Ǻstrand bicycle test the
limits of agreement (LOA) were calculated as ± 1.96 * SD difference.
The repeatability coefficient (RC) was calculated, from the results of
one-way analyse of variance (ANOVA), with the subject as factor
[19-21]. The within subjects standard deviation (Sw) was estimated
as the square root of the residual mean square. The RC was calculated
as ± 1.96 * √2Sw [20]. The RC represents the limits within which it
is expected the differences between two measurements by the same
method will lie [20]. In case of significant differences between the first
and second test in the paired t-test, the ICC, the LOA and RC were
not calculated because test results differ systematically [20,21]. An
ICC ≥ 0.75 was considered an acceptable level of reliability [21,22].
No criteria for interpretation of the LOA and RC are available.
However, a smaller LOA indicate more stability over time because it
indicates that the natural variation is small [14,23]. Plots were made
of the individual difference between sessions against the individual
mean of the two sessions, to analyze whether the magnitude of the
difference was related to the mean performance [21]. A funnel shape
indicates that the magnitude of the difference is related to the mean
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performance [21]. LOA was expressed as a percentage of the mean
of two measurements [14]. The validity of the LBM-based Ǻstrand
bicycle test was evaluated by means of a paired t-test and an ICC
between the LBM-based VO2 max and the VO2 max based on the
maximal bicycle test. Agreement in between the two methods was
calculated as the LOA. LOA were also expressed as a percentage of
the mean of two measurements [20]. Data analyses were performed
using the Statistical Package for the Social Sciences (SPSS 14.0).
Results
The outcomes of the two LBM-based Ǻstrand bicycle tests did not
differ significantly in patients or in healthy subjects (Table II A). The
Bland and Altman plots did not show funnel shapes (Fig 1), indicating
that the difference between the two sessions is not related to the
average performances on the two sessions. In figure one an outlier
was identified. This outlier influenced the outcomes considerable,
therefore outcomes are presented in two ways, one including the
outlier (Table II A) and one excluding this outlier (Table II B) [20].
The ICC‘s between the first and the second LBM-based bicycle test
results ranged in patients from 0.91 to 0.94 including the outlier and in
healthy subjects from 0.97 to 0.98 (Table IIA) and excluding the outlier
ranged in patients from 0.96 to 0.98 (Table IIB). The LOA and RC in
patients including the outlier are considerably wider than in healthy
controls. When the outlier was exclude LOA and RC of patients and
healthy subjects were similar (Figs 2 and 3). The LOA percentages of
the mean of two measurements ranged in patients include the outlier
from 32.0% to 32.8% (Table IIA) and excluding the outlier from the
analysis from 13.8% to 16.9% (Table IIB). In healthy subjects the
LOA percentages of the mean of two measurements ranged 13.7%
to 14.6% (Table IIA). Only one patient (5%) of our study population
stopped the test prematurely due to fatigue and pain.
The patients are significantly older than the healthy subjects of group
I (P < 0.001). The aerobic capacity in the healthy subject group I are
significantly higher in ml/kg.LBM * min ˉ¹ (P<0.045) ml/kg.BM *
min ˉ¹ (P<0.005) and L/min (P<0.014) than in patients.
The outcomes of the LBM-based Ǻstrand bicycle test and the maximal
bicycle test did not differ significantly (Table III). The ICC’s between
the LBM-based Ǻstrand bicycle test and the maximal bicycle test
ranged from 0.88 to 0.95 (Table III). The healthy subjects of group
II are significantly younger (P<0.000) than the patients. The aerobic
capacity in the healthy subjects of group II are significantly higher
in ml/kg.LBM * min ˉ¹ (P<0.008) ml/kg.BM * min ˉ¹ (P<0.003) and
L/min (P<0.012) than in patients.
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Figure 1: LBM-based Ǻstrand bicycle test in patients and healthy subjects.
Difference between T1 and T2 scatter plotted against T1 + T2 divided by 2.
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0.63(4.1) 0.97 (0.94 to 0.99)
0.50(3.6) 0.98 (0.94 to 0.99)
0.04(0.2) 0.97 (0.94 to 0.99)

(95% CI)

58.7(12.7) 58.1(13.1) 58.3(12.8)
48.8(11.2) 48.4(12.2) 48.6(11.6)
3.55(0.9) 3.51(1.1) 3.53(1.0)

ICC

0.02(8.4) 0.91 (0.76 to 0.97)
0.63(6.4) 0.94 (0.85 to 0.98)
0.05(0.4) 0.91 (0.76 to 0.97)

mean of two
∆ T(sd)
measurements
(sd)

51.1(16.5) 51.1(11.4) 51.1(13.5)
38.6(15.1) 37.9(11.6) 38.3(13.0)
2.84(1.1) 2.78(0.8) 2.81(0.9)

T2(sd)

± 8.0
± 7.1
± 0.5

±16.1
±12.3
± 0.9

RC

±8.0
±7.1
±0.5

±16.6
±12.6
±0.9

LOA

13.7
14.6
14.1

32.2
32.8
32.0

LOA % of the
mean of two
measurements

There were no significant differences between the first and second test in the paired t-test of the LBM-based Ǻstrand bicycle test.
T1: mean value of the first assessment, T2: mean value of the second assessment (sd): standard deviation, ∆T: difference between T1
and T2
ICC: Intra Class Correlation, CI: Confidence of Interval, RC: repeatability coefficient, LOA: Limits of agreement, LBM: Lean Body
Mass, BM: Body Mass

Patients n=19
ml/kg LBM * min ˉ¹
ml/kg BM * min ˉ¹
l/min
Healthy subjects n=20
ml/kg LBM * min ˉ¹
ml/kg BM * min ˉ¹
l/min

T1 (sd)

Table II A: Results of the test-retest reliability for patients and healthy subjects in the first and second measurement sessions of the
LBM-based Ǻstrand bicycle test.
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49.7(12.6)
36.9(11.9)
2.71(0.9)

37.2(11.5)

2.73(0.8)

mean of two
measurements (sd)

50.6(11.5)

T2(sd)

-0.05(0.2)

-0.75(2.6)

-1.71(4.3)

∆ T(sd)

0.98 (0.95 to 0.99)

0.98 (0.97 to 1.00)

0.96 (0.91 to 0.99)

ICC (95% CI)

±0.4

±5.1

±8.4

RC

LOA % of the
mean of two
measurements

± 0.4 14.7

± 5.1 13.8

± 8.4 16.9

LOA

There were no significant differences between the first and second test in the paired t-test of the LBM-based Ǻstrand bicycle test.
T1: mean value of the first assessment, T2: mean value of the second assessment (sd): standard deviation, ∆T: difference between T1
and T2
ICC: Intra Class Correlation, CI: Confidence of Interval, RC: repeatability coefficient, LOA: Limits of agreement, LBM: Lean Body
Mass, BM: Body Mass

Patients n=18
ml/kg LBM * 48.7(13.9)
min ˉ¹
ml/kg BM *
36.4(12.5)
min ˉ¹
l/min
2.69(0.9)

T1 (sd)

Table II B: Results of the test-retest reliability for patients, without the outlier (n=18) in the first and second measurement sessions of
the LBM-based Ǻstrand bicycle test.
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Discussion
The results of our study show that the LBM-based Ǻstrand bicycle test
is reliable, valid and feasible, although there is considerable test-retest
variation. The ICC is ≥ 0.91 for all comparisons of the LBM-based
Ǻstrand bicycle tests in patients and healthy subjects. This shows that
the LBM-based Ǻstrand bicycle test is reliable in patients as well as in
healthy subjects. However, the ICC expresses how well observations
are likely to classify a patient consistently relative to other patients
[14,23]. The ICC value provides no indication of the magnitude of
the variation between two observations (within-patient variance or
‘noise’) [24]. To quantify the magnitude of such variation the LOA
and RC were calculated [20,21]. The LOA reflects the average
differences between two measurements and the RC reflects the
differences with the estimated true value of an individual. The RC is a
very similar analysis to the limits of agreement approach and can also
be applied to quantify the repeatability of a method from replicated
measurements obtained by the same method [20]. A smaller RC
indicates less intra individual variation. Clinically the LOA indicates
that, in an individual patient with non-specific CLBP, the changes
due to treatment should exceed the 95% LOA before permitting
the conclusion that a true change, increase or decrease, in exercise
capacity has occurred [14,23]. Despite the very good reliability, the
LOA and RC’s are considerable wider than in healthy subjects. These
findings indicate that true change in an individual patient can only
be detected when changes are at least 33% include the outlier (Table
IIA) and 17% exclude the outlier (Table II B) of the mean of two
measurements. However, excluding the outlier the result of LOA
and RC were similar for patients and healthy subjects. The mean
outcome of the two LBM-based Ǻstrand bicycle test was significantly
lower for patients compared to the control group(s). Similar results
were found previously in which patients with CLBP had a significant
lower VO2 max than the matched healthy referents [7]. However, it is
conceivable that in our study the significant difference in age between
patients and healthy subjects contributed to the differences in aerobic
capacity. The severity and duration of back complaints of our patients
is similar to that of patients in other studies. The median duration
of complaints of our study population of 68 months (range 8-180
months) is similar with those of other studies of 48 months (range
16 -120 months) [10] and 62 months (range 3-396 months) [7]. The
mean RMDQ score of our patients of 10.2(5.3) was also similar to
those of other studies, 10.17 (6.2) [25] and 14.2(3.9) [7]. Duration
of complaints of 68 months can be considered as a chronic condition.
A RMDQ score of 10 is considered as a mean disability score in
patients with CLBP [26].
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Figure 2: Bland and Altman scatter plot LBM-based Ǻstrand bicycle test in
patients. VO2 max ml/kg LBM * min ˉ¹ of the two test for the test-retest reliability
with exclusion of the outlier.
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The validity of the LBM-based Ǻstrand bicycle test was determined
using the ICC coefficient with the maximal bicycle test. The ICC’s
between the LBM-based Ǻstrand bicycle test and the maximal bicycle
test were ≥ 0.88 (Table III). Based on these results, we can conclude
that the LBM-based Ǻstrand bicycle test is valid in healthy subjects.
However, it should be noted that the LOA percentage of the mean
of two measurements were substantial, ranging from 24% to 29%.
The Bland and Altman scatter plot (Figure 4) shows that the range is
+ 21.5 to -16.1 VO2 max ml/kg LBM * min ˉ¹. Further research is
necessary to identify the sources of this variation. Although there is
a significant difference in age between patients and healthy subjects
in our study, it is conceivable that the LBM-based Ǻstrand bicycle
test is also valid in non-specific CLBP patients. This is supported by
Macsween [27] and Cink [28] that extrapolation of submaximal data
using the Ǻstrand age correction factors is valid.
The feasibility of the LBM- based Ǻstrand bicycle test in our patients
is good, with only one patient (5%) stopping due to fatigue or pain. In a
previous study it was reported that 12% of 84 patients with non-specific
CLBP stopped the LBM-based Ǻstrand bicycle test prematurely due
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to pain or fatigue [7]. Feasibility of the LBM-based Ǻstrand bicycle
test is higher than the conventional Ǻstrand bicycle test in patients
with non-specific CLBP [5,7]. Compared to a submaximal bicycle
ergometer test, 33% of 504 patients with chronic lumbar spinal
disorder were unable to finish the test [11]. In a Posthoc analysis
feasibility of the LBM-based Ǻstrand bicycle test in our study and
that from Smeets [7] appeared significantly better compared to the
bicycle test from Protas [11] (chi-square test respectively P < 0.004
and P < 0.001). Moreover, previous studies showed that patients who
underwent a symptom-limited modified treadmill test 25 (50%) of 50
CLBP patients stopped because of pain and 21 (42%) stopped because
of fatigue. The remaining 8% stopped because of test termination [1].
The outcomes of our study support the findings that the LBM-based
Ǻstrand bicycle test increases significantly the number of patients that
can finish the test. These findings indicate that the test has considerable
clinical advantages above the standard Ǻstrand test. A limitation of our
study was that our patients may have been a selection of non-specific
CLBP patients because they were motivated to do the exercise test
twice therefore the feasibility in our study is likely to be higher than
in general non-specific CLBP population. Additionally our results are
based on the small group of non-specific CLBP patients and sample
variation may have influenced our results.
Figure 3: Bland and Altman scatter plot LBM-based Ǻstrand bicycle test in healthy
subjects. VO2 max ml/kg LBM * min ˉ¹ of the two test for the test-retest reliability
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Difference of VO2 max ml/kg LBM * min -1 (T1 minus T2)

Figure 4: Bland and Altman scatter plot LBM-based Ǻstrand bicycle test and
maximal test in healthy subjects. VO2 max ml/kg LBM * min ˉ¹ of the two test for
the validity
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In conclusion, this study shows that the LBM-based Ǻstrand bicycle
test is reliable, valid and feasible. However, a substantial amount of
variation should be taken into account in patients when interpreting
the test results clinically.
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51.8(13.4)

3.60(1.1)

53.5(13.8)

3.80(1.1)

3.70(1.1)

52.7(13.2)

65.3(14.1)

mean of two
measurements
(sd)

0.20(0.5)

1.63(6.9)

2.72(9.6)

∆ T(sd)

(95% CI )

0.95 (0.88 to 0.98)

0.93 (0.82 to 0.97)

0.88 (0.70 to 0.95)

ICC

± 0.9

±13.5

±18.8

95%
LOA

24.3

25.6

28.7

LOA% of the
mean of two
measurements

There were no significant differences between the LBM-based Ǻstrand bicycle test and the maximal bicycle test
T1: mean value of the first assessment, T2 mean value of the second assessment (sd): standard deviation, ∆T: difference between T1 and
T23
ICC: Intra Class Correlation, CI: Confidence of Interval, LOA: Limits of Agreement, LBM: Lean Body Mass, BM: Body Mass

63.9(12.7)

66.2(16.7)

ml/kg LBM *
min ˉ¹
ml/kg BM *
min ˉ¹
l/min

Maximal
bicycle test
T2 (sd)

LBM-based
Ǻstrand test
T1 (sd)

Healthy
subjects n=19

Table III: Results for healthy subjects in the first measurement session of the LBM-based Ǻstrand bicycle test and the second measurement session of the maximal bicycle test
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Abstract
Objective:
Psychophysical lift capacity tests are lifting tests in which the
performance, expressed in Newton, is divided by the perceived
exertion, expressed on a Borg scale. The aim of this study was to
analyse test-retest reliability of psychophysical lift capacity tests.
Subjects:
patients with non-specific chronic low back pain (CLBP)
(n = 20) and healthy subjects (n = 20)
Methods:
Psychophysical lift capacity tests were assessed during a cognitive
somatic back school intake at the Centre for Rehabilitation of the
University Medical Centre Groningen. Patients of the waiting list and
healthy subjects were assessed twice, with a 2-week interval between
assessments.
Intra Class Correlation (ICC) was calculated as a measure of reliability.
An ICC ≥ 0.75 was considered as an acceptable reliability. Limits of
agreement as a measure for natural variation were calculated.
Results:
The psychophysical static and dynamic lift capacity tests showed a
good reliability (ICC ≥ 0.75). The limits of agreement are substantial,
indicating a considerable natural variation between test-sessions for
all psychophysical lift tests.
Conclusion:
The psychophysical static lift capacity and psychophysical dynamic
lifting capacity are reliable instruments for patients with non-specific
chronic low back pain and healthy subjects. However, a substantial
amount of natural variation should be taken into account between 2
test sessions when interpreting the test results clinically.
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Introduction
Traditional clinical assessments of patients with non-specific chronic
low back pain (CLBP) are most commonly based on tests of physical
disability (e.g., range of motion and strength) [1-4] and tests of
physical capacity that rely on a functional capacity evaluation (FCE).
These tests of physical capacity are entrenched in current practice,
but reliability and validity are generally weak [1,5-7]. For instance,
isokinetic devices are commonly used to quantify trunk strength and
motion. However, reliability of patient performance on the equipment
is low and these isokinetic test batteries require extensive equipment
[1]. Furthermore, the constrained manner of testing is functionally
unrealistic, implying that correlations between the test results and
function (i.e. validity) may be questionable [1,8].
The Isernhagen FCE has its limitations also in clinical evaluation
because of ceiling- and criterion effects in some of the tests [9]. In
these tests, many patients are not limited in the performance and meet
the maximal test criterion [9]. Thus improvements in performance as
a result of an intervention program can not be determined with these
tests of the Isernhagen FCE due to these criterion effects.
Perceived disability is frequently inferred from physical performance
measures but the outcomes may have little relation to actual
functioning [1,10]. Changes in range of motion, muscle strength and
physical fitness after a physical exercise program in a rehabilitation
centre are not related to changes in the perceived disability measured
with the Roland Morris Disability Questionnaire (RMDQ) [1,11].
Patient’s perceptions of the level of disability as measured by
for example the RMDQ may be subject to a perceptual or belief
mismatch [12,13]. There may be differences between how patients
actually function and how they perceive their functioning, and there
may be differences in what patients report and in what practitioners
observe and conclude, especially when patients are receiving injury
compensation [1,14]. This mismatch may negatively influence the
willingness and sense of safety while accomplishing specific physical
tasks which cause loading of the lower back [1,15]. Therefore
psychophysical capacity approach and outcome calculated as the
acceptable maximal effort (AME) of the patient divided by perceived
effort of the performance, may help to address the sense of safety of
the patient [16,17]. The sense of safety exists because the patient
determines which termination is acceptable. The perceived effort is
weighted in the result of the psychophysical capacity.
It was found that the most important variable for successfully treating
of CLBP is the reduction of patients’ perceived disability, and that
an appropriate perception of physical improvement contributes to the
reduction in perceived disability [18]. Following a cognitive somatic
rehabilitation approach for non-specific CLBP patients the change of
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the psychophysical trunk lift capacity was significantly related to the
change of the RMDQ (r = 0.74) [16].
Until now no information is available concerning the test-retest
reliability of psychophysical capacity tests [16]. The purpose of this
study was to assess the test-retest reliability of the psychophysical
capacity test.
Material and Methods
Participants
The test-retest reliability and the natural variation of psychophysical
tests were evaluated in 20 outpatients (12 women) with non-specific
CLBP and in 20 healthy, pain-free controls (10 women). The patients
were recruited from the Centre for Rehabilitation of the University
Medical Centre Groningen. The mean age of the CLBP group was
33.8 years (SD=8.6), mean height was 1.76 m (SD=0.1) and mean
weight was 73.9 kg (SD =15.1). The healthy subjects comprised
students from the Institute for Human Movement Sciences of the
University of Groningen. The mean age of the healthy subjects was
22.0 years (SD=1.6), mean height was 1.79 m (SD=0.1) and mean
weight was 72.5 kg (SD=8.5).
Procedure
Admittance assessment was performed by a rehabilitation physician at
the University Medical Centre Groningen before patients entered into
the study. Inclusion criteria for the waiting list of the cognitive somatic
back school rehabilitation treatment program are: (1) Non-specific
CLBP, lasting for more than three months and without demonstrable
specific origin: (2) the patient is satisfied with the diagnostic process
and outcome, and is motivated for the rehabilitation treatment [16].
Exclusion criteria were: (1) small amount of suffering due to low
back pain; (2) conflicts with employer or insurance company; (3) the
patient is dissatisfied with the diagnostic process or outcome of it or
is not motivated for the treatment program (secondary illness profits)
[16]. Exclusion criteria for patients and controls were any medical
condition that would interfere with psychophysical performance tests,
major surgery within the last year, current infectious disease, cancer
and neuralgic or cardiovascular disease. Additionally, subjects in
the healthy group were excluded if they had a history of LBP within
the previous 6 months that had lasted more than one week, required
medical attention, or resulted in absence from work or school. All
participants signed an informed consent form. The first author was the
physical therapist who assessed the psychophysical capacity of the
patients and the healthy subjects [16]. Patients of the waiting list and
healthy subjects were assessed twice; the second test was done after
a 2–week interval. Time of day, day of week and place of assessment
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were held constant for the test-sessions. Patients on the waiting list
were assessed twice before starting the cognitive somatic back school
rehabilitation program.
Measurements
Aerobic capacity was estimated by means of an LBM-based Åstrand
submaximal test on a cycle ergometer (Excalibur Sport, Lode BV,
Groningen, The Netherlands) before the psychophysical capacity
tests were performed [16]. The method for measuring lifting abilities
is based upon a psychophysical model referred to as AME [17].
Psychophysical static lift capacity test
The psychophysical static lift capacity test was performed by pulling
up a horizontal bar connected to a height-adjustable pillar (Fig 1) [16].
The vertical force was measured with a force transducer (EBN 85001250, Depx type brosia; GmbH & Co, Tettnang, Germany; range 0 to
2500 N; linearity 0.02%) and an amplifier (Elan-Schaltelemente MBP
6218; Kurt Maecker GmbH, Neuss 1, Germany; range , 500 µm/m to
5000 µm/m) and was registered on a plotter (PM 8043 Eindhoven,
The Netherlands; range, 2 mV/cm to 1V/cm). Three static lift tests
described by Chaffin et al were performed: the arm lift, leg lift and
trunk lift [19]. The position of the subject during the arm lift was;
standing straight up with the elbow bent at 90 degrees and close to the
body. The equipment handles were at elbow height. During the arm
lift and trunk lift the horizontal distance was 375 mm. The horizontal
distance for the leg lift was 0 mm. The vertical distance during the leg
lift and trunk lift was 500 mm.
In case of the psychophysical lifting capacity test the patient is in
control and determines which load is acceptable. The psychophysical
test performance was stopped when the patient believes the AME was
reached. The patient was instructed to stop the performance when
the AME was reached [17]. To measure patients perceived exertion
the Borg score (range 0.5 – 10) was assessed directly after reaching
the AME of the static lift capacity tests [20,21,22]. After the test, the
subject pointed the perceived effort on a table were the explanation of
the number was described. The Borg score is modified by changing
the 0 score in 0.5 which corresponds to not at all, 1=very light, 2=
light, 3=moderate, 4=slightly heavy, 5=heavy, 6= less than 7, 7= very
heavy, 8 = less than 9, 9 = less than 10, 10 = very terrible heavy (almost
maximum). The psychophysical static lift capacity was calculated
as the ratio of physical capacity and the Borg score, expressed in
Newton/Borg (N/B) [16].
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Fig 1. Static lifting force measurement
set-up:
1.
2.
3.
4.
5.
6.
7.

pillar
height adjuster
floor
handle
joint
transducer
connection with amplifier/plotter.

Psychophysical dynamic lifting capacity test
To measure the psychophysical dynamic lifting capacity, the
standardized Progressive Isoinertial Lifting Evaluation protocol
(PILE), described by Mayer et al. was used [23,24].
For a period of 20 seconds the patient had to lift a box with weights,
4 times from the ground on to a table. Stepwise, after each session,
during the 20 second rest, the weight of the box increased with
2.25 kg for women and 4.5 kg for men respectively. Heart rate was
measured with a heart rate equipment (Sport tester PE-3000; Polar
Electro, Kempele, Finland) [16]. The observer stopped the test when
the patient had reached the heart rate safety limit (220 - age x 85%)
[16,25]. The patient was instructed to stop the test when the AME was
reached [17]. Perceived exertion was assessed directly after reaching
the AME, the cardiac safety limit (formula 220 - age x 85%) or the
ceiling of the test of 402 N [26]. The psychophysical dynamic lifting
capacity was calculated as the ratio of the physical capacity and Borg
score, expressed in Newton/Borg (N/B) [16].
Data analysis
Descriptive statistics were calculated for the scores of the 2 testsessions. Test-retest reliability was determined by means of a paired
t-test and intra class correlation coefficient (ICC, one way random
model). To quantify variation over time, limits of agreement were
calculated as ± 2 times x SD difference [27,28]. In case of significant
differences between the first and second test the limits of agreement
were not calculated, because the test-retest reliability is unacceptable
[28]. An ICC ≥ 0.75 was considered as an acceptable reliability [30,31].
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No criteria for interpretation of the limits of agreement are available.
However, smaller limits of agreement indicate more stability over
time because it indicates that the natural variation is small [9]. Plots
were made of the individual difference between sessions against the
individual average of the two sessions, as recommended to analyse
if the size of the difference is related to the mean performance [28].
Comparisons between groups were calculated by using the mean of
the 2 test occasions for each group and thereafter a between group
t-test analysis. Data analyses were performed using the Statistical
Package of Social Sciences (SPSS 12.0).
Results
Outcomes of psychophysical lift capacity tests did not differ
significantly between the 2 sessions (table I). In patients, AME of
physical strength only, in Newton’s, was significantly lower in the
second session than the first session. The standard deviations of all
measurements are considerable. No funnel shape was present in the
plots (Fig. 2) indicating that the difference between the two sessions
is not related to the average tests on the 2 sessions. The other 3 figures
are similar.
The ICC for the psychophysical lift capacity ranged from 0.82 to 0.93
in patients and from 0.75 to 0.94 in healthy subjects (table II). Limits
of agreements ranged for the psychophysical static lift capacity tests
in patients from ± 26 N/B to ± 106 N/B and in healthy subjects from
± 42 N/B to ± 170 N/B respectively. The psychophysical dynamic
lifting (PILE) capacity had a limit of agreement in patients of ± 14.2
N/B and ± 19.6 N/B in healthy subjects. Psychophysical lift capacity
tests (N/B) of healthy subjects showed significantly higher values than
patients in leg lift (p=0.007) trunk lift (p=0.002) and PILE (p=0,000)
except for the psychophysical arm lift capacity tests (p=0.227).
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*: paired t test significant (p <0.05)
T1: mean value of the first assessment, T2: mean value of the second assessment
(sd): standard deviation, ∆ T: difference between T1 and T2
AME: Acceptable Maximal Effort PILE: Progressive Isoinertial Lifting Evaluation

11.1(53)
73.3(120)*
0.4 (0.9)
6.4(20)
34.6(72) *
0.3 (1.1)
3.8(13)
19.8(39) *
0.4 (0.9)
0.3 (7.1)
15.7(30) *
0.4(0.7) *

119.1(76.3)
468.1(226.0)
4.4 (1.5)
71.6 (40.4)
301.2 (128.0)
4.7 (1.6)
58.8 (32.1)
215.1 (68.1)
4.2 (1.4)
33.9 (17.6)
170.1 (81.6)
5.3 (1.5)

Leg lift Newton/Borg
Newton
Borg
Trunk lift Newton/Borg
Newton
Borg
Arm lift Newton/Borg
Newton
Borg
PILE Newton/Borg
Newton
Borg

108.1(59.7)
395.1(182.0)
4.0(1.9)
65.1(29.7)
266.2(106.1)
4.4(1.3)
54.9(28.4)
195.1 (80)
3.8 (1.2)
33.6(18.9)
154.1 (82.2)
4.9 (1.4)

Patients n=20 T Healthy n=20 T ∆ T(sd)
1 (sd)
2(sd)

Variable
185.1(104.1)
566.1(117.1)
3.6(1.6)
117(54.8)
401.1(112.0)
3.7(1.0)
67.3(32.4)
262.1(89.9)
4.3(1.3)
65.2(27.4)
287.1(96.5)
4.6(1.1)

T 1(sd)
183.1(90.1)
610.1(208.1)
3.8(1.4)
123(61.9)
395.1(142.0)
3.5(1.1)
71.5(41.5)
252.1(94)
4.0(1.3)
68.3(29.2)
284.1(98.4)
4.3(0.7)

T 2(sd)
1.73(85)
-44.3(107)
-0.2(1.3)
-6.5(21)
5.2(74)
0.2(0.7)
-4.2(26)
10.8(31)
0.3(1.2)
-3.1(9.8)
2.2(22.9)
0.3( 0.7)

∆ T(sd)

Table I: Results of patients and healthy subjects in the first and second measurement session of the psychophysical capacity in Newton/
Borg, the AME in Newton and the perceived exertion in Borg.
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0.56 to 0.93
0.62 to 0.93
0.79 to 0.96
0.83 to 0.97
0.44 to 0.91
0.82 to 0.97
0.48 to 0.89
0.85 to 0.97

0.78
0.93
0.75
0.94

95% CI

0.82
0.83
0.89
0.93

ICC

± 170.0
± 42.0
± 52.0
± 19.6

± 106.0
± 40.0
± 26.0
± 14.2
184.1
120.0
69.4
66.8

113.6
68.3
56.9
33.8

Limits of Agreement Mean of two
(LOA) in N/B
Measurements
In N/B

ICC: Intra Class Correlation CI: confidence of Interval N/B: Newton/Borg
PILE: Progressive Isoinertial Lifting Evaluation

Patients N=20
Leg lift
Trunk lift
Arm lift
PILE
Healthy N=20
Leg lift
Trunk lift
Arm lift
PILE

Psychophysical Capacity test
in N/B

92
35
75
29

93
59
46
42

LOA % of the
Mean of two
measurements

Table II: Intra class correlation’s (one way random model) for patients and healthy subjects of the psychophysical
capacity tests N/B.

Test-retest reliability of psychophysical lift capacity, in patients
with non-specific chronic low back pain and healthy subjects

59

Chapter 4
Fig 2: Psychophysical trunk lift patients and healthy subjects
Difference between Psychophysical trunk lift T1 and T2 scatter plotted against T1
+ T2 divided by 2.
N/B

Psychophysical Trunk lift test T1 minus T2

75.00

50.00

25.00

0.00

-25.00

-50.00

-75.,0
0.00

100.00

200.00

300.00 N/B

Psychophysical Trunk lift test T1 + T2 divided by 2

Discussion
A significant decrease was found in patients between session 1 and
2 of only strength (physical capacity) in Newton’s of the AME of
static leg lift, trunk lift and arm lift and dynamic lifting (PILE). This
significant decrease in patients with non-specific CLBP, confirms
the inadequate reliability of traditional clinical assessments for these
patients based on tests of physical strength alone (physical capacity)
[1]. The SDs of all measurements are considerable. The cause can
be the significant differences between men and women. However
the values are normally distributed calculated with the 2-tailed
kolomogorov - Smirnov test.
In all the measurements of the psychophysical capacity in patients
and healthy subjects the ICC was > 0.75. This means that the
psychophysical static lift capacity test and psychophysical dynamic
lifting capacity test in patients and in healthy subjects are reliable.
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However the 95% CI are large which suggest that, as in other studies
ICC’s lower than 0.75 may be found. On the other hand, the ICC
expresses how well two observations are likely to classify a patient
consistently relative to the other patients [32]. The ICC value provides
no indication of the magnitude of the disagreement between two
observations [33]. To determine the magnitude of disagreement on
an individual level, the limits of agreement were calculated [29,30].
In other words, in an individual patient with non-specific CLBP the
changes due to treatment should exceed limits of agreement before
deciding that true changes have occurred. Despite the acceptable
reliability (ICC) the limits of agreement were substantial of the
psychophysical lift capacity tests in patients and healthy subjects. This
means that the “noise” was relatively large. The limits of agreement
of the psychophysical leg lift were large (± 106 N/B) in patients.
This means that true change can only be detected when an individual
changes at least 93% in comparing to 113.6 N/B (table II). When the
change is less than 93% after a treatment program, it may be due
on natural variation. The limits of agreement of the psychophysical
trunk lift capacity were ± 40.0 N/B in patients. This means that true
change can only be detected when an individual changes at least 59%
in comparing to 68.3 N/B (table II). When the psychophysical static
trunk lift capacity in patients increases 59% they will almost reach
the value of the healthy subjects. In a previous study we have shown
that CLBP patients increased 87% in the psychophysical static trunk
lift and 98% in the psychophysical static leg lift capacity test after a
cognitive somatic rehabilitation approach [16]. For the psychophysical
dynamic lifting capacity test this individual change has to be 42% in
patients, which is also substantial. For the psychophysical dynamic
lifting capacity test the difference between patients and healthy
subjects was relatively larger. When the patients increase 42% the
patients will not have reached the value of the healthy subjects. This
may be because the psychophysical endurance of abdominal and back
muscles is also important within the psychophysical dynamic lifting
capacity test compared to the psychophysical static lift capacity test.
This is supported by the result of the PILE that 17 of the healthy
subjects and none of the patients ended the test due to the ceiling
effect and in according of the results found in the study of Brox et al.
[34].
Large limits are the result of a substantial within subject variation. This
variation can be attributed to the testing procedure, or to other factors
such as the patient or healthy subjects, differences in test behaviour
like fear of pain, motivation or within subject random errors. However,
perceived exertion or an appropriate perception of physical activities
is important in the reduction of the perceived disability [18]. Table I
shows that the Borg score is systematically higher in patients in both
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measurements compared with the healthy subjects except for static
arm lift capacity tests.
No significant difference between patients and healthy subjects was
found for the first psychophysical static arm lift capacity (P=0.227)
which might be expected because patients did not experience arm pain
and the lower back was held straight during lifting. The psychophysical
dynamic lifting (P=0.000) and static trunk lift (P=0.002) and static leg
lift capacity (P=0.007) were significant lower in non-specific CLBP
patients compared to healthy subjects which might be expected.
In conclusion, the present study shows that the psychophysical static
lift capacity and psychophysical dynamic lifting capacity are reliable
instruments for patients with non-specific CLBP and healthy subjects.
However, a substantial amount of natural variation should be taken
into account between two test sessions when interpreting the test
results clinically.
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Chapter 5
Abstract:
Objective:
Short term outcome of a back school program for patients suffering
from non-specific chronic low back pain (CLBP).
Design:
Quasi-experimental cohort study with a control group.
Setting:
Department of Rehabilitation, Centre for Rehabilitation, University
Medical Centre Groningen.
Participation:
Experimental group (n=14) participating in the back school program
and a waiting list control group (n=10).
Intervention:
A back school program aimed to achieve an optimal functional status
and perceived disability by teaching to react appropriately to physical
symptoms.
Main Outcome Measures:
Functional status assessed by the RAND-36; perceived disability
assessed by the RMDQ questionnaire; and static and dynamic lifting
capacity, endurance and range of motion assessed by objective
measures.
Results:
The experimental group significantly improved in functional status
and perceived disability with a large power, likely attributable to
appropriate perceptions of physical symptoms. Significant differences
existed between the 2 groups with large powers for the main outcomes.
Conclusion:
The back school program improved functional status and perceived
disability of patients with non-specific CLBP.

68

Short-Term outcomes of a back school program for
non-specific chronic low back pain
Introduction
In the Netherlands 60% to 90% of the population suffer from low
back pain (LBP) at least once in their life. The incidence of low
back pain is 50-250 per 1000 persons [1,2]. LBP has considerable
socioeconomic consequences because of the costs of illness and sick
leave [3]. Despite treatment, LBP frequently becomes chronic [4].
In healthy persons a balance exists between the functional load required
for work and activities of daily living (ADLs) and a person’s functional
capacity. Functional capacity can be defined as the performance
potential for ADLs [5]. A person can get LBP if an imbalance occurs
between the functional load and the functional capacity. Imbalance
can be caused by an overload in activities or by decreased functional
capacity. This imbalance can lead to (non-specific) chronic low back
pain (CLBP). (Non-specific) CLBP is maintained by the interaction
of physical, mental and social factors [6]. These factors are of equal
importance in restoring balance: a deficiency in any of them can result
in a deterioration of functioning [6]. Along with mechanical trauma
and physical exertion, mental and social exertion, so called “stress”,
also produce morphological, biochemical and functional changes
[7,8]. Both functional load and the functional capacity are determined
not only by physical factors, but also by mental and social factors.
Functional status can be divided into physical, mental and social
factors.
The Physical factor is determined by a person’s energetic and
mechanical capacity and the performance potential for physical
activities and can be measured by tests and questionnaires [9].
The anaerobic and aerobic capacity of the muscles belongs to the
energetic capacity and can be measured by means such as exercise
testing [10]. Muscles, bones, ligaments, discs and joints determine the
mechanical capacity [11]. Mechanical capacity can be measured by
analyzing components such as range of motion (ROM) and static and
dynamic lifting tasks [12,13]. The Mental factor is determined by the
performance potential for mental and emotional activities [10]. Mental
factors can be measured by tests and questionnaires. The Social factor
is determined by the performance potential for social activities and it
too can be measured by, for example, questionnaires [10].
If physical, mental and social factors are equally important treating
patients with (non-specific) CLBP requires a multidimensional
approach [6]. Most treatment programs and outcome studies only
have focused on physical measurements such as ROM and muscle
strength [5,14]. Because such measurements may often reflect mental
and social states as well as actual physical capabilities the outcomes
are only weakly associated with the patient’s perceived disability
[5,15].
Hildebrandt et al. showed that the most important variable for
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successfully treating CLBP is the reduction of the patient’s feelings of
disability [16]. The study results suggest that an appropriate perception
of physical improvement contributes to increased satisfaction and a
reduction of subjective feelings of disability [16].
At the Centre for Rehabilitation of the University Medical Centre
of Groningen, the Netherlands, a cognitive somatic back school
program has been developed based on appropriate perception of
physical symptoms [17]. Before patients are admitted to the program
an assessment is performed by a rehabilitation physician and
psychologist at the Centre for Rehabilitation of the University Medical
Centre Groningen. The cognitive somatic back school program
performed by physical therapists consists of an intake component
and a treatment component [17]. The objective of the intake is to
examine the patient’s perceived disability and to gain insight in the
imbalance between his/her functional load and functional capacity.
The goal of the treatment program is to achieve optimal functioning
and perceived disability, teaching the patient to react appropriate
to physical symptoms and teaching the patient to be aware of the
balance between functional load and functional capacity. Duration
and frequency of the program is adjusted to the patient’s need. The
mean duration and standard deviation (SD) of the program is 3.6 (2)
months with a mean frequency of 12 visits (8.2) of 1 hour, consisting
of the following parts; (1) treatment of mechanical capacity according
to the principles of McKenzie [18,19]; (2) education to gain insight
into perception of physical symptoms that occur during exposure of
physical sporting activities and to learn to react appropriately to these
physical symptoms; and (3) treatment by self-efficacy by explaining
the overload mechanism and the influence of mental and social
factors on functioning. In the present study we evaluated the shortterm outcomes of the back school program, on physical, mental and
social factors, and functional status and perceived disability.
Methods
Subjects
After agreeing to enter the back school program, 28 patients were
randomly allocated by a rehabilitation physician into 2 groups an
experimental group (Exp) and a waiting list control group (Con).
The customary admittance criteria were used. Patients included were
those who: (1) had non-specific CLBP (i.e. pain lasting for more than
3 months, LBP without shown organic substratum); and (2) were
content with the diagnostic process and motivated for the treatment
program [3,4,17]. Patients were excluded from the treatment program
when there was; (1) Low degree of suffering; (2) conflict situation
with employer or insurance company; and (3) secondary illness profits
[4,17,20]. Four patients of the waiting list control group refused to
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participate. As a result, 24 patients (Exp n=14; Con n=10) participated
in the study. The experimental group consisted of 7 women and 7
men, mean (sd) of 38 years (7.7). The control group consisted of 5
women and 5 men mean (sd) age of 32 years (8.1).
Study design
We chose a quasi-experimental cohort study with a waiting list control
group. For practical reasons the 2 groups were measured at different
points in time. The experimental group started with the treatment
program after the first assessment; the second assessment was at
the end of the back school program. The waiting list control group
was assessed twice before entering the back school program. The
first assessment was before entering the waiting list and the second
assessment at the end of the waiting period of 1 month. The physical
therapists were not informed that an experimental cohort study was
being conducted.
Physical factor
The physical function and physical disability scales of the RAND-36
questionnaire were used to determine the self-reported physical factor
[21,22]. The RAND-36 questionnaire consists of 11 questions divided
into 9 scales related to 3 dimensions, functional status, well-being and
general health. The test-retest reliability of the 9 scales are moderate
(r=.58-.82) and the internal consistency is high (r=.84) [22]. Each
scale ranges from 0 (worst score) to 100 (best score). The physical
factor was also determined by measuring the energetic capacity and
mechanical capacity.
Energetic capacity
The estimated maximum oxygen uptake is an indication of energetic
capacity of the patient [23,24]. To estimate the maximum oxygen
uptake a LBM-based protocol of the Åstrand test on a cycle ergometer
(A) was used [25]. Before starting the LBM-based Åstrand protocol
the patient’s lean body mass (LBM) was measured with a skinfold
calliper (B). Patients started at a predetermined workload on the cycle
(0.5 watt/kg LBM). After 2 minutes the workload increased to 1.5
W/kg LBM. The patients were required to cycle 6 minutes with a
workload of 1.5 watt/kg LBM. The workload automatically increased
to 2.0 W/kg LBM when the heart rate fell below 120 beats per minute
after 2 minutes. The LBM-based Åstrand bicycle test was performed
for a maximum of 10 minutes and results are expressed in mL • kgˉ¹ •
minˉ¹ LBM. This protocol has a high correlation (r=0.84) verified with
the maximum oxygen uptake measured with a maximum exercise test.
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Mechanical capacity
Mechanical capacity was determined by measuring the ROM of the
lumbar spine and the static and dynamic lifting capacity [12,13].
Range of Motion
To measure the ROM of flexion and extension in the sagittal plane of
the lumbar spine the we used the Electric Digital Inclinometer (EDI)
(C) [26,27]. The EDI has exhibited moderate interrater and test-retest
reliability for measuring lumbar spine ROM in flexion and extension
[27,28].
Static lifting capacity
The static lifting capacity test was performed with a mechanism
consisting of a pillar with a horizontal bar that is adjustable in height
(Fig 1). The bar has adjustable handles. The vertical force was
measured with a force transducer (D) (range, 0 to 2500 N; linearity,
.02%) and an amplifier (E) (range, 500-5000 µm/m) and was registered
on a plotter (F) (range, 2 mV/cm- 1V/cm). Two lifting tests described
by Chaffin were performed, the leg lift and trunk lift [29]. Patients
were instructed to stop the test when the acceptable maximal effort
(AME) was reached [30]. To measure patients perceived effort we
assessed their Borg score shortly after they reached the AME of the
static lifting capacity test [11,31,32]. The Borg score (rating scale 0.5
to 10) was also used for the psychophysical evaluation of static lifting
capacity [32,33]. This measure was calculated by dividing the force
(measured in Newton’s, N) by the Borg score (B) and was expressed
as Newton/Borg (N/B).
Fig 1. Static lifting force measurement
set-up:
1.
2.
3.
4.
5.
6.
7.
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Dynamic lifting capacity
To measure dynamic lifting capacity, we used the standardized
Progressive Isoinertial Lifting Evaluation protocol (PILE), described
by Mayer et al. [34, 35]. During 20 seconds the patient had to lift a
box of weights from the ground onto a table 4 times. Stepwise, after
each session, while patients had a 20 seconds rest, the box was made
heavier in increments of 5 pounds for women and 10 pounds for men.
In addition patient’s heart rates (HRs) were measured with heart rate
equipment (G) set to 85% of each patient’s maximum HR related to to
his/her age. This relationship can be expressed mathematically as 220
- age * 85% [36]. The 85% HR limit was used as a safety guideline.
The observer was instructed to stop the test when the patient had
reached the 85% HR (safety) limit. Patients were instructed to stop
the test when the AME was reached [30].
Mental factor
The mental factor was assessed by the mental health and emotional
disability scales of the RAND-36 questionnaire [21,22]. Each scale is
expressed on a range from 0 (worst score) to 100 (best score).
Social factor
Social factor was assessed by the social function scale of the RAND36 questionnaire [21,22]. The scale is expressed on a range from 0
(worst score) to 100 (best score).
Functional status
Functional status was assessed with the RAND-36 questionnaire
[21,22]. The questionnaire functional status dimension consists of
physical function, social function, physical disability and emotional
disability scales. The total functional status score is expressed on a
range from 0 (worst score) to 400 (best score).
Perceived disability
We assessed perceived disability by the Roland Morris Disability
Questionnaire (RMDQ) [20,37-39]. The RMDQ is frequently used
in studies of LBP and is reliable, valid and sensitive to changes in
persons with LBP [20,37-39]. The RMDQ provides an assessment of
a patient’s specific perceived disability because of LBP [37-39]. We
used the Dutch RMDQ with scores expressed on a scale from 0 (no
disability) to 24 (highly disabled) [20, 38].
Statistical Analysis
Means and SDs were calculated using basic statistical analyses. To
compare the baseline characteristics of the 2 randomized groups,
we performed univariate analysis of variance (ANOVA). Statistical
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differences between 2 measurements within groups were calculated
with the non parametric Wilcoxon signed-rank test. Outcomes
between groups effect were assessed by repeated analysis of variance
ANOVA. The power analysis was calculated with the test of Wilk’s
Lambda by a within-group design and between-group design. We used
Spearman’s rank-order correlation to compare the change in score
of functional status and perceived disability with change in score of
other variables. The changes in score were calculated by taking the
difference between the scores of the first and second measurement.
The calculations were performed with the Dutch version of Statistical
Package of Social Science (H).
Results
The 2 groups did not resemble each other for all baseline characteristics
(table I). Baseline characteristics of physical measurements were
resembled each other except for the HR of the PILE test. Baseline
characteristics of self-reported physical function, mental health and
social function were significantly different between the two groups.
The mean (sd) duration of the back school program in the experimental
group was 3.7 (2.1) months with a mean frequency of 12 (5.4) visits
of 1 hour. Improvements in the experimental group accompanied with
outcomes differences between experimental and control groups refer
to therapeutic results.
Physical factor
Energetic capacity measured by the exercise test significantly
improved in the experimental group (table II). We found no significant
differences between the 2 groups (table II). Mechanical capacity
measured by the ROM of the lumbar spine and the static and dynamic
lifting task significantly improved in static lifting capacity of the
experimental group. A significant (p= 0.002, p= 0.049) between 2
groups difference were found for static lifting capacity. However, in
both groups the adjusted Borg scores decreased and no significant
between-group differences were found for these measurements. In
the experimental group the dynamic lifting capacity increased slightly
and was accompanied by a significant (p= 0.004) increase of the HR.
The observed power of the increased HR was large. Differences in
HR between the 2 groups was statistically significant (p= 0.001) with
a large power. The psychophysical static leg lift and psychophysical
trunk lift capacity significantly improved in the experimental
group with a large power. Differences between the 2 groups were
statistically significant. The differences of psychophysical static trunk
lift capacity showed a large power. Self-reported physical function
and physical disability significantly (p=0.001, p=0.004) improved in
the experimental group (table III). In the two scales large observed
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powers (> 0.80) were found. Differences between the 2 groups were
statistically significant (p= 0.001, p= 0.001) with a large power.
Table I: Baseline characteristics at randomization experimental group (n=14) and
control group (n=10)
Variable

Experimental
group

Control group

P value

Age
Men %
Physical measurements
Static Leg lift (Newton)
Static Trunk lift (Newton)
Borg Leg lift (0.5-10)
Borg Trunk lift (0.5-10)
PILE (Newton)
PILE HF (BPM)
VO2 max (ml/kg/min LBM)
EDI Flexion (Degree)
EDI Extension (Degree)
Psychophysical Leg lift
Psychophysical Trunk lift

38 (7.7)
50

32 (8.1)
50

0.090
1.000

404(174.0)
332(138.0)
4 (1.69)
4.3 (1.98)
199(102.8)
109 (26.7)
44.1(9.06)
45.3(12.2)
11.9( 9.4)
120( 78.2)
96.8(73.8)

432(184.5)
271(107.9)
3.7(1.74)
4.3 (1.49)
206( 83.5)
137 (22.6)
54.6(18.4)
56.0(13.3)
12.5( 9.8)
117( 63.6)
69.9(34.2)

0.701
0.246
0.622
0.986
0.578
0.010
0.126
0.121
0.886
0.925
0.275

45.4(21.2)
30.4(39.4)
52.6(6.4)
71.4(43.1)
49.3(12.4)
203(86.5)
12.5(6.9)

61.7(13.9)
54.2(43.8)
72.6(13.8)
75.0(40.5)
79.3(23.4)
268(81.4)
8.1(4.0)

0.032
0.157
0.000
0.830
0.000
0.062
0.065

Questionnaires
Physical Function
Physical Disability
Mental Health
Emotional Disability
Social Function
Functional Status
Perceived Disability
(RMDQ)

Note: values are mean (SD). Abbreviations; BPM: beats per minute, VO2 max:
maximal oxygen uptake. P value from one way ANOVA between groups.
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Mental factor
Self-reported mental health significantly improved and emotional
disability slightly improved in the experimental group. Significant
(p= 0.020, p=0.035) between-group differences were found for these
measurements.
Social factor
Although self-reported social function significantly improved in
both groups there were statistically significant differences (p= 0.000)
between the 2 groups. The differences had a large power.
Functional status
The functional status scale significantly (p=0.001) improved in the
experimental group. Functional status improved with a large observed
power. There were statistically significant (p= 0.000) differences
observed between the 2 groups with a large power.
Table II: Outcomes of physical measurements in the first and second measurement
sessions, for experimental (n=14) and control (n=10) groups
Measurements
Static Leg lift (N)
- Experimental group
- Control group
Static Trunk lift (N)
- Experimental group
- Control group
Borg Leg lift
(0.5-10)
- Experimental group
- Control group
Borg Trunk lift
(0.5-10)
- Experimental group
- Control group
PILE (N)
- Experimental group
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Measure 1 Measure 2 Between
groups p

Within
groups p

.002
404(174)
432(184)

528(176)
376(169)

.012
.083
.049

332(138)
271(107)

394(91)
256(99)

.044
.563
.690

4 (1.69)
3.7(1.74)

2.9(1.54)
2.9(1.58)

3.2(1.63)
3.3(1.31)

.49
.25
.05

.064
.021

.52
.69
.49
.33

.055
199(102)

226(77.9)

.92
.86
.39
.47
.54
.08
.06

.067
.180
.857

4.3(1.98)
4.3(1.49)

Power

.154
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Measurements

Measure 1 Measure 2 Between
groups p

Within
groups p

Power

- Control group
PILE HR (BPM)
- Experimental group
- Control group
VO2 max
(ml/kg/min LBM)
- Experimental group
- Control group
EDI Flexion
(Degree)
- Experimental group
- Control group
EDI Extension
(Degree)
- Experimental group
- Control group
psychophysical static
lif capacity
Leg lift (N/B)
- Experimental group
- Control group
Trunk lift (N/B)
- Experimental group
- Control group

206( 83)

.218

.24
.96
.98
.18
.29

190(84.3)
.001

109 (26.7) 138(18.4)
137 (22.6) 132(14.6)

.004
.100
.147

44.1(9.0) 49.1(8.1)
54.6(18.4) 52.6(7.0)

.028
.859

.76
.09
.14

.141
1.000

.24
.05
.16

.615
.091

.08
.39

.366
45.3(12.2) 49.8(9.9)
56.0(13.3) 56.1(12)
.054
11.9( 9.4)
12.5( 9.8)

10.3(5.9)
15.0(8.1)

.013
120( 78)
117( 63)

237(151)
114 (61)

96.8(73)
69.9(34)

182(139)
99.9(75)

.003
.824
.006
.005
.328

.73
.78
.05
.82
.76
.22

Values presented as mean (sd). P values between groups effect from repeated
measures ANOVA. P values with-in groups’ effect from two tailed Wilcoxon signed
rank test. Power values from Wilk’s Lambda between and with-in groups effect.
Abbreviations: HR: heart rate, BPM: beats per minute, VO2 max: maximal oxygen
uptake, LBM: lean body mass. N/B: Newton / Borg.

Perceived disability
The perceived disability (RMDQ) significantly improved in the
experimental group with a large power. Differences between the 2
groups were statistically significant (p= 0.005) with a large power. In
the experimental group there was a significant (p< 0.01) correlation
(r= -0.74) between changes in score of psychophysical trunk lift capacity
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and perceived disability (table IV). The coefficient of determination
was moderate (0.55). Changes in score of psychophysical trunk
lift capacity and psychophysical leg lift capacity were significantly
correlated with the change in score of functional status. The change
in score of functional status (table V) was significantly correlated
with the change in score of perceived disability. The coefficient of
determination was moderate (0.52). The change in score of selfreported physical function and physical disability were significantly
correlated with the change in score of functional status and perceived
disability. The coefficient of determination between the self-reported
physical disability and functional status was large (0.73).
Discussion
The experimental group who participated in the back school program
significantly improved in the energetic capacity, mechanical capacity,
self-reported physical factor, mental factor, social factor and functional
status and perceived disability. The first goal of the cognitive somatic
back school program is to achieve optimal functioning and perceived
disability. The improvements of functional status and perceived
disability in the experimental group were statistically significant
and showed a large observed power. In-between group outcomes
from repeated measures ANOVA of functional status and perceived
disability were statistically significant between the 2 groups with a
large power. These findings suggest that a large effect of intervention
was achieved. The coefficient of determination between the change in
score of functional status and the change in score of perceived disability
was 52%. This indicates that the ability to restore the balance between
functional capacity and functional load was associated with the
improvement of perceived disability. The coefficient of determination
between the change in score of self-reported physical disability and
the change in score of functional status was large (table V). This
finding indicates a strong association between the improvement of
self-reported physical disability and functional status. Evidently,
reducing feelings of physical disability positively contributes to an
optimal functional status.
The other goal of the cognitive somatic back school program is
teaching the patient an appropriate perception of physical symptoms
and to obtain more insight into the balance between functional load
and functional capacity. The goal is based on the assumption that
an appropriate perception of physical improvement contributes to
increased satisfaction and a reduction of feelings of disability [16].
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Table III: Outcomes of questionnaires in the first and second measurement
sessions, for experimental (n=14) and control group (n=10) groups
QUESTIONNAIRES

Physical Function
(0-100)
- Experimental group
- Control group
Physical Disability
(0-100)
- Experimental group
- Control group
Mental Health
(0-100)
- Experimental group
- Control group
Emotional Disability
(0-100)
- Experimental group
- Control group
Social Function
(0-100)
- Experimental group
- Control group
Functional Status
(0-400)
- Experimental group
- Control group
Perceived Disability
(0-24)
- Experimental group
- Control group

Measure
1

Measure
2

Between
Group
P value

With-in
Group
P Value

.001
45.4(21.2)
61.7(13.9)

74.3(15.2)
64.6(18.2)

.94
.001
.315

.99
.11
.96

.004
.429

.98
.12
.66

.005
.369

.96
.12
.57

.063
.317

.54
.15
.99

.001
.026

1.0
.72
.99

.001
.508

1.0
.09
.84

.001
.356

.96
.13

.001
30.4(39.4)
54.2(43.8)

82.1(31.7)
47.9(37.6)
.020

52.6 (6.4)
72.6(13.8)

64.6(10.2)
74.8(16.7)
.035

71.4(43.1)
75.0(40.5)

95.3(11.9)
72.3(44.6)
.000

49.3(12.4)
79.3(23.4)

88.3(11.5)
89.7(23.1)
.000

203(86.5)
268(81.4)

341(56.9)
293(115 )
.005

12.5 (6.9)
8.1 (4.0)

6.6 (5.5)
7.4 (4.8)

Power

Values presented as mean (sd). P values between groups effect from repeated
measures ANOVA. P values with-in groups effect from two tailed Wilcoxon signed
rank test. Power values from Wilk’s Lambda between and with-in groups effect.
Abbreviation RMDQ: Roland Morris Disability Questionnaire.
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Table IV: The Spearman correlation’s and coefficient of Determination (rxy)² of
changes in score of the physical measurements in the experimental group (n=14)
and in the control group (n=10) with the functional status and the perceived
disability questionnaire.
Physical measurements

Static Leg lift
Experimental group
Control group
Static Trunk lift
Experimental group
Control group
Borg Leg lift
Experimental group
Control group
Borg Trunk lift
Experimental group
Control group
PILE
Experimental group
Control group
PILE Heart Rate
Experimental group
Control group
VO2 max LBM
Experimental group
Control group
EDI Flexion
Experimental group
Control group
EDI Extension
Experimental group
Control group
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Functional
Status

Perceived
Disability

Functional
Status (rxy)²

Perceived
Disability
(rxy)²

0.27
- 0.26

- 0.20
- 0.53

0.07
0.07

0.04
0.28

0.19
- 0.41

- 0.40
- 0.35

0.04
0.17

0.16
0.12

- 0.33
0.35

0.21
0.01

0.09
0.12

0.04
0.00

- 0.22
0.27

0.40
- 0.33

0.05
0.07

0.16
0.09

0.34
0.20

- 0.02
- 0.35

0.12
0.04

0.00
0.12

- 0.22
0.40

0.44
0.07

0.05
0.16

0.19
0.00

0.32
- 0.55

- 0.21
- 0.44

0.10
0.30

0.04
0.19

0.63 *
- 0.22

- 0.69 **
0.31

0.40
0.05

0.48
0.09

- 0.57
0.61

0.14
- 0.16

0.32
0.37

0.02
0.03

Short-Term outcomes of a back school program for
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Physical measurements

Psychophysical static
Leg lift
Experimental group
Control group
Psychophysical static
Trunk lift
Experimental group
Control group

Functional
Status

Perceived
Disability

Functional
Status (rxy)²

Perceived
Disability
(rxy)²

0.56 *
- 0.50

- 0.47
- 0.37

0.31
0.25

0.22
0.14

0.54 *
- 0.53

- 0.74 **
0.14

0.29
0.29

0.55
0.02

Significant, **: (P < 0.01), *: (P < 0.05)
Abbreviations, PILE: progressive isoinertial lifting evaluation, VO2 max : maximal
oxygen uptake, LBM: lean body mass, EDI: Electro digital inclinometer

The significant improvements of psychophysical static lifting capacity
and HR by the PILE test and the statistically significant differences
between the 2 groups, suggest that a large effect of intervention was
achieved. Apparently, patients increased their physical lifting capacity
because they dared to go on longer and know their physical limitations
better. The outcome was less attributable to the principles of physical
training because (1) the experimental group significantly improved
and the control group slightly in static lifting capacity, though both
groups Borg score decline similarly; and (2) the control group’s
PILE test and HR slightly declined, whereas the converse occurred
in the experimental group. Their PILE test increased slightly and HR
showed significant increase. The change in score of psychophysical
trunk lift and psychophysical leg lift capacity correlated significantly
with the change in score of functional status. The change in score of
psychophysical trunk lift correlated significantly with the change in
score of perceived disability. Apparently, the cognitive somatic back
school program enabled patients to develop an appropriate perception
of physical symptoms that contributed to increased functional status
and reduced perceived disability.
Comparisons of baseline characteristics between the experimental
group and the waiting list control group showed that the 2 groups did
not resembled each other for all characteristics. The control group
was something younger and had higher self-reported scores. Possible,
the present study’s randomization was not sufficient and that factor
restricted the benefit of the cognitive somatic back school program.
On the other hand the experimental group’s main outcomes were
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significantly better than those in the control group, with large observed
powers, suggesting that a large effect of intervention was achieved.
Some caution must be raised: (1) data are lacking on the differential
effectiveness of the individual elements of treatment; (2) the
results are based on a quasi-experimental design and a insufficient
randomization; (3) the study population was small; (4) the waiting
list control group’s second set of measures were taken at a different
time than the experimental group’s. Further research is recommended
before a degree of certainty can be associated with the present results.
Conclusion
The present study indicates that this back school program, which
was based on the concept that patients with non-specific CLBP
have an imbalance between functional load and functional capacity,
significantly improved participants’ functional status and perceived
disability. Patients obtained a better balance between functional
load and functional capacity. The improvement was not primarily
attributable to physical training principles; rather it was more
attributable to improved reactions of physical symptoms and to
better insight into the balance between functional load and functional
capacity.
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Table V: The Spearman correlation’s and coefficient of determination (rxy)² of
changes in score of the questionnaires in the experimental group(n=14) and in
the control group (n=10) with the functional status and the perceived disability
questionnaire.
Questionnaires

Physical Function
- Experimental group
- Control group
Physical Disability
- Experimental group
- Control group
Mental Health
- Experimental group
- Control group
Emotional Disability
- Experimental group
- Control group
Social Function
- Experimental group
- Control group
Functional Status
- Experimental group
- Control group

Functional Perceived
Status
Disability

Functional
Status (rxy)²

Perceived
Disability
(rxy)²

0.77 **
0.43

-0.60 *
-0.01

0.59
0.18

0.36
0.00

0.84 **
0.63 *

-0.65 *
0.19

0.73
0.39

0.42
0.04

0.41
0.42

-0.19
0.36

0.17
0.18

0.04
0.13

0.52
0.48

-0.27
0.22

0.27
0.23

0.07
0.05

0.45
0.42

-0.40
-0.01

0.20
0.18

0.16
0.00

-0.72 **
-0.09

0.52
0.00

Significant **: (P < 0.01),*: (P < 0.05).
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Abstract
Purpose:
Change in psychophysical capacity, calculated as the ratio between
physical capacity and perceived effort, may be a determinant of
change in perceived disability. The aim of this study was to identify
determinants for change in perceived disability measured with the
Roland Morris Disability Questionnaire (RMDQ) in patients with
non-specific chronic low back pain (CLBP) after rehabilitation.
Method:
Data of 84 outpatients were gathered. Psychophysical capacity
(psychophysical static leg lift, psychophysical static trunk lift,
psychophysical dynamic lifting capacity), physical lifting capacity,
perceived lifting effort, aerobic capacity and RMDQ were assessed.
Associations between change in RMDQ and potential determinants
were calculated. Variables associated with change in RMDQ were
entered in a multivariate linear regression analysis (backward).
Results:
Change in psychophysical dynamic lifting capacity (r =-0.53) and
psychophysical static trunk lift capacity (r =-0.51) and psychophysical
static leg lift capacity (r =-0.23) were significantly associated
with change in RMDQ. The RMDQ score at baseline (β=-0.438),
change in psychophysical dynamic lifting capacity (β=-0.109),
psychophysical static trunk lift capacity (β=-0.038), psychophysical
static leg lift capacity (β=-0.012) and static leg lift capacity (β=0.007)
all contributed significantly to the regression model (r² =52%).
Conclusion:
Improvements in psychophysical lifting capacity are determinants for
a reduction of perceived disability.
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Introduction
Disability due to chronic low back pain (CLBP) continues to be a
large problem in western society. Rehabilitation programs have
been developed and applied in order to reduce the burden placed
on patients and society [1 - 5]. Multi modal rehabilitation programs
for patients with CLBP aimed at functional restoration reduce pain,
improve function and improve return to work status more effectively
than exercises alone, advice, or a waiting list [6,7]. However, until
now it is unclear which factors contribute to these improvements.
CLBP patients have been found to be deconditioned [8] and as a
result of this finding, rehabilitation programs were developed aimed
at reconditioning, increasing aerobic capacity, of CLBP patients
[9 - 11]. Beneficial effects of these rehabilitation programs have been
attributed to an increase in aerobic capacity. In fact these rehabilitation
programs and their rationale are based on the biomedical model for
chronic low back pain. However, the last decade it became apparent
that a cognitive, psychosocial model for low back pain might be more
appropriate [12,13]. Moreover, it has been found that the level of
aerobic capacity in CLBP patients is not associated with the duration
and severity of perceived disability, assessed with the Roland Morris
Disability Questionnaire (RMDQ) [8,14]. Additionally, improvements
in muscle strength are not related to reductions in perceived disability
after a physical rehabilitation program [15]. Despite the significantly
increase of physical and aerobic capacity in non-specific CLBP
patients the perceived disability in 59% of the patients increased and
in 17% did not change [15]. Based on these results it can be questioned
whether changes in aerobic capacity and muscle strength can explain
the beneficial effects of rehabilitation in CLBP patients.
For a successful treatment of CLBP a reduction of subjective feelings
of disability and an appropriate perceived effort of physical activities
is most important [16]. Additionally, if the perceived effort (Borg
score) is high the risk for non-specific CLBP is substantially higher
than when the perceived effort is low [17,18]. To assess change in
perceived effort in non-specific CLBP patients, a new measure was
introduced: Psychophysical lifting capacity, which is calculated as
the ratio between physical capacity expressed in Newton (N) and
perceived effort expressed in Borg score (B) [19 - 21]. This ratio
takes into account both, physical capacity and perceived effort.
Different measures of psychophysical lifting capacity were in nonspecific CLBP patients significantly lower compared to healthy
subjects [20]. In addition, change in psychophysical static trunk lift
was significantly related with change in perceived disability assessed
with the RMDQ (r = - 0.74) [19]. On the basis of these results, we
hypothesize that improvements in psychophysical capacity may be
determinants for reduction of perceived disability measured with the
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RMDQ in patients with non-specific CLBP, after rehabilitation.
The aim of this study was to identify determinants for change in
perceived disability measured with the RMDQ.
Methods
Data of 84 outpatients diagnosed with non-specific CLBP were
included in this historical cohort study. The mean (sd) age of the
patients was 39 (10) years and 41 (48.8%) patients were women.
The mean (sd) height was 1.77 (0.09) meters, weight 82.1 (15.7)
kg and lean body mass was 55.9 (12.1) kg. The mean (sd) duration
of complaints was 63.1 (67.1) and sporting hours per week was 1.6
(0.7) months prior to the rehabilitation. The data were collected at
the University Medical Centre Groningen, the Netherlands, as part of
routine assessment of the patients prior to and after the rehabilitation
program. The Medical Ethical Committee of the University Medical
Centre of Groningen approved the collection of data in the present
study.
Prior to the rehabilitation program patients were assessed by a
rehabilitation physician. The patients who participated in the
rehabilitation program were between 18 to 65 years of age and
were suffering from low back pain for at least three months. The
rehabilitation physician used general admittance criteria 1) CLBP
(i.e., pain lasting for more than 3 months, LBP without shown organic
substrate); and 2) patients were content with the diagnostic process and
motivated for the rehabilitation program. Patients were excluded for
rehabilitation if 1) they had specific low back pathology, co-morbidity,
pregnancy and psychopathology; 2) they had a medical condition that
could interfere with physical performance tests such as; major surgery
within the previous year, existing infectious disease, cancer, neuralgic
or cardiovascular disease; 3) they were in a financially profitable
situation caused by their illness; and 4) they were in a conflict situation
with employer or insurance company. Patients were assessed twice by
a physical therapist; before starting the rehabilitation program, intake
(T1), and after completion of the program, the evaluation (T2). The
rehabilitation program was a cognitive somatic back school program
aimed at improving the patients’ ability, to solve the problem at hand
(a physical demanding task) on the basis of the patient’s skill, physical
capacity and knowledge to react appropriate on physical symptoms.
The cognitive somatic rehabilitation program consisted of 1) education
according to the bio-mechanical principles of correct posture, lifting
and other activities and education concerning self-treatment of the
lower back [22]; 2) education to gain insight into perception of physical
symptoms that occur during exposure of physical activities and to
learn to react appropriately to these physical symptoms; 3) education
concerning overload mechanisms by explaining the influence of
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bio-mechanical and psychosocial factors. Duration and frequency is
adjusted to the patient’s need [19]. The mean duration (sd) is 4.1(1.6)
months with a mean frequency of 13.1 (6.5) visits of 1 hour.
Assessments
Aerobic capacity
A Lean Body Mass (LBM)-based Ǻstrand submaximal bicycle test
was performed to estimate aerobic capacity; VO2 max in ml/min
kg LBM [8,19,20]. We have chosen for the standard LBM-based
Ǻstrand bicycle test of the cognitive somatic rehabilitation program
because cycling is a common activity in the Netherlands and the
test is reliable and valid [23]. LBM was measured according to
the Durnin and Womersly protocol using a skinfold calliper (A)
[19,23,24]. The subjects performed the test on a calibrated Cycle
ergo meter (B). Heart rate was recorded using a monitor connected
to electrodes on the patient’s chest (C). The subjects started cycling
under a predetermined workload of 0.5 W/kg LBM at a constant rate
of 60 rpm. After 2 minutes cycling the workload was increased to 1.5
W/kg LBM. If the heart rate (HR) remained below 120 beats/min the
workload was increased by 0.5 W/kg LBM every 2 minutes. Once HR
exceeded 120 beats/min, the patient cycled 6 minutes under a fixed
workload to reach a steady state phase, meaning that HR did not vary
more than ± 5 beats/min during the final 2 minutes of exercise. The
mean heart rate during the final 2 minutes of exercise was calculated.
The VO2 max was estimated using the Binkhorst calculation based on
the linear association between HR and increase in oxygen uptake, for
men and women [19, 20, 23, 25].
		
VO2 max (men)
		

174.2* load Watts + 4020			
= -------------------------------103.2 * heart rate - 6299

			
VO2 max (women)
			

163.8 * load Watts + 3780
= -------------------------------104.4 * heart rate - 7514

The calculated VO2 max was corrected for age using the age correction
factor according to Ǻstrand [26]. The test was terminated if the subject
did not attain a heart rate of at least 120 beats/min, if the HR exceeded
the predetermined maximum (220-age * 0.85), if the systolic/diastolic
blood pressure reached a level of 220/115 mm Hg, or if the subject
showed signs of serious cardiovascular or pulmonary difficulties.
After 6 minutes cycling under a fixed workload, the load decreased
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over 1 minute to 0.25 W/kg LBM and the subject cycled for 1 minute
under this workload of 0.25 W/kg LBM.
Psychophysical static lifting capacity tests
The psychophysical static lift capacity test was performed by pulling
up a horizontal bar connected to a pillar which is adjustable in height
[19]. The vertical force was measured with a force transducer (D) and
was registered on a plotter (E). Two static lifting tests, the leg lift and
trunk lift, described by Chaffin were performed [27]. During the trunk
lift the horizontal distance between patient and horizontal bar was 375
mm. The horizontal distance for the leg lift was 0 mm. The vertical
distance was during the leg lift and trunk lift 500 mm. In case of
the psychophysical approach the patient is in control and determines
which termination is acceptable. The patient was instructed to stop the
test when the patient believes the acceptable maximal effort (AME)
was reached and a Borg score (range 0.5 – 10) was recorded directly
after reaching the AME of the static lifting tests [17,19,20,21,28,29].
The Borg score was modified by changing the 0 score in 0.5
which corresponds to not at all, 1=very light, 2=light, 3=moderate,
4=slightly heavy, 5=heavy, 6=less than 7, 7=very heavy, 8 =less than
9, 9=less than 10, 10=very terrible heavy (almost maximum). The
psychophysical static lifting capacity was calculated as the ratio of
physical lifting capacity and the Borg score by the formula AME divide
by the perceived effort expressed in Newton/Borg (N/B) [19,20]. The
rehabilitation professional can determine whether the perceived effort
score of the patient agrees with the AME. So a high psychophysical
capacity reflects low to normal perception relative to the actual AME;
a low psychophysical capacity reflects a high perceived effort relative
to the actual AME. The test is a reliable measurement in patients with
non-specific CLBP [20].
Psychophysical dynamic lifting capacity test
To measure the psychophysical dynamic lifting capacity, the
standardized Progressive Isoinertial Lifting Evaluation (PILE)
protocol, described by Mayer was used [30, 31].
During 20 s the patient had to lift a box with weights, four times
from the ground on to a table. Stepwise, after each session, during the
20 s rest, the weight of the box increased with 2.25 kg for women
and 4.5 kg for men respectively. Heart rate was measured (F) [19,20].
The observer stopped the test when the patient had reached the
heart rate safety limit (220 - age x 85%) [19,20,32]. The patient was
instructed to stop the physical lifting capacity test when the AME
was reached [19,20,21]. Perceived lifting effort was recorded directly
after reaching the AME, the cardiac safety limit (formula 220 - age x
85%) or the ceiling of the test of 402 N [32,33]. The psychophysical
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dynamic lifting capacity was calculated as the ratio of physical lifting
capacity and Borg score, expressed in Newton/Borg (N/B) [19,20].
The test is a reliable measurement in non-specific CLBP patients [20].
Perceived disability
Perceived disability was assessed by means of the Roland Morris
Disability Questionnaire (RMDQ) [34,35]. The RMDQ is frequently
used in studies of CLBP and is reliable, valid, and sensitive in persons
with CLBP [34 - 36]. It provides an assessment of a patient’s specific
perceived disability with scores expressed on a scale from 0 (no
perceived disability) to 24 (maximal perceived disability) [36].
Table I: Outcome variables before treatment, after treatment, change between T1
and T2 and the effect size (n=84)
Variables

T 1 Mean (sd) T 2 Mean (sd) ∆ Mean (sd)

ES

LBM-based Ǻstrand
(ml/kg LBM * min ˉ¹)
Psychophysical static
Leg lift (N/B)
Psychophysical static
Trunk lift (N/B)
Psychophysical dynamic PILE (N/B)
Static Leg lift
(Newton)
Static Trunk lift
(Newton)
Dynamic PILE
(Newton)
Borg score Leg lift
Borg score Trunk lift
Borg score PILE
RMDQ

45.7 (9.6)

49.9 (11.2)

4.1 (6.4)**

0.43

153.4 (101.4)

189.7 (105.2)

36.3 (78.1) **

0.36

82.0 (55.5)

103.8 (60.2)

21.7 (42.5) **

0.39

37.1 (20.9)

50.1 (24.1)

12.9 (16.1) **

0.62

556.3 (238.8)

609.8 (247.7)

53.5 (142.8)**

0.22

322.4 (120.1)

352.4 (127.1)

29.9 (83.8)*

0.24

190.6 (94.3)

231.2 (101.8)

40.6 (73.9)**

0.43

4.2 (1.4)
4.6 (1.5)
5.5 (1.5)
11.5 (4.0)

3.6 (1.3)
3.9 (1.4)
4.8 (1.1)
6.1 (4.9)

-0.5 (1.6)*
-0.7 (1.4)**
-0.7 (1.2)**
-5.4 (4.7) **

0.36
0.47
0.47
1.35

T1: measurement before treatment, T2: measurement after treatment, ∆: change
between T2 and T1 ( T2 - T1), ES: effect size, sd: standard deviation, LBM:
Lean Body Mass, N/B: Newton/Borg score, PILE: progressive isoinertial lifting
evaluation, RMDQ: Roland Morris Disability Questionnaire
Results of paired sample t-test: *: P < 0.01, **: P <0.001.
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Data analysis
Descriptive statistics were calculated for the scores of the two
test-sessions. Kolomogorov -Smirnov test revealed no significant
differences from the normal distribution. Changes in scores between
T1 and T2 were analyzed using t-tests for dependent samples. Effect
sizes (ES) were calculated as mean change/sdT1 [37, 38]. Pearson’s
correlation between change in RMDQ score and the measurement
results of T1 (aerobic capacity, psychophysical lifting capacity,
physical lifting capacity and Borg scores) and the changes scores of
these measurements were calculated.
In a multivariate linear regression analysis (backward), variables
significantly associated with the change in RMDQ scores were
entered as potential predictors for the change in RMDQ (outcome).
Data analyses were performed using the Statistical Package of Social
Sciences (SPSS 14.0). α ≤ 0.05 was considered significant.
Results
Psychophysical lifting capacity, aerobic capacity, physical lifting
capacity, perceived lifting effort and RMDQ scores improved
significantly (p<0.001) after completion of the rehabilitation program
(Table I). The ES for RMDQ scores was 1.35 and the average of
reduction was 5.4 points. The ES for the psychophysical static leg
lift capacity, psychophysical static trunk lift capacity, psychophysical
dynamic lifting capacity (PILE) and aerobic capacity ranged between
0.36 and 0.62. The ES for the physical static leg lift capacity, static
trunk lift capacity and dynamic lifting capacity (PILE) ranged between
0.22 and 0.43 (Table I).
Psychophysical static leg lift capacity increased in 71% of the patients,
psychophysical static trunk lift capacity in 81% of the patients and
psychophysical dynamic lifting capacity in 78% of the patients. The
majority of the patients increased in psychophysical lifting capacity
by an increase in physical lifting capacity without change in perceived
physical effort or an increase in physical lifting capacity with a
decrease in perceived physical effort.
The correlations between changes in RMDQ and changes in
psychophysical lifting capacity were all significant (Table II) with
the strongest correlation being with the change in psychophysical
dynamic lifting capacity (r = -0.528). Table III summarizes the results
of the regression analysis. The following predictors contributed
significantly to the regression equation; RMDQ score at baseline,
change in psychophysical dynamic lifting capacity, change in
psychophysical static trunk lift capacity, change in psychophysical
static leg lift capacity, and change in static leg lift capacity (r² of the
model 52%).
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Table II: Pearson correlation coefficients between change in Roland Morris
Disability Questionnaire scores and patient characteristics, T1 scores of RMDQ,
LBM-based Ǻstrand submaximal bicycle test and psychophysical capacity, physical
capacity tests, Borg scores and change values of these variables.
∆ RMDQ
Age
Gender
Duration complaints in months
Total number of therapy
Duration therapy in months

0.190
0.214
0.034
0.004
0.014

T1 RMDQ

- 0.367**

T1 LBM-based Ǻstrand ml/kg LBM * min ˉ¹
T1 Psychophysical static Leg lift (N/B)
T1 Psychophysical static Trunk lift (N/B)
T1 Psychophysical dynamic PILE (N/B)
∆ LBM-based Ǻstrand ml/kg LBM * min ˉ¹
∆ Psychophysical static Leg lift (N/B)
∆ Psychophysical static Trunk lift (N/B)
∆ Psychophysical dynamic PILE (N/B)
T1 static Leg lift (Newton)
T1 static Trunk lift (Newton)
T1 dynamic PILE (Newton)
∆ static Leg lift (Newton)
∆ static Trunk lift (Newton)
∆ dynamic PILE (Newton)
T1 Borg score static Leg lift
T1 Borg score static Trunk lift
T1 Borg score dynamic PILE
∆ Borg score static Leg lift
∆ Borg score static Trunk lift
∆ Borg score dynamic PILE

0.213
-0.103
-0.057
-0.080
0.017
-0.238*
-0.509**
-0.528**
-0.231*
-0.182
0.029
-0.013
-0.273*
-0.422**
-0.094
0.007
-0.041
0.287**
0.437**
0.162

∆: T2 – T1, RMDQ: Roland Morris Disability Questionnaire, LBM: Lean Body
Mass, N/B: Newton/Borg score, PILE: progressive isoinertial lifting evaluation,
*: P < 0.05, **: P < 0.01.
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Discussion
The results of our study support the hypothesis that improvements
in perceived disability of patients with non-specific CLBP after
a cognitive somatic rehabilitation are related to improvements in
psychophysical capacity. The regression equation explained 52% of
variance in change of perceived disability (RMDQ) after rehabilitation
and the improvements in psychophysical lifting capacities are the
predictors next to the strongest determinant the initial RMDQ score.
Interaction effects of the static leg and trunk lift capacity, dynamic
lift capacity and the Borg score were explored but did not contribute
significantly to the regression equation. This means that a high initial
perceived disability (RMDQ) in non-specific CLBP patients explains
partly the change in RMDQ. Nevertheless, rehabilitation professionals
can only influence psychophysical capacity and not the initial score
of the RMDQ. Clinically, these findings indicate that rehabilitation
programs should focus on improving psychophysical capacity rather
than solely on physical capacity or aerobic capacity to reduce perceived
disability (RMDQ). In a previous study we also have found that the
improvement in psychophysical static trunk lift had a significantly
association with a decrease in perceived disability and the coefficient
of determination was moderate [19]. Physical trunk lift capacity
was not associated with a decrease in perceived disability [19]. The
results are similar, corroborating and strengthening the findings. In
addition, in a previous study we found that change in social function
and change in emotional disability were not associated with change in
RMDQ [19]. This supports that there is no reason to believe that there
is a strong potential for bias by the subjects reporting in a negative or
positive manner or both.
The explanation is that psychophysical capacity and perceived
disability (RMDQ) both measure a part of perception of activity
that load the lower back. Because psychophysical capacity is a ratio
between exposure and perception of that exposure that load the lower
back and the RMDQ is an instrument which measures disability
due to low back pain. Furthermore, the majority of the patient’s
psychophysical capacity increased. This means that the perceived
effort is decreased relative to the physical lifting capacity resulting
in an increased psychophysical capacity and larger effect sizes of
psychophysical lifting capacity than the effect sizes of physical lifting
capacity.
The increased physical lifting capacity and aerobic capacity in our
study cannot be attributed to physiological training principles by the
rehabilitation program, because the frequency of rehabilitation sessions
was less than once per week on average. The increased physical lifting
capacity and aerobic capacity in patients is probably based on the fact
that patients do more activities at home and at work, as a result of the
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rehabilitation program, which induces physiological training effects
in lifting and endurance. Support of this statement is that the actual
physical activity in daily living (PAL) in non-specific CLBP patients
is less than their habitual PAL resulting in deconditioning [39]. The
philosophy of our cognitive somatic rehabilitation is that recondition is
attributable to functioning included PAL. In a previous study we have
found that the cognitive somatic rehabilitation improves functioning
assessed with the RAND-36 [19].
Table III: Results of stepwise regression analysis (backward) with change in Roland
Morris Disability Questionnaire scores as outcome variable
Predictors

Beta

95% CI

T1 RMDQ
Δ Psychophysical dynamic PILE
(N/B)
Δ Psychophysical static Trunk lift
(N/B)
Δ Psychophysical static Leg lift
(N/B)
Δ static Leg lift (Newton)
Constant

-0.438
-0.109

-0.632 to -0.243
-0.159 to -0.058

-0.038

-0.058 to -0.018

-0.012

-0.023 to -0.001

0.007
1.938

0.001 to 0.013
-0.510 to 4.387

Explained
variance (r²)

52%
95% CI: 95% confidence interval RMDQ: Roland Morris Disability Questionnaire,
Δ: T2 - T1, PILE: progressive isoinertial lifting evaluation, N/B: Newton/ Borg
score.

In contrast to what was expected, change in physical static leg lift
capacity contributed negatively to the reduction in perceived disability.
Thus an increase in physical static leg lift capacity resulted in a poorer
perceived disability. This effect of the physical static leg lift capacity
cannot be explained adequately. However, this effect was very small
and it contributed very little to the explained variance (0.02%).
Change in perceived disability correlated stronger with the change in
psychophysical static trunk lift and psychophysical dynamic lifting
than with change in psychophysical static leg lift probably because
the RMDQ assesses perceived disability of the lower back and not
perceived disability of the legs.
The effect size of the RMDQ scores was 1.35, indicating a
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considerable clinically relevant reduction in perceived disability [40].
Additionally 49% of the patients exceeded the limits of agreement
of ± 5.4 for RMDQ scores [36]. This considerable reduction in
perceived disability provides evidence that a successful treatment
in non-specific CLBP was achieved. The mean improvement of 5.4
points is substantially higher compared to mean improvements after
active physical treatment (2.2), cognitive behavioural treatment (2.6)
and a combination treatment consisting of physical and cognitive
behavioural treatment (2.2) [5]. Return to work in CLBP patients is
predominantly determined by the level of perceived disability [41].
Therefore, our rehabilitation program may have contributed to return
to work in a considerable number of patients. However, a limitation of
our study is that we were not able to gather these data because of the
historical character of the study.
The results of the current study can be generalized to the population
of chronic low back pain patients. The characteristics of the patients
regarding duration of complaints and perceived disability score in the
current study are similar to those found in other studies on chronic
low back pain. Mean duration of complaints was 63 months in the
current study while in other studies the mean duration was 62 months
[8], 57 months [5], 68 months [5], and 56 months [5]. Mean RMDQ
score at baseline in the current study was 11.5 while in other studies
these scores were 10.2 [14], 14.2 [8], 14.1 [5], 13.7 [5], and 13.5 [5].
In conclusion, improvements in three psychophysical lifting capacity
tests are determinants for a reduction of perceived disability (RMDQ).
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Chapter 7
General discussion and conclusions
The aims of this thesis were to develop and test relevant outcome
measures for cognitive somatic rehabilitation of non-specific chronic
low back pain (CLBP) patients and to gain insight in the effects of
a cognitive somatic rehabilitation program. This thesis focuses on
aerobic capacity, psychophysical capacity and perceived disability
of non-specific CLBP patients. In this chapter the main findings of
our research are reviewed and the directions for further research are
given.
To evaluate cognitive somatic rehabilitation it is recommended to
use not only questionnaires but also objective tests to obtain a more
comprehensive picture of the non-specific CLBP patient [1, 2]. The
most commonly used objective tests are maximal or sub maximal
exercise tests with a fixed increasing workload. Both tests measure
the aerobic capacity. These tests are not always valid for non-specific
CLBP patients because a considerable number of these patients can
not complete the test due to pain or other symptoms. Therefore it is
not clear whether non-specific CLBP patients actually suffer from
reduced aerobic capacity. Maximal or submaximal tests may become
valid after rehabilitation because the mean aerobic capacity in nonspecific CLBP patients improves during rehabilitation, and most
patients are able to perform the test after rehabilitation [3]. The
results of this thesis indicate that the developed LBM-based Åstrand
submaximal bicycle test is reliable, feasible and therefore more
suitable for non-specific CLBP patients than the commonly used tests,
because the predefined workload increase is individually tailored.
Using this test we found that non-specific CLBP patients actually do
suffer from a reduced aerobic capacity and have an increased body fat
percentage compared to healthy subjects. The basic assumption of the
cognitive somatic rehabilitation is that reconditioning is attributable
to functioning. This means that when functioning including physical
activity of daily living (PAL) is increased due to rehabilitation aerobic
capacity will automatically also recover [4]. The LBM-based Åstrand
submaximal bicycle test is useful as assessment before rehabilitation
and as outcome measure of rehabilitation. Therefore we recommend
using this test in non-specific CLBP patients.
Physical capacity tests give information about objective physical
capacity and not about the perceived physical effort [5]. In nonspecific CLBP patients physical capacity is often reduced and the
perception of physical effort is increased as compared to healthy
subjects while performing similar PAL. To reduce these restrictive
factors of performing PAL in non-specific CLBP patients physical
capacity and perceived physical effort are both important in cognitive
somatic rehabilitation [6]. Therefore we developed the psychophysical
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lifting capacity tests. In this psychophysical test, the patient is in
control and determines which termination effort is acceptable [7]. In
case of the psychophysical static lift capacity test the patient is asked
to pull up a horizontal bar connected to a force transducer measuring
the vertical static force in Newton. The patient is instructed to stop
the test when the acceptable maximal effort (AME) is reached [7]. In
case of the psychophysical dynamic lifting capacity test the patient
performs four lifts from table to floor vice versa within 20 seconds.
Stepwise, after each session, during 20 seconds rest, weights increase
by 4.5 kg for men and 2.25 kg for women. The test is terminated
when the acceptable maximal effort (AME) is reached or when 85%
of maximum age related heart rate is reached. After each test a Borg
score for perceived effort is recorded. The psychophysical lifting
capacity is calculated by the formula AME divide by the perceived
effort expressed in Newton/Borg. The rehabilitation professional can
determine whether the perceived effort score of the patient agrees with
the AME. So a high psychophysical capacity reflects low to normal
perception relative to the actual AME; a low psychophysical capacity
reflects a high perceived effort relative to the actual AME. In case
of a low psychophysical capacity cognitive somatic rehabilitation
is focused on education to gain insight into perception of physical
symptoms that occur during exposure of physical activities and to
learn to react appropriately to these physical symptoms [8,9]. This
leads to reducing perceived disability of activities of daily living
(ADL), improvement of functioning including PAL and thereby to
reconditioning. Using these tests we found that psychophysical static
and dynamic lifting capacities are significantly different between
non-specific CLBP patients and healthy subjects except for the
psychophysical static arm lift. The same outcome between the patients
and the healthy subjects might be expected because the lower back
is not loaded during the psychophysical static arm lift test and nonspecific CLBP patients do not experience arm or neck pain. Chapter
4 of this thesis shows that psychophysical lifting capacity tests are
reliable and useful as assessment before rehabilitation and also to
evaluate the effect of cognitive somatic rehabilitation. Therefore we
recommend using psychophysical static trunk lift, static leg lift and
dynamic lifting capacity tests in non-specific CLBP patients.
Cognitive somatic rehabilitation is aimed to improve the patient’s
ability to solve the problem at hand on the basis of the patient’s skills,
physical capacity and knowledge to react appropriate to physical
symptoms [8,9]. The hypothesis related to the cognitive somatic
rehabilitation was that appropriate perception of physical symptoms
may reduce perceived disability of ADL and improve functioning
including PAL, aerobic capacity and physical capacity [8,9]. Chapter
5 and 6 of this thesis showed that cognitive somatic rehabilitation
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reduced perceived disability of ADL measured with the Roland Morris
Disability Questionnaire (RMDQ). This reduction was clinically
relevant, because the reduction was more than 30% from baseline
and the effect size was 1.35. [10,11]. We also found in chapter 5 that
functional status measured with the RAND-36 improves significantly
in non-specific CLBP patients after the cognitive somatic rehabilitation.
These findings confirm that cognitive somatic rehabilitation focusing
on appropriate reactions to physical symptoms improves perceived
disability of ADL and improves functioning.
The question arose: which determinants explain these beneficial effects.
Chapter 6 of this thesis showed that improvement in psychophysical
lifting capacity is determinant for the reduction of perceived
disability of ADL in non-specific CLBP patients after a cognitive
somatic rehabilitation. The patients improved in psychophysical
lifting capacity because their perceived effort decreased and their
AME increased. The psychophysical lifting capacity is calculated
by the formula AME divided by the perceived effort. The reduction
of the perceived effort reflects a more appropriate perception of the
increased AME which contributes to a reduced perceived disability of
ADL. The decreased perceived effort of the increased AME intervenes
and breaks the vicious circle of the patient and improves functioning
and thereby automatically improves aerobic and physical capacity.
Improvements of the aerobic and physical capacity improve by this
means also functioning. Chapter 5 and 6 of the thesis confirms that
the aerobic capacity and physical capacity significantly increased.
The improvement in aerobic capacity and physical capacity could not
be attributed to physiological training principles by the rehabilitation
program, because therefore frequency of rehabilitation sessions should
be at least 3 times per week were we had less than once per week [12].
This supports the assumption of the cognitive somatic rehabilitation
that reconditioning is attributable to functioning including PAL.
Therefore we recommend in chapter 6 that rehabilitation of nonspecific CLBP patients should focus on improving psychophysical
capacity by education of appropriate perception of physical symptoms
rather than solely focusing on physical or aerobic capacity by
physiological training principles. Future research should investigate
whether cognitive somatic rehabilitation increases PAL.
Methodological considerations
Design and patient samples: The study presented in chapter 2 is based
on a historical cross-sectional design and patients were compared
with historical data of healthy controls. However, in cross-sectional
designs cause effect relationships can not be determined. In the
reliability studies presented in chapter 3 and 4 patients were recruited
from the waiting list, possibly decreasing the generalizibility of the
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conclusions, because the patients were motivated to do the tests twice.
The healthy controls were all students recruited from the Institute for
Human Movements Sciences of the University of Groningen and were
all young and motivated, which possibly influence the interpretations
of the comparison with the patients. In chapter 5 we chose for a quasiexperimental design with a waiting list control group therefore the
conclusions must be regarded with some caution.
Measures: In the studies in this thesis, measurements instruments
were used that are not commonly used in studies on patients with
non-specific CLBP. We chose these measures, because they fitted our
construct better compared to techniques already used.
Despite the weaknesses, the current studies are notable for
several reasons. First, a particular strength in this thesis is that the
measurements specifically have been developed for use in samples of
non-specific CLBP patients in rehabilitation. Second, no study could
be found in which change in psychophysical capacity are associated
with change in perceived disability in non-specific CLBP patients as
presented in chapter 5 and 6. Third, a further strength of the studies
in this thesis is that, although different research designs were used in
chapter 5 and 6, the results of the studies were similar, corroborating
and strengthening the findings.
Conclusions
The general conclusion of this thesis is that the study generates
strong evidence for using the combination of aerobic capacity,
psychophysical capacity and perceived disability in order to obtain a
comprehensive picture of the patient’s limitations and treatment goals
in rehabilitation. Clinically, the thesis indicate that rehabilitation
should focus on psychophysical capacity and perceived disability of
activities of daily living rather than solely on physical capacity and
aerobic capacity.
Recommendations for future research
Future prospective research should address whether physical
activity of daily living actually increases after cognitive somatic
rehabilitation, and whether this increase can be attributed to an
increased psychophysical capacity. Besides the effect of cognitive
somatic rehabilitation on psychophysical capacity and perceived
disability, it would also be interesting to conduct more research on the
effect of return to work and it’s relation with psychophysical capacity.
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In the rehabilitation of non-specific chronic low back pain (CLBP)
patients the emphasis has shifted from biomedical to bio-psychosocial
rehabilitation. For instance the cognitive somatic rehabilitation
program is aimed at management of perceived disability. In this
program biomedical tests like maximal or submaximal capacity tests
as well as assessment of perceived effort are thought to be important
for a comprehensive picture of the patient and to evaluate effects of the
cognitive somatic rehabilitation. Consequently, there is a need for tests
that include both physical capacity and perceived effort in non-specific
CLBP patients. Until now it was not clear which determinants could
explain the beneficial effect of cognitive somatic rehabilitation. This
thesis focuses on the psychometric properties of outcome measures
that included physical capacity as well as perceived effort and the
determinants of the reduction in perceived disability of a cognitive
somatic rehabilitation program in non-specific CLBP patients. The
aims of this thesis are discussed in chapter 1.
Aim of the study in chapter 2 was to compare the level of aerobic
capacity and body composition of non-specific chronic low back
pain (CLBP) patients with norm data matched for gender, age, and
level of sporting activity. LBM-based Åstrand submaximal bicycle
test was used to estimate maximal oxygen consumption (VO2 max).
Body fat percentage was estimated according to the Durnin and
Womersly protocol using a skinfold calliper. The study population
consisted of 101 outpatients with non-specific CLBP who participated
in a cognitive somatic rehabilitation program. The mean (sd) aerobic
capacity (VO2 max) of patients was significantly (p < 0.001) lower
7.3 (5.6) ml/kg LBM * min ˉ¹ as compared to the norm data. Body fat
percentage of the patients was significantly (p < 0.001) higher 3.9%
(5.6) as compared to the norm data. The effect size (ES) between
the observed and the predicted VO2 max (ml/kg LBM * min ˉ¹) was
considerable (ES=0.88) and between the observed and predicted
body fat percentage moderate (ES=0.55). It was concluded that nonspecific CLBP patients have a reduced level of aerobic capacity and
an increased body fat percentage.
Aims of the study of chapter 3 were firstly to evaluate test-retest
reliability and feasibility of the developed LBM-based Åstrand
submaximal bicycle test in non-specific CLBP patients and healthy
subjects, and secondly to evaluate the validity of the LBM-based
Åstrand submaximal bicycle test in healthy subjects against a maximal
bicycle test. Twenty patients with non-specific CLBP and 20 healthy
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subjects were included for the reliability evaluation, and 19 healthy
subjects for the validity evaluation. The patients and healthy subjects
were assessed twice, with a 2-week interval between assessments.
Intra class correlation (ICC), repeatability coefficient (RC) and the
limits of agreement (LOA) were calculated as a measure of test-retests
reliability. Validity was tested by calculating ICC between the LBMbased Ǻstrand submaximal bicycle test and the maximal bicycle test.
An ICC ≥ 0.75 was considered as acceptable. The test-retest analyses
revealed an ICC ≥ 0.91. Ninety-five percent of the patients could
perform the test. The within patient variation, reflected in the RC and
in the LOA, was substantial. Validity analyses revealed an ICC ≥ 0.88
in healthy subjects. It was concluded that the LBM-based Ǻstrand
submaximal bicycle test is a reliable, valid, and feasible method for
patients with non-specific CLBP. However, a substantial amount of
variation should be taken into account in patients when interpreting
the test results clinically.
Aim of the study in chapter 4 was to analyse test-retest reliability
of four psychophysical lifting capacity tests. The psychophysical lift
capacity tests are lifting tests in which the performance, expressed in
Newton, is divided by the perceived exertion, expressed on a Borg
scale. The following tests were evaluated: the psychophysical static
leg-, static trunk-, static arm lift capacity test, and the psychophysical
dynamic lifting capacity test. The patient is instructed to stop these
tests when he/she believes the acceptable maximal effort has been
reached. In this way the patient is in control and determines which
load is acceptable. Twenty patients of the waiting list of the Centre
for Rehabilitation of the University Medical Centre Groningen and 20
healthy subjects were assessed twice, with a 2-week interval between
assessments. Intra class correlation (ICC) and the limits of agreement
(LOA) were calculated as a measure of test-retests reliability. An
ICC ≥ 0.75 was considered as an acceptable reliability. Acceptable
reliability was demonstrated in all the psychophysical lifting capacity
tests in non-specific CLBP patients and healthy subjects. The LOA
were substantial, indicating a considerable natural variation between
test-sessions for all psychophysical lifting tests. It was concluded that
psychophysical lifting capacity tests are reliable instruments for nonspecific CLBP patients and healthy subjects. However, a substantial
amount of natural variation should be taken into account between 2
test sessions when interpreting the test results clinically.
Aim of the study in chapter 5 was to evaluate the short-term outcomes
of a cognitive somatic rehabilitation program in non-specific CLBP
patients, by learning to react appropriately to physical symptoms.
The main outcome measures were the change in perceived disability
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assessed by the Roland Morris Disability Questionnaire (RMDQ),
change in the functional status assessed by the Rand-36, physical
lifting capacity, psychophysical lifting capacity, endurance, and
lumbar mobility. The quasy-experimental study included 14 patients
in the experimental group participating in the cognitive somatic
rehabilitation program and 10 patients from the waiting list in the
control group. The patients were randomly allocated by a rehabilitation
physician of the Centre for Rehabilitation of the University Medical
Centre Groningen. Compared to the control group the experimental
group improved significantly more in perceived disability, functional
status and psychophysical static leg lift capacity and psychophysical
trunk lift capacity (all p values < 0.05). The significant improvements
were attributed to appropriate perception of physical symptoms. It was
concluded that the cognitive somatic back school program improved
perceived disability (RMDQ) and functional status in non-specific
CLBP patients.
Aim of the study in chapter 6 was to identify determinants for
change in perceived disability measured with the RMDQ in patients
with non-specific CLBP after a cognitive somatic rehabilitation
program. It was assumed that change in psychophysical capacity,
may be a determinant for change in perceived disability. Data of
84 outpatients were gathered from the Centre for Rehabilitation of
the University Medical Centre Groningen. Psychophysical capacity
(psychophysical static leg lift capacity, psychophysical static trunk lift
capacity, psychophysical dynamic lifting capacity), physical lifting
capacity, perceived lifting effort, aerobic capacity and perceived
disability (RMDQ) were assessed. Associations between change in
RMDQ scores and potential determinants were calculated. Variables
associated with change in RMDQ scores were entered in a multivariate
linear regression analysis (backward). The change in psychophysical
dynamic lifting capacity (r =-0.53), psychophysical static trunk
lift (r =-0.51) and psychophysical static leg lift capacity (r =-0.23)
were significantly associated with change in RMDQ. The RMDQ
score at baseline (β=-0.438), change in psychophysical dynamic
lifting capacity (β=-0.109), psychophysical static trunk lift capacity
(β=-0.038) and psychophysical static leg lift capacity (β=-0.012) all
contributed significantly to the regression model (r²=52%). It was
concluded that improvements in psychophysical lifting capacity are
determinants for a reduction in perceived disability.
In chapter 7 the main findings of this thesis and the relevance for
cognitive somatic rehabilitation of non-specific CLBP patients are
discussed. The strengths and weaknesses of the studies are discussed
and possible directions for further research about the different topics
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are given. For clinical practice in non-specific CLBP patients it is
recommended using aerobic capacity, psychophysical capacity
and perceived disability concerning the aims of cognitive somatic
rehabilitation. In addition, it is recommended that rehabilitation should
focus on psychophysical capacity in non-specific CLBP patients.
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Binnen de revalidatie van patiënten met aspecifieke chronische lage
rug pijn (CLRP) is het accent geleidelijk aan verschoven van een
biomedische naar een bio-psychosociale revalidatie. Een benadering
binnen de revalidatie is de cognitief somatische revalidatie. De positieve
resultaten waren mede aanleiding voor dit promotieonderzoek. De
cognitief somatische revalidatie heeft als doel het verminderen en
onder controle houden van de ervaren beperkingen bij patiënten
met aspecifieke CLRP. Binnen dit programma leeft de gedachte dat
naast de beoordeling van de maximale en submaximale capaciteit
ook de ervaren inspanning van belang is voor een uitgebreider beeld
van het probleem van de patiënt en om de effecten van de cognitief
somatische revalidatie te kunnen evalueren. De consequentie van
deze gedachtegang maakt dat er meetinstrumenten nodig zijn om
zowel de fysieke capaciteit als ook de ervaren inspanning te kunnen
bepalen. Tot op heden is het onduidelijk welke factoren bepalend zijn
voor het effect van de vermindering in ervaren beperkingen van de
patiënten door het cognitieve somatische revalidatie programma. Dit
onderzoek concentreert zich op het bepalen van de psychometrische
eigenschappen van de meetinstrumenten die zowel de fysieke capaciteit
als ook de ervaren inspanning meten en de factoren die bepalend
zijn voor de vermindering van de ervaren beperkingen van patiënten
met aspecifieke CLRP die deel nemen aan een cognitief somatische
revalidatie programma. De doelstellingen van dit onderzoek zijn
besproken in hoofdstuk 1.
De doelstelling van de studie beschreven in hoofdstuk 2, was het niveau
van de aerobe capaciteit en de lichaamssamenstelling van patiënten
met aspecifieke CLRP te vergelijken met norm data aangepast voor
geslacht, leeftijd en sportieve activiteiten. De op vet vrije lichaamsmassa
(VVM) gebaseerde submaximale Åstrand fietstest is gebruikt om de
maximale zuurstof consumptie (VO2 max) te schatten. Het percentage
lichaamsvet is geschat met de vetplooi dikte meter conform het
protocol van Durnin en Womersly. De onderzoekpopulatie bestond uit
101 poliklinische patiënten met aspecifieke CLRP die deelnamen aan
een cognitief somatische revalidatie programma. De gemiddelde (sd)
aerobe capaciteit (VO2 max) van patiënten was significant (p < 0.001)
lager 7.3(5.6) ml/kg VVM * min ˉ¹ vergeleken met de norm data.
Het percentage lichaamsvet van patiënten was significant (p < 0.001)
hoger 3.9% (5.6) vergeleken met de norm data. De effect size (ES)
tussen de gemeten en voorspelde VO2 max (ml/kg VVM * min ˉ¹) was
aanzienlijk (ES=0.88) en tussen gemeten en voorspelde percentage
lichaamsvet matig (ES=0.55). Geconcludeerd werd dat aspecifieke
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CLRP patiënten een verminderde aerobe capaciteit en een verhoogd
percentage lichaamsvet hebben.
De doelstellingen van de studie beschreven in hoofdstuk 3, waren
de test-hertest betrouwbaarheid en haalbaarheid bij patiënten met
aspecifieke CLRP en gezonden van de ontwikkelde op VVM
gebaseerde submaximale Åstrand fietstest te evalueren en de validiteit
van de op VVM gebaseerde submaximale Åstrand fietstest vergeleken
met de maximale fietstest bij gezonden te evalueren. Twintig patiënten
met aspecifieke CLRP en 20 gezonden werden geïncludeerd voor het
bepalen van de betrouwbaarheid en 19 gezonden werden geïncludeerd
voor het bepalen van de validiteit. De patiënten en gezonden werden 2
keer beoordeeld met een interval van 2 weken tussen de testen. Intra
class correlatie (ICC), repeatability coëfficiënt (RC) en de statistische
maat voor stabiliteit de ‘limits of agreement’ (LOA) is berekend
voor het bepalen van de test-hertest betrouwbaarheid. De validiteit is
bepaald door het berekenen van de ICC tussen de op VVM gebaseerde
submaximale Åstrand fietstest en de maximale fietstest. Een ICC ≥
0.75 werd beschouwd als aanvaardbaar. De test hertest analyse toont
een ICC ≥ 0.91 aan. Vijfennegentig procent van de patiënten konden
de test uitvoeren. De binnenvariantie berekent met de RC en de LOA
was aanzienlijk. De analyse van de validiteit toont een ICC ≥ 0.88
aan bij gezonden. Geconcludeerd werd dat de op VVM gebaseerde
submaximale Åstrand fietstest een betrouwbare, valide en haalbare
test is voor patiënten met aspecifieke CLRP. Echter bij een klinische
interpretatie van de test moet rekening worden gehouden met een
aanzienlijke variatie bij patiënten.
De doelstelling van de studie beschreven in hoofdstuk 4, was het
bepalen van de test-hertest betrouwbaarheid van 4 psychofysieke
tiltesten. De psychofysieke tiltesten zijn testen waar de gemeten
waarde uitgedrukt in Newton wordt gedeeld door de ervaren
inspanning uitgedrukt in een Borg score. De volgende testen werden
geëvalueerd: de psychofysieke statische been tilcapaciteit, statische
rug tilcapaciteit, statische arm tilcapaciteit test en de psychofysieke
dynamische tilcapaciteit test. De patiënt werd geïnstrueerd om
de test te stoppen indien de patiënt denkt dat zijn/haar acceptabele
maximale inspanning is bereikt. Op deze manier bepaalt de patiënt
welke belasting voor hem/haar acceptabel is. Twintig patiënten met
aspecifieke CLRP van de wachtlijst van het Centrum voor Revalidatie
van het Universitair Medisch Centrum Groningen en 20 gezonden
werden 2 keer beoordeeld met een interval van 2 weken tussen
het testen. Intra class corelatie (ICC) en de statistische maat voor
stabiliteit de ‘limits of agreement’ (LOA) werden berekend om de testhertest betrouwbaarheid te bepalen. Een ICC ≥ 0.75 werd beschouwd
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als aanvaardbaar. Er werd aangetoond dat alle vier psychofysieke
tilcapaciteit testen een acceptabele betrouwbaarheid hebben. De LOA
was echter groot in alle vier psychofysieke tilcapaciteit testen wat
betekent dat er een aanzienlijke natuurlijke variatie was tussen de twee
testen. Geconcludeerd werd dat de psychofysieke tilcapaciteit testen
betrouwbare instrumenten zijn voor patiënten met aspecifieke CLRP
en gezonden. Echter bij een klinische interpretatie tussen 2 testen
moet er rekening worden gehouden met een aanzienlijke natuurlijke
variatie.
De doelstelling van de studie beschreven in hoofdstuk 5, was
om te bepalen wat de korte termijn effecten zijn van een cognitief
somatische revalidatie programma bij patiënten met aspecifieke
CLRP, door het leren om adequaat te reageren op lichaamssignalen.
De belangrijkste resultaten waren de verandering in de Roland Morris
Disability Questionnaire (RMDQ), verandering in de functionele
status beoordeelt met de Rand-36, fysieke til capaciteit, psychofysieke
tilcapaciteit, aerobe capaciteit en lumbale mobiliteit. Met behulp van
een quasy-experimenteel onderzoek opzet werden 14 patiënten die
deelnamen aan een cognitief somatische revalidatieprogramma in de
experimentele groep geïncludeerd en 10 patiënten van de wachtlijst in
de controlegroep. De patiënten zijn willekeurig toegewezen door een
revalidatiearts van het Centrum voor Revalidatie van het Universitair
Medisch Centrum Groningen(UMCG). De experimentele groep
verbeterde significant vergeleken met de controle groep in de ervaren
beperkingen, functionele status en psychofysieke been tilcapaciteit en
psychofysieke rug tilcapaciteit ( alle p waarden < 0.05). De significante
verbeteringen werden toegeschreven aan de adequate waarneming
van fysieke symptomen. Geconcludeerd werd dat het cognitief
somatische rugschool programma bij aspecifieke CLRP patiënten de
ervaren beperkingen (RMDQ) verminderd en de functionele status
verhoogd.
De doelstelling van de studie beschreven in hoofdstuk 6, was het
identificeren van de bepalende factoren voor de verandering van
de ervaren beperkingen gemeten met de RMDQ bij patiënten met
aspecifieke CLRP, na een cognitief somatische revalidatieprogramma.
De aanname was dat de verandering in de psychofysieke capaciteit
een bepalende factor kan zijn voor de verandering in de ervaren
beperkingen. Data van 84 poliklinische patiënten werden verzameld
van het Centrum voor Revalidatie van het UMCG. Psychofysieke
capaciteit (psychofysieke statische been tilcapaciteit, psychofysieke
statische rug tilcapaciteit, psychofysieke dynamische tilcapaciteit),
fysieke tilcapaciteit, de ervaren tilinspanning, aerobe capaciteit
en ervaren beperkingen werden beoordeeld. Verbanden tussen de
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veranderingen in de RMDQ score en potentiële bepalende factoren
voor de veranderingen in de RMDQ werden berekend. Variabelen die
een verband hadden met de verandering in de RMDQ score werden
ingevoerd in de multivariate lineaire regressie analyse (backward).
De verandering in de psychofysieke dynamische tilcapaciteit
(r=-0.53), psychofysieke statische rug tilcapaciteit (r=-0.51), en de
psychofysieke been tilcapaciteit (r=-0.23) waren significant verbonden
met de veranderingen in de RMDQ score. De begin RMDQ score
(β=-0.438), de verandering in de psychofysieke dynamische
tilcapaciteit (β=-0.109), de verandering in de psychofysieke rug
tilcapaciteit (β=-0.038) en de verandering in de psychofysieke been
tilcapaciteit (β=-0.012) dragen allen significant bij in het regressie
model (r²=52%). Geconcludeerd werd dat de verbeteringen in
de psychofysieke tilcapaciteit verklarende factoren zijn voor de
vermindering in ervaren beperkingen.
In hoofdstuk 7 worden de belangrijkste bevindingen van dit onderzoek
en de relevantie voor de cognitief somatische revalidatie beschreven.
De sterke en minder sterke aspecten van de studies worden besproken
en aanbevelingen voor toekomstig onderzoek worden gegeven.
Bij aspecifieke CLRP patiënten wordt voor de klinische praktijk
voorgesteld om de aerobe capaciteit, psychofysieke capaciteit en de
ervaren beperkingen te bepalen met betrekking tot het doel van de
cognitief somatische revalidatie. Daarnaast wordt geadviseerd dat
revalidatie bij patiënten met aspecifieke CLRP zich moet concentreren
op de psychofysieke capaciteit.

118

Dankwoord

Dankwoord
Tijdens mijn functie als onderzoeker van twee projecten in
samenwerking met het UMCG en later als fysiotherapeut binnen
het pijnrevalidatieteam van het Centrum voor Revalidatie van het
UMCG locatie Beatrixoord is het idee van dit onderzoek ontstaan.
De samenwerking tussen het Lectoraat transparante zorgverlening
Hanzehogeschool Groningen, de Rijksuniversiteit Groningen en het
Centrum voor Revalidatie UMCG hebben er voor zorg gedragen dat
ik dit onderzoek kon uitvoeren en afronden. Tijdens deze intensieve
periode met de nodige ‘ups and downs’ zijn er diverse personen
geweest die op verschillende manieren betrokken zijn bij het tot stand
komen van dit proefschrift. Deze mensen wil ik hier graag bedanken.
Allereerst wil ik Lector.dr. CP van der Schans bedanken voor de
mogelijkheid om dit promotieonderzoek te kunnen doen. Jouw
wetenschappelijke en mentale begeleiding was voor mij zeer
waardevol. Onze discussies en de humor tussendoor zullen mij nog
lang bij blijven. Bedankt voor alles!
Prof.dr. JHB Geertzen, zonder jou had dit promotieonderzoek niet
kunnen plaats vinden. Ik wil je bedanken voor je enorme steun en
deskundigheid. Onze samenwerking heb ik als zeer prettig ervaren.
Prof.dr.PU Dijkstra, bedankt voor je enorme steun en wetenschappelijke
deskundigheid en je kritische opmerkingen die mij steeds weer
aanzetten tot het heroverwegen van mijn gedachten. De wijze waarop
wij aan de hand van SPSS de data doornamen was voor mij zeer
leerzaam en waardevol.
Alle drie bedankt dat jullie mij als team (co) promotoren hebben
geholpen met mijn promotieonderzoek en het tot stand komen van dit
proefschrift.
De leden van de leescommissie Prof.dr. JW Groothoff, Prof.dr. H
Nielens en Prof.dr. JS Rietman dank voor het beoordelen van het
manuscript.
Zoals eerder aangegeven heeft dit proefschrift zijn wortels binnen het
Centrum voor Revalidatie UMCG locatie Beatrixoord. Ik wil daarom
de volgende collega’s bedanken

119

Dankwoord
Iemand die er helaas niet meer is, Prof.dr. LNH Göeken. Jammer dat
je er niet meer bij kan zijn. Samen hebben we de basis gelegd voor dit
proefschrift en hebben we vele pittige discussies mogen voeren.
Drs C Muskee, mede door jouw inbreng kon ik binnen het
pijnrevalidatieteam aan het werk en kon ik mijn idee verder uitwerken
en de meetinstrumenten verder ontwikkelen, bedankt
Dr. SM Jaegers, samen met jou heb ik het artikel voor APMR
geschreven, bedankt.
Bert Hofstra, ik vind het een eer dat je mijn paranimf wilt zijn.
Samen hebben we vele diepgaande discussies gehad. De intensieve
samenwerking met jou als grondlegger van het RoM programma
hebben mij richting gegeven voor dit onderzoek. Bedankt voor al je
hulp maar vooral voor je collegialiteit en vriendschap.
De andere fysiotherapie collega’s Annemiek, Joke, Sacha en later
Evelyn, bedankt dat jullie mijn soms wat warrige taal wilden aanhoren
maar vooral voor jullie bereidheid om de testen uit te willen voeren.
Sacha je hebt met je doctoraal scriptie van Bewegingswetenschappen
bijgedragen aan mijn onderzoeksopzet.
Drs. HR Schiphorst Preuper en Dr. M Reneman, bedankt dat jullie mij
de mogelijkheid gaven gebruik te maken van de data.
Alle andere collega’s van het pijnteam Wim, Franka, Judith, Lucienne,
Heike, Marijke Manya, Okkie en Marleen bedankt.
Dr.R Soer, je bent later voor mij in het pijnteam gekomen. Jammer dat
ik niet met je in het team hebt kunnen samenwerken. Maar je hebt mij
enorm geholpen door het geven van veel informatie. Je uitnodiging
om een keer op je wipstoel te mogen zitten en naar dubbele kikkers te
kijken neem ik graag aan.
Alle collega’s fysiotherapie van Beatrixoord waar ik mee samen heb
gewerkt, bedankt voor jullie belangstelling en prettige samenwerking.
Ik kom nog graag op de afdeling en de samenwerking zet zich voort
met gastcolleges van enkele collega’s op de Hanzehogeschool.
Oker locatie Beatrixoord. Dr.A Lettinga bedankt dat je mij de
mogelijkheid hebt geboden om de data op locatie Beatrixoord
te kunnen verwerken. Drs. B Poels, bedankt voor de soms heftige
discussies die we in het begin hadden en voor het gebruiken van je
doctoraal scriptie Bewegingswetenschappen.
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Afdeling gezondheidswetenschappen. Dr R Stewart, bedankt dat je
mij altijd wilde helpen met statistische vragen. De door jou opgezette
G club waar ik in mocht participeren was ontzettend vruchtbaar.
Drs M van Lohuizen, de samenwerking binnen de G club was zeer
leerzaam.
Dit proefschrift was niet mogelijk geweest zonder de Hanzehogeschool.
College van Bestuur, Drs G Steendam, Dean van de Academie voor
gezondheidsstudies en de teamleiding, bedankt voor de mogelijkheid
voor dit promotieonderzoek.
Alle Leden van de kerngroep Lectoraat transparante zorgverlening:
Yvonne Buunk-Werkhoven, Wies Kaak, Joke van de Kruk, Bauke
Leijenaar, Roos Nieweg en Iris van Zuijlen.
Alle leden van de onderzoeksstaf Lectoraat transparante zorgverlening:
Mathieu de Greef, Martijn de Groot, Hinke Haisma, Margreet luinge
en Roos Nieweg.
Judith van de Boom, Lectoraat transparante zorgverlening bedankt
voor al je hulp.
Alle collega’s van de onderzoeksgroep lectoraat transparante
zorgverlening. Bedankt voor de prettige samenwerking en jullie
belangstelling. Met het gevaar dat ik een paar mensen vergeet zal
ik een aantal personen noemen. Miriam van Ittersum, bedankt voor
de discussies, de feedback en het altijd tijd vrijmaken voor mijn
vragen. Saakje da Costa, Wolter Paans, Hinke Haisma de intervisie
bijeenkomsten waren kort maar krachtig.
Alle collega’s docenten fysiotherapie en ondersteunend personeel.
Ook hier speelt het gevaar dat ik een paar mensen vergeet en daarom
een aantal personen noem. Collega’s van kamer A.014 Ron Veldink,
bedankt voor de feedback op mijn Engelse teksten. Rob Douma
en Peter Eppinga bedankt dat jullie stukjes van mijn manuscript
wilden lezen en feedback gaven. Annemarie Dijkhuizen, Albert v/d
veen en Rob Bertram bedankt voor alle hulp, prettige werksfeer en
belangstelling.
Hans van de Leur je humor maar vooral je aanbevelingen
hebben nog steeds hun waarde. Steven Bunt en Anneke Beetsma
bedankt voor het lezen en feedback, het waren korte stukjes
maar zeer waardevol. Eelco Visser, mijn docent fysiotherapie
van de academie Leeuwarden en nu collega Hogeschooldocent
bedankt voor de soms diepgaande discussies die we hadden.
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En dan de familie en vele vrienden die op een of andere manier een
bijdrage geleverd hebben bij het tot stand komen van dit proefschrift.
Allen bedankt.
Ashwin Veetman, bedankt voor het ontwerpen van de cover.
Juga untuk keluarga dan teman-teman semuanya yang telah
menyumbang dalam bentuk apapun, untuk penyelesaian tesis ini,
saya ucapkan terimakasih.
Ashwin Veetman terimakasih buat cover tesis ini.
Last but not least wil ik met het noemen van drie heel dierbare en
belangrijke personen in mijn leven dit dankwoord besluiten. Lieve
Catharina, Aneas en Esmee. Het was voor jullie vele jaren zeker niet
gemakkelijk als ik weer eens kwam vertellen dat ik een avond, weekend
of vakantie moest doorwerken waardoor privézaken moesten wijken.
Naast de vele jaren promotie werkzaamheden hebben we gezamenlijk
het nodige meegemaakt, wat het allemaal nog eens extra intensief
gemaakt heeft. Jullie stonden en staan voor mij altijd op nummer één.
Ik wil alleen maar zeggen dat ik heel trots ben op de wijze waarop wij
met elkaar deze periode volbracht hebben en dat Aneas mijn paranimf
is.
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Audy Paul Hodselmans werd geboren op 4 mei 1959 te Surabaja,
Indonesië. In 1979 is hij begonnen met de studie Fysiotherapie
aan de Haagse Academie voor Fysiotherapie. Hij behaalde het
diploma Fysiotherapie in 1983 aan de Academie voor Fysiotherapie
Leeuwarden. In 1984 is hij naast het werken als fysiotherapeut in de
eerste lijn begonnen met de studie Bewegingswetenschappen aan de
Rijksuniversiteit Groningen. In 1988 behaalde hij zijn doctoraal met
als afstudeeropdracht lage rugklachten en arbeidsongeschiktheid.
Naast zijn werk als fysiotherapeut in de eerste lijn gezondheidszorg
in Groningen werkte hij als parttime onderzoeker bij het project
‘De invloed van vroegtijdige multidisciplinaire diagnostiek op
ziekteverzuim en arbeidsongeschiktheid bij patiënten met lage
rugklachten. In 1996 bij het project ‘beperkt inzetbare medewerkers
van het UMCG’. Bij beide projecten was hij gestationeerd in het
houdings en bewegingslaboratorium van de afdeling revalidatie van
het UMCG. In 1996 is hij als parttime fysiotherapeut aangenomen
in het pijnrevalidatieteam van het Centrum voor Revalidatie UMCG
locatie Beatrixoord bij het behandelprogramma Rugscholing op Maat.
In 2002-2004 doceerde hij tevens vanuit de Hanze service ‘Evidence
Based Practice’ aan fysiotherapeuten. In 2004 is hij begonnen
als docent fysiotherapie aan de Hanzehogeschool Groningen en
vanaf 2006 tevens in de kerngroep en onderzoeksgroep Lectoraat
transparante zorgverlening van de Hanzehogeschool Groningen.
Vanaf september 2006 starte hij een parttime promotieonderzoek bij
het Lectoraat transparante zorgeverlening in samenwerking met het
UMCG onder leiding van Prof.dr. JHB Geertzen, Lector.dr. CP van der
Schans, en Prof.dr. PU Dijkstra. Dit onderzoek is gefinancierd door
de Hanzehogeschool en de Rijksuniversiteit Groningen met als doel
om de ontwikkelde psychofysieke capaciteitstesten van de cognitief
somatische rugschool te toetsen. Vanaf 1 mei 2009 is hij werkzaam
als Hogeschooldocent Fysiotherapie en in de kerngroep Lectoraat
transparante zorgverlening aan de Hanzehogeschool Groningen.
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