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Patients with chronic low back pain (CLBP) often report a disabling decrease in their activity level due to
pain. The nature of the association between disability, activity, and pain over time is however, unclear. An
intriguing issue here is whether a high level of pain-related disability is associated with a low activity
level or are changes in the level of activity over time pain provoking and thus more disabling? The objec-
tives of this study were to investigate associations between disability, pain intensity, pain-related fear,
and characteristics of physical activity in patients with CLBP. A total of 42 patients with CLBP were
recruited from the Pain Clinic of the Maastricht University Hospital. Each pain patient carried an elec-
tronic diary for one week, in which questions about current pain intensity, and the level of physical activ-
ity were completed at 8 moments a day. Disability was scored by the Quebec Back Pain Disability Scale
(QBPDS), Fear of movement by the Tampa Scale for Kinesiophobia (TSK). To explain the level of disability
regression analyses were performed with disability as dependent variable and pain intensity, pain-
related fear, and consecutively the level of physical activity in daily life and fluctuations in physical activ-
ity as independent variables. Results, based on 34 patients, showed that activity fluctuations (b = 0.373,
p < 0.05) rather than the mean activity level over time (b = �0.052, ns) contributed significantly in
explaining disability. The results are discussed in the light of current theories, previous research, and clin-
ical implications.

� 2009 European Federation of International Association for the Study of Pain Chapters. Published by
Elsevier Ltd. All rights reserved.
1. Introduction

Patients with chronic low back pain (CLBP) often feel disabled in
performing daily activities. According to the fear-avoidance model
of chronic pain, these patients may have catastrophic thoughts
about their pain resulting in fear of pain, which is characterised
by escape and avoidance behavior. Eventually, avoidance leads to
disability, depression, and disuse, which fuel the pain experience
resulting in a vicious cycle. Individuals who do not catastrophize
about their pain will not become fearful and will expose them-
selves to daily activities leading to recovery (Vlaeyen and Linton,
2000; Leeuw et al., 2007). Although the role of fear avoidance in
explaining disability has been confirmed in a wide range of pa-
tients with chronic pain, not all patients show a decreased activity
level (Naliboff et al., 1985; Nielens and Plaghki, 2001; Verbunt
et al., 2001; Liszka-Hackzell and Martin, 2004; van den Berg-Emons
et al., 2006). In addition, several studies could not confirm the
hypothesized association between physical activity and disability
ernational Association for the Stud
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(Vendrig and Lousberg, 1997; Verbunt et al., 2001; Liszka-Hackzell
and Martin, 2004).

In order to unravel the complex associations between physical
activity, pain and disability in chronic pain, Hasenbring proposed
an alternative strategy. According to the avoidance endurance
model, some patients apply endurance coping and tend to finish
their activities despite pain (Hasenbring et al., 2001). Like avoiders,
this subgroup of ‘‘persisters” will report an increased level of
disability, but their activity level seems to be normal to even high
as compared to healthy individuals (Hasenbring et al., 2001, 2006).
Recently, McCracken and Samuel (McCracken and Samuel, 2007)
have identified a group of ‘‘doers” which closely resemble the
‘‘persisters”. ‘‘Persisters” are likely to continue with activities until
pain prevents them from any further activity. This results in com-
plete rest until pain subsides or frustration over inactivity stimu-
lates them to start a new activity (Harding and Williams, 1998;
Hasenbring et al., 2001). As a result of this, their level of activity
seems to be characterised by a ‘‘sawtooth” pattern, indicating that
it fluctuates highly over time. According to this theory, for a
subgroup of patients, activity fluctuations could even be more dis-
abling than the actual activity level.
y of Pain Chapters. Published by Elsevier Ltd. All rights reserved.
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In order to study the disabling role of changes in activity, the le-
vel of activities has to be assessed in a certain timeframe. Most
studies addressing the association between activity and disability
relied on self-report measures that are prone to self-report bias.
In the present study we used a momentary sampling strategy
method, called experience-sampling method (ESM), to diminish
the chance of bias (Csikszentmihalyi and Larson, 1987). ESM uses
randomly sampled self-reported measures to gain more insight
in relationships of variables assessed over time and to avoid retro-
spective recall (deVries, 1987).

In the current study, the influence of pain intensity, pain-related
fear, level of physical activity and fluctuations in the activity level
in explaining disability in patients with CLBP was studied.
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Fig. 1. An example of a day registration based on the ESM-method based on 8 at
random samples.
2. Methods

2.1. Participants and procedure

Patients with chronic low back pain, who were referred to the
Pain Clinic of Maastricht University Hospital, were recruited for
participation in this study (Roelofs et al., 2004b). Inclusion criteria
were (a) experiencing low back pain for at least 6 months and (b)
age between 18 and 65. Exclusion criteria were (a) serious visual
deficit and deafness; (b) being non-fluent in Dutch; (c) having dif-
ficulty holding a pen or writing; (d) serious psychiatric diseases;
(e) alcohol and/or drug problems; and (f) having participated in a
previous ESM study. After signing the informed consent, all partic-
ipants were informed that the main aim of this study was to inves-
tigate how pain was experienced during the day and what factors
influence pain. Participants completed a battery of self-report mea-
sures and carried a palm-top computer (type palm m100) with a
dairy function in a protective case during 7 days. Participants were
instructed that an alarm would randomly go off eight times a day
and that at that moment patients had to fill in questions. Diary
questions were presented on-screen for completion via a touch
screen (50 � 50 mm) and entries were time- and date-stamped.
Participants could delay answering for 20 min when engaged in
an activity that could not be interrupted. The maximum number
of beeps per week was 56. In case less than 50% of all registration
moments were entered in the palmtop by the patient, data were
excluded from further analyses. Participants were paid 25 Euro in
return for participation in the study. The study protocol was ap-
proved by the Ethics Committee of the Maastricht University Hos-
pital and Maastricht University.

2.2. Measurement

All participants completed the Tampa Scale for Kinesiophobia
(TSK; (Miller et al., 1991) and the Quebec Back Pain Disability Scale
(Kopec et al., 1995). The TSK contains 17 items aimed at assessing
fear of (re)injury due to movement. The Dutch version has been re-
ported to be reliable and valid (Vlaeyen et al., 1995; Goubert et al.,
2000; Roelofs et al., 2004a). Low back disability was assessed using
the Quebec Back Pain Disability Scale (QBPDS). This scale contains
20 items of which each item is rated from 0 (No difficulty perform-
ing this activity) to 5 (Impossible to perform this activity). The ori-
ginal as well as the Dutch version of the QBPDS are valid and
reliable (Kopec et al., 1995; Schoppink et al., 1996).

With respect to the diary assessment, current pain intensity
was assessed with the item ‘‘Right now, I am in pain”. Answer cat-
egories were presented in seven point Likert scales ranging from 1
to 7, with 1 indicating the lowest possible score and 7 indicating
the highest possible score. Furthermore, the level of subjectively
reported physical activity level was assessed based on a self con-
structed item: ‘‘What was your effort between this and the previ-
ous beep?” Answer categories were: 7 = exercise vigorously;
6 = exercise; 5 = cycling; 4 = climbing stairs; 3 = walking; 2 = sit-
ting;1 = lying down.

2.3. Data analysis

For every participant, mean values are calculated for pain inten-
sity, and the activity level assessed in the diary. These values
(PainESM, and ActivityESM) were used in the analyses. In addition,
in order to study activity fluctuations in daily life over time a Root
Mean Square score for activities (ActivityRMS) was calculated. The
difference scores of all activity values as related to one score earlier
were calculated. These difference scores can be positive or negative
values and were squared. Thereafter, a mean value was calculated
and finally, the root from this mean value was taken. The final
score ActivityRMS represents the intensity of activity fluctuations
in daily life over time.

To provide a description of the study group, mean scores or per-
centages for demographic and pain-related variables were calcu-
lated. Furthermore, in order to study the interrelation between a
patient’s level of pain intensity, level of physical activity and fluc-
tuations in the level of physical activity, associations between
these variables were calculated based on Pearson correlations
coefficients.

In order to study the relation between a patient’s level of dis-
ability, pain intensity, pain-related fear, level of physical activity,
and fluctuations in the level of physical activity the interrelation
between variables was studied in a hierarchical multiple regres-
sion analysis. A blockwise entry of variables with disability as
dependent variable was used. In the first step fear of movement,
PainESM, ActivityESM were entered. In the second step, ActivityRMS

was added to the equation, in order to study its unique
contribution.

For all regression analyses, a colinearity check was performed.
Colinearity was considered a problem when the variance inflation
factor (VIF) was above 3. All statistical analyses were performed
using SPSS software (SPSS Inc. Chicago, Ill).

3. Results

Forty-two participants (17 males, 25 females) with non-specific
CLBP participated in the study. Five patients answered questions
for less then 50% of the beeps of the palmtop, and their data were
excluded for further analyses. None of the patients reported that
he/she could not fill in the electronic diary due to their back pain.
For three patients no Quebec Back Pain Disability Score was avail-
able. The final analyses were performed on 34 patients.



Table 1
Regression analyses with disability as dependent variable.

Step 1: R2 = 0.309*, adjusted R2 = 0.240*

Disability Fear of movement b = 0.236
PainESM b = 0.525**

ActivityEMS b = 0.158

Step 2: R2 = 0.401**, adjusted R2 = 0.318**

Disability Fear of movement b = 0.295
PainESM b = 0.502**

ActivityEMS b = �0.052
ActivityRMS b = 0.373*

* p < 0.05.
** p < 0.01.
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The mean age of all participating patients was 45.4 years
(SD = 9.9). Mean pain duration was 156.5 months (SD = 116.9
range 18–444). Mean disability level (QBPDS) for all patients was
55.97 (15.3) and their mean level for fear of injury 41.18 (8.7).
The level of activity as scored by ActivityESM appeared to be signif-
icantly associated with the intensity of activity fluctuations over
time (ActivityRMS) (0.57, p < 0.01). Both ActivityESM as well as Activ-
ityRMS were not associated with PainESM.

In Fig. 1 an example of the result of a one-day ESM-registration
of one patient is given. The diary recordings of all participants
showed a mean PainESM score of 4.47 (1.04), a mean ActivityESM

score of 2.97 (0.68), and a mean ActivityRMS score of 1.53 (0.59).

3.1. Associations between disability, pain intensity, fear of movement
fluctuations in the activity level and the activity level for patients with
CLBP

Table 1 presents the regression model explaining disability in
patients with CLBP. In the first step PainESM (p < 0.01) explains dis-
ability. Fear of movement and ActivityESM had no significant contri-
bution. In the second step ActivityRMS was added in the regression
model. In this step, PainESM (p < 0.01) and ActivityRMS (p < 0.05)
both explained disability. In the second step, the contribution of
fear of movement was nearly significant (b = 0.295, p = 0.056).
ActivityESM did not have a significant contribution. In the final step,
32% of the variance in the level of disability could be explained
(p < 0.01). All VIF factors were below 1.53 which indicated that
there was no co linearity between ActivityESM and ActivityRMS. No
outliers were present.
4. Discussion

The main aim of the present study was to study the role of phys-
ical activity and fluctuations in the activity level over time in
explaining disability in patients with CLBP. Results indicated that
fluctuations in the activity level seemed more associated with
the level of disability as compared to the mean activity level over
time in patients with CLBP.

The intensity of activity fluctuations over time was positively
associated with a patient’s perceived level of disability, whereas
his/her mean activity level did not have any significant disabling
influence. Although a high level of activity fluctuations seems nat-
ural in healthy individuals, for patients with chronic pain this
could represent an activity pattern characterised by interfering
involuntary rest stops due to pain. The high level of fluctuations
could be a representation of the sawtooth pattern in their activi-
ties. Patients go on with their activities till the activity is finished
and afterwards they have to take rest to recover. It could even be
that, a lack of control regarding the performance of activities at
any time is the underlying disabling factor. It might be possible
that patients with more fluctuations in activity represent a pattern
as described for the group of ‘‘doers” in the study of McCracken
(McCracken and Samuel, 2007) or the ‘‘persisters” with endurance
coping in the avoidance endurance model of Hasenbring (Hasen-
bring et al., 2001). However, this hypothesis cannot be confirmed
based on the current results. More research is needed.

No association could be determined between pain intensity and
the mean activity level or the fluctuations in activity. Earlier studies
addressed the association between pain intensity and activity over
time in patients with low back pain (Vendrig and Lousberg, 1997;
Liszka-Hackzell and Martin, 2004). Pain intensity was associated
with activity in the first 7 days of acute low back pain (Liszka-
Hackzell). However, in patients with chronic pain, in both studies,
no association between pain and activity was found which is in
accordance with our findings. In addition, we checked whether pain
intensity was associated with the level of fluctuations in activity
but could not confirm the presence of any relationship.

The current study contributes to the explanation of disability
within the population of patients with CLBP and may have clinical
implications. Till now, most research has been focused on explain-
ing disability in ‘‘avoiders” based on the fact that a low activity le-
vel would be disabling. As a result, exposure in vivo and graded
activities are evidence based interventions that now are regularly
applied in clinical practice to reduce the disability level in ‘‘avoid-
ers”. However, it could be that patients who have a disabling fluc-
tuating pattern in their activities, benefit more from learning
strategies to fine tune their activities during the day instead of
increasing their activity level. However, currently, no scientific ba-
sis is yet available to prove this statement.

The current study has some limitations that need to be ad-
dressed. The activity level and fluctuations in activity were derived
from subjectively reported diary measures. It is known that for pa-
tients with chronic pain it is difficult to estimate their own physical
activity level. However, it is important to note that thus far only
self-report measures have been used and this diary study gives
more insight in daily life functioning. Interestingly, a recent study
by Bousema et al. (2007) and van der Werf et al. (2000) made an
activity-related classification based on activity assessment by
accelerometry (van der Werf et al., 2000; Bousema et al., 2007),
which is also a promising direction for future research. More re-
search is needed to further elucidate the characteristics of patients
with chronic low back pain and to incorporate the various findings
into a theoretical framework that can be used to apply treatment
for activity-related subgroups in chronic pain. A second limitation
of this study might be that using an electronic diary at several time
points during a day could influence a patients’ natural behavior.
However, this assumed reactivity effect based on electronic dairy
assessment in pain patients could not be confirmed in earlier stud-
ies on this topic (Cruise et al., 1996; Stone et al., 2003; Aaron et al.,
2005).

In summary, in the current study it appeared that fluctuations
in the activity level instead of the mean activity level over time
could explain the level of disability.
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