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Abstract

Previous research supports the fear-avoidance model in explaining the transition from acute to chronic non-specific musculoskeletal
pain. However, there is still little knowledge on when this vicious circle of pain, disability, pain catastrophizing and fear of movement
starts. We performed a daily diary study in 42 patients with acute whiplash injury. Pain, disability, pain catastrophizing and fear of
movement were measured on a daily basis with paper diaries for 21 consecutive days. Most participants showed a decline in pain
and disability from day 1 to day 21 and this was paralleled by a decline in the fear of movement and pain catastrophizing. Multilevel
analyses showed that both between and within persons, high levels of pain catastrophizing and fear of movement are associated with
more pain and disability. Moreover, the fear of movement was also predictive of pain and disability on the following day. We also exam-
ined the reverse association, that is, whether the changes in pain predict changes in the next day’s fear of movement and pain catastro-
phizing. Although for the fear of movement the model reached significance, the amount of explained variance was negligible. In
conclusion, this study provides evidence that already in the early stages of whiplash-related complaints, significant associations between
fear of movement and pain intensity and disability occur, and that this association may be predictive of the persistence of pain.
� 2008 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The fear-avoidance (FA) model states that patients
who tend to catastrophize about pain and avoid situations
they perceive as harmful will have an increased risk for
developing chronic pain and disability [1,2,6,8,9,13,
25,26]. However, the evidence for the FA model is limited
because it is mainly based on prospective cohort studies
and cross-sectional studies, only containing one or few
assessments of all predictive and outcome variables.
These studies are not able to capture the dynamic interre-

lationships between variables over time within an individ-
ual. They may also generate recall bias, because patients
may base their estimates on the most salient or recent
experiences [18]. We, therefore, performed a diary study
in which pain catastrophizing and fear of movement, both
considered as being key factors in the FA model, were
chosen as variables to predict daily pain and disability.
We hypothesized that the high levels of pain catastrophiz-
ing and fear of movement are associated with elevated lev-
els of pain and disability both within and between
individuals. Previous studies have already found support
for this hypothesis by means of concurrent associations,
but failed to find consistent results for temporal or causal
relationships [4,7,12,16,17,23]. Roelofs et al. [12] found
evidence for the fear of movement on the previous time
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measurement as a predictor for pain experience the next
time, but did not enter pain measured on the previous time
measurement into the model as a control variable. There-
fore, serial autocorrelation cannot be ruled out. The only
study so far that did correct for serial autocorrelation did
not find evidence for a predictive association between pain
catastrophizing and pain intensity [23].

Most diary studies so far have been conducted in
patients with chronic pain, when cognitive and affective
responses to pain may have become relatively stable and
little variation in the variables of interest may be pres-
ent. It is known from studies in chronic pain patients
that both pain catastrophizing and fear of movement
are fairly stable [20,22,23]. However, research by Sieben
et al. [14] has shown that changes can occur in the levels
of fear of movement in the acute stage of low back pain.
Therefore, this study investigates the influence of fear
and movement and pain catastrophizing on pain and
disability in patients with acute pain complaints. The
population of patients with acute whiplash complaints
is particularly suited to investigate within-person associ-
ations between fear-avoidance beliefs, pain and disabil-
ity, since the onset of pain is truly acute, starting at a
clearly marked point in time, and patients often have
no prior experience with this particular type of
complaints.

The aim of this study was to investigate whether pain
catastrophizing and fear of movement significantly
changed over a three-week period of diary recording in
patients with acute whiplash injury. Furthermore, it
was investigated if pain catastrophizing and fear of
movement were associated with pain and disability on
a daily basis, and whether they were predictive for pain
and disability the following day.

2. Materials and methods

2.1. Patients

A total number of 60 acute whiplash patients were recruited
for this study. Patients were referred by the emergency care
units of five hospitals and by the traffic police of Limburg Zuid
(the Netherlands). The patients were contacted by telephone
and they were given the opportunity to enter the study after
receiving full verbal and written information. Exclusion crite-
ria were (a) age not between 18 and 65 years old, (b) head
injury, (c) fracture or dislocation of the neck (WAD IV), (d)
being non-fluent in Dutch, and (e) pregnancy. A total of 229
patients were referred to our study of which 49 did not wish
to participate and 8 were excluded because of our pre-set
exclusion criteria. We were not able to reach a large proportion
of patients, but 60 patients agreed on participating.

Due to dropout and missing data, 42 participants were
finally included in the statistical analyses. The reasons for
dropout were no more complaints (n = 2), other health com-
plaints (n = 1), no longer willing to participate in the study
(n = 1) and change of address or could not be reached any-
more (n = 9). Five additional participants were excluded from

the analyses because of too much missing data to perform mul-
tilevel analysis. Mean age of the participants was 36.5 years
(SD = 13.37, range 18–65). Baseline pain was measured by
means of a 10-point Likert Scale on day 1 of the study. Mean
score on this measure at the start of the diaries was 4.83
(SD = 2.26, range 0–8). Disability was also measured on day
1 by the Neck Disability Index (NDI). Mean score on the
NDI at baseline was 14.51 (SD = 9.40, range 0–32), indicating
that subjects on average were mildly disabled.

2.2. Diary

End-of-day paper diaries were used to assess pain, per-
ceived disability, fear of movement and catastrophizing on a
daily basis for 21 consecutive days. The diary measures of dis-
ability, fear of movement and catastrophizing were validated
by computing the correlation of the diary items for these con-
structs on day 1 with validated questionnaires measuring these
constructs that were also administered on the first day.

2.2.1. Pain

Pain was measured by two items, one item assessing current
pain intensity and one item assessing average pain intensity
during the day. Both items were scored by means of an 11-
point Likert Scale.

2.2.2. Disability

Disability was measured by 9 items based on the Neck Dis-
ability Index (NDI) [5,24]. The pain item (item 1) of the NDI
was omitted since the diary included a specific item for pain
intensity. All items were scored on a 7-point Likert Scale.
Two items assessing complaints (headache and concentration
problems) were anchored with ‘‘0” meaning ‘‘no complaints
at all today” and ‘‘6” meaning ‘‘experienced severe complaints
today”. The other 5 items assessing functional limitation where
anchored with ‘‘0” meaning ‘‘not being able to perform this
activity at all” and ‘‘6” meaning ‘‘being able to perform this
activity very well”. The diary items of the NDI showed a sig-
nificant positive correlation with the original NDI (r = 0.69,
p < 0.001).

2.2.3. Fear of movement

Two items reflecting the fear of movement were formulated
that were derived from the Tampa Scale of Kinesiophobia
TSK: [10]. The item ‘‘Today, moving was harmful for my body”

reflected the ‘‘Harm” subscale. The item ‘‘Today, I avoided
activities that cause me pain” reflected the ‘‘Avoidance” sub-
scale. The diary items correlated 0.40 (p < 0.05) with the TSK.

2.2.4. Pain catastrophizing

To measure pain catastrophizing, three items were derived
from the Pain Catastrophizing Scale PCS: [20]. Every item
reflected one subscale. The item ‘‘Today, I kept thinking
how much it hurts” represents the subscale ‘‘Rumination”.
The item ‘‘Today, I was afraid that the pain would get worse”

represented the subscale ‘‘Magnification”, and ‘‘Today, I felt
as if the pain overwhelmed me” represented the subscale
‘‘Helplessness”. All items were rated on a 7-point Likert Scale
labelled ‘‘not at all” to ‘‘very much”. The diary items for pain
catastrophizing correlated 0.52 (p < 0.001) with the PCS.
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The items in the diary formulated for the fear of movement
and pain catastrophizing have previously been used in another
diary study [12]. Several additional questions were also
included in each diary. However, since these data are not con-
sidered below, a detailed presentation of these questions is
omitted. The items were designed to measure self-reported
activity level, the impact of pain on identity and the influence
of new information on the perception of pain and disability.

2.3. Procedure

Eligible study participants were contacted by telephone to
make an appointment with the research assistant for a home
visit, within one month after the motor vehicle accident. During
this visit, the research assistant explained the diary and gave
instructions on how to fill in the diary in a correct manner. Each
subject was handed a set of 21 diaries and 1 set of baseline ques-
tionnaires. Participants were instructed to complete the diary
each day at the end of the day, starting with the day at which
the home visit took place. Baseline questionnaires also needed
to be completed on day 1. The set of 21 diaries also contained
three pre-stamped envelopes. The patients were asked to return
a set of 7 diaries each week, and the baseline questionnaires in
week one by using the envelopes. Of the 41 participants that
returned all diaries, 4 participants returned the diaries of two
or three weeks in one batch. All patients were informed about
the purpose of the study by written and oral information and
all signed an informed consent. The patients received 25 Euro
for participation. The Ethics Committee of the Maastricht Uni-
versity Hospital approved the study protocol.

2.4. Statistical analyses

A composite score for disability was computed by summing
up the 9 items derived from the NDI in the diary. The five items
measuring limitations in functional activities were first recorded
so that a high score on this composite measure reflects high dis-
ability levels. For the fear of movement and pain catastrophizing
composite scores were computed by adding up the scores of the
two items for fear of movement and three items of pain catastro-
phizing, respectively. For pain we only used the item that mea-
sured average pain during the day, since we used end-of-day
diaries and the present pain may be inflated in the evening [11].
Moreover, all other diary items were formulated to measure
an average feeling or belief across the day.1

The diary data were analysed with multilevel regression
analyses. In multilevel modelling, the repeated observations
(daily diaries) are called level 1 units. These observations are
organized within level 2 units. In this study, level 2 represents
the individual. This implies that there is one between subjects
level (participant level) and one within subject level (day level).
The hypothesized relationships between the variables were first
tested within the same day. For the second set of analyses, the
dataset was time-lagged in order to be able to make predictions
for the next day. The independent variables measured on the
previous day (day x) were used as predictors for the dependent
variables on the next day (day x + 1).

For each model, the time trend of disability and pain was
first investigated over the 21 consecutive days. In the time-
lagged models, pain and disability on the previous day were
entered to control for autocorrelation. In the next steps of
the analyses, fear of movement and pain catastrophizing were
entered in the model. For all models, initially the fear of move-
ment was entered first, and the additional explained variance
by catastrophizing was established. Next, analyses were
repeated with a reversed order of entrance (i.e., first pain catas-
trophizing and in the next step fear of movement). In this way,
the unique contribution of both predictors to total explained
variance could be assessed.

All analyses were performed by SPSS version 12 and the
significance of variances was determined by the likelihood
ratio test. Beta values are standardized for presentation. Some
participants needed to be removed from the dataset because of
missing data in crucial variables.

3. Results

3.1. Descriptive analyses

A total of 13 participants did not return any of the dia-
ries (dropout). The remaining 47 participants returned a
total of 877 diaries (89%), which amounts to an average
of 18.7 diaries per person (range 3–21). Patients filled in
the first diary on average within 17 days after their motor
vehicle accident (range 2–50 days). Mean ratings for the
outcome and predictive variables on day 1 and day 21,
as measured by the diary items are presented in Table 1.
In addition we presented the average scores over the 21
days and difference scores from day 1 to day 21. Correla-
tions between difference scores are also presented.

We used paired samples t-tests to test whether there
was a significant difference between the ratings on day
1 and day 21 for each variable, to investigate whether
there was a change during the study period. Analyses
indicated that overall participants showed a decline in
scores on all variables. They became less disabled and
had less pain on day 21, and they also had lower scores
on pain catastrophizing and fear of movement on day 21
compared to day 1. On day 1 up to 91.5% of patients
reported to have pain and 85% of patients felt at least
somewhat disabled (defined as a score of 9 or higher
on the daily disability rating, indicating that participants
scored on average 1 on each item). On day 21, still 66.3%
of the patients reported to have had pain during the day
and 62.5% still felt at least somewhat disabled.

3.2. Multilevel regression analyses

3.2.1. Concurrent associations between pain

catastrophizing, fear of movement, disability and pain

3.2.1.1. Pain. The model with the intercept only (model
0) showed that most variance in the outcome variable
was due to differences between participants (78%). Thus,
there were larger differences in pain intensity between

1 All analyses were repeated with ‘‘current pain intensity” and gave
similar results as to those presented in this manuscript.
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individuals than there were from day-to-day within one
individual. Model 1, in which ‘‘day” was entered in the
analyses, revealed a time effect. The negative association
between day and pain confirms that pain declined dur-
ing the data collection period. In model 2, fear of move-
ment was entered and in model 3 pain catastrophizing.
The significant effect for fear of movement in model
indicated that on days that participants had more fear
of movement, they also experienced more pain. Com-
paring model 2 with the previous model in which day
was the single predictor demonstrated that fear of move-
ment accounted for 37% and 27% of the variance
between participants and days, respectively. When pain
catastrophizing was entered in model 3, the model sig-
nificantly improved, with pain catastrophizing account-
ing for an additional 10% of variance between
participants and 8% between days. When predictors
were entered in reverse order, pain catastrophizing
explained 32% of the variance between participants
and 23% between days in model 2. Fear of movement
was a significant additional predictor in model 3, and
it explained an additional 18% of variance in pain
between participants and 13% between days. Model 1
and the final model are shown in Table 2. Comparing
the final model with the model in which day was the sin-
gle predictor demonstrated that pain catastrophizing

and fear of movement together accounted for 44% and
34% of the variance between participants and days,
respectively.

3.2.1.2. Disability. The model with the intercept only
(model 0) showed that most variance in the outcome
variables was again due to differences between partici-
pants (78%). Model 1, in which ‘‘day” was entered in
the analyses, again revealed a time effect, indicating that
disability declined during the 21 days of the study. In
model 2, the fear of movement was entered and in model
3 pain catastrophizing. The significant effect for the fear
of movement in model indicated that on days that the
participants had more fear of movement, they also expe-
rienced more disability. Comparing model 2 with the
previous model in which day was the single predictor
demonstrated that the fear of movement accounted for
33% and 19% of the variance between participants and
days, respectively. When pain catastrophizing was
entered in model 3, the model significantly improved,
with pain catastrophizing accounting for an additional
9% of variance between participants and 6% between
days. When predictors were entered in reverse order,
pain catastrophizing explained 29% of the variance
between participants and 17% between days in model
2. Fear of movement was a significant additional predic-

Table 1
Mean scores overall of daily pain, disability, fear of movement and pain catastrophizing and for day 1 and day 21

Variable Overall mean
(SD)

Day 1 mean
(SD)

Day 21 mean
(SD)

T Sign. Day 21–Day 1 Mean difference
(SD)

1 2 3

Daily pain 3.64 (2.54) 4.43 (2.15) 2.73 (2.34) 5.18 <0.001 1. DPain 2.07 (1.71)
Daily disability 15.86 (11.49) 19.50 (11.46) 13.35 (11.11) 3.96 0.004 2. DDisability 7.00 (7.23) 0.525**

Daily FOM 3.32 (3.18) 4.14 (3.22) 2.44 (3.18) 3.12 0.001 3. DFOM 1.64 (3.24) 0.393* 0.184
Daily PCS 2.76 (3.93) 3.97 (4.91) 1.49 (2.86) 3.90 <0.001 4. DPCS 2.59 (4.29) 0.242 0.126 0.428*

Differences between day 1 and day 21 were tested with paired samples t-test. Correlations between difference scores from day 1 to day 21.
FOM, fear of movement; PCS, pain catastrophizing.

* Significant at the 0.05 level (2-tailed).
** Significant at the 0.01 level (2-tailed).

Table 2
Multilevel analyses of the same day associations between pain, disability, fear of movement and pain catastrophizing

Model 1 Final model
�2 log(lh) = 2520.150 �2 log(lh) = 2209.032

Estimate SE Beta Estimate SE Beta

Pain

Intercept 4.648 0.333 2.998 0.264
Day �0.088 0.007 �0.214 �0.049 0.006 �0.119
Fear of movement 0.225 0.020 0.288
Pain catastrophizing 0.129 0.015 0.207

Model 1 Model 2
�2 log(lh) = 5009.956 �2 log(lh) = 4799.624

Disability

Intercept 20.450 1.613 13.516 1.346
Day �0.289 0.033 �0.152 �0.123 0.031 �0.065
Fear of movement 0.908 0.110 0.252
Pain catastrophizing 0.582 0.083 0.196

All Beta’s were significant at the 0.05 level.
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tor in model 3, and it explained an additional 15% of
variance in pain between participants and 8% between
days. Model 1 and the final model are shown in Table
2. Comparing the final model with the model in which
day was the single predictor demonstrated that pain
catastrophizing and fear of movement together
accounted for 39% and 23% of the variance between
participants and days, respectively.

3.2.2. Pain catastrophizing and fear of movement as

predictors of next day’s pain and disability

The analyses were repeated with pain catastrophizing
and fear of movement as predictors of pain and disabil-
ity on the subsequent day.

3.2.2.1. Pain. Day was entered in model 1 to control for
the time trend and pain on the previous day was entered
in model 2 to adjust for autocorrelation. The explained
variance in next day’s pain that was accounted for by
the previous day’s pain was 8% (model 2 compared to
model 1). Fear of movement was entered in model 3.
Fear of movement did significantly predict pain on the
next day, even after controlling for previous day pain
levels (Table 3). It should be noted that the decrease in
random variance on the day level (model 3 compared
to model 2) was only small, previous day’s fear of move-
ment explained 2% of additional variance in next day’s
pain intensity. Adding pain catastrophizing to the final
model revealed a non-significant Beta and the decrease
in random variance was 0%. When reversing order in
which the independent variables are entered into the
model, the results show that pain catastrophizing first
significantly predicted next day’s pain (b = 0.06,
p < 0.028), explaining 1% of variance at the day level.
Adding fear of movement to the model gave an addi-
tional decrease in random variance at the day level of
2%. The final model (model 4) shows the contributions

of both fear of movement and pain catastrophizing.
Only fear of movement reached significance (Table 3).

3.2.2.2. Disability. Similar analyses were performed for
predicting next day’s disability. In model 1 the time
effects, and in model 2 previous day’s disability were
entered. Previous day experience of disability was the
strongest predictor of next day’s experience of disability,
explaining 10% of the variance on the day level (model 2
compared to model 1). In model 3, fear of movement
was entered. Fear of movement was significantly related
to next day’s pain, but the additional explained variance
in next day’s experience of disability was only 1%. Add-
ing pain catastrophizing to the final model revealed a
non-significant Beta and the decrease in random vari-
ance at the day level was close to 0%. We again reversed
the order of the independent variables. When entered
first, pain catastrophizing did not reach significance
(b = 0.02, p = 0.493), with a decrease in random vari-
ance at the day level of approximately 0%. Adding fear
of movement significantly improved the model and
decreased random variance at the day level with 1%.
The final model (model 4) shows the contributions of
both fear of movement and pain catastrophizing.

3.2.3. Pain as a predictor of next day’s pain

catastrophizing and fear of movement

To investigate whether the relationship between pain,
pain catastrophizing and fear of movement was a bi-
directional association, reversed time-lag analyses were
performed. Pain measured on day x was used as a pre-
dictor for pain catastrophizing and fear of movement
on day x + 1.

3.2.3.1. Fear of movement. In the model with the inter-
cept only most variance in the outcome variable was
due to the differences between participants (66%). Thus,

Table 3
Multilevel analyses for the prediction of next day’s pain and disability

Model 1 Model 2 Final model
�2 log(lh) = 2365.609 �2 log(lh) = 2272.057 �2 log(lh) = 2268.441

Estimate SE Beta Estimate SE Beta Estimate SE Beta

Pain

Intercept 4.344 0.350 2.621 0.270 2.619 0.275
Day �0.082 0.007 �0.190 �0.049 0.007 �0.114 �0.048 0.007 �0.111
Pain 0.380 0.034 0.383 0.281 0.042 0.283
Fear of movement 0.084 0.026 0.108
Pain catastrophizing 0.016 0.019 0.025ª

�2 log(lh) = 4731.09 �2 log(lh) = 4613.36 �2 log(lh) = 4612.01

Disability

Intercept 19.21 1.583 10.71 1.152 10.28 1.163
Day �0.270 0.036 �0.136 �0.149 0.035 �0.075 �0.137 0.036 �0.069
Disability 0.427 0.033 0.430 0.388 0.038 0.391
Fear of movement 0.313 0.124 0.088
Pain catastrophizing �0.045 0.093 �0.015ª

All Beta’s were significant at the 0.05 level except for those with an (ª).
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participants differed more from each other in the fear of
movement than they differed within themselves in day-
to-day levels of fear. Model 1, in which ‘‘day” was
entered in the analyses showed a significant negative
association between day and fear of movement, indicat-
ing that the fear of movement decreased during the data
collection period. In model 2, fear of movement of the
previous day was entered into the model as a control
variable. This variable was the strongest predictor of
next day’s fear of movement, explaining 12% of the var-
iance in daily fear of movement between days. Next, in
model 3, pain on the previous day was entered as a pre-
dictive variable. Pain on the previous day was a signifi-
cant predictor of fear of movement the next day (Table
4). However, when comparing the final model to model
2 the decrease in random variance (<1%) indicated that
an almost negligible amount of variance in next day’s
fear of movement was explained.

3.2.3.2. Pain catastrophizing. The same analysis was
repeated with pain catastrophizing as the dependent var-
iable. Again most variance was due to the differences
between participants (59%). Model 1 showed a signifi-
cant negative association between ‘‘day” and pain catas-
trophizing, indicating a decreasing trend during the data
collection period. In model 2, pain catastrophizing dur-
ing the previous day was entered as a predictor for pain
catastrophizing the next day. This explained 9% of the
variance of next day’s pain catastrophizing. In model
3, pain was entered as predictor. There was no signifi-
cant relationship between pain on the previous day
and pain catastrophizing the next day (Table 4).

3.3. Post hoc analysis

To test a final assumption in the fear-avoidance
model we investigated whether pain catastrophizing
could predict next days’ fear of movement. The model
consisted of the variables ‘‘day”, ‘‘fear of movement

on day x” and ‘‘pain catastrophizing on day x” as pre-
dictors for fear of movement on day x + 1. Fear of
movement on the previous day was the strongest predic-
tor of next day’s fear of movement (b = 0.412,
p < 0.001). Pain catastrophizing did not significantly
predict next days’ fear of movement (b = 0.043,
p = 0.223).

4. Discussion

The purpose of this study was to examine the daily rela-
tionships between pain, disability, fear of movement and
pain catastrophizing in patients with acute whiplash injury
by means of end-of-day diaries. The multilevel analyses
revealed that most variance in the predictor and outcome
variables was due to differences between individuals, and
that the day-to-day variance in fear of movement, catas-
trophizing, pain intensity and disability within an individ-
ual was much smaller. Nevertheless, there was sufficient
variability within the individual to conduct meaningful
analyses on the within-person associations between these
variables. The analyses also revealed a significant time
trend: during the 21-day assessment period there was over-
all a significant decrease in pain intensity, disability, fear of
movement and pain catastrophizing. The decrease in pain
and disability during the acute stage of whiplash injury
reflects the fact that this is usually a fairly benign condition
characterized by rapid recovery and in which only a small
proportion of individuals go on to develop chronic com-
plaints. Nevertheless, the number of patients still reporting
pain and disability during the three-week study period was
more than expected.

Regarding our first research question, the multilevel
regression analyses revealed that both fear of movement
and pain catastrophizing were significantly associated
with pain and disability when measured on the same
day. There were significant associations both between
persons and within persons. The highest proportions of
explained variance were consistently found between per-

Table 4
Multilevel analyses for the prediction of next day’s fear of movement and pain catastrophizing

Model 1 Model 2 Model 3
�2 log(lh) = 3087.13 �2 log(lh) = 2964.91 �2 log(lh) = 2959.73

Estimate SE Beta Estimate SE Beta Estimate SE Beta

Fear of movement

Intercept 4.363 0.416 2.486 0.303 1.886 0.342
Day �0.087 0.012 �0.158 �0.049 0.012 �0.089 �0.038 0.012 �0.068
Fear of movement 0.414 0.032 0.415 0.359 0.039 0.360
Pain 0.188 0.062 0.147

�2 log(lh) = 3500.13 �2 log(lh) = 3398.66 �2 log(lh) = 3397.95

Pain catastrophizing

Intercept 4.064 0.475 2.326 0.341 2.008 0.425
Day �0.130 0.016 �0.201 �0.075 0.016 �0.116 �0.069 0.016 �0.108
Pain catastrophizing 0.391 0.033 0.409 0.376 0.038 0.393
Pain 0.085 0.078 0.057ª

All Beta’s were significant at the 0.05 level, except for Beta ‘‘pain” predicting pain catastrophizing (ª).
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sons, indicating that individual differences in average pain
catastrophizing and average fear of movement are more
strongly related to the level of pain and disability than
the day-to-day fluctuations in pain catastrophizing and
fear of movement within an individual. This is consistent
with the idea that pain catastrophizing and fear of move-
ment may reflect an automatic or habitual way of
responding to pain that is characteristic of an individual,
and that especially those patients with high levels of catas-
trophizing and fear may be at risk to go on to develop
chronic pain and disability. Nevertheless, also within indi-
viduals, there was an association between the constructs
of the fear-avoidance model and the level of pain and dis-
ability. Thus, daily changes in fear and catastrophizing
concurred with daily changes in pain and disability.

Our second research question concerned the temporal
relationship between changes in the fear of movement
and pain catastrophizing on the one hand and changes
in pain and disability on the otherhand. Therefore, in
the next set of analyses we examined whether the fear
of movement and pain catastrophizing predicted pain
and disability on the next day. Only the within person
analyses are relevant here. We corrected the time-lagged
analyses for prior levels of the outcome variable since a
time-lagged association between predictor and outcome
may be a reflection of trends in the data, or autocorrela-
tion. These time-lagged analyses showed that there was
no consistent significant association between previous
day’s pain catastrophizing and next day’s pain or dis-
ability. Pain catastrophizing was only a significant pre-
dictor for next day’s pain when entered as a sole
predictor in the model. Fear of movement on the other
hand did turn out to be a significant predictor for pain
and disability on the next day, even when controlled
for levels of pain and disability during the previous
day. Previously, a predictive relation between fear of
movement and next day’s pain intensity was reported
by Roelofs et al. [12]. However, their analyses were
not controlled for pain intensity during the previous
assessment and, therefore, it cannot be excluded that
the predictive association was due to autocorrelations
between subsequent pain assessments. Our study shows
that also when the analyses are controlled for this auto-
correlation the effect of the fear of movement on next
day’s pain remained significant, although the proportion
of explained variance in next day’s pain intensity was
low. We also tested whether the association between fear
of movement and pain is bidirectional. The model that
tested previous day’s pain as a predictor of next day’s
fear of movement reached significance, but in this anal-
ysis the amount of explained variance was close to zero.
Thus, our analyses suggest that indeed fear of pain and
to a lesser extent also pain catastrophizing may have a
prospective relationship with pain and disability. How-
ever, it should be noted that the amount of variance
explained is small.

In contrast to what would be predicted from the FA
model, our post-hoc analysis did not yield evidence that
pain catastrophizing on the previous day predicted next
days’ fear of movement. Our results only show that pain
catastrophizing and fear of movement are highly related
to each other and both show similar trends over time.

An additional research question was related to the
stability of pain catastrophizing and fear of movement
in patients with acute pain. Both variables decreased
over time. With regards to the fear of movement, it
was already found by Sieben et al. that changes in the
fear of movement can occur within the first two weeks
of a new episode of low back pain [14]. However, to
our knowledge, this is the first study that has found
changes in levels of pain catastrophizing in the acute
stage of pain. This is in contradiction to earlier sugges-
tions that pain catastrophizing is a more trait-like con-
cept that remains stable over time [21]. However, data
on the stability of this concept have mostly been derived
from pain-free individuals or chronic pain patients
[20,23]. Our data suggest that in patients experiencing
acute pain, catastrophizing does not have the immutable
characteristics normally ascribed to personality traits or
trait-like concepts. Although pain catastrophizing may
still be conceptualized as a fairly stable latent trait, this
trait may only become manifest in the presence of pain.
Since participants experienced a decrease in pain during
the three-week assessment period, this may have affected
the level of pain catastrophizing.

Despite the fact that both fear of movement and
catastrophizing decrease in the acute pain phase, they
still can exert a prognostic role. In the Sieben et al. study
three subgroups of patients were identified, being (1) one
group that remained stable on levels of fear of move-
ment, (2) one group that improved and (3) one group
that showed an increase in the fear of movement. The
latter group also had worse outcome at follow-up.
Therefore, Sieben et al. suggested that patients showing
an increase in the fear of movement in the acute stage of
low back pain are at risk for developing chronic com-
plaints [14]. A similar assumption could be made for
participants in this study. However, to test this hypoth-
esis data collection has to be continued for a longer per-
iod of time and with a larger sample.

There are several limitations with regard to this
study. First, we had a dropout of 23%. This was unex-
pected, since each participant was visited at home by a
research assistant and they all agreed on participating.
Participants had also only one diary to complete at the
end of the day, which was not very intrusive when com-
pared to other diary studies with time sampling methods
where patients are asked to complete diaries at several
times throughout the day. Although patients that
dropped out did not differ from the patients included
with regards to age and gender, we do not know whether
these patients differed on other variables such as pain
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catastrophizing or fear of movement. Second, paper dia-
ries give participants a chance to look back on previ-
ously completed diaries [11] and third, when using
paper diaries the researcher has no control on whether
participants actually fill in the diaries at the time
requested, because of lack of automatic registration of
missing values and response time [15,19]. Finally, we
used evening diaries, and by measuring all variables only
once a day, we may have induced recall bias, influenced
by current pain intensity, age and mood [3]. Moreover,
when using such a small number of assessments, it is
more difficult to find causal relationships because of
extended time lags between two measurements and
because of lack of knowledge on the time course of
the temporal association of the assessed variables. Fur-
ther research could explore different time lags by record-
ing a larger number of assessments per day.

In conclusion, this study shows that the fear of move-
ment is predictive of experienced pain the next day.
Time-lagged analyses of the diary data revealed that the
fear of movement on the previous day was predictive of
pain and disability the next day. This was not the case
for pain catastrophizing although this variable was signif-
icantly and positively associated with concurrently mea-
sured pain and disability at the between and within
person level. Future research could be directed towards
the predictive value of increases in the fear of movement
in the acute stage of whiplash injury for the development
of chronic whiplash syndrome. Finally, knowledge on the
presence and temporal relationships of the fear of move-
ment may provide tools for interventions in the acute
stage. It may be useful to target the patients’ fear of move-
ment in addition to pain control in acute whiplash injury.
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