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Abstract:
Background and objective: Several cognitive–behavioral factors contribute to

the persistence of pain disability in patients with chronic back pain. Fear-avoidance
beliefs and fear of movement/(re)injury in particular have been shown to be strong
predictors of physical performance and pain disability. Patients reporting substantial
pain-related fear might benefit from exposure in vivo to a set of individually tailored,
fear-eliciting, and hierarchically ordered physical movements rather than more general
graded activity.

Patients and interventions: Six consecutive patients with chronic low back pain
who reported substantial fear of movement/(re)injury were included in the study. After
a no-treatment baseline measurement period, the patients were randomly assigned to
one of two interventions. In the first intervention, patients received exposure in vivo
first, followed by graded activity. In the second intervention, the sequence of treatment
modules was reversed. Before each treatment module, treatment credibility was as-
sessed. Daily measures of pain-related fear, pain catastrophizing, and pain intensity
were completed using visual analog scales. In addition, standardized measures of pain
disability, pain-related fear, and pain vigilance were taken before and after each treat-
ment module and at the 1-year follow-up. To obtain more objective data on actual
activity levels, an ambulatory activity monitor was carried by the patients during 1
week before and after each treatment module.

Results: Time series analysis of the daily measures showed that improvements in
pain-related fear and pain catastrophizing occurred only during the exposure in vivo
and not during the graded activity, irrespective of the treatment order. Analysis of the
pretreatment to post-treatment differences also revealed that decreases in pain-related
fear also concurred with decreases in pain disability and pain vigilance and an increase
in physical activity levels. All improvements remained at the 1-year follow-up.

Key Words: Anxiety—Cognitive–behavioral treatment—Exposure in vivo—Fear-
avoidance beliefs—Low back pain.

The early notion that, in chronic patients, the lowered
ability to accomplish tasks of daily living is merely the
consequence of pain severity has now been reconsidered.
Indeed, a steadily increasing number of studies are show-
ing that observable physical performance and self-
reported disability levels in subacute and chronic pain
are associated with cognitive and behavioral aspects of
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pain rather than sensory and biomedical ones.1–5 Fear-
avoidance models have been proposed, and an increasing
number of studies have successfully tested its major
assumptions.4,6,7

A number of studies have reported that pain-related
fear is one of the strongest predictors of variation in
physical performance in terms of spinal isometric
strength measured by the MedX (Ocala, FL, U.S.A.)
lumbar extension machine,8 lifting capacity,4,9,10 and
trunk and leg flexion and extension measured by the
Cybex 350 system (Cybex International, Medway,
U.S.A.).10,11 Avoidance of daily activities ultimately
may result in functional disability10,12,13 and the so-
called disuse syndrome,14 involving both physical de-
conditioning15 and guarded movements.16 Avoidance
also means the withdrawal from essential reinforcers,
leading to mood disturbances such as irritability, frustra-
tion, and depression. Both depression and disuse are known
to be associated with decreased pain tolerance level,17,18

and hence they may promote the painful experience.
Current therapies for excessive fears and anxiety are

based on the experimental psychological work of
Wolpe19 on systematic desensitization. In this keystone
treatment method, subjects progress through increasingly
more-anxiety-provoking encounters with phobic stimuli,
while using relaxation as a reciprocal inhibitor of rising
anxiety. Because relaxation was intended to compete
with the anxiety response, a graded format was chosen to
keep anxiety levels as weak as possible. Later studies
discovered that exposure to the feared stimuli appeared
to be the most essential component of the systemic de-
sensitization, and applied without relaxation, it produced
comparable effects.20

In the area of chronic pain, Philips21 was one of the
first to argue for the systematic application of exposure
in vivo (EXP) to produce disconfirmations of expected
consequences of physical activity (pain, reinjury).21 The
actual applications were reported more recently.22,23 Al-
though EXP may appear quite similar to the usual graded
activity (GA) programs,24,25 in that it gradually increases
activity levels despite pain, they are both conceptually
and practically quite different.

First, GA is based on instrumental learning principles,
and selected health behaviors are shaped through posi-
tively reinforcing predefined quota of activities.26 Expo-
sure in vivo, originally based on pavlovian conditioning
in which associations among stimuli are being learned
and anticipated27 (e.g., movement–severe pain), is cur-
rently viewed as a cognitive process during which fear is
activated and catastrophic expectations are being chal-
lenged and disconfirmed, resulting in reductions of the
threat value of the originally fearful stimuli. Second, dur-
ing GA, special attention is drawn to the identification of

positive reinforcers that can be provided when the indi-
vidual quotas are met, whereas exposure pays special
attention to the establishment of an individual hierarchy
of the pain-related fear stimuli. Third, usual GA programs
include individual exercises according to functional capac-
ity and observed individual physical work demands,
whereas EXP is individually tailored by including activities
that are selected on the basis of the fear hierarchy and the
idiosyncratic aspects of the fear stimuli.

Experimental support for the application of EXP is
provided by Crombez et al.11 in their report on a sample
of patients with chronic low back pain who were re-
quested to perform four exercise trials at maximal force.
As predicted, these patients initially overpredicted pain,
but after repetition of the exercise trial the overprediction
was readily corrected. In sum, it is quite plausible that, in
analogy with the treatment of phobias, exposure to back-
stressing movements may indeed be a successful treat-
ment approach for patients with back pain patients re-
porting substantial fear of movement/(re)injury. Indeed,
using a replicated single-case experimental design,
Vlaeyen et al.23,28 and de Jong et al.22 provided prelimi-
nary evidence that, for patients reporting fear of
movement/(re)injury, a tailored EXP is superior to a non-
treatment baseline period and a GA. Because the results
were based on self-report only, the authors suggested to
validate the assumption that the confrontation of fear-
eliciting activities in the rehabilitation center is an analog
for how patients respond in daily life situations by using
ambulatory activity monitors in everyday life, outside the
clinic.

The aim of the current study was to further test the
effects of EXP in six patients with chronic low back pain
reporting substantial fear of movement/(re)injury. With
use of a replicated single-case crossover experimental
design, EXP is contrasted with a usual GA program. In
addition to self-report measures of pain-related fear, pain
vigilance, pain intensity, and pain disability, an ambula-
tory activity monitor is used to examine whether treat-
ment effects generalize to the home situation. A single-
case methodology was chosen as a flexible, logical,
relatively fast, and still powerful way to evaluate clinical
activity.29

MATERIALS AND METHODS

Study design
A replicated crossover single-case (with alternating

treatments) design was used with multiple measure-
ments. Patients were randomly assigned to one of the two
interventions contrasted. Randomization occurred after
the 28 baseline days and was done by a computer system,
providing allocations in a locked, unreadable file that
could be assessed only by an independent research
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administrator. In treatment group ABC, patients received
EXP first, followed by GA. In treatment group ACB, the
sequence of treatment modules was reversed. Two kinds
of outcome measures were included: measures of pain
catastrophizing, fear of pain, fear of movement/(re)-
injury, and pain intensity that were completed on a daily
basis for 12 weeks; and measures of pain-related fear,
pain vigilance, pain intensity, and pain disability that
were determined during the initial screening, before and
after baseline, directly after both treatment modes, and at
the 12-month follow-up.

Participants
We included in the study six consecutive patients with

nonspecific chronic low back pain who were referred for
outpatient behavioral rehabilitation and who reported
substantial fear of movement/(re)injury (Tampa scale for
kinesophobia [TSK]30 score �40, a cut-off based on the
median of the TSK distribution of chronic low back pain
samples reported earlier). Other inclusion criteria were
nonspecific low back pain for 6 months or more and age
of 18 to 65 years. Exclusion criteria were illiteracy, preg-
nancy, alcohol or drug abuse, and serious psychopatho-
logic disorder. To check the latter, preset criteria based
on Dutch norms were applied on the Symptom Checklist
(SCL-90).31 On the basis of these criteria, two of the nine
consecutive patients were excluded. For another patient,
the protocol was discontinued after 3 weeks because of
exacerbation of marital and concurrent depressive prob-

lems. One patient did not respond to the invitation for the
12-month follow-up assessment.

The protocol was approved by our institutional ethics
committee, and all patients gave written informed con-
sent. Table 1 provides a brief summary of the character-
istics of the patients who were included in this study.

Procedure
After undergoing a physical examination by the reha-

bilitation physician, patients received information about
the study, along with an informed consent form and
questionnaires (for TSK and SCL-90 data), which they
needed to complete for inclusion in the study. When all
criteria were met, patients were invited for a psychologi-
cal intake procedure, during which a cognitive and be-
havioral analysis of the pain problem was made. The
therapist also encouraged the patient to formulate spe-
cific treatment goals, preferably in terms of concrete ac-
tivities that had been frequently avoided, such as the
resumption of household chores, leisure activities, or
work. A hierarchy of fear-eliciting movements and ac-
tivities was made with use of the Photograph series of
Daily Activities (PHODA).32

Program overview
All patients started with a baseline period (A) lasting

4 weeks, during which they completed daily measure-
ments at home. Subsequently, two periods (B and C) of
4 weeks each followed, in which two treatments were

TABLE 1. Summary of the main characteristics of the patients

Treatment Sex
Age

(years) PD PS Most salient concern

ABC
Patient 2 F 36 5 No Persisting pain and increasing levels of disability made her believe that certain movements

caused “irreparable damage” in her back, possibly as a result of classical ballet exercises
during childhood.

Patient 3 F 41 7 Yes After repeated surgeries for herniated disks and being advised to avoid activities that elicit
muscle spasms causing pain attacks, she believed that avoidance of activity is the best way
to protect herself from further damage.

Patient 6 M 51 3 No Believed that because of his heavy workload as a mechanic, his spine had “crumbled away.”
He feared that certain movements (lifting, bending, and rotating) might “break” his spine
and that he could become paralyzed and wheelchair-bound. Also feared having undetected
cancer.

ACB
Patient 1 F 26 7 Yes After surgery and the prescription of bed rest and a corset (due to an open vertebral arch,

disclosed by radiographs), she became fearful that certain movements could cause more
damage, with paralysis of the lower limbs as a serious risk.

Patient 4 F 46 3 No She remembered pain onset vividly: felt sudden shooting pain while standing up after
mopping the floor on her knees. It reportedly felt as if her leg became “dead.” She believed
that her leg was going to be paralyzed permanently and was still afraid that certain
movements would provoke similar pain attacks, possibly leading to paralysis of the leg.

Patient 5 M 39 4 No At pain onset, he heard a “crack” in his lower back while performing a simple reaching
movement, immediately followed by loss of control over his legs, and falling on the floor
with a “shooting” pain. Because he still felt these cracks, he feared that they might cause
paralysis of his legs and that he would end up in a wheelchair.

F, female; M, male; PD, pain duration (years); PS, prior surgeries.
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contrasted. The treatments were conducted during the
first 3 weeks of each period. During week 4 of each
period, the treatment was discontinued to give the patient
an opportunity to practice his or her new skills in the
home situation. Period B involved EXP, and in period C,
a GA treatment was provided. Both treatments were im-
bedded in a comprehensive behavioral rehabilitation pro-
gram following the operant treatment principles and in-
cluding GA, pacing techniques, relaxation, and group
education about ergonomics.33,34

Exposure in vivo
The first session of EXP always consists of unambigu-

ously educating the patient in a way that the patient
views pain as a common condition that can be self-
managed, rather than as a serious disease or a condition
that needs careful protection. Each patient is also given a
careful explanation of the fear-avoidance model, with
use of the patient’s individual symptoms, beliefs, and
behaviors. Subsequently, individually tailored practice
tasks are developed on the basis of graded hierarchy of
fear-eliciting situations. These take the form of a series
of behavioral tests during which irrational expectations
are explicitly being challenged. This involves asking pa-
tients to predict the occurrence of harm and repeating the
same question after each exposure to that activity (for
example, “How would you rate the probability that you
may experience a severe pain attack after doing this ac-
tivity?”). If the rating has decreased significantly, the
therapist moves on to the next item of the hierarchy.
Each movement or activity is modeled by the therapist,
and patients are encouraged to engage in these fearful
activities as much as possible until anxiety levels have
decreased.23,35

Graded activity
The GA is based on the operant treatment principles

described by Fordyce.33,24 During the first week, base-
line levels of activities are registered. The patients are
asked to engage in activities until pain prevents them
from continuing. Thereafter, activity quotas are agreed
upon and the patient is requested to follow the quota
according to a time-contingent fashion. A common ex-
ercise circuit consisting of several kinds of fitness equip-
ment is provided.

There was only one restriction in the study. To avoid
contamination with the EXP, activities that were placed
above 50 on the fear-thermometer of the PHODA were
excluded from the program. This was monitored by the
physical therapist without notifying the patient about this
rule. The rationale provided to the patients was that in-
activity may lead to disuse, which often promotes pain,
and that increasing muscle strength consequently is
likely to prevent future disability.

Measures

Credibility check
At the end of the first session of each treatment mod-

ule (when the rationale had been explained), patients
rated three credibility items on three visual analog scales,
with “not at all” and “very much” as the extremes: Do
you expect that the program will help you to cope better
with your pain complaints? Do you expect that the pro-
gram will help patients with chronic back pain in general
cope better with their pain complaints? Do you believe
that the treatment offered to you is a meaningful treat-
ment for patients with back pain? A credibility score was
calculated as the mean of score on the three items.36

Manipulation check
To check whether the exposure indeed modified the

fear appraisals, a short instrument was used, consisting
of 11 visual analog scales (from 0 to 10) with items
representing main factors of existing questionnaires for
pain-related fear and catastrophizing (Table 2). This
measure was administered on a daily basis during the
whole duration of the study (84 days), except during the
follow-up period. The patients were instructed to com-
plete the scales each evening and to send the completed
form the next day to the researchers by means of pre-
stamped envelopes. Three main scores were derived, con-
sisting of the mean scores (range, 0 to 10) of the items
from the TSK, the Pain Anxiety Symptoms Scale,37 and
the Pain Catastrophizing Scale.38 This measure has been
shown to be sensitive to EXP in previous studies.22,23,28

TABLE 2. Items of the shortened and adapted versions of
the TSK, PASS, and PCS that are completed on a daily basis

Fear of movement/(re)injury (adapted and modified from TSK)
1. If I exercise I might be in danger of reinjuring myself. (Harm)
2. My body is telling me I have something dangerously wrong.

(Fear)
3. My pain complaints would decrease if I were to exercise.

(Exercise)
4. I can’t do everything because its too easy for me to get

injured. (Avoidance)
Fear of pain (adapted and modified from PASS)

1. I become sweaty when in pain. (Somatic anxiety)
2. I feel confused when I hurt. (Cognitive anxiety)
3. When I feel pain, I think that something dreadful may

happen. (Fear)
4. When I feel pain I try to stay as still as possible.

(Escape/avoidance)
Pain catastrophizing (adapted and modified from PCS)

1. When I am in pain I keep thinking about how badly I want
the pain to stop. (Rumination)

2. When I am in pain I wonder whether something serious may
happen. (Magnification)

3. When I am in pain I feel I can’t go on with my daily
activities. (Helplessness)

PASS, Pain Anxiety Symptoms Scale; PCS, Pain Catastrophizing
Scale; TSK, Tampa Scale for Kinesiphobia.
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Fear hierarchy
A hierarchy of fear-eliciting movements and activities

is made with use of the PHODA,32 which is a standard-
ized method involving 98 photographs representing vari-
ous physical daily-life activities such as lifting a child,
mopping the floor, riding a bicycle, and lifting a crate
from the trunk of a car. The patient is requested to place
each photograph along a fear thermometer, consisting of
a vertical line with 11 anchor points (ranging from 0 to
100), printed on a 60 cm × 40 cm hardboard with this
instruction: “Place each photograph on the thermometer
according to the extent to which you feel that this move-
ment is harmful to your back.” After completion of the
test, each photograph is given a rating according to the
position on the thermometer. A total score ranging from
0 to 100 is calculated as the sum of each rating, divided
by 9,800 (the maximum total score). The PHODA has
been used successfully in previous studies.22,23,28

Pain-related fear
The Dutch version of the TSK was used. The TSK

consists of 17 items, scored on a 4-point scale, measuring
fear of (re)injury due to movement.30 Although factor
analysis revealed four subscales (harm, fear of [re]injury,
importance of exercise, and avoidance of activity) the
total score has been recommended as the most valid and
reliable measure.13 Total scores can range between 17
and 68. Reliability and validity of the Dutch version have
been reported to be excellent.39

Pain vigilance
Vigilance for pain sensations was measured with the

Pain Vigilance and Awareness Questionnaire (PVAQ).40

The Dutch version of the PVAQ has been reported to be
reliable and valid.41

Pain intensity
One visual analog scale measuring present pain inten-

sity was added to the 11 scales that were completed
daily. The scale was anchored with “no pain at all” at one
extreme and “worst pain experienced” at the other.

Physical activity
To objectively assess the level of physical activity in

the natural environment of the patients, patients were
requested to carry an ambulatory activity monitor (uni-
axial accelerometer), attached to the belt dorsally, close
to lumbar discs L4 and L5. Movement counts were reg-
istered for an entire week during daytime, except for
activities involving contact with water (such as taking a
shower and swimming). The patients kept track of car-
rying times and the kind of activities performed by
means of a diary. At termination of the registration pe-
riod, the patient returned the device and the data were
downloaded onto a personal computer. Movement counts

were added and subsequently divided by the time the
accelerometer was carried. The activity monitor was car-
ried three times for an entire week, week 4 of each period
(A, B, and C). The output of activity monitors has been
shown to validate measures of physical activity in the
home environment.42

Pain disability
Patients also completed the Dutch version of the Ro-

land Disability Questionnaire (RDQ).43 The RDQ is a
24-item two-point scale measuring the extent to which
performance of daily activities is hampered by back pain,
and it is one of the most widely used measures of dis-
ability in patients with back pain. Its reliability and va-
lidity are excellent.44

Statistical analyses
The following autoregressive time series model was

fitted to the mean of the 3 patients in each condition by
four outcome time series of the daily measures fear of
movement/(re)injury, fear of pain, pain catastrophizing,
and current pain intensity:

Yt = �0 + �1X1 + �2X2 + �3T + �4T1 + �5T2 + et

where Yt � the dependent variable at the tth measure-
ment (t � 1, 2,...84), X1 � 1 in condition EXP and 0
else, X2 � 1 in condition GA and 0 else, T � measure-
ment number (T � 1, 2,...84), T1 � runs from −13.5 to
+13.5 in condition EXP and is 0 else, T2 � runs from
−13.5 to +13.5 in condition GA and is 0 else, and et �
residual at the tth measurement, for which a first-order
autoregressive model is assumed. That is, et � �et−1 + ut,
where � � first-order autocorrelation parameter (−1 < �
< +1) and ut � residual of the residual, and all 84 ut

values are independently normally distributed with mean
0 and unknown variance �2.

T is included to adjust for background trend. T1 and T2

are included to adjust for a change in trend due to treat-
ment and are centered within the treatment period at
hand to maintain the interpretation of B1 and B2 as the
average difference between treatment (EXP or GA) and
baseline period, adjusted for background trend. The re-
sidual et is assumed to depend on the previous residual
et−1 according to an autoregressive model, which is the
most simple autoregressive integrated moving average
model. Fitting the model with ordinary linear regression
assumes that � � 0, that is, the e-residuals are mutually
independent. This is generally an incorrect assumption if
the N (� 84) observations are successive measurements
of a time series instead of N distinct persons, thus leading
to underestimation of standard errors, too-narrow confi-
dence intervals, and type I errors for treatment effects.
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The model was fitted with the procedure AREG in
SPSS-PC version 8.0 for Windows (SPSS, Chicago,
U.S.A.). This procedure differs from ordinary regression
in that it allows � to be unequal to 0 and returns an
estimate and test of � as well as of each �-parameter.
Model validity was checked by plotting the autocorrela-
tion function and partial autocorrelation function of the ut

values, which must be stationary and independent.

A priori criteria for nondaily measures
For PHODA, TSK, PVAQ, RDQ, and ambulatory ac-

tivity monitor, the limited number of data made it im-
possible to use time series analysis. Therefore, we de-
cided to formulate preset criteria to conclude whether the
treatment could be considered successful. These criteria
are based partly on existing norms. For the TSK and
PVAQ, a reduction of more than 30 percentiles was con-
sidered relevant. For the RDQ, we concur with Stratford
et al.,45 who calculated that a change score of 5 can be
considered clinically relevant. In the absence of any
norms for PHODA, we estimated that a 50% decrease
would give us enough support that the threat value of the
activities used in the EXP had decreased. For the ambu-
latory activity monitor, standardized z-scores were cal-
culated for each patient individually by subtracting the
mean number of baseline counts and dividing these val-
ues by the baseline standard deviation for that individual.
This is done for mean counts in the week after the first
and second treatment module. We estimated that an in-
crease in three z-scores (equivalent to three standard de-
viations of the baseline counts) could be considered
clinically relevant.

RESULTS

Credibility check
Credibility ratings were relatively high for both treat-

ment modules (mean ratings of 8.6 and 8.7 on a visual

analog scale from 0 to 10 for GA and EXP, respectively),
irrespective of the treatment order. This implies that the
effectiveness of both treatments was not substantially
influenced by differences in treatment credibility.

Outcome measures
Because the patterns of change of the patients within

each condition were very similar, we decided to calculate
means of the three time series. This produced more stable
time series and reduced the number of statistical tests.

Pain-related fear
Figures 1 and 2 show the patterns of the mean daily

visual analog scale ratings for fear of movement/(re)injury.
In fact, the individual data very much resemble these
averaged data. Visual inspection reveals that changes oc-
cur only when EXP follows either baseline or GA but not
at the other transitions (baseline–GA, EXP–GA). This
pattern suggests that pain-related fear is reduced only by
the EXP. The results of the time series analysis according
to the autoregressive procedure are displayed in Table 3
and appear to confirm these conclusions. After control-
ling for autocorrelation, overall trend, and trend within
both treatment phases, we found significant changes only
when EXP is introduced. In comparison with baseline,
the EXP accounted for a mean decrease of 29.6% to
38.7% on the visual analog scales.

Table 4 shows that TSK scores decrease from a mean
score of 46.5 (>80th percentile) to a mean score of 23.7
(<10th percentile), but only when the EXP is delivered
and not the GA. Similar results are found for PHODA,
for which a drastic reduction is observed at the end of the
EXP phase as compared with the baseline and start of EXP.
A similar pattern is seen for pain vigilance. At the end of
the GA for the patients who received GA, first PVAQ
scores remain stable (mean score � 39; >80th percentile),
whereas a mean of 26 and 17 (<10th percentile),

FIG. 1. Mean daily measures of fear of movement/(re)injury,
across baseline (A), exposure in vivo (EXP [B]), and graded ac-
tivity (GA [C]) for treatment group ABC. VAS, visual analog scale
score.

FIG. 2. Mean daily measures of fear of movement/(re)injury,
across baseline (A), exposure in vivo (EXP [B]), and graded ac-
tivity (GA [C]) for treatment group ACB. VAS, visual analog scale
score.
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respectively, is observed at the end of EXP. Notable is
that all improvements remained during the follow-up
period.

Pain intensity
Of interest, and quite unexpected, is that in treatment

group ACB a significant reduction in pain intensity oc-
curred during the EXP, as compared with baseline and
GA. Further inspection revealed that this may be due to
the effects of one patient in that condition who became
almost pain-free after introduction of the EXP treatment.
In treatment group ABC, the data suggest that EXP re-
sulted in a decrease in pain intensity, followed by a light
increase again during the subsequent GA. However,
these changes are much smaller as compared with those
observed in the ACB group.

Physical activity
Figure 3 shows the mean standardized scores of pa-

tients in both intervention groups separately. Again, a
marked increase is observed after EXP and not after GA.
After EXP, the increase in movement counts compared
with baseline equals a z-score of about 7 SDs, as com-
pared with only 1.5 after GA.

Pain disability
For the RDQ, relevant changes are observed when the

exposure is effectuated, and not when GA is introduced
(Table 4). Overall, RDQ scores decrease from a mean of
17 to a mean of 8 in group ABC and from 16 to 3 in
group ACB, of which the difference largely exceeds the

TABLE 3 Results of AREG time series analysis. Adjusted
differences (unstandardized �, ranging from 0 to 10) are

displayed for comparisons between the baseline, exposure,
and graded activity for the dependent variables fear of

movement/(re)injury, fear of pain, pain catastrophizing, and
current pain intensity, measured with a diary

Treatment group

Fear of
movement/
(re)injury

Fear
of pain

Pain
catastrophizing

Current
pain

intensity

ABC
BAS–EXP
(� 1) −4.00‡ −3.42‡ −3.58‡ −1.05*
BAS–GA
(� 2) −3.66‡ −3.36† −2.41‡ 0.12
EXP–GA
(� 2–� 1) 0.34 −0.53 1.16 1.16*

ACB
BAS–GA
(� 2) 0.20 −0.69* 0.55 −0.62
BAS–EXP
(� 1) −3.71* −4.11‡ −2.34‡ −4.74†
GA–EXP
(� 1–� 2) −3.91‡ −3.42‡ −2.90‡ −4.12‡

*p < 0.05.
†p < 0.01.
‡p < 0.001.
For current pain intensity in group ABC and pain catastrophizing in

group ACB, an AR2 model was fitted to the data instead of an AR1
model, in view of the presence of a second-lag autocorrelation. For
current pain intensity in group ABC, a seasonal cycle of 6 was included
in the model because of an additional sixth-lag autocorrelation.

AR, autoregressive; AREG, see Statistical Analyses section in text;
BAS, baseline; EXP, exposure; GA, graded activity.

TABLE 4. Mean scores (range) for fear of
movement/(re)injury (TSK), fearfulness of movements
(PHODA), pain vigilance (PVAQ), and self-reported

disability (RDQ), determined at baseline, before and after
each first treatment module, and at the 12-month follow-up

for treatment groups ABC (n = 2) and ACB (n = 3)

Treatment group,
interval

TSK
(17–68)

PHODA
(0–100)

PVAQ
(17–68)

RDQ
(0–24)

ABC
Baseline 47 62 43 16
Start EXP 45 64 41 17
End EXP/Start GA 25 7 26 8
End GA 24 7 28 11
Follow-up 22 7 17 4

ACB
Baseline 48 61 46 14
Start GA 50 61 46 15
End GA/Start EXP 48 55 39 16
End EXP 23 3 17 3
Follow-up 22 7 18 7

EXP, exposure in vivo; GA, graded activity; TSK, Tampa Scale for
Kinesiphobia; PHODA, Photograph series of Daily Activity; PVAQ,
Pain Vigilance and Awareness Questionnaire; RDQ, Roland Disability
Questionnaire.

FIG. 3. Mean standardized z-scores (and standard errors) for the
activity monitor data after the exposure in vivo (B) and graded
activity (C) for treatment groups ABC and ACB during the 8th and
12th week. *The z-score is based on intraperson baseline (A)
mean and SD (4th week).
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preset criterion of 5. One patient in the treatment group
ACB suffered an acute pain attack at the end of the
exposure treatment and had an elevated RDQ score after
treatment. The decrease in functional disability remained
at follow-up.

DISCUSSION

The aim of this study was to examine the effectiveness
of a cognitive–behavioral EXP treatment as compared
with GA in reducing pain-related fears, pain catastroph-
izing, and pain disability in patients with chronic low
back pain reporting substantial fear of movement/(re)-
injury. Six consecutive such patients who were referred
for outpatient behavioral rehabilitation and reported sub-
stantial fear of movement/(re)injury were included. A
replicated single-case crossover design was applied in
which chronically disabled patients were randomly as-
signed to one of two interventions, which both included
EXP and usual GA, but in a reversed order.

Both the time series analyses on the daily measures
and preassessments/postassessments showed that com-
pared with a nontreatment baseline period and a GA
program, the individually tailored EXP treatment was
superior in decreasing levels of fear of movement/(re)-
injury, fear of pain, and pain catastrophizing. There was
an overall improvement in self-reported disability after
EXP, suggesting that reductions of pain-related fear gen-
eralized to an improvement of functional ability in daily
life. Last but not least, the treatment gains were intact at
the 1-year follow-up, supporting the robustness of the
intervention. Because the experimental design did not
include washout periods between the different treatment
components, carry-over effects likely occurred. Indeed,
when exposure was followed by the GA, the improve-
ments remained stable, which is also consistent with the
favorable 1-year follow-up results.

What can be said about the possible mediators of treat-
ment effects? The treatment duration did not include
aerobic fitness training and was much too short to pro-
duce significant increases in muscle strength. The abrupt
changes in the daily measures are suggestive of cognitive
changes, such as a reduction in catastrophizing, rather
than some kind of habituation. Although the exposure
was provided during a period of 3 weeks, the reduction
of fear of movement/(re)injury was achieved within
fewer than three exposure sessions. Such abrupt changes
are more characteristic of insight learning rather than the
usual gradual progression of trial-and-error learning.46

In our study, the presentation of the rationale at the
start of the exposure might have contributed to this in-
sight. Many patients reported that, for the first time, they
received a credible rationale for their current level of

disability. One way of sorting out this issue is to separate
the educational part from the EXP. However, it should be
reiterated that the exposure treatment included behavior-
al tests during which catastrophic beliefs and misinter-
pretations were challenged. On the basis of the theoret-
ical literature on extinction and fear processes, we
hypothesize that the actual experience with or the expo-
sure to the feared situation is likely to produce the great-
est changes.47 Of particular interest is that all improve-
ments remained after 1 year, suggesting that extinction of
fear generalized to situations and movements outside the
treatment setting. This is remarkable because there is
growing evidence that exposure cannot simply be
equated with unlearning.27

In a laboratory setting, Goubert et al.48 showed that in
patients with chronic low back pain, exposure to one
movement (bending forward) did not generalize toward
another, dissimilar movement (straight leg–raising). The
conclusion that the authors made was that during expo-
sure, patients appear to learn exceptions to the rule rather
than a fundamental change of that rule. Research find-
ings on exposure in anxiety disorders suggest that gen-
eralization and maintenance can be enhanced by a num-
ber of measures, including the provision of exposures to
the full variety of contexts and natural settings in which
fear has been experienced,49 ample variation of different
stimuli during the exposure,50 and the application of an
exposure over a longer period of time rather than for a
limited number of weeks.51

It is plausible that in our study generalization was
facilitated by the repeated exposure to essential and in-
dividually identified stimuli, as measured with PHODA.
The finding that activity monitor data follow the same
picture as the self-reported measures further supports the
assumption that treatment gains produced during the ex-
posure to activities typical of the treatment setting do
generalize to the home setting and in the absence of
therapists.

Of interest is that current pain intensity levels were
also affected by the EXP treatment, especially in one
treatment condition (ACB). Such changes are not so
common in behavioral treatments for chronic low back
pain. Consistent with experimental studies on the role of
attention and pain-related fear,52,53 successful EXP treat-
ment also resulted in decreases of pain vigilance. This
finding corroborates the idea that the most important
function of anxiety is the early detection of potentially
threatening situations. Our study seems to provide pre-
liminary evidence for a process in which the reduction of
the threat value of previously fear-eliciting stimuli (in
casu physical activity) also produced an attentional redi-
rection away from pain and bodily sensations. It is likely
that the decrease in pain intensity in treatment group
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ACB was mediated by this attentional redirection, be-
cause the changes in PVAQ were largest in this group.

Future time series analyses, perhaps with more sensi-
tive repeated measures and smaller time intervals, look-
ing at lagged correlations will be needed to reveal the
association of changes in fear of movement/(re)injury
and subsequent changes in pain vigilance, pain, and
disability.

The EXP treatment evaluated in this study is some-
what contrary to other pain management approaches
such as activity pacing, relaxation, and back schools.
Some of these interventions even encourage patients to
restrict their activity level or certain movements. Our
patients, whose thorough medical examinations revealed
no specific back disease, were given the unambiguous
message that there was no reason for the restriction of
usual daily activities. The firm ergonomic advice about
lifting, carrying, and sitting that often is provided in the
so-called back schools—conveying the message that ac-
tivities are safe only when performed in an ergonomi-
cally correct way—can best be omitted for fearful pa-
tients undergoing an EXP procedure. Such advice may
be interpreted as a warning that if the instructions are not
followed as suggested, the feared catastrophe may occur.

Of course, this does not mean that patients can be
exposed to any kind of stimulus. All stimuli used in the
exposure procedure should be reasonable and safe for
anyone, be chosen with respect to the final treatment
goals, always be modeled first by the therapist, and be
negotiated with the patient before each exposure session.
In rare instances in which fear of movement is consid-
ered by the treatment team as an adaptive strategy, EXP
will be restricted to those movements that are considered
helpful and safe enough for that particular patient.

There are a number of caveats to be considered. First,
this study is limited in that it included only six patients.
However, a single-case experimental design was chosen
with appropriate time series statistical analyses. Because
in the crossover design all patients received both inter-
ventions, long-term differential effects could not be es-
tablished. Replication studies in the form of a random-
ized controlled trial with larger samples and long-term
follow-up measurements are warranted.

Second, we decided to exclude from the GA program
those physical activities that were placed above 50 on the
PHODA fear hierarchy, to avoid contamination between
the two treatments. However, it is quite possible that if
these activities were included in the GA the differences
between treatments would have been smaller. On the
other hand, the primary purpose of the GA is not to
reduce fears but to gradually increase activity levels de-
spite pain, with use of operant learning principles such as

the provision of ample positive reinforcement when in-
dividual quotas are met.

Third, there is possible confounding with ongoing
treatment. It is possible that elements of the ongoing
rehabilitation program moderated the effects of the EXP
treatment. For example, relaxation and pacing techniques
could make one more responsive to the exposure treat-
ment. Conversely, one can argue that this moderation
affected not only the exposure but also the GA program,
which is also a behavioral treatment. We recently con-
ducted a similar experiment in which the EXP was pro-
vided solely, without any other rehabilitation ingredi-
ents.28 The results are quite similar to those of the current
study, suggesting that contamination bias is likely to be
minimal.

This study is one of the rare chronic pain studies using
a single-subject experimental design. In 1991, Jensen
and colleagues were already calling for such designs be-
cause they are “uniquely suited to understanding an in-
dividual’s coping process over time” (54 [p. 280]). For-
tunately, process-oriented research is now receiving
much more attention.55,56 What can be said about the
generalizability of the results to patients other than those
included in the single-case experimental design? Al-
though within single-case demonstrations with one or a
few subjects it is, by definition, not possible to assess
generality across subjects, a few comments are pertinent
here.

First, interventions that produce dramatic effects are
likely to be more generalizable than those with weaker
effects,57 and this appears to be true here. Using time
series analysis, we have demonstrated that the changes
could not be attributed to chance. Second, generalizabil-
ity may be derived from the fact that replications of six
different patients show consistently similar results in this
study and in other studies.23,28,58 The extent of the gen-
erality of the findings is of course a function of the
number of changes in conditions included in the replica-
tions. So far, it seems justifiable to generalize the results
to other patients with back pain who report substantial
fear of movement/(re)injury.

It may be desirable in future studies to increase the
number of differences between the experiments and, for
example, test the intervention in patients with other mus-
culoskeletal pain problems such as whiplash, fibromyal-
gia, or shoulder pain. Another question to be answered is
whether the EXP also works for patients who are less
fearful (for example, those who have TSK scores within
the 37–40 range). However, to evaluate interactions be-
tween treatments and subjects’ characteristics, it might
be more appropriate to use between-group factorial de-
signs. Such a randomized controlled study also might
shed light on whether the long-term effects are specific
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to the EXP. We are currently preparing such a study that
also includes cost-effectiveness analyses.
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