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Abstract

Several treatment principles for the reduction of chronic low back pain associated disability have been postulated. To examine
whether a combination of a physical training and an operant-behavioral graded activity with problem solving training is more effec-
tive than either alone in the long-term, a cluster randomized controlled trial was conducted. In total 172 patients, 18-65 years of age,
with chronic disabling non-specific low back pain referred for rehabilitation treatment, were randomized in clusters of four consec-
utive patients to 10 weeks of acrobic training and muscle strengthening of back extensors (active physical treatment; APT], 10 weeks
of gradual assumption of patient relevant activities based on operant-behavioral principles and problem solving training (graded
activity plus problem solving training; GAP), or APT combined with GAP (combination treatment; CT). The primary outcome
was the Roland Disability Questionnaire adjusted for centre of treatment, cluster, and baseline scores, Secondary outcomes were
patients’ main complaints, pain intensity, self-perceived improvement, depression and six physical performance tasks. During the
one-year follow-up, there were no significant differences between each single treatment and the combination treatment on the pri-
mary outcome, the Roland Disability Questionnaire. Among multiple other comparisons, only one significant difference emerged,
with GAP and APT showing higher self-perceived improvement than CT. We conclude that the combination treatment integrating
physical, graded activity with problem solving training is not a better treatment option for patients with chronic low back pain.
© 2007 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction health and socioeconomic problem (Meerding et al,,
1998). To reduce this burden, treatments aimed at increas-

Chronic non-specific low back pain (CLBP) and its ing activity levels and functional ability are widely being
resulting disability have become a huge and epidemic used. Physical treatments are based on the assumption

that increased muscle strength and aerobic capacity are
crucial for the resumption of activities, and hence for

* Corresponding author. Tel.: +31 402642878; fax: +31 402642744, the restoration of functional abilities (Mayer et al.,
E-mail address: rsmeets@iae.nl (R.J.E.M. Smeets). 1998; Verbunt et al,, 2003). Fordyce (Fordyce, 1976),

0304-3959/832.00 © 2007 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.pain.2007.04.021




264 RJEM Smeets et al | Pain 134 (2008 ) 263-276

however, postulated that contingency management tech-
niques and graded activity based on operant learning pro-
cesses can differentially increase health behaviors at the
cost of dysfunctional illness behaviors. Aldrich et al.
(Aldrich et al., 2000) assumed that CLBP patients tend
to persevere in their attempt to solve an unsolvable prob-
lem, namely pain, despite experiencing repeated failure.
This perseverance keeps them stuck in a vicious circle of
chronic pain, which can be altered by helping patients to
identify and deal with the consequences of pain. Problem
solving training provides a variety of response alterna-
tives for a problem, and helps patients to select the most
effective response available (D'Zurilla and Goldfried,
1971). This cognitive-behavioral treatment has success-
fully been applied in CLBP (van den Hout et al., 2003;
Linton et al., 2005).

Muscle strengthening combined with aerobic exer-
cises, operant-behavioral graded activity, problem solv-
ing training, and multidisciplinary treatment combining
several treatment modules are superior to no treatment
(Morley et al., 1999; van Tulder et al., 2000; Guzman
et al., 2002; Ostelo et al., 2005). Nevertheless, evidence
is lacking that one of these treatments is more effective
than the other (Guzman et al., 2002; Hayden et al.,
2005a; Ostelo et al., 2005; Smeets et al., 2006c).

Examining the content of the available treatments
suggests that many are not solely based on one of the
above-mentioned causative mechanisms, but are treat-
ment packages with various elements. For example,
exercise therapy is added to graded activity and problem
solving training (van den Hout et al., 2003), making it
indistinct whether integrating physical training and
graded activity with problem solving training is more
effective than the single treatment components alone.
Furthermore, many exercise therapies are of insufficient
intensity and duration to classify them as recondition-
ing/strengthening treatments (ACSM, 1998; Hilde and
Bo, 1998 Liddle et al., 2004).

We therefore designed a randomized controlled trial
(RCT) to compare the effectiveness of a treatment based
on physiologic training principles (reconditioning/
strengthening exercises), a treatment based on operant-
behavioral and cognitive principles (graded activity with
problem solving), and one combining both treatments.
Since the combination treatment addresses physical
reconditioning as well as increasing health behavior
and problem solving skills, we hypothesized that this
combination treatment is more effective in reducing dis-
ability than the single component treatments.

The immediate post-treatment results of this RCT
showed that all three treatments were more effective
than a waiting list group, but the combination treatment
was not more effective than the single treatments (Sme-
ets et al., 2006a). The current paper describes the 6 and
12 months post-treatment results.

2. Methods
2.1 Patients

Between April 2002 and December 2004, patients for the
first time referred by general practitioners or medical spe-
cialists to three Dutch outpatient rehabilitation centres were
seen by a rehabilitation physician. When judged that a
rehabilitation treatment was necessary to resolve or reduce
the functional limitations due to low back pain, the patient
was invited to participate in this trial. A research assistant
checked the inclusion criteria: age between 18 and 65 years,
non-specific low back pain for more than 3 months result-
tng in disability (Roland Disability Questionnaire score
[RDQ] > 3) (Roland and Morris, 1983), and ability to walk
at least 100 m. The exclusion criteria were: vertebral frac-
ture, spinal inflammatory disease or infection, malignancy,
current nerve root pathology, spondylolysis, spondylolisthe-
sis, lumbar spondylodesis, medical co-morbidity making
exercising impossible (e.g. cardiovascular disease), clear
treatment preference, not proficient in Dutch, pregnancy,
and substance abuse interfering with trecatment. The Symp-
tom Checklist (SCL-90} (Arrindell and Ettema, 1986) and
the Dutch Personality Questionnaire (NPV) (Luteijn et al,,
1985) were used to exclude patients based on scores sug-
gesting psychopathology that might hamper individual or
group processes (Viaeyen et al, 1996). (For more details,
see Appendix). Patients meeting the inclusion criteria were
informed about the purpose and procedures of the study
and were enrolled after giving informed consent.

The Medical Ethics Committee of the Rehabilitation
Foundation Limburg and the Institute for Rehabilitation
Research in Hoensbroek, the Netherlands, approved the
study protocol.

The trial was assigned an international trial identification
number (www.controlled-trials.com; ISRCTN22714229), and
the results are reported according to the Consolidated Stan-
dards of Reporting Trials (CONSORT) (Moher et al., 2001).

2.2, Randomization

Each cluster of four consecutive patients was assigned to
one of the three active treatments or a waiting list, using block
randomization. Randomization used blocks of size eight and
for cach rchabilitation centre separately, a randomization list
was generated under the supervision of an independent statis-
tician. Opaque, sequentially numbered, sealed envelopes were
prepared for each rehabilitation centre before enroliment
started. The envelope contained a sheet of paper indicating
one of the four treatments. After the patient completed the
baseline measurement, the research assistant handed over the
envelope.

2.3. Masking

The research assistants collecting data were blinded to
treatment allocation. All patients were repeatedly asked not
to reveal information about their treatment allocation.
Patients and therapists were not blinded to treatment
allocation.
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2.4 Interventions

The overall goal of the threc active treatments was 1o
improve functioning (decrease of functional limitations/dis-
ability). Emphasis was put on the responsibility of the
patient for making plans to keep on being active after the
treatment (generalization). Each treatment lasted 10 weeks
and started with the explanation of the rationale of that par-
ticular treatment, A written summary of the rationale was
provided to the patients. The treatments were given to
groups with a maximum of four patients. Patients were
allowed to continue medication prescribed at baseline, but
other co-interventions were discouraged. No other interven-
tions than the allocated took place. In case of acute and
severe psychosocial stress or pathology (severe depression,
high risk for suicide, or personal problems the patient did
not wish to discuss during the group treatment), a consulta-
tion of a clinical psychologist or social worker was possible.
During this consultation the therapist tried to find out what
the exact problem was and subsequently, when judged neces-
sary, arranged for professional help outside the rehabilita-
tion centre.

In the 4th and 10th week, the rehabilitation physician
responsible for the whole treatment, together with the patient,
evaluated the treatment and checked the generalization
plans.

Only therapists who volunteered to deliver a specific treat-
ment module were recruited. Each therapist only delivered the
treatment module he was specifically trained for. After several
extensive training sessions preceding the trial, they were once
again asked whether they were willing to adhere to the treat-
ment protocol they were going to provide. If not, the therapist
did not participate. All selected therapists attended annual
refresher courses. For each intervention detailed treatment
manuals were used by all therapists.

2.4.1. Active physical treatment (APT)

APT was based on the assumption that an increased aero-
bic capacity and muscle reconditioning, especially of the deep
lumbar extensor muscles (multifidus muscle), are nceded for
better functioning (Smeets et al.,, 2006¢c). The duration and
intensity of APT were chosen according to the physiologic
principles of training (ACSM, 1998). In a group of maximum
four, patients were invited to perform 30 min of aerobic train-
ing on a bicycle (65-80% heart rate maximum) and 75 min of
strength and endurance training of their lower back and upper
leg muscles (three series of 15-18 repetitions in a dynamic-sta-
tic manner with a training intensity of 70% of the 1-Repetition
Maximum, which was reassessed every fifth session), three
times a week during 10 weeks. Two physiotherapists super-
vised the training.

2.4.2. Graded activity with problem solving training (GAP)
GAP was based on the assumption that how individuals
with CLBP behave is a resultant of learning, both through
environmental contingencies as through information process-
ing (Morley et al., 1999). It is assumed that CLBP patients
tend to persevere in their attempt to solve an unsolvable prob-
lem, namely pain, despite the experience of repeated failure
(Aldrich et al., 2000). This perseverance may keep them hypo-
thetically stuck in a vicious circle of chronic pain. In order to

intervene in this process it may be more important to help
patients to identify and cope with the consequences of pain
in everyday life than with pain itself. Problem solving training
can help patients to redefine their problem(s) and focus more
on other individually relevant daily life goals that can be
achieved by using graded activity techniques.

GAP consisted of operant-behavioral graded activity train-
ing (GA) (Fordyce, 1976; Sanders, 1996) and problem solving
training (PST) (van den Hout et al,, 2003). During GA, a
skilled physiotherapist or occupational therapist focused on
a time-contingent increase or pacing of three activities being
important and relevant for the patient’s personal situation.
After the cstablishment of a baseline, the activity tolerance
level was calculated and final treatment goals were set. The
patient started performing the selected activities following
quotas for each day, starting from 70% to 80" of the baseline
with gradually increasing activity levels towards the final treat-
ment goals. The patient was given the instruction only to per-
form the agreed level of activity and not perform less or more,
even when he felt capable of doing so. During the training
sessions the patient performed one or more of the selected
activities, but the most important part of the treatment session
was the evaluation of the level of the activities the patient had
performed at home. The patient graphically registered in a
personal diary his daily performance. The therapists were
requested to discuss these graphs regularly with the patient,
while positively reinforcing any progress towards the pre-set
goals. In order to create as much contrast as possible with
the APT, no physical training element (e.g. muscle strengthen-
ing or aerobic exercises) was incorporated. GA started with
three group sessions followed by a maximum of 17 individual
sessions of 30 min. The frequency of the sessions gradually
decreased from three to one session a week. The GAP did
not systematically include relaxation training, nor family
interventions, except that the partner was invited to attend
the first session (explanation of treatment rationale) and a
GA-session in the 4th week. In this way, the partner was
informed, and instructed to reinforce healthy behavior
(gradual increase of activities) of the patient. PST started with
three sessions in which the rationale and the skill of positive
problem orientation were discussed. Sessions 4-10 focused
on problem definition and formulation, generation of
alternatives, decision-making, implementation and evaluation.
Patients received a course book with a summary of each ses-
sion and homework assignments. A clinical psychologist or
social worker, specifically trained to guide this intervention,
provided 10 sessions of 11/2 h to a maximum of four patients
at a time.

2.4.3. Combination treatment (CT)

CT aimed at restoring functional ability through increased
fitness, the reinforcement of healthy behaviors and the modifi-
cation of problem solving abilities. For CT, we specifically
tried to integrate all three treatment modules (APT, GA and
PST) and in the treatment rationale, the patient was told that
benefits may be expected from redefining his problems and
focusing more on other individually relevant daily life goals
(activities), which can be achieved by using graded activity
techniques. However, parallel increase in aerobic fitness and
strength is expected to facilitate the application of the graded
activity in daily life.
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The CT started with APT and PST, both offered in the
same frequency and duration as in APT and GAP, respec-
tively. Furthermore, based on the above-mentioned rationale,
GA started in the 3rd week with the selection of three patient-
specific activities. By the end of the 4th week, the gradual
increase of these three activities was started. A total of 19
GA-sessions were delivered.

The APT sessions were given three times a weck, PST once
a week, and GA initially three times a week, and gradually
decreasing to once a week. The patients did not have to come
to the treatment centre more often than three times a week,
meaning that once a week, a patient received APT, GA and
PST, all at one day.

All therapists were trained in one specific treatment mod-
ule (APT, GA or PST), and delivered this module in CT as
well. However, the therapists were explicitly informed about
the integrative aspects of CT. For example, the therapists
who delivered APT were requested to periodically ask the
patient 1o present the individual graphs of patient-specific
activities and to use positive reinforcement to further
encourage healthy behavior (increase of activities). GA ther-
apists also inquired about the progress made in APT and
used this information to set quotas and when necessary
adjust final treatment goals.

2.4.4. Waiting list (WL}

Patients were requested to wait 10 weeks after which they
were offered regular individual rehabilitation treatment. Dur-
ing the waiting period, patients were not allowed to participate
in diagnostic or therapeutic procedures for their CLBP. For
these patients only data were collected before and immediately
after the 10 weeks of no treatment.

2.5. Data collection

During the pre-treatment assessment, data were collected
on age, gender, level of education, employment status,
duration of complaints and disability, previous treatment,
fevel of radiating pain, traumatic onset, pain-related fear
(Tampa Scale for Kinesiophobia) (Goubert et al., 2000,
2004; Roelofs et al., 2004), VOamax (modified Astrand sub-
maximal bicycle test) (Smeets et al.,, 2006d), negative prob-
lem orientation (Social Problem Solving Inventory-Revised)
(D'Zurilla et al., 1997), and physical activity (Baecke Phys-
ical Activity Questionnaire) (Baecke et al, 1982; Jacob
et al., 2001). Immediately after the explanation of the treat-
ment rationale, treatment credibility and expectancy were
assessed  (Credibility/Expectancy Questionnaire) (Devilly
and Borkovec, 2000).

2.6. Outcome measures

Outcome measures were recorded at baseline, immedi-
ately post-treatment and 6 and 12 months post-treatment.
The primary outcome measure was the Roland Disability
Questionnaire (RDQ), as recommended by several experts
on low back pain research (Deyo et al., 1998). It is a reli-
able, valid, and responsive outcome measure (Roland and
Morris, 1983; Beurskens et al., 1996, Gommans et al,
1997).

Secondary outcomes included the severity of three individ-
ual main complaints regarding activities on 100-mm visual
analogue scales (Beurskens et al., 1999), current back pain
on a 100-mm visual analogue scale and the Pain Rating Index
of the McGill Pain Questionnaire (Melzack and Katz, 1992
van der Kloot et al., 1995), self-perceived improvement of dis-
ability (7-point Likert scale, ! = vastly worsened, 7= com-
pletely recovercd) (Beurskens et al.. 1996}, and depression
according to the Beck Depression Inventory (Beck et al,
1988). Six performance tests were used (Mayer et al., 1988,
1990; Harding et al., 1994: Simmonds et al.. 1998): (1} 5-min
walking (m), (2) 50 foot walking (s}, (3) five times sit to stand
(s), (4) forward reaching by holding a stick with a weight of
4.5 kg at shoulder height (cm), (5) I-min stair climbing (num-
ber of stairs), (6} progressive isoinertial lifting evaluation; the
patient lifts a box with a weight four times within 20 s from
floor up to a 75 cm high table. After each cycle of four lifting
movements, the weight is increased in a standardized way
(completed cycles).

A reduction of 18-24 points for the main complaints,
(Beurskens et al., 1996), =30% reduction of the baseline score
of the current back pain (Farrar et al,, 2000), and 20-48%
improvement of the performance tasks (Smeets et al., 2006¢),
have been defined as clinically relevant. For the Pain Rating
Index, self-perceived improvement and depression, no such
data are available.

2.7. Content of treatment

Treatment content was validated by checklists filled out by
therapists after each treatment session. Patients attending at
least 2/3 of all assigned treatment sessions for each training cle-
ments were classified as having sufficient treatment compli-
ance. Co-interventions were documented by cost-diaries filled
out by patients during the treatment period (Goossens et al.,
2000).

2.8. Statistical analyses

A difference of 2.5 points in RDQ score between treatment
groups was considered to be clinically relevant (Roland and
Fairbank, 2000). Based on a 2-sided « of 0.05 and a 1-8 of
0.90, with a standard deviation (SD) of the RDQ change of
4, 55 patients per group were needed to test the hypothesis that
the active treatment groups are more effective than the waiting
list immediately post-treatment, and the hypothesis that CT is
more effective than APT and GAP, respectively.

Distribution of baseline characteristics was calculated to
determine the prognostic similarity of groups.

Quicome measures were analyzed by using longitudinal
analysis of covariance. The follow-up measurcment was the
dependent variable and the baseline value of the particular
outcome was added as covariate. The coefficients of the longi-
tudinal analysis of covariance were estimated using a mixed
linear model with a random intercept for individuals to allow
for dependence within patients (Twisk, 2003), and with a ran-
dom intercept for patient clusters to account for possible
dependence of the outcome within the clusters of four patients
who were randomized together. Adjustments were always
made for age, gender and centre of treatment. In case, despite
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randomization, other baseline variables were unegually
divided between treatment groups (P < 0.10), they were always
controlled for (covariates). Furthermore, the interaction effect
of treatment with pain-related fear, level of disability and pain
intensity was checked. Finally, potential prognostic variables
(baseline score of duration of disability, duration of pain, work
status, education level, level of pain radiation, traumatic onset,
pain-related fear, disability, pain intensity, and depression)
were forced in the model of the outcome measure of interest,
and eliminated one by one when non-significant (P> 0.05).
In this way only statistically significant prognostic variables
for each outcome measure separately were selected, and con-
trolled for.

All statistical analyses were performed according to the
intention-to-treat principle, using SPSS statistical software,
version 12.0 (SPSS, Inc., Chicago, Illinois).

While using longitudinal analysis of covariance, no imputa-
tion at all is better than applying any of the available imputa-
tion techniques (Twisk, 2003). Nevertheless, for the primary
outcome (RDQ), we also calculated the results presuming that
the reasons for missing were completely at random, by replac-
ing missing values by the previously available value of that
patient (last value carried forward}. Furthermore, presuming
that the reasons for missing were due to drop out because of
deterioration or lack of success, we replaced the missing values
by the 10th percentile score of the total group (worst case sce-
nario) (Twisk, 2003).

3. Results
3.1. Recruitment and follow-up

Of the 309 cligible patients, 82 patients were
excluded. Reasons for exclusion are shown in Fig. 1.
Eighteen patients were excluded due to psychopathology
that could hamper individual or group processes.

Additionally, four patients were excluded before start
of treatment because of another medical diagnosis pre-
venting participation {one in APT, two in GAP, one in
CT). A total of 223 patients were randomly assigned
to either APT (n = 53), GAP (n=58), CT (n=61), or
WL (n = 51). The unequal number of patients in each
treatment group is the result of the block randomization
carried out for each rehabilitation centre, separately.

Since no 6 and 12 months post-treatment data for
WL were collected, only the results of the patients allo-
cated to an active treatment will be further discussed
(n=172).

Follow-up rates for the questionnaires remained
high, even at 12 months (156 of 172 patients). The rea-
sons for not responding (n = 16) were not clearly related
to the type of treatment: stopped treatment prematurely
due to low baseline level of disability (1 in GAP, 2 in
CT), no more complaints post-treatment but other med-
ical problems (1 in CT), no more complaints 6 months
post-treatment (3 in GAP), dissatisfaction (2 in both
APT and GAP, | in CT), unreachable (2 in CT), other
medical problems (1 in CT), and logistic reasons (1 in

CT). The treatment groups did not significantly differ
in loss to follow-up at 12 months (Fisher's exact test,
P = 0.22). The non-responders were significantly youn-
ger (mean, 34.3 versus 42.7 years) and showed lower suf-
ficient treatment compliance (25% versus 74%).

The number of patients with missing data of
performance tasks decreased to 56 (of 172), 12 months
post-treatment (15 in APT, 17 in GAP, 24 in CT). The
reasons for not performing tasks were also not clearly
associated with the type of treatment. The non-respond-
ers were significantly younger (mean, 37.9 versus 43.9
years), had lower sufficient treatment compliance (39%
versus 84%), and lower 5-min walking baseline score
{mean, 357.9 versus 387.5 m),

3.2, Comparability at buseline

Baseline status of patients, including distribution of
baseline RDQ score and the level of treatment expec-
tancy and credibility, did not differ significantly between
treatment groups (Table 1).

3.3. Content of treatment and side effects

Compared with CT, the percentage of patients with
sufficient treatment compliance to the different treat-
ment modules was 11% and 15% higher in APT and
GAP, respectively (Fig. 1). In APT, 9 patients (17%)
and in CT, 17 patients (28%) had insufficient compliance
with the physical treatment. Thirteen patients in GAP
(22%) and 23 patients in CT (38%) had insufficient com-
pliance with GA and PST. The reasons for insufficient
compliance were: dissatisfaction (4 in APT (8%), 8 in
GAP (14%), 11 in CT (18%)), other medical problems
3in APT (6%), | in GAP (2%), 7 in CT (11%), logistic
problem (6 in both GAP (10%) and CT (10%})), and
no complaints anymore (! in GAP (2%)). Three
patients, all CT (5%), stopped treatment because of
increased back pain. One patient (APT, 2%) developed
nerve root pathology needing neurosurgical intervention
and did not complete treatment, one patient (APT, 2%)
stopped aerobic training because of knee complaints,
but completed the strengthening training. Another one
(APT) developed vascular leg pain during cycling, that
could be resolved by vascular surgery, after which she
could complete APT.

Eleven patients (7 in GAP (12%), 4 in CT (7%)) were
offered one or two additional visits to a clinical psychol-
ogist, mainly to discuss specific psychosocial problems
that could not be addressed during the PST group ses-
sions. Two patients (both GAP, 3%) reported severe
psychosocial problems, resulting in referral to a psychol-
ogist outside the treatment centre,

Analysis of the cost-diaries of 159 patients (92%; 51
in APT (96%), 52 in GAP (90%), 56 in CT (92%)}
showed that 17 patients (5 in APT (10%), 8 in GAP
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Patients referred by physicians

(n = 309)
Refused participation before first contact (n = 14)
Not randomly Not meeting inclusion criteria (n = 31)
» assigned > Prefergnce specific tr:aa:;ent (n=20)
(n=82) Logistic problerns (n = ) )
W aiting time between inclusion and
randomisation too long (n = 2)
Excluded before
e 4 start treatment | Hip pathology (n= 1)
(n=4) Collitis ulcerosa (n = 1)
A4 Rheumatoid arthritis (n = 1)
Spondylodesis (n = 1)

Randomly assigned

(n=223)
Waiting list
(n=51)
Only short term results
A 4 VL A\ 4

Allocated to active physical
treatment (n = 53)

Mean sessions of physical
training (+ SD) 24.5 £ 8.0
Sufficient adherence (83%)

Extra appointment
clinical psychologist{n= 0)

Additional treatments {n = 5):
General physician (n = 2)
Medical specialist {(n = 2)
Physiotherapy (n = 4)

Allocated to graded activity with
problem salving training (n = 58)

Mean sessions of graded
activity (£ SD) 143+ 5.9
Sufficient adherence (78%)
Mean sessions of problem
solving training (+ SD) 7.7+ 3.4
Sufficient adherence (76%)

Extra appointment
clinical psychologist (n =7)

Additional treatments (n = 8):
General physician (n = 3)
Medical specialist (n = 2)
Physiotherapy (n = 6)
Alternative medicine (n = 1)

Allocated to combination
treatment (n = 61)

Mean sessions of physical
training (+ SD) 21.8 £9.3
Sufficient adherence (72%)
Mean sessions of graded
activity (£ SD) 11.9+6.2
Sufficient adherence (62%)
Mean sessions of problem
solving training (+ SD) 7.1 £ 3.5
Sufficient adherence (62%)

Extra appointment
clinical psychalogist (n = 4)

Additional treatments (n = 4):
General physician (n = 3)
Medical specialist (n= 1)
Physiotherapy (n = 1)
Alternative medicine (n = 1)

{

!

|

Completeness of data:

Post-treatment {(n = 52)
6 months (n = 51)
12 months (n = 51)

Completeness of data:

Post-treatment {n = 55)
6 months (n = 55)
12 months (n = 52)

Completeness of data:

Post-treatment (n = 55)
6 months (n = 53)
12 months (n = 53)

Fig. 1. Flow chart describing the progress of patients through the trial.
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Table 1
Baseline variables for the total population and the three therapy groups (total n = 172)
Variables Total (n=172) APT (n=353) GAP (n = 58) CT(n=6l) P-value®
Age (years) 41.91 +9.65 42.68 £ 9.06 42,52 + 9.67 40.67 £ 10.14 0.458
Gender (% male) 541 58.5 41.4 62.3 0.054
Education {%u)

Low 62.2 7. 62.1 374

Middle-high 378 32.1 379 42.6 0.511
Work status (%)

Full time 30.8 24 362 24.6

Partial sick leave/disability pension 25.6 18.9 24.1 328

Full sick leave/disability pension 36.6 43.4 310 36.1

No job/retired 7.0 5.7 8.6 6.6 0.532
Duration of LBP (months) 60.48 + 72.22 5691 + 75.86 68.33 + 74.21 56.13 + 67.50 0.598
Duration of functional limitations {months) 38.54 + 52,51 28.85+ 3743 4912 + 61.40 36.90 + 53.57 0.121
Radiation of pain (%)

No radiation 13.4 9.4 17.2 13.1

Above knee 355 358 276 42.6

Below knee 51.2 54.7 55.2 443 0.400
Previous physical/medical treatment (%) 96.5 94.3 96.6 98.4 0.500
Previous back surgery (%) 14.0 17.0 10.3 14.8 0.587
Trauma preceding LBP (%) 15.7 17.0 19.0 11.5 0.508
BPAQ-sport index score (1-5) 2.08 £0.70 2.07 £ 0.67 214+ 0.78 2.04 + 0.65 0.739
BPAQ leisure time index score (1-5) 2.86 £ 0.68 2.96 + 0.69 2.79 +0.74 2.84 +0.60 0.435
TSK (17-68) 39.16 + 6.81 39.02 + 6.52 38.72 £ 6.88 39.69 + 7.08 0.733
VO,max (ml/kg/min) 28.61 +7.23 27.26 £ 6.76 28.23 + 6.69 30.06 +7.88 0.155
SPSI-NPO (0-40) 13.54 £ 7.12 1337 £ 7.42 13.90 + 6.29 13,34+ 7.71 0.895
Treatment credibility (3-27) 19.78 £ 3.61 20.28 +3.27 19,19 + 3.65 19.96 + 3.82 0.219
Treatment expectancy (3-27) 16.35 + 4.41 16.89 +4.03 15.36 £ 4.43 16.84 + 4.60 0.112
RDQ (0-24) 13.78 £ 3.75 14.15 + 3.70 13.74 £3.65 13.51£3.92 0.658
Main complaints {0-100) 73.84 + 15.97 74.52 £ 14.59 74.71 + 16.19 7244 £ 17.03 0.694
Current pain (0-100) 48.56 + 24.58 51.23 £26.55 48.84 + 23.51 45.98 +23.95 0.524
PRI-T (0-63) 18.09 + 10.03 18.34 £ 11.32 17.86 +: 9.94 18.08 +9.04 0.969
BDI (0-63) 10.18 + 7.07 10.38 & 7.62 10.45 & 7.06 9.75 + 6.68 0.842
Walking {m) 377.61 + 77.80 375.37 £ 68.03 385.29 + 75.36 372,40 + 88.03 0.649
Fast walking (s) 10.18 £2.40 9.92 £2.27 10.28 + 2.40 10.31 £2.51 0.632
Sit to stand (s) 21.85+ 8.41 20.98 +£7.33 22.67+9.99 21.86 + 7.65 0.594
Loaded forward reach (cm) 52.44 +13.00 52.04 £12.27 50.12 + 14.97 5500+ 11.24 0.118
Stair climbing (number of stairs) 72.79 +21.84 72.02 £ 1822 75.10 + 24.76 71.26 +£21.95 0.605
Lifting (stages) 4.25+2.96 4.31 £ 2.58 429 +3.22 4,16 +3.05 0.963

Values presented are means = SD or percentage. APT, active physical treatment; GAP, graded activity plus problem solving training; CT, com-
bination treatment; LBP, low back pain; BPAQ, Baecke Physical Activity Questionnaire; TSK, Tampa Scale for Kinesiophobia; SPSI-NFO, Social
Problem Solving Inventory-Negative Problem Orientation; RDQ, Roland Disability Questionnaire; PRE-T, Pain Raiting Index Total score; BDI,

Beck Depression Inventory.
» o test and one-way ANOVA comparisons by treatment groups.

(15%), 4 in CT (7%); 1* test, P =0.37) reported addi-
tional treatments during treatment (Fig. 1).

3.4. Effectiveness of the interventions

Twelve months post-treatment, the observed change
on the RDQ without any correction was —3.20 £ 4.81
for APT, —3.15 + 4.33 for GAP, and —1.74 £ 4.55 for
CT, respectively.

In Tables 2 and 3, the results of the longitudinal ran-
dom coefficient analysis with correction for dependence
within patient clusters, gender, age, centre of treatment
and significant prognostic variables are presented. In
the footnotes of Tables 2 and 3, for each outcome mea-
sure separately, the prognostic variables that were sig-
nificantly contributing, and hence controlled for, are

shown. The results represent the difference in adjusted
improvement over time within each treatment group,
and between the CT and the single treatments. Due to
non-normal distribution at baseline of fast walking
and sit to stand scores, the inverse score (1/time needed
to perform the task) had to be used. The inverse score
should be interpreted as the number of tasks performed
per second. This transformation resulted in a normal
distribution of the scores of both performance tasks.
During follow-up, the improvement regarding dis-
ability, self-perceived improvement and main com-
plaints persisted or even increased for APT and GAP,
and diminished slightly to modestly for CT. All treat-
ment groups showed small significant, but clinically
irrelevant, persistent improvements on depression and
all performance tasks except lifting. Fast walking and
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toaded forward reach did not improve significantly 12
months post-treatment in CT. Although all treatments
showed a modest decrease of pain immediately post-
treatment, this decrease almost disappeared 12 months
post-treatment, and even showed an increase in CT.

Follow-up measurements consistently did not show
that CT was more effective than APT or GAP. At 6
and 12 months, the level of disability, main complaints,
pain, depression and performance tasks did not differ
significantly between treatments. Only GAP showed a
significantly higher self-perceived improvement (score
range from 1 to 7) than CT at 6 months (0.76 [95% CI
0.21-1.31]) and 12 months (0.65 [95% CI 0.10-1.21]),
as did APT compared to CT at 12 months (0.61 [95%
Cl 0.05-1.16)).

Since there is no consensus on the clinically relevant
reduction of the RDQ score for the individual CLBP
patient (Roland and Fairbank, 2000), we used a 2-point
RDQ score reduction as a clinically relevant improve-
ment as suggested recently (Vollenbroek-Hutten et al.,
2004). At one-year post-treatment, 53% of the patients
in the APT, 58% in the GAP and 51% in the CT could
be classified as having reached a clinically relevant
reduction of disability.

Although the power calculation of our study was not
intended to be sufficient to compare APT versus GAP
also, we did not find statistically significant differences
between both treatments on any outcome measure (data
not presented).

3.5, Alternative analysis

The last value carried forward analysis showed simi-
lar results. Although the amount of missing data due to
attrition is limited and appears to be mostly at random,
a worst case scenario was performed showing that the
reduction of the RDQ reached significance for APT ver-
sus CT (1.84 [95% CI 0.04-3.641), but not for GAP ver-
sus CT (1.23 [95% CI —0.55 to 3.01]), 12 months post-
treatment.

4. Discussion

Although the mean score of our population is indic-
ative for a moderate to severe level of disability, compa-
rable to populations being treated in other trials and
daily practice in The Netherlands (Roland and Fair-
bank, 2000; VRIN/VRA, 2000}, and most of them had
been treated previously, all treatments showed improve-
ment of disability and most secondary outcomes over
time. The mean improvement on main complaints was
still fair, aithough this was only clinically relevant for
GAP (Beurskens et al., 1996). APT and GAP still
reported moderate global improvement. None of the
treatments showed a clinically relevant reduction of
pain, depression or improvement of performance tasks.

The most important results, however, are the differ-
ences between CT and the two single treatments, respec-
tively. The hypothesis that CT is more effective than the
single treatments could not be confirmed. At 12 months,
APT and GAP, compared with CT, showed a higher,
but both statistically and clinically insignificant, reduc-
tion of RDQ: 1.16 [95% CI —0.52 to 2.84], and 1.62
[95% CI —0.06 to 3.31], respectively. However, several
researchers argue that a 1-1.5 point additional reduction
of the RDQ at a group level is worth the effort (Moffett
etal., 1999; UK BEAM Team, 2004). Furthermore, self-
perceived improvement was moderately higher and
reached statistical significance at 12 months for GAP
and APT.

Since we did not find a tendency of CT being better, it
is not likely that a higher powered study would change
our conclusion that CT is not more effective than the
single treatments. The two alternative analyses also con-
firmed our findings. No relevant differences were found
regarding depression and performance tasks. Given that
CT implies a higher burden for patients, our study does
not support CT as the preferred treatment option.

This trial compared treatments explicitly based on a
supposedly causative factor(s) for the development and
maintenance of CLBP associated disability. The overall
results of each of the treatments are comparable to other
active treatment trials, and even trials that used more
extensive selection procedures (Guzman et al.,, 2002;
Hayden et al., 2005a,b; Ostelo et al., 2005).

The interventions were delivered according to the
study protocol with only a few protocol deviations.
CT consisted of the APT and GAP program combined,
and was carried out by the same, well-trained therapists
as in the single treatments, Treatment groups did not
differ on baseline characteristics, treatment credibility
and expectancy. That CT is not more effective than the
single treatments is puzzling, and suggests opposing
rather than synergetic effects, despite the fact that we
specifically made efforts to integrate the different treat-
ment modules into one treatment. Indeed, according
to the treatment credibility and expectancy scores,
patients seemed to perccive the combination treatment
as a comprehensive, credible and worthy treatment.
Nevertheless, CT required a higher effort of patients,
which seems to be reflected by the lower compliance
rate, On the other hand, the compliance rate was quite
similar to multidisciplinary treatments used in RCTs
(Kole-Snijders et al.,, 1999; Moffett et al., 1999), and
daily practice (Woby et al., 2004). Furthermore, the dif-
ferent rationales of the CT elements might have been
counteractive. The increase of exercise load in APT
was based on training physiology, and in GAP a time-
coutingent increase of activities was used. This could
have confused patients, resulting in insufficient general-
ization of the learned principles during follow-up.
Otherwise, the total treatment duration of 78 h in CT
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might not have been sufficient, since it is still lower than
the 100 h of multidisciplinary treatment, showing higher
effectiveness than non-multidisciplinary treatment (Guz-
man et al.,, 2002). It should, however, be taken into
account that the conclusions of this meta-analysis are
only based on two studies and that there is no consensus
about the content, intensity and frequency of the differ-
ent training sessions. Additionally, these multidisciplin-
ary treatments differ from our combination treatment
in that they used specific cognitive treatment modules
as well as functional restoration, that all participating
patients were al risk or absent from work due to low
back pain, and that these patients might have been bet-
ter motivated since their employer as well as insurance
company advised them to participate.

Finally, the APT was more effective during follow-up
than originally expected (Liddle et al., 2004; Hayden
et al., 2005a). APT might have resulted in both attitude
and behavior changes similar to those achieved by GAP,
making the addition of GAP to CT redundant.
Recently, we found that APT, although not using cogni-
tive-behavioral techniques, resulted in a similar decrease
of pain catastrophizing which also mediated outcome, as
did GAP and CT (Smeets et al., 2006b). This is in line
with the suggestion that not improved physical fitness,
but cognitive processes are responsible for the effective-
ness of exercise training (Mannion et al., 1999; Helmh-
out et al., 2004).

Different from the role of pain catastrophizing in the
effectiveness of APT, the resumption of activities by
offering GAP could not be explained by an increase of
aerobic capacity (Smeets et al., 2006a).

The total group was moderately to severely disabled,
a high percentage was on sick leave or disability pension
because of low back pain, and for all patients a rehabil-
itation physician decided that rehabilitation treatment
was indicated, making the results highly applicable to
patients normally being referred for rehabilitation, at
least in the Netherlands (VRIN/VRA, 2000). However,
the mean level of depression was rather low and gener-
alization of the results to highly specialized pain clinics
should be done with caution. In our opinion, this low
mean level of depression cannot be explained by the
use of the SCL-90 and NPV, since not the level of
depression, but criteria for severe psychopathology were
used to exclude patients. The low number of patients
being excluded on the basis of these criteria (18/309) fur-
ther underscores this assumption. Additionally, due to
possible floor effects for measuring change, the BDI
seems to have been a poor choice for measuring
patients’ level of distress.

The study also has limitations; the high number of
non-responders on the performance tasks for whom we
did not impute missing values. Otherwise, the reasons
for not responding were equally distributed across treat-
ment groups. Although the use of objective performance

tasks is recommended (Simmonds et al., 1998; Waddell,
1998), this high percentage of non-responders as in other
studies (Kole-Snijders et al., 1999; Ljungquist et al.,
2003), and the rather low capability of most performance
tasks to detect clinically relevant changes in CLBP sam-
ples (Smeets et al.,, 2006¢), urges us to develop more
patient-specific performance tasks. Furthermore, blind-
ing of patients was not possible, but since no differences
regarding treatment credibility and expectancy between
treatment groups were found, we consider bias unlikely.
We conclude that the single treatments are at least
equally effective as the combination treatment one-year
post-treatment. Future research might focus on the ques-
tion whether subgroups of patients can be identified, who
benefit most from one specific treatment. Although we did
not find any interaction between the level of disability,
pain and pain-related fear and the different treatments,
future trials could include treatments that target more sys-
tematically on putative mechanisms of change, such as
pain catastrophizing. Furthermore, in daily rehabilitation
practice compared to the treatments studied is in this trial,
treatments can be more fine-tuned by selecting treatment
modalities based on patient’s characteristics, problems
and needs. A next step could be comparing our highly
structured treatments to these individually designed treat-
ments (Vlaeyen and Morley, 2005). Indeed, we did not
include a treatment that is directly derived from the
fear-avoidance model, such as exposure in vivo with
behavioral experiments that is shown to be a strong
intervention for the reduction of disability in highly
fearful patients (Vlaeyen and Linton, 2000; Vliaeyen
et al., 2002). Exposure in vivo has been examined in the
subgroup of CLBP patients with increased levels of
pain-related fear. The results so far, mainly based on sin-
gle-case experimental designs, have shown that exposure
in vivo treatments are significantly more effective than
graded activity in this subgroup of patients (Vlaeyen
et al., 2001, 2002; Boersma et al., 2004; de Jong et al.,
2005). In the future, clinicians and researchers alike will
be faced with the continuing challenge to offer the most
evidence-based treatment for patients with CLBP,
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Appendix A

Criteria used for exclusion due to psychopathology
hampering individual or group processes.

A patient is excluded in case he exceeds one or more
of the following SCL-90 scores:

Insufficient thinking and >34 (men), >36 (women)
behavior scale:

Distrust and interpersonal >49 (men), >53 (women)
sensitivity scale:

Hostility scale: >14 (men), >15 (women)

Total score: >247 (men), >269 (womern)

A patient is excluded in case he exceeds all of the fol-
lowing NPV scores:
Rigidity: >28 (age 18-24 yr, middle/
higher education level)
>31 (age 18-24 yr, low
education level)
>31 (age 25-54 yr, middle/
higher education level)
>35 (age 25-39 yr, low
education level)
>35 (age 55-65 yr, middle/
higher education level)
>38 (age 40-65 yr, low
education level)

Hostility: >21 (middle/higher
education level)

>24 (low education level)

>15 (middle/higher
education level)
>17 (low education level)

Self-satisfaction/egoism:
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