
levels of activity seemed to have the most adverse
effects. Slattery et al found that those who did intense
(sporting) activity did not show any more benefit in
overall mortality from cardiovascular causes than those
who did frequent light or moderate activities but no
intense activity.15

CONCLUSIONS

Moderate levels of physical activity, such as frequent
regular walking plus recreational activity or sporting
activity once a week, seem to be sufficient to produce a
significant beneficial effect on cardiovascular risk in
men both with and without evidence of ischaemic heart
disease or stroke. More vigorous activity does not
seem to confer any further protection and frequent
sporting (vigorous) activity may be associated with an
increased risk of heart attack, especially in those with
symptomatic evidence of ischaemic heart disease or
stroke. Such men who are contemplating or involved
in regular vigorous activity should discuss their
programme with an appropriate doctor. It seems
reasonable, however, to recommend widespread
and unrestricted participation in moderate levels of
physical activity. Moderate activity is readily attain-
able by large sections of the population and requires no
special facilities.
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Abstract
Objective-To compare the effectiveness of

manipulative therapy, physiotherapy, treatment by
the general practitioner, and placebo therapy in
patients with persistent non-specific back and neck
complaints.
Design-Randomised clinical trial.
Setting-Primary health care in the Netherlands.
Patients-256 patients with non-specific back and

neck complaints of at least six weeks' duration who
had not received physiotherapy or manipulative
therapy in the past two years.
Interventions-At the discretion of the manipu-

lative therapists, physiotherapists, and general
practitioners. Physiotherapy consisted of exercises,
massage, and physical therapy (heat, electrotherapy,
ultrasound, shortwave diathermy). Manipulative
therapy consisted of manipulation and mobilisation
of the spine. Treatment by general practitioners
consisted of drugs (for example, analgesics), advice
about posture, home exercises, and (bed)rest.
Placebo treatment consisted of detuned shortwave
diathermy (10 minutes) and detuned ultrasound (10
minutes).
Main outcome measures-Changes in severity of

the main complaint and limitation of physical
functioning measured on 10 point scales by a blinded
research assistant and global perceived effect
measured on a 6 point scale by the patients.

Results-Many patients in the general practitioner
and placebo groups received other treatment during

follow up. Improvement in the main complaint was
larger with manipulative therapy (4.5) than with
physiotherapy (3.8) after 12 months' follow up
(difference 09; 95% confidence interval 0-1 to 1.7).
Manipulative therapy also gave larger improvements
in physical functioning (difference 0-6; -0-1 to 1.3).
The global perceived effect after six and 12 months'
follow up was similar for both treatments.

Conclusions-Manipulative therapy and physio-
therapy are better than general practitioner and
placebo treatment. Furthermore, manipulative
therapy is slightly better than physiotherapy after 12
months.

Introduction
In most cases of back pain and neck pain no

underlying disease can be established and the causes of
the complaints remain unknown.' 2 Fortunately, most
patients with acute complaints recover within a few
weeks, often with the help of (bed)rest, analgesics, and
advice about posture and exercises.' The complaints
disappear within a few months in about 90% of the
cases,245 although the recurrence rate is high.' When
the complaints persist there are several options for
treatment. General practitioners in the Netherlands
often refer patients with persisting complaints for
physiotherapy or, less commonly, for manipulative
therapy.

Physiotherapists usually give exercise therapy, alone
or in combination with other treatments-for example,
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massage, heat, traction, ultrasound, or short wave
diathermy.6 We know of 16 randomised clinical trials
investigating the efficacy of exercises given alone or in
combination with additional physical treatments.
Unfortunately, most of these studies had severe
methodological flaws. Long term positive effects of
exercises were reported in only one of the two studies
that measured the effect after 12 months.6 Despite its
widespread use the efficacy of physiotherapy still
remains questionable."3-6 Most of 35 randomised con-
trolled trials investigating the efficacy of manipulation
and mobilisation for back and neck complaints also had
severe methodological flaws and gave inconsistent
results.7 Only seven of the trials measured the effects at
least 12 months after randomisation.8'4 Long term
positive effects favouring manipulation were reported
in only one of these studies.9
We present the long term results of a randomised

clinical trial comparing manipulative therapy, physio-
therapy, treatment by the general practitioner, and a
placebo treatment for patients with persistent back and
neck complaints. The design of the study" and its short
term results are reported in detail elsewhere. 16 '1

Subjects and methods
SELECTION OF PATIENTS

Patients who had had back and neck pain for at least
six weeks were selected by general practitioners and by
advertisements in the local press over two years
(January 1988-December 1989). Subsequently, all
potential participants were seen by the same research
assistant (an experienced physiotherapist and manual
therapist), who performed a physical examination and
did the final check with respect to the admission
criteria."5 Patients had to meet the following criteria:
the complaint was non-specific-that is, no underlying
disease could be established (for example, malignity,
osteoporosis, herniated disc); the duration of the
complaint was six weeks or longer; no physiotherapy or
manipulative therapy for back and neck complaints
had been received in the past two years; and the
complaint could be reproduced by active or passive
physical examination.
The purpose of these criteria was to select a

(relatively) homogeneous group of patients suitable for
treatment with physiotherapy, manipulative therapy,
and continued care by the general practitioner. Eligible
patients gave informed consent by signing a letter.
Subsequently, randomisation was carried out by
a second research assistant using a list of random
numbers.

TREATMENTS

Four treatments were included in the trial. Firstly,
physiotherapy, which consisted of exercises, massage
and/or physical therapy modalities (heat, electro-
therapy, ultrasound, shortwave diathermy). Secondly,
manipulative therapy, which consisted ofmanipulative
techniques (manipulation and mobilisation of the
spine) included in the directives of the Dutch Society
for Manual Therapy (NVMT). (The manual therapists
were all physiotherapists with an additional three to
four years' education in manipulation.) Thirdly,
continued treatment by the general practitioner, which
consisted of prescribed drugs (for example, analgesics,
non-steroidal anti-inflammatory drugs), advice about
posture, home exercises, participation in sports,
(bed)rest, etc. Fourthly, placebo treatment, which in
each session consisted of a physical examination and
then detuned shortwave diathermy (10 minutes) and
detuned ultrasound (10 minutes) carried out by the
participating physiotherapists. The placebo treatment
sessions were scheduled twice a week for six weeks.

All therapists (except for those giving placebo treat-

ment) were free to choose from their usual therapeutic
domain within some explicitly formulated limits (for
example, no manipulative techniques could be per-
formed by the physiotherapists). All treatments were
given for a maximum of three months.

OUTCOME MEASURES

Follow up measurements were carried out at six and
12 months after randomisation in order to study long
term effects. Below, we focus on the three outcome
measures which proved sensitive in measuring changes
at the short term follow up (three, six, and 12
weeks after randomisation)'6": severity of the main
complaint, global perceived effect, and physical
functioning.
The main complaint was determined as the complaint

which the patient considered to be the most important
at baseline. Its severity was assessed by the research
assistant on a 10 point scale (1=minimal severity, 10=
maximal severity) based on history taking and physical
examination. During all follow up measurements the
research assistant was unaware of the treatment to
which the patients were assigned. He also had no
information about the previous scores. Global perceived
effect was assessed by the patients on a 6 point scale
(1=no benefit, 6=maximal benefit) after six and 12
months' follow up. Physical functioning was measured
by the ability of patients to perform active spinal
movements. Patients with neck complaints were asked
to perform a standardised set of cervical movements
(anteflexion, retroflexion, lateroflexion, and rotation);
those with back complaints had to perform a similar set
of trunk movements. At baseline the research assistant
noted for each patient the movements (maximum of
three) for which the patient reported the most severe
pain or limitation of the range of motion. In addition,
the severity of the pain (or of the limitation of
range of motion) for these movements was scored on a
10 point scale (1=minimal severity, 10=maximal
severity). At follow up the movements chosen at
baseline were reassessed by the same (blinded) research
assistant, who was unaware of the previous scores. The
physical functioning score was calculated by adding
the severity scores of all (maximum of three) move-
ments at issue divided by the number of movements.'7

STATISTICAL ANALYSIS

The cumulative number of patients in each of the
four treatment groups who had deviated from the
allocated treatment after six and 12 months' follow up
was calculated. The effects in the group receiving
placebo therapy and the group receiving treatment by
the general practitioner seemed to be seriously biased
owing to contamination and cointerventions (see
results). Therefore, we restricted the data analysis for
the three outcome measures to the manipulative
therapy and physiotherapy groups only.

For two outcome measures (severity of the main
complaint and physical functioning) we calculated
the differences between the follow up scores and the
baseline score for individual patients. Subsequently,
the two study groups were compared with each other
for their improvement 12 months after randomisation.
The global perceived effect at six and 12 months was
also compared. In addition, we calculated the cumu-
lative distributions of the improvement scores for the
severity of the main complaint and for physical
functioning and global perceived effect at 12 months'
follow up. Group differences and 95% confidence
intervals after six and 12 months' follow up were
calculated for the three outcome measures with a linear
regression model in order to estimate differences
between groups after adjusting for small imbalances in
important prognostic indicators at baseline. In the
model we entered the following covariables: location
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TABLE i-Baseline characteristics of the study population

Manipulative Placebo General All
Characteristic therapy Physiotherapy therapy practitioner subjects

Total No of subjects 65 66 64 61 256
No (%) selected through advertisement 49(75) 42 (64) 44 (69) 38 (62) 173 (68)
Mean age (years) 43 42 43 43 43
Sex (No (%) female) 35 (54) 32 (48) 33 (52) 23 (38) 123 (48)
Location of complaints (No (%)):
Back 36 (55) 36 (54) 40 (62) 32 (53) 144 (56)
Neck 13 (20) 21 (32) 14 (22) 16 (26) 64 (25)
Back and neck 16(25) 9(14) 10(16) 13(21) 48(19)

Median duration of present episode of complaints (weeks):
Patients with back or neck complaints (n=208) 52 52 52 45 52
Patients with back and neck complaints (n=48):
Back 78 26 92 78 79
Neck 91 26 65 52 52

No (%) who had had previous treatment:
Physiotherapy 38(58) 30 (45) 37(58) 49 (48) 134 (52)
Manipulative therapy 8(12) 12 (18) 3 (5) 6 (10) 29(11)
Alternative medicine 9(14) 12 (18) 6 (9) 12 (20) 39(15)
Specialist 11 (17) 12 (18) 14 (22) 11 (18) 48(19)

Mean severity of main complaint (10 point scale) 7 0 7 0 6-8 6-8 6-9
Mean physical functioning score (10 point scale) 5-9 5 8 5-7 5-7 5 8

and duration of the main complaint, the baseline score
of the outcome measure at issue (except for global
perceived effect in which case severity of the main
complaint at baseline was chosen), age, and recruitment
status (general practitioner or advertisement). We also
calculated the power of the study based on the results
for severity of main complaint after 12 months' follow
up (see appendix). The analyses were carried out with
the biomedical programs data package, 1990 version.'8

Results
A total of 256 patients met the inclusion criteria and

were randomly assigned to the four treatments. Table I
shows the demographic and clinical characteristics of
the participants. Comparability between the four
groups for the main prognostic variables such as
duration, severity, and location of the complaints and
age was satisfactory. The median duration of the
episode of back or neck pain for all patients was 52
weeks, indicating that most patients had very long

TABLE iI-Mean (median) number of treatments, length of session,
and duration oftreatment during the intervention period

Length of Duration of
No of session treatment

treatments (min) (weeks)

Manipulative therapy 5 4 (6) 41 (40) 8-9 (9)
Physiotherapy 14-7 (14) 35 (30) 7-8 (8)
Placebotherapy 11 1(12) 29(30) 58(6)
General practitioner*

*Treatment by the general practitioner consisted usually of a single visit by
the patient at the general practice.

TABLE III-Cumulative number ofdeviationsfrom the allocated therapy atfollow up

Treatment group 6 Month follow up 12 Month follow up

Manipulative therapy 3 Physiotherapy 5 Physiotherapy
2 Specialist 2 Specialist
1 Operation for herniated nucleus polposus 1 Operation for herniated nucleus polposus
1 Injection 1 Injection
1 Alternative medicine 2 Alternative medicine

Physiotherapy 2 Manual therapy 6 Manual therapy
1 Sport massage 1 Sport massage
1 Specialist 7 Specialist
1 Alternative medicine 2 Alternative medicine

Placebo therapy 18 Physiotherapy 19 Physiotherapy
3 Manual therapy 3 Manual therapy
1 Cesar therapy 1 Cesar therapy
2 Specialist 5 Specialist
1 Operation for herniated nucleus polposus 1 Operation for herniated nucleus polposus

General practitioner 8 Physiotherapy 12 Physiotherapy
6 Manual therapy 6 Manual therapy
2 Cesar therapy 2 Cesar therapy
1 Sport massage 1 Sport massage
2 Specialist 2 Specialist
1 Operation for herniated nucleus polposus 1 Operation for herniated nucleus polposus
1 Hospital admission 1 Hospital admission
2 Alternative medicine 2 Alternative medicine

periods of back or neck pain. About half the patients
had previously received physiotherapy for their com-
plaints (but not during the two years before entering
the trial).

Table II shows the number of treatments, length of
sessions, and duration of treatment for the four study
groups. The manual therapy group had fewer treat-
ments than the physiotherapy group (mean 5 4 v 14-7).
Patients in the general practitioner group mostly paid
only one visit to their general practitioner.

Table III presents the cumulative number of the
deviations from the allocated therapy at follow up after
six and 12 months. Contamination and cointerventions
mainly occurred among patients in the placebo and
general practitioner groups.

In addition, there were three patients in the physio-
therapy group and nine patients in the manipulative
therapy group who continued their allocated treatment
after the planned maximum of three months. Four
patients in the physiotherapy group and three patients
in the manipulative therapy group started a new period
of the allocated treatment. Overall, the number of
deviations from the study protocol among patients
receiving manipulative therapy or physiotherapy
seemed equally distributed.

After six month's follow up 11 (17%) patients in the
physiotherapy group and seven (11%) patients in the
manipulative therapy group did not fill out the written
questionnaire. After 12 months' follow up 17 (26%)
patients in the physiotherapy group and 10 (15%)
patients in the manipulative therapy group did not
attend for the final assessment of effect (change in main
complaint and physical functioning) by the research
assistant. However, after 12 months' follow up most
patients filled out the questionnaire: only six (9%)
patients who received physiotherapy and five (8%) who
received manipulative therapy could not be persuaded
to do so. Table IV lists the results up to 12 months'
follow up for the manipulative therapy and physio-
therapy groups. With regard to the change of the main
complaint, the manipulative therapy group showed the
largest improvement (4 5 (SD 2 2)) after 12 months'
follow up. The difference in improvement scores
between both groups was 0-9 (95% confidence interval
0-1 to 1-7). The manipulative therapy group showed
consistently better results for physical functioning
than the physiotherapy group at all follow up measure-
ments. The difference between both groups after 12
months' follow up was 0-6 (-0O1 to 1-3). For global
perceived effect, both groups showed similar results at
all follow up measurements.
Even among patients assigned to manipulative

therapy and physiotherapy there was a considerable
number of missing values at 12 months' follow up.
Therefore, we also conducted an alternative analysis,
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TABLE Iv-Outcome of therapy atfollow up

Difference (95% confidence interval)
between manipulative therapy and

Outcome measure 3 Weeks 6 Weeks 12 Weeks 6 MNonths 12 Months physiotherapy groups*

Mean (SD) improvement in main complaint (10 point scale):
Manipulative therapy 2-3 (2-1) 3-4 (2 1) 4-0 (2 6) 4-5 (2-2) 0-9 (0-1 to 17) at 12 months
Physiotherapy 2-0(2 3) 3-4(2-4) 3-8(2-3) 3-8(2-3)

Mean (SD) global perceived effect (6 point scale):
Manipulative therapy 2-5 (1-5) 3-4 (1 7) 3 4 (2-0) 3-5 (1 9) 3 5 (1-8) 0 3 (-0 4 to 1-0) at 6 months
Physiotherapy 2-6 (1-6) 3-3 (1-6) 3-7 (1-7) 3-5 (1 8) 3-2 (1-9) 0-4 (-0 3 to 1-4) at 12 months

Mean (SD) improvement in physical functioning (10 point scale):
Manipulative therapy 2-3 (2-1) 3-5 (1-9) 4 0 (2-3) 4-2 (2-1) 0-6 (-0 l tol13) atl2 months
Physiotherapy 1 6(1 9) 3-1(1-8) 3-2 (2 0) 3-7 (2-0)

*The group differences (95% confidence intervals) were calculated with a linear regression model.

in which we substituted the last measurement available
for missing values. The results of this analysis showed
slightly smaller improvement scores for both groups.
The mean (SD) improvement for the main complaint
after 12 months in this alternative analysis was 4 1 (2 4)
for manipulative therapy and 3 4 (2-7) for physio-
therapy. The group difference was 0 9 (O 1 to 1 8). The
mean (SD) improvement for the physical functioning
was 3 8 (2 3) for manipulative therapy and 3- 1 (2 2) for
physiotherapy. The group difference was 0-8 (0 1 to
1 5). Both differences were significant at the 5% level.
Figure 1 shows the cumulative distribution of the

improvement score for the main complaint in the
groups that received manipulative therapy or physio-
therapy. For any cut off point the proportion of
patients in both study groups with at least that score
can be read on the ordinate. For example, 75% in the
manipulative therapy group and 65% in the physio-
therapy group showed an improvement score of 3
points or more at 12 months' follow up. Manipulative
therapy showed the best outcome for improvement
scores of 7 points or less. Figure 2 gives the cumulative
distribution ofthe global perceived effect at 12 months'
follow up. The cumulative distributions of both groups
were similar. Only for the benefit scores of 3 and 4
was the proportion of patients with at least that
score higher among patients receiving manipulative

FIG 1-Cumulative distribution
ofimprovement in score for main
complaint after 12 months'
follow up in patients given
manipulative therapy and
physiotherapy

FIG 2-Cumulative distribution
ofscore for global perceived
effect after 12 months' follow up
tn patients given manipulative
therapy and physiotherapy

-2 -1 0 1 2 3 4 5 6 7 8 9

Improvement in main complaint

Benefit of treatment

therapy. Figure 3 gives the cumulative distribution of
the improvement scores for physical functioning after
12 months' follow up. For any improvement score the
proportion of patients with at least that score was
higher among patients who received manipulative
therapy than among those who received physiotherapy.

-~100- 100 - - - Manipulative therapy
c

Physiotherapy
CZ 80

c 60
0

.0
CD40

> 20

E c
> -2 -1 0 1 2 3 4 5 6 7 8 9

Improvement in physical functioning
FIG 3-Cumulative distribution of improvement in score for physical
functioning after 12 months' follow up in patients given manipulative
therapy and physiotherapy

Discussion
A large number of patients changed from the

assigned treatment to another treatment during the one
year follow up in the placebo and general practitioner
groups. A change in treatment was not chosen as an
outcome measure when the trial was designed, but this
outcome clearly indicates the superiority of both
manipulative therapy and physiotherapy over the two
other treatments. The underlying assumption is that
patients will in general turn to other treatments when
the allocated treatment is not effective enough.

Because of the large numbers of deviations from the
allocated treatment in the placebo and general prac-
titioner groups after six and 12 months' follow up we
expected serious bias due to contamination and co-
interventions. We therefore decided not to analyse the
data on the outcome measures at these follow up
measurements.

It might have been possible to perform a pragmatic
analysis on the collected data. In retrospect, we would
have classified the four study groups according to the
treatment they actually received instead of the treat-
ment they were originally assigned to. For methodo-
logical reasons, however, we decided not to perform
such analysis because it would almost certainly bias
outcomes. The main problem would be that the
prognosis of patients who deviated from the assigned
therapy would be different from that of those who did
not. In fact, in a pragmatic analysis all the advantages
of randomisation aiming at prognostic comparability of
the study groups at baseline would be lost. Instead of
an experimental design we would have been left with
an observational study.
The comparison between manipulative therapy and
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physiotherapy at six and 12 months' follow up remained
valid and relevant. The short term results had shown
similar success rates in both these groups,'6"7 but long
term effects are also important for patients with
persistent back and neck complaints. After 12 months
manipulative therapy had produced a larger mean
improvement in the main complaint than physiotherapy.
This pattern was also shown in the cumulative distri-
butions of the improvement scores for the main
complaint of both groups (fig 1). The difference
between both groups was significant. Physical function-
ing also seemed to improve consistently more with
manipulative therapy, but the difference was not
significant after 12 months' follow up. For the global
perceived effect we could not find any substantial
difference between both therapies. At six months'
follow up both groups showed equal scores (3 5
points). At 12 months' follow up the manipulative
therapy group scored slightly higher than the physio-
therapy group (3 5 v 3 2 points). The cumulative
distributions showed some difference in favour of
manipulative therapy only for benefit scores of 3 and 4
points. However, the 95% confidence interval for the
group difference was -0 3 to 1 4.

It is remarkable that the patients in the manipulative
therapy group showed better results compared with
those in the physiotherapy group at 12 months' follow
up. Long term benefits of manipulative therapy are
seldomly reported.' The patients in the manipulative
therapy group showed the highest improvement in
scores at 12 months, while for most patients the time of
greatest improvement was about nine months after the
last treatment session. There are several explanations
for this finding.

Firstly, it might be that the relatively large number
of missing values after 12 months represent those who
responded badly to treatment. The patients who did
attend for the follow up assessment might therefore be
a selected group of patients in whom the therapy was
successful. In our alternative analysis, however, we
substituted the last available measurement for missing
values, and this did not change the results appreciably.
Furthermore, the number of missing values was larger
in the physiotherapy group (26%) than in the manipu-
lative therapy group (15%). We therefore think that
missing values cannot explain our findings.

Secondly, many patients might have received
additional manipulative therapy or other cointer-
ventions during the nine months after the intervention
period. Table III shows that several patients did
receive additional treatment, but the numbers were
comparable with those in the physiotherapy group.
Thirdly, it might be that the blinding of the research
assistant was not fully successful. Although we did not
measure the success of blinding explicitly, we have no
reason to believe that it failed. Finally, manipulative
therapy may help to restore the function of the spine
better than physiotherapy. In the case of persistent
conditions a relatively long period might be needed to
achieve maximal reduction of the complaints. A
physiological explanation for such a mechanism has
not yet been shown. The few earlier studies which had
included a long term follow up mostly did not report
long term positive results of manipulation.8 10-14 There
is one study in which the authors report long term
benefit of manipulation for chronic or severe pain,
especially at longer term (two years) follow up. In this
large multicentre trial chiropractic manipulation was
compared with (physiotherapeutic) hospital outpatient
treatment for low back pain.9 An important extra
finding was that the number of treatments was much
lower for manipulative therapy than physiotherapy.
This might be regarded as a considerable advantage.
We conclude that after 12 months' follow up both

manipulative therapy and physiotherapy seem to be

more effective than treatment by the general practi-
tioner or placebo treatment in patients with persistent
back and neck pain. Furthermore, the findings indicate
a slightly better result from manipulative therapy
compared with physiotherapy after 12 months' follow
up. Further trials of manipulation are needed to
determine its long term effects in patients with more
specific conditions.

We thank Monique Latour for her help in conducting this
study. This study was funded by the Dutch Ministry of
Welfare, Health, and Cultural Affairs and by the Dutch
National Health Insurance Council.
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Appendix
We calculated the power of the study based on the primary

outcome measure (severity of the main complaint measured
on a 10 point scale) after 12 months' follow up. We used the
following sample size equation:

n= 12(Ztx±Z1)2X 2t}5AA=
n= The number of participants after correction for loss to

follow up (50 participants in each study group after 12
months' follow up).

A=The minimal difference in improvement score between
the two study groups that was considered to be of clinical
relevance. This was set at 1 point (A= 1).

Za=The variable of the standard normal distribution
corresponding with a significance level of 5%, two sided
test.

GA=the variance of the difference scores (score at baseline
minus score after 12 months' follow up) was estimated to
be the square of 2 25 (derived from table IV).

ZP=The parameter to be calculated.
The calculation shows that the power of the study to detect a
difference in improvement scores of 1 point is 60%.
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