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Statistical Significance Versus Clinical Importance
Trials on Exercise Therapy for Chronic Low Back Pain as Example

Maurits van Tulder, PhD,*†§ Antti Malmivaara, MD, PhD,‡ Jill Hayden, DC,§
and Bart Koes, PhD�

Study Design. Critical appraisal of the literature.
Objecives. The objective of this study was to assess if

results of back pain trials are statistically significant and
clinically important.

Summary of Background Data. There seems to be a
discrepancy between conclusions reported by authors
and actual results of randomized controlled trials. Little
attention has been paid to the problem of over-reporting
of conclusions.

Methods. All 43 trials of the Cochrane review on exer-
cise therapy for low back pain were included. Descriptive
analyses were conducted.

Results. Eighteen trials reported positive conclusions
in favor of exercise. Only six of the 43 studies showed
both clinically important and statistically significant dif-
ferences in favor of the exercise groups on function, and
4 on pain.

Conclusion. It seems that many conclusions of stud-
ies of exercise therapy for chronic low back pain have
been based on statistical significance of results rather
than on clinical importance and, consequently, may have
been too positive. Authors of trials should report not only
statistical significance of results but also clinical impor-
tance.
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In conducting systematic reviews in the field of low back
pain, the authors have noticed that there is a discrepancy
between conclusions reported by authors and actual results
of randomized controlled trials (RCTs). Authors’ conclu-
sions are usually too positive. Aspects of the design and
conduct of RCTs as well as aspects of the reporting of re-
sults may affect the conclusions concerning effectiveness of
the intervention at issue. Little attention has been paid to
this problem of over-reporting of conclusions.

Many papers have been published on validity of trial
results, which is defined by the methodologic quality of the
trial. Suggestions have been made to improve the reporting
of trials enabling assessment of methodologic quality, for
example, the CONSORT statement.1 RCTs with high
methodologic quality are less likely to provide biased re-
sults than trials with poor methodologic quality.

Authors of RCTs usually report statistically signifi-
cant differences between groups, and conclusions are of-
ten based on this statistical significance.2 If P � 0.05, the
conclusion is usually that the intervention is more effec-
tive than the comparison; if P � 0.05, the intervention is
considered not more effective. This P value is not very
informative and only indicates the chance of the ob-
served effect, not considering its size.3 The P value does
not indicate if the effect is clinically important. Clinical
importance is defined by the minimally clinically impor-
tant difference (MCID) between groups.4

Multiple outcomes are used in most back pain trials.
A core set of outcome measures has been recommended
for back pain trials, including pain, function, generic
health status, and work disability.5 Few trials, however,
have evaluated the MCID on these outcome measures.
Only some trials evaluated the MCID for function6–11

and for pain11,12 in low back pain populations.
The objective of this paper was to assess if treatment

effects of low back pain trials are statistically significant
and clinically important.

Methods

All 43 RCTs on chronic low back pain (defined as low back
pain for 12 weeks or more) that were included in the recent
update of the Cochrane review on exercise therapy for low
back pain were included in this study.13 Two reviewers (J.H.,
M.vT.) independently assessed the quality and extracted rele-
vant data from these studies. Any discrepancies were discussed
in a consensus meeting. If disagreement persisted, a third re-
viewer was consulted, who made a final decision taking into
account the arguments of both reviewers.

To assess statistical significance and clinical importance,
data were extracted on the magnitude of effect on primary
outcome measures for all reported follow-up moments. We
classified follow-up data into earliest follow-up, short-term
(closest to 6 weeks), intermediate (closest to 6 months), and
long-term (closest to 12 months) follow-up. These data were
used in the meta-analysis conducted in the Cochrane review.13

Within-group changes were either extracted from the reports of
the studies or calculated. Between-group differences on pri-
mary outcome measures were based on the difference in change
scores compared to baseline, and also extracted from the re-
ports of the studies or calculated. If multiple time periods or
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multiple exercise and comparison groups were available, we
used the largest difference from the trial.

Statistical Significance. Between-group differences were con-
sidered statistically significant at the 5% level.

Clinical Importance. Between-group differences were com-
pared with observations on the MCID reported in the litera-
ture.6,9,11,12 Means and standard deviations for baseline and
all follow-up moments were extracted and transformed to a 0
to 100 scale. Between-group differences were considered clini-
cally important if the magnitude was 20% or more for pain and
10% or more for functioning. Because only a few studies in-
cluded data on work absenteeism and global improvement, we
did not evaluate the within-group changes and between-group
differences for these 2 outcomes.

Results

Thirty-seven of the 43 RCTs reported on pain (Table 1).15–52

Sixteen of the 37 RCTs (43%) showed statistically sig-
nificant differences on pain in favor of the exercise
group,16,17,23,24,26,30,33,37–40,42,46–48,50 and 2 were un-
clear.22,35 Only six of the 37 RCTs (16%) showed clin-
ical ly important between-group differences on
pain,17,22,33,35,40,50 and 31 did not.

Thirty-four of the 43 RCTs reported on function (Ta-
ble 1).16–19,21–24,26–28,30–46,48–54 Fifteen of the 34 RCTs
(44%) showed statistically significant differences be-
tween groups on function in favor of the exercise
group,16,17,23,26,33,36 – 40,42,46,48,50,53 and 2 were un-
clear.22,35 Seven of the 34 trials (21%) showed clinically
important between-group differences on func-
tion,16,17,22,33,37,40,42 and 2 were unclear.24,53

Four of the 37 RCTs (11%) reporting on pain showed
both clinically important and statistically significant dif-
ferences on pain in favor of the exercise group compared
with the nonexercise control group.17,33,40,50

Six of the 34 RCTs (18%) reporting on function
showed both clinically important and statistically signif-
icant differences in favor of the exercise groups com-
pared with another type of exercise16,17 or with a non-
exercise control group.33,37,40,42 Four RCTs reported on
neither pain nor function.55–58

Discussion

The results of this study show that 18 trials on chronic
low back pain reported positive conclusions in favor of
exercise, but only 7 showed clinically important differ-
ences.

Findings were similar for the studies on acute and sub-
acute low back pain (data not presented). Positive conclu-
sions should be based on statistical significant and clinically
important outcomes. Small studies may show clinically im-
portant findings that are not statistically significant. A
meta-analysis may resolve this problem of underpowered
studies. However, if findings are statistically significant but
not clinically important, a meta-analysis will not change the
conclusions. The meta-analysis of the Cochrane review on
exercise therapy for low back pain found that exercise ther-

apy appears to be effective at decreasing pain and improv-
ing function slightly in adults with chronic low back pain,
particularly in healthcare populations.

Our study has some limitations. First, relatively little
empirical evidence exists on MCID of low back pain out-
comes. We used data reported by Hägg et al, but these came
from a population of severe chronic patients with low back
pain referred to surgery.12 This population may have been
different from the patient populations included in exercise
trials. The thresholds that we used of 20% for pain and
10% for function were arbitrary and not very strict. Three
other studies found a MCID for function in patients with
low back pain of 10% to 20%6,8,9 and one found a MCID
for pain of more than 30%.11 If we would have used higher
thresholds for the MCID, for example, 30% for pain and
20% for function, none of the trials would have shown
clinically important differences on pain or function between
groups. Future studies are direly needed that evaluate the
MCID for the most important outcome measures in low
back pain research.

The use of multiple outcomes in the field of low back
pain research warrants caution. If the intervention of
interest is statistically significantly better than the com-
parison on one of the outcome measures, the conclusion
usually is that the intervention is more effective than the
comparison regardless if there is no difference on any of
the other outcome measures. Obviously, one would ex-
pect that the results support a prior hypothesis about the
potential working mechanisms of the intervention. These
mechanisms should a priori lead to the choice of one
primary outcome measure. This primary outcome mea-
sure should be used to define the expected difference in
effect in sample size calculations. The expected difference
should be at least as large as the MCID.

Pocock et al already in 1987 emphasized that reports
of RCTs are biased toward an exaggeration of treatment
effects and that more emphasis should be given to the
magnitude of the effect.59 This study shows that studies
on exercise therapy for low back pain have focused on
statistical significance and have overestimated treatment
effects. Eighteen trials on chronic low back pain reported
positive conclusions in favor of the exercise group, while
only 7 of these studies showed clinically important dif-
ferences. The fact that only a few exercise therapy studies
showed clinically important effects is disappointing for
an intervention that is considered to be effective and is
recommended in clinical guidelines for subacute and
chronic low back pain. We argue that other interventions
that seem to be effective for low back pain, such as advice
to stay active and nonsteroidal anti-inflammatory drugs
for acute low back pain, and behavioral therapy and
multidisciplinary treatment for chronic low back pain
probably show similar sobering results. Future studies
should evaluate the clinical importance of effects for
other low back pain interventions.

Little attention has been paid to adequacy of reporting
of results and conclusions of back pain studies. Although
we were able to assess the clinical importance of most
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Table 1. Outcome Measures Reported and Within-Group Change and Between-Group Difference on Pain and
Functioning in Trials on Exercise Therapy for Chronic Low Back Pain

Study Exercise Group

Clinical Importance of Within-Group
Changes From Baseline

Clinical Importance and Statistical Significance of
Between-Group Changes

Pain Function Pain Function

Exercise Control Exercise Control Importance Significance Importance Significance

Alexandre (2001)15 Multiple component exercises Y Y N N
Aure (2003)16 Stretch two thirds, passive

manipulation (one third)
Y Y N Y Y Y

Individually designed exercise
program

N Y

Bendix (1995)17 Functional restoration Y Y Y Y Y
Aerobics, strengthening N N

Bendix (2000)18 Aerobics, strengthening N N Y Y N N N N
Functional restoration

Bentsen (1997)53 Dynamic strengthening ? ? ? Y
Home exercises

Bronfort (1996)19 Dynamic trunk (Manniche) Y Y Y Y N N N N
Same plus NSAIDs Y Y N N N N

Buswell (1982)20 Extension Y N N
Flexion Y

Calmels (2004)21 Isokinetic strengthening (Cybex) N N N N N N
Physiotherapy exercises N N N N N N

Dalichau (2000)22 Strengthening with lumbar support Y N Y N Y ? Y ?
Same with no lumbar support

Descarreaux (2002)23 Standard strengthening, stretching N Y N Y N Y
Force, extensibility exercises N N

Deyo (1990)24 Relaxation, stretching exercises Y N ? ? N Y ? N
Elnaggar (1991)25 Extension N N N

Flexion N
Frost (1995)26 Stretching, progressive exercises N N N N N Y N Y
Frost (2004)27 Standard PT N N N N
Galantino (2004)54 Hatha yoga ? ? ? ?
Gur (2003)28 Stretching, strengthening Y Y Y Y N N N N

Same with laser intervention Y Y
Hansen (1993)29 Intensive dynamic training N N N N
Hemmila (1997)30 Bending, rotation exercises N Y N N N Y* N Y*

N N N N N
Hildebrandt (2000)56 Postural (Cesar therapy)
Johanssen (1995)31 Aerobics, exercises emphasizing

coordination
Y Y N N N N

Aerobics, exercises emphasizing
endurance

Y Y

Jousset (2004)32 Functional restoration N Y N N N N
Active individual therapy N N

Kankaanpaa (1999)33 DBC program Y N Y N Y Y Y Y
Kendall (1968)57 Mobilizing, strengthening, posture

Isometric flexion
Strengthening extension

Kuukkanen (2000)34 Strengthening, endurance, balance N N Y N N N N N
N N

Lidstrom (1970)58 Mobilizing, strengthening
Lie (1999)59 Mobilizing, stretching, walking in

�flexible way�
Stabilizing exercises

Manniche (1988)35 Intensive strengthening Y Y Y ? N ?
Back strengthening (less dose) N Y N ? N ?
Isometric exercises N Y

Mannion (1999)36 Aerobics, strengthening N Y N N N Y
Controlled progressive exercises

with machines
N Y N N N Y

PT including exercises with
Therabands

N N

Moseley (2002)37 Specific trunk muscle training Y N Y Y N Y Y Y
Niemisto (2003)38 Stabilizing exercises Y ? Y Y N Y N Y
Petersen (2002)39 Strengthening training Y Y N Y N N

McKenzie N Y N N N Y
Preyde (2000)40 Stretching, flexion-extension N N N N Y Y Y Y

Comprehensive massage �
exercise

Y Y Y Y Y Y Y Y

(Continued)
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studies, there is still room for improvement. For exam-
ple, one study reported that “lumbar pain in the last 7
days showed a P value of 7%, which could be attributed
to the significance value in the 93% confidence inter-
val.”15 Also, most studies did not report 95% confidence
intervals around the point estimate of effect, but means
and standard deviations. A confidence interval gives an
estimated range of values (interval) for the variable of
interest (e.g., mean difference). It also quantifies the
probability (confidence level) that the interval will in-
clude the true value. This confidence level is usually
95%.60 Confidence intervals would be more informative
and would facilitate assessment of clinical importance.2

If the MCID is less than the lower limit of the 95%
confidence interval, results are likely to be statistically
significant and clinically important. If the MCID is
greater than the upper limit of the 95% confidence inter-
val, results are likely to be clinically unimportant. If the
MCID lies within the limits of the 95% confidence inter-
val, it is unclear if the effect is clinically important or
not.2 The reporting of results of studies on exercise ther-
apy for low back pain should be improved, enabling
readers to assess the clinical importance of the results. At
present, it seems that many conclusions of studies of
exercise therapy for low back pain have been based on
statistical significance of results rather than on clinical
importance and, consequently, may have been too posi-
tive. Journal editors and reviewers should be more alert
in evaluating both statistical significance and clinical im-

portance when judging if the conclusions of authors are
supported by the results of trials.

Finally in accordance with the recommendations of
Chan et al2 that may lead to a reduction of the number of
studies that exaggerate the results, we would like to sug-
gest that authors: 1) choose one primary outcome mea-
sure for a trial, based on a plausible working mechanism
of the intervention; 2) perform a sample size calculation;
3) use the MCID for the primary outcome measure as
expected difference in sample size calculation; 4) report
within-group changes and between-group differences; 5)
report mean between-group differences with 95% confi-
dence intervals; 6) check if the MCID used in the sample
size calculation is smaller than the lower limit of the 95%
confidence interval; and 7) only conclude that an inter-
vention is more effective than the comparison group if
No. 6 is fulfilled.

Key Points

● A discrepancy exists between conclusions reported
by authors and actual results of randomized trials.
● Eighteen trials on chronic low back pain re-
ported positive conclusions in favor of exercise, but
only 6 of the 43 studies showed both clinically im-
portant and statistically significant differences in
favor of the exercise groups on function, and 4 on
pain.

Table 1. Continued

Study Exercise Group

Clinical Importance of Within-Group
Changes From Baseline

Clinical Importance and Statistical Significance of
Between-Group Changes

Pain Function Pain Function

Exercise Control Exercise Control Importance Significance Importance Significance

Rasmussen-Barr (2003)41 Stabilizing exercises N N Y N N N N N
Risch (1993)42 Dynamic extension strengthening N N N N N Y Y Y
Rittweger (2002)43 Lumbar extension, resistance

exercises
Y N

Specific �oscillating platform�
exercises

Y N

Soukup (1999)44,45 Mensendiek N N Y Y N N N N
Torstensen (1998)46 Ordinary activity level walking

program
N N N N N N N N

MET N N N N N Y N Y
Tritilanunt (2001)47 Aerobics Y N N Y

Flexion exercises N N
Turner (1990)48 Aerobic fitness N N N N N Y N Y

Behavioural/exercises N N Y N N Y N Y
Yelland (2004)49 Sagittal flexibility ? ? Y Y N N N
Yeung (2003)50 Stretching, mobilizing N N N N N N

Same plus electro-acupuncture Y N Y Y N Y
Yozbatiran (2004)51 Stretching, progressive exercises

on land
Y Y N N N N

Same in water Y Y
Zylbergold (1981)52 Flexion exercises N N N Y N N N N

Statistical significance at alpha �0.05. Clinical significance at 20% for pain and 10% for function.
*Effect of between-group differences in favor of control group.
†Qualitative, consensus-derived reviewer rating of overall conclusions about the effectiveness of the intervention.
Y indicates yes; N, no; ?, unclear due to insufficient data (effect of between group differences in favor of exercise group).
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● Reporting confidence intervals would facilitate
assessment of clinical importance.
● Conclusions of trials should not only be based on
statistical significance of effects, but also on clinical
importance.
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