Eur Spine J (2008) 17:936–943
DOI 10.1007/s00586-008-0679-9

ORIGINAL ARTICLE

Independent evaluation of a clinical prediction rule for spinal
manipulative therapy: a randomised controlled trial
Mark J. Hancock Æ Christopher G. Maher Æ
Jane Latimer Æ Robert D. Herbert Æ
James H. McAuley

Received: 21 October 2007 / Revised: 25 February 2008 / Accepted: 8 April 2008 / Published online: 22 April 2008
 Springer-Verlag 2008

Abstract A clinical prediction rule to identify patients
most likely to respond to spinal manipulation has been
published and widely cited but requires further testing for
external validity. We performed a pre-planned secondary
analysis of a randomised controlled trial investigating the
efficacy of spinal manipulative therapy in 239 patients
presenting to general practice clinics for acute, non-specific, low back pain. Patients were randomised to receive
spinal manipulative therapy or placebo 2 to 3 times per
week for up to 4 weeks. All patients received general
practitioner care (advice and paracetamol). Outcomes were
pain and disability measured at 1, 2, 4 and 12 weeks. Status
on the clinical prediction rule was measured at baseline.
The clinical prediction rule performed no better than
chance in identifying patients with acute, non-specific low
back pain most likely to respond to spinal manipulative
therapy (pain P = 0.805, disability P = 0.600). At 1-week
follow-up, the mean difference in effect of spinal manipulative therapy compared to placebo in patients who were
rule positive rather than rule negative was 0.3 points less
on a 10-point pain scale (95% CI -0.8 to 1.4). The clinical
prediction rule proposed by Childs et al. did not generalise
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to patients presenting to primary care with acute low back
pain who received a course of spinal manipulative therapy.
Keywords Low back pain  Spinal manipulative therapy 
Subgroup analysis

Introduction
One use of clinical prediction rules is to identify patients
who are most likely to respond to particular treatments.
This is important when substantially different outcomes
could be expected in a heterogeneous group of patients [2].
Low back pain is considered by many researchers and
clinicians to be a heterogeneous condition [19] and this is a
possible reason why many interventions have only small
effects [9]. Spinal manipulative therapy (SMT) is recommended in most international guidelines for the
management of acute low back pain [20]. Recent systematic reviews have concluded that SMT produces small
improvements in patients with non-specific low back pain
[1]. Some authors believe these conclusions may underestimate the true benefit of SMT in certain patients with
non-specific low back pain [11].
Recently, a clinical prediction rule was derived in an
uncontrolled trial to identify patients with low back pain
who respond best to SMT [10]. The same group of authors
then evaluated the rule in a randomised controlled trial [7]
and found similar results. The effect of SMT compared to
control was greater in patients positive on the rule than for
patients negative on the rule. The study by Childs et al. [7]
has been highly cited and is the basis of many arguments to
use SMT in patients with low back pain and as an example
of the importance of clinical prediction rules more
generally [2, 6]. However, as we were unaware of any
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plausible biological rationale to explain why the rule
should identify patients who respond to SMT and the rule
has not been independently evaluated by other authors, or
shown to generalise in other settings, we believed it
required further evaluation before widespread acceptance
of its use. The methodology literature on the development
of clinical prediction rules, reports that the external validity
of rules must be tested in different settings, with different
patients and a range of clinicians before the generalisability
of the rule can be established [2, 22, 24].
The treatment used to both derive and validate the
clinical prediction rule involved a single, non-specific
manipulation on all patients regardless of presentation.
This approach to treatment is not typical of current clinical
practice where a course of spinal manipulative therapy is
usually provided and adjusted according to the patient’s
clinical presentation [17, 21, 26, 29]. We were, therefore,
interested to see if the clinical prediction rule would generalise when spinal manipulation was delivered in a
manner that was more representative of current clinical
practice. An additional limitation to the generalisability of
the clinical prediction rule [7] is that it was tested in participants recruited primarily from US Air Force facilities.
We wanted to test if the rule generalised to a typical primary care population.
The aim of this study was, therefore, to independently
evaluate if a recently proposed clinical prediction rule [7]
would generalise to a different setting, in a new group of
patients receiving SMT as practised by many physiotherapists. The study involved a pre-planned analysis of data
from a placebo-controlled trial of SMT conducted on
patients with acute low back pain presenting to primary
care.

Materials and methods
Design overview
The data for this paper comes from a factorial trial evaluating the effectiveness of SMT and/or diclofenac (a nonsteroidal anti-inflammatory drug) for patients with acute
low back pain. The full details of the trial have been
published previously [15, 16]. Neither SMT nor diclofenac,
or both combined, was found to significantly reduce time to
recovery from pain in patients receiving baseline care of
advice and regular paracetamol [15].
Setting and participants
All patients presenting with low back pain of less than
6 weeks duration to one of 40 general practitioners working in primary practice across Sydney (Australia) were
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invited to participate in the study. The inclusion criterion
was a primary complaint of pain in the area between the
12th rib and buttock crease causing moderate pain and
moderate disability (measured by adaptations of items 7
and 8 of the SF-36). Exclusion criteria were: current episode not preceded by a pain-free period of at least 1 month
in which no care was provided; known or suspected serious
spinal pathology; nerve root compromise; currently
receiving non-steroidal anti-inflammatory drugs or SMT;
surgery within the preceding 6 months; contraindication to
paracetamol, diclofenac or SMT.
Recruitment and baseline care
All patients received general practitioner advice (to remain
active and avoid bed rest, and reassurance of a favourable
prognosis) and were supplied with paracetamol to be taken
1 g 49 daily. Patients were asked to continue taking paracetamol until recovery (defined as 0 or 1 pain score for
seven consecutive days) up to a maximum of 4 weeks. A
researcher then met with the patient within 2 days
(excluding Sundays) to collect baseline data and randomise
the patient to a treatment arm. A follow-up visit, 1 week
after the initial visit, was scheduled with the patient’s
general practitioner to monitor recovery. A further followup visit was scheduled if the general practitioner believed it
necessary.
Randomisation and interventions
A statistician not involved in data collection or analysis
developed a randomisation schedule and produced 240
consecutively numbered, sealed opaque envelopes containing each participant’s allocation. Randomisation was
performed using randomly permuted blocks of 4, 8 and 12.
Immediately after collecting baseline data, the blinded
researcher opened the randomisation envelope and supplied the patient with a bottle containing diclofenac (active
or placebo). Active and placebo bottles were identically
labelled. The randomisation envelope also contained a
second envelope with the participant’s allocation to active
or placebo SMT. This envelope was given to the treating
physiotherapist to open after the blinded researcher had
left. Therefore, all participants were allocated to one of
four groups as follows:
•
•
•
•

Placebo SMT and placebo diclofenac group
Placebo SMT and active diclofenac group
Active SMT and placebo diclofenac group
Active SMT and active diclofenac group

For the purposes of this report, both the placebo SMT
groups will be considered the control group and both the
active SMT groups will be considered the SMT group.
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Status on clinical prediction rule
Each participant’s status on the clinical prediction rule was
determined using identical criteria to those originally proposed by Childs et al. [7]. Participants who met four or
more of the five criteria were classified as positive on the
clinical prediction rule (Table 1). A researcher blinded to
the patients’ treatment group collected data on two of the
five clinical prediction rule criteria (Fear Avoidance
Beliefs Questionnaire-work subscale [28] and duration of
current episode) during the baseline assessment. The
treating physiotherapist collected data on the other three
criteria (extent of distal symptoms, segmental hypomobility, and hip internal rotation range of motion) during the
initial assessment. The physiotherapists were given copies
of the descriptions provided by the developers of the rule
[7] to help rate these three criteria. One of the researchers
met with all physiotherapists prior to their participation in
the trial to discuss implementation of the trial protocol and
ensure adequate assessment of the criteria.
Intervention
SMT was delivered by 15 physiotherapists, in 13 private
clinics across Sydney, who had, as a minimum, universitybased post-graduate training in manipulative therapy and
who regularly used manipulative therapy in their clinical
practice. Participants allocated to receive SMT, received
treatment 2 or 39 per week (at the therapist’s discretion)
for a maximum of 12 treatments over 4 weeks. If the
subject recovered before 4 weeks, the SMT was stopped.
Patients received SMT according to a treatment algorithm
(Appendix 1) developed by the researchers based on the
views of expert clinicians and researchers in the field [12,
18, 21]. The algorithm permitted the use of low and/or high
velocity procedures that aimed to produce motion at the
joints of the lumbar spine, thoracic spine, sacroiliac joint,

Table 1 Criteria for clinical prediction rule
Criterion

Definition of positive

Duration of current episode

\16 days

Extent of distal symptoms

No symptoms distal to the
knee

FABQ work subscale score

\19 points

Segmental mobility

C1 hypomobile segment in
the lumbar spine

Hip internal rotation range of motion

C1 hip with [35 of
internal rotation range of
motion

Participants who met C4 positive criteria were classified as positive
on the clinical prediction rule
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pelvis and hip, and involved forces generated by the therapist. Consistent with contemporary clinical practice, the
therapist adjusted the treatment to the clinical presentation
[17, 21, 26, 29] of the patient rather than applying the same
treatment to all patients. A review of patient records
revealed that most participants received a variety of low
velocity techniques (97%) with a small proportion also
receiving high velocity thrust techniques (5%). A full
description of the SMT protocol has been previously
published [16].
The placebo therapy used was detuned pulsed ultrasound. The sham ultrasound aimed to match the treatment
duration and patient/therapist contact with active SMT.
Active and placebo SMT sessions were matched in time
(30–40 min for the initial session and approximately
20 min for follow-up sessions) [14].
Outcomes and follow-up
Pain was measured using an 11-point scale (0 = no pain,
10 = worst possible pain). Disability was measured using
the 24-point Roland Morris disability questionnaire [25]
(RMDQ, 0 = low disability and 24 = high disability).
Pain and disability were recorded at 1 2, 4 and 12 weeks.
Statistical analysis
All data were double entered and analysed by intention to
treat. To assess the primary question of whether the clinical
prediction rule identifies patients who respond to SMT, we
performed 3-way (treatment group 9 time 9 prediction
rule status) repeated measures analysis of variance
(ANOVA), as this was the method of analysis used by
Childs et al. [7]. A P value of \0.05 for the 3-way interaction was required to support the validity of the clinical
prediction rule. Treatment group (SMT vs. placebo) and
status on the clinical prediction rule (positive or negative)
were between-patient factors and time (baseline, 1, 2, 4 and
12 weeks) was a within-patient factor. Separate ANOVAs
were performed for pain and disability.
In the secondary analysis, to describe the effect of the
clinical prediction rule, we used the regression coefficients from linear regression. We developed separate
models for the dependent variables of pain and disability
at each time point. The independent variables were
treatment group, prediction rule status, the interaction
between treatment group and prediction rule status, and
the baseline score for the dependent variable. The size of
the interaction coefficient represents the additional benefit
of SMT (compared to placebo) in the rule positive group
(compared to the rule negative group). All analyses were
performed using SPSS for Windows version 14.0 (SPSS
Inc., Chicago, IL).
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Results
Participant flow and follow up
Two hundred and forty patients were recruited by 19
general practitioners from 14 practices between June 2005
and October 2006 (Fig. 1). The practices were located
across a full range of socio-economic areas, reflecting an
urban population. One participant was excluded after randomisation but prior to receiving treatment when both the
physiotherapist and the referring general practitioner
became concerned that the patient might have a serious
pathology as the source of the low back pain. An experienced clinical researcher, who was not involved in the trial
and was unaware of the participant’s allocation, reviewed
the case and recommended the subject be withdrawn from
the trial and referred to a specialist for further examination.
Full data on at least 98% of the patients was available for
all follow-up time points (1, 2, 4 and 12 weeks) for both
change in pain and change in disability.
Baseline data
The baseline demographic and clinical characteristics of
the patients are presented in Table 2. Participants had high
levels of baseline pain, moderate disability, and low levels

Potentially eligible subjects (n=320)
identified by general practitioners

Excluded (n=80)
Did not meet inclusion criteria (n= 5)
Met exclusion criteria (n= 33)
Declined to participate (n=42)

Randomized (n=240)

Excluded after randomization (n=1;
suspected serious spinal pathology)

Spinal Manipulative
Therapy
Diclofenac (n=60)
Sham Diclofenac (n=60)

Sham Spinal
Manipulative Therapy
Diclofenac (n=60)
Sham Diclofenac (n=60)

Follow up
1 week: n= 119
2 weeks: n= 119
4 weeks: n= 118
12 weeks: n= 118

Follow up
1 week: n= 118
2 weeks: n= 118
4 weeks: n= 117
12 weeks: n= 117

Fig. 1 Flow chart of subject progress through the study

of fear avoidance. Differences in baseline pain and disability scores between the SMT group and the placebo
group were small and statistically non-significant.
In the primary analysis, the 3-way interaction term
(group 9 clinical prediction rule status 9 time) from the
repeated measures ANOVA was not statistically significant
for either pain (P = 0.805) or disability (P = 0.600)
(Fig. 2).
Secondary analyses did not find statistically significant
or clinically worthwhile interaction effects between treatment group and status on the prediction rule for either pain
or disability at any time point (Table 3). Positive status on
the rule tended to predict better prognosis regardless of
treatment received and this was statistically significant for
pain at 2 weeks and disability at 2 and 12 weeks.

Discussion
The first independent evaluation of the clinical prediction
rule recently proposed by Childs et al. [7] found that the
rule did not generalise to patients with acute low back pain
referred from primary care for SMT as practised by many
physiotherapists. The rule did not identify those patients
who were more likely to respond to SMT. This was the
case regardless of whether the effect was measured as pain
or disability or at 1, 2, 4 or 12 weeks. The effect of SMT
compared to placebo was not greater in patients who were
rule positive than in patients who were rule negative. Our
study provided precise estimates of the interaction effect
and we are confident that we have not missed a clinically
worthwhile interaction effect.
There are a number of possible reasons for the lack of
agreement between this study and that of Childs. The
disagreement may be due to differences between the
studies including the application of the SMT, the setting
and the patients, suggesting that the rule does not generalise. Another explanation for the disagreement is that
subgroup analyses within trials are notorious for generating
spurious results [5, 23]. In the absence of a plausible
rationale, and as the rule is based upon the results of a
single randomised controlled trial, the original positive
result may simply be a type I error.
The SMT delivered in our trial was not the same as that
delivered in the earlier study [7]. In the Childs et al. study
[7], the intervention was a single high velocity thrust
delivered on two separate occasions. Our intervention was
reflective of contemporary clinical practice and involved a
course of treatment individually selected by the therapist
based on the patient’s presentation [17, 21, 26, 29]. In the
majority of cases, this included a variety of low-speed
mobilisation techniques, with high-velocity thrusts used in
a minority of cases (5%). The SMT prediction rule appears

123

940

Eur Spine J (2008) 17:936–943

Table 2 Baseline characteristics of participants
Characteristic

SMT (n = 119)

Placebo SMT (n = 120)

All subjects

Age

41.4 (15.4)

40.0 (15.9)

40.7 (15.6)

Sex n (% female)

55, 46%

50, 42%

105, 44%

Duration of current symptoms (days)

9.0 (9.6)

9.2 (9.0)

9.13 (9.31)

Previous episodes

4.3 (7.6)

3.0 (4.9)

3.7 (6.4)

Disabilitya

13.8 (5.0)

12.5 (5.6)

13.1 (5.4)

Functionb

3.8 (1.6)

4.0 (1.9)

3.9 (1.8)

Painc

6.7 (1.6)

6.3 (1.8)

6.5 (1.7)

PRSS-copingd

3.5 (0.8)

3.7 (0.8)

3.56 (0.78)

PRSS-catastrophisinge

1.8 (0.9)

1.9 (1.0)

1.85 (0.94)

FABQ-work subscale

f

14.7 (10.5)

14.3 (10.3)

14.5 (10.4)

FABQ-activity subscaleg
Clinical prediction rule positive n (%)

17.2 (5.0)
69, 58%

16.7 (5.7)
72, 60%

17.0 (5.4)
141, 59%

Criterion 1 positive n (%)h

98, 82%

97, 81%

195, 82%

Criterion 2 positive n (%)i

107, 90%

106, 88%

213, 89%

Criterion 3 positive n (%)

j

77, 65%

82, 68%

159, 66%

Criterion 4 positive n (%)k

100, 84%

94, 78%

194, 81%

Criterion 5 positive n (%)l

57, 48%

53, 44%

110, 46%

3 or more of 5 criteria positive

109, 92%

104, 87%

213, 90%

5 of 5 criteria positive

23, 19%

22, 18%

45, 19%

Values other than % are means (SD)
SMT spinal manipulative therapy
a

RMDQ: Roland Morris disability questionnaire––0 (no disability) to 24 (high disability)

b

PSFS: Patient specific functional scale––0 (unable to perform activity) to 10 (able to perform activity at pre-injury level)
NPRS: Numerical pain rating scale––0 (no pain) to 10 (worst pain possible)

c
d

PRSS-coping: Pain-related self statement scale-coping––0 (poor coping strategies) to 5 (strong coping strategies)

e

PRSS-catastrophising: Pain-related self statement scale-catastrophising––0 (low catastrophising) to 5 (high catastrophising)

f

FABQ-work: Fear avoidance beliefs questionnaire-work––0 (no fear avoidance beliefs) to 42 (high fear avoidance beliefs)

g

FABQ-physical activity: Fear avoidance beliefs questionnaire-physical activity––0 (no fear avoidance beliefs) to 24 (high fear avoidance
beliefs)

h

Criterion 1: Duration of current episode \16 days

i

Criterion 2: No symptoms distal to the knee

j

Criterion 3: FABQ work subscale score \19 points

k

Criterion 4: C1 hypomobile segment in the lumbar spine

l

Criterion 5: C1 hip with [35 of internal rotation range of motion

not to generalise to SMT as widely practised by physiotherapists, limiting its usefulness in clinical practice. In
clinical practice, SMT is delivered by different professionals using a range of techniques and the prediction rule
needs to be shown to generalise before it should be used to
guide clinical decision-making regarding the delivery of
SMT. It is possible that the rule is useful for the highvelocity manipulation technique used in the Childs study;
however, this needs to be demonstrated in a new setting
with different patients and clinicians before being recommended for clinical practice.
Participants in the original [7] study primarily attended
US Air force facilities while our patients were seeking care
from general (medical) practice clinics in Sydney
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(Australia). The inclusion and exclusion criteria in both
studies were quite similar, but the current study included
only patients with acute low back pain (less than 6 weeks)
while the original [7] study did not stipulate the duration of
the current episode. The median duration of symptoms in
the original [7] study was 27 days compared to 5 days in
our study. SMT is recommended in international back pain
guidelines for patients with acute low back pain and as
such it is important that the rule generalises to patients such
as those in our trial with acute low back pain presenting to
primary care.
A difference between the original [7] trial and our trial is
that the original trial found modest and statistically significant effects of SMT (vs. no treatment), whereas we
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SMT rule positive
SMT rule negative
Placebo rule positive

8

Pain (NPRS)

Placebo rule negative

6

4

2

0
0

1

2

4

12

Time (weeks)
16

SMT rule positive
SMT rule negative
Placebo rule positive
Placebo rule negative

Disability (RMDQ)

12

8

4

0
0

1

2

4

12

Time (weeks)

Fig. 2 Graphical representation of the role of treatment group, rule
status and time on outcomes of pain and disability. Error bars
represent standard errors. RMDQ Roland Morris disability
questionnaire

found small and statistically non-significant effects of SMT
(vs. placebo) at most time points (Table 3). A possible
reason for this is that, in our trial, all patients received
widely recommended first line care of advice and paracetamol while in the original [7] study, all patients received
exercise which is generally not recommended for acute low
back pain [27]. When the main effect of an intervention is
small, it is potentially harder to identify worthwhile subgroups [4]. However, there is reason to believe that the lack
of main effect of SMT in our trial does not explain why we
did not find the clinical prediction rule useful: we found
modest and statistically significant effects of SMT on
2-week disability scores, and yet, this is precisely the

outcome for which the clinical prediction rule was least
useful (Table 2). It is, therefore, unlikely that the overall
favourable prognosis and lack of main effect of SMT in our
trial is hiding the true value of the clinical prediction rule.
We found that rule status predicted small, statistically
significant effects on change in pain and disability at
2 weeks and change in disability at 12 weeks (Table 3).
This implies that patients who were positive on the rule
tended to improve more quickly regardless of treatment but
does not imply that the rule predicts response to SMT. This
is not a surprising result as three of the five criteria contributing to the rule (shorter duration of symptoms, pain not
extending past the knee, and low fear avoidance scores)
have been previously suggested to be associated with a
favourable prognosis [3, 8, 13, 28].
Methodological quality is another factor that may
explain the different results. Loss to follow-up in the current study was less than 2% at all time points while in the
original [7] study, loss to follow-up was up to 30% in the
primary analysis and different between groups. Assessors
in our trial were blinded to treatment allocation and status
on the clinical prediction rule while in the original [7]
study they were only blinded to clinical prediction rule
status. Patients in the original [7] study were not blinded to
treatment allocation while in our study they were. These
differences may produce an inflated main effect of SMT in
the original study but should not directly influence the
efficacy of the clinical prediction rule.
We wanted to ensure that the results of our study would
not change if a different cut-off was used for the number of
criteria required to be classified as positive on the rule.
Therefore, we performed post-hoc sensitivity analyses to
assess the validity of the rule when a stricter cut-off criterion (five of five) or a looser cut-off criterion (three of
five) was used. In both cases, the primary test of the clinical
prediction rule remained statistically non-significant for all
outcomes.
The results of this trial have important implications for
the development and implementation of any clinical prediction rule. Several authors have previously published a
hierarchy for the development of clinical prediction rules
[2, 22, 24]. The original [7] study represents a stage 2 or
narrow validation of a previously developed rule [2, 22].
Our paper represents a stage 3 or broad validation where
the rule is tested in varied settings with a wide range of
patients and clinicians [2, 22]. When tested in different
settings and in different patients, clinical prediction rules
typically do not perform as well, and therefore, this is an
essential step before the validity of the rule in a variety of
settings can be established.
We conducted the first independent evaluation of the
clinical prediction rule recently proposed by Childs et al.
[7] for identifying patients with low back pain more likely
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Table 3 Secondary outcomes, influence of manipulation, clinical prediction rule and interaction on pain and disability
Pain

P value

Disability (RMDQ)

P value

1 week
SMT

0.013 (-0.826 to 0.852)

0.976

-1.753 (-3.853 to 0.348)

0.102

Rule status

-0.693 (-1.462 to 0.076)

0.077

-1.802 (-3.749 to 0.144)

0.069

SMT 9 rule status

0.308 (-0.781 to 1.396)

0.578

1.763 (-0.970 to 4.496)

0.205

2 weeks
SMT

-0.455 (-1.330 to 0.420)

0.306

-2.669 (-4.782 to -0.556)

0.014

Rule status

-0.995 (-1.796 to -0.193)

0.015

-2.139 (-4.101 to -0.178)

0.033

SMT 9 rule status

0.114 (-1.021 to 1.248)

0.843

2.378 (-0.381 to 5.136)

0.091

4 weeks
SMT

-0.113 (-0.823 to 0.597)

0.754

-1.501 (-3.307 to 0.306)

0.103

Rule status
SMT 9 rule status

-0.540 (-1.191 to 0.110)
-0.215 (-1.135 to 0.705)

0.103
0.645

-1.625 (-3.301 to 0.052)
1.081 (-1.268 to 3.431)

0.057
0.366

-0.208 (-0.969 to 0.554)

0.592

-1.751 (-3.622 to 0.120)

0.066

12 weeks
SMT
Rule status

-0.367 (-1.066 to 0.333)

0.303

-2.164 (-3.901 to -0.428)

0.015

SMT 9 rule status

0.051 (-0.934 to 1.036)

0.919

2.314 (-0.120 to 4.747)

0.062

Results of linear regression models for pain and disability. For both pain and disability, negative values represent improved outcomes. Results
regarding the ability of the prediction rule to identify patients who respond most to SMT are presented in the line SMT 9 rule status
RMDQ Roland Morris disability questionnaire, SMT spinal manipulative therapy

to respond to SMT. In patients referred from primary care
for a course of SMT delivered by physiotherapists, the rule
did not discriminate between those who do and do not
respond to SMT.
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