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Background: Many clinicians and researchers believe that there are subgroups of people with spinal pain
who respond differently to treatment and have different prognoses. There has been considerable interest in
this topic recently. However, problems occur when conclusions about subgroups are made that are
inappropriate given the randomized controlled trial design used. The research design to choose, when
developing a study protocol that investigates the effect of treatment subgroups, depends on the particular
research question. Similarly, the inferences that can be drawn from an existing study will vary, depending
on the design of the trial.
Objectives: This paper discusses the randomized controlled trial designs that are suitable to answer
particular questions about treatment subgroups. It focuses on trial designs that are suitable to answer four
questions: (1) ‘Is the treatment effective in a pre-specified group of patients?’; (2) ‘Are outcomes of
treatment applied using a subgrouping clinical reasoning process, better than a control treatment?’; (3)
‘Are the outcomes for a patient subgroup receiving a particular treatment (compared to a control treatment)
better than for patients not in the subgroup who receive the same treatment?’; and (4) ‘Are outcomes for a
number of treatments better if those treatments are matched to patients in specific subgroups, than if the
SAME treatments are randomly given to patients?’. Illustrative examples of these studies are provided.
Conclusion: If the clinical usefulness of targeting treatments to subgroups of people is to be determined, an
important step is a shared understanding of what different RCT designs can tell us about subgroups.
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Many clinicians and researchers believe that there are

subgroups of people with spinal pain who respond

differently to treatment and have different prog-

noses.1,2 If subgroups of patients who respond best to

specific interventions could be identified, the potential

exists to significantly improve patient outcomes and

healthcare system efficiency. There has been a surge

in interest in this topic with many recent studies and

review articles.3–14

Randomized controlled trials (RCTs) are the gold

standard for investigating treatment effects, due to

the ability of this type of study to control for bias and

produce precise measurements of treatment efficacy.

Subgroup studies aiming to identify patient features

associated with treatment effects also need to use an

RCT design to provide strong evidence for treatment

subgroups. When designs other than RCTs are used

to identify subgroups, the clinical characteristics of

some subgroups may include prognostic factors

(indicative of likely outcomes regardless of treatment)

rather than treatment effect modifiers (indicative of

likely response to a specific treatment). Figure 1

demonstrates the importance of a control group

(comparison treatment) in order to tease apart the

treatment effect influence of subgroup membership

(treatment effect modification) from the prognostic

effect of subgroup membership.9,15 Different RCT

designs have been used to investigate treatment

subgroups and each design is best suited to answering

particular research questions about subgroups. It is

important that the appropriate RCT design is used

for a specific research question; otherwise, the

validity of the conclusions will be compromised.

The subgroup research question being investigated

will be influenced by the type of subgroup, the
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treatment being investigated, and the comparison

treatment. Studies investigating a dichotomous sub-

group classification (such as belonging or not belong-

ing to a subgroup) require a different design to those

investigating a more complex reasoning process or

algorithm that places patients into one of several

subgroups (such as the treatment-based classification

approach).16 Identifying a subgroup of patients who

respond to a specific treatment (for example, spinal

manipulation) is different from investigating the

efficacy of an algorithm that matches each patient to

one of a range of different treatments (such as exercise,

manipulation, or traction). Similarly, the comparison

or control treatment is very important in subgroup

studies. For example, comparing outcomes between a

subgrouping approach (for example, the Sarhmann

movement impairment-based approach)17 and another

quite different treatment approach (such as massage)

answers a different question to comparing the subg-

rouping approach to the same interventions applied

without the subgrouping system.

Problems occur when conclusions about subgroups

are made that are inappropriate given the RCT

design used. The aim of this paper is to discuss the

RCT designs that are suitable to answer particular

questions about treatment subgroups.

Different Designs for Different Questions
Question 1: Is the treatment effective in a pre-
specified group of patients?
This question is used when the research interest is

only in how people included in the subgroup tested in

the trial respond to treatment. That is, one is not

concerned about how people who are not in this

subgroup would respond to the same treatment. This

would be the case if it were clearly unsafe and/or

unethical to provide the treatment to other patients,

or if there were a strong rationale as to why it would

not be expected to be effective in other patients.

Hypothetically, for example, a trial of lumbar

discectomy for back-related leg pain compared to

conservative care, might only include patients with

MRI evidence of disc herniation. While it is

theoretically possible that some people with back-

related leg pain but no MRI evidence of herniation

might be improved with discectomy, such people are

not included in such a trial. While this trial will not

tell us if discectomy is more effective for those with

herniation than those without, it would be unethical

Figure 1 Illustration of the importance of a comparison treatment in teasing apart the treatment modifier effects and

prognostic effects of subgroup membership.
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to enrol patients without any evidence of herniation.

The key issue is that the results tell us about the

efficacy of the treatment in the patients included in

the trial (back-related leg pain and MRI evidence of

herniation) but do not provide any evidence of

superior efficacy in the patients included in the trial

compared to those not included. To express this in

another way, this design does not provide evidence of

treatment effect modification. Furthermore, the

results of the trial should only be generalized to

patients similar to those included. We have called the

design which addresses this question a ‘single

subgroup RCT design’ (Fig. 2). Examples of studies

using this approach include Browder et al.18 (only

included people with a directional preference),

O’Sullivan et al.19 (only included people with

spondylolisthesis), and Cleland et al.5 (only included

people positive on the Flynn manipulation prediction

rule).

The study by Cleland et al.5 is an example where

we believe that the study design is inappropriate for

the aims and conclusions. The study randomized

patients who were positive on the Flynn prediction

rule to one of three manual therapy techniques. As

only rule-positive people were included, it was not

possible to determine treatment efficacy in people

who were rule-negative. Therefore, there were insuffi-

cient data available to determine whether the relative

efficacy of the treatments was the same regardless of

prediction rule status and thereby test the validity of

the rule. However, the authors conclude that the

study provides evidence for the validity of the

prediction rule in identifying patients who respond

to high velocity manipulation.

Question 2: Are outcomes of treatment applied
using a subgrouping clinical reasoning process,
better than a control treatment?
In this design, a subgrouping approach to treatment

such as McKenzie therapy20 is compared to another

treatment (control treatment). This design is appro-

priate to determine if the overall treatment approach

(including subgrouping) is superior to the control

treatment but does not validate the subgrouping

used, unless the treatments in the control group are

the same but applied without the subgrouping. For

example, comparing McKenzie therapy to a compar-

ison treatment (such as anti-inflammatory medica-

tion) does not validate the subgroup classification, as

any superior outcomes may simply be due to the

superior efficacy of the exercises and other techniques

used in the McKenzie approach, regardless of the

subgroup in which a patient is classified. We have

called the design which addresses this question a

‘subgroup system RCT’ (Fig. 3). Examples of this

design include Chiradejnant et al.21 (PA mobilisa-

tion), Descarreaux et al.22 (muscle deficit assessment),

Fritz et al.23 (treatment-based classification), Geisser

et al.24 (manual medicine assessment), and Petersen

et al.25,26 (McKenzie assessment).

Question 3: Are the outcomes for a patient
subgroup receiving a particular treatment
(compared to a control treatment) better than for
patients not in the subgroup who receive the
same treatment?
To address this question, the design must randomize

patients to either the targeted treatment group or a

control treatment group, plus these two groups must

also include patients whose clinical characteristics

meet the subgroup criteria and those who do not.

Figure 2 Single-subgroup RCT design.

Figure 3 Subgroup system RCT design.
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This design can be used whether the subgroup is

defined by a single characteristic such as gender or

when it is defined by a number of patient character-

istics. This study design provides robust evidence that

a patient subgroup really does exist whose members

respond better to a particular treatment.9 Using this

design, the results of a statistical interaction test

determine if those who are in the subgroup get more

benefit from the target treatment (compared to the

control treatment) than those who are not in the

subgroup and the size of the benefit. We have called

the study design that addresses this question, the

‘two-group plus subgroup covariate RCT design’

(Fig. 4). Examples of this study design are Childs

et al.4 and Hancock et al.10 (both examining the

Flynn manipulation prediction rule).

While this design provides robust evidence of a

treatment subgroup (treatment modifier effect), the

results are specific to the targeted treatment and the

control treatment used. A subgroup who responds

better to a particular treatment compared to placebo

may not necessarily be the same as a subgroup who

responds well to the same treatment compared to a

different control treatment. For example, if a study

demonstrates that reduced lumbar spine flexion

identifies a subgroup who responds best to low

velocity mobilization techniques compared to no

treatment, it does not necessarily mean that reduced

lumbar flexion necessarily identifies those who

respond better to mobilization compared to a

different control such as exercise therapy or high

velocity manipulation. It is possible that reduced

lumbar flexion also identifies patients who do well

with these treatments (exercise therapy or high

velocity manipulation) and as such is not useful to

select between mobilization and these treatments. In

other words, subgroups identified using this study

design should only be considered to generalize to the

treatment and control in that study, until shown to

generalize to other comparisons. In addition, com-

pared to a conventional two-group RCT, with this

type of RCT, there is an increased likelihood that the

results may be due to chance and so, there is also an

increased need to validate the findings in other

samples of patients.9,27

Question 4: Are outcomes for a range of
treatments better if those treatments are
matched to patients in specific subgroups, than
if the SAME treatments are randomly given to
patients?
This question is used when the focus of the study is

on the effectiveness of a subgroup or classification

approach that includes a range of treatments. It is not

focusing on the efficacy of the individual treatments

but on whether outcomes are better if a subgroup

system is used to target the treatments compared to

when the same treatments are used but not matched

to patients. We have called the design used to answer

this question the ‘multi-arm subgroup system RCT

design’ (Fig. 5).

An example of a study addressing this question is

Brennan et al.,28 which involved investigation of the

efficacy of three individual treatments (manipulation,

Figure 4 Two-group plus subgroup covariate RCT design.

Figure 5 Multi-arm subgroup system RCT design.
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stabilization exercises, and direction-specific exer-

cises) to determine if these were better if targeted to

subgroups of patients using a classification algorithm.

Patients were classified as being suitable for one of

the three treatments based on an initial evaluation

and then randomized to one of the three treatments

regardless of classification. The analysis compared

the outcomes in patients who by chance received

treatment matched to their classification, to those

who received non-matched treatment. A second

example of a study addressing this question is the study

of directional preference exercises by Long et al.12

This research design can investigate a multi-

subgroup system while controlling for prognostic

and non-specific treatment effects. A potential

limitation of this design is that it is usually not

possible to isolate the efficacy of each subgroup/

treatment component as only the combined targeted

treatment effect is observed. For example, in the

Brennan et al.’s study,28 patients matched to the

treatment had better outcomes than those not

matched; however, it is not possible, based on the

reported results to determine if the matching was

effective for some of the three treatments (for

example, manipulation and directional preference

exercises) but not for others (such as stabilization

exercises). The multi-arm subgroup system RCT

design can be conceptualized as a number of two-

group plus subgroup covariate RCTs run in parallel.

If authors reported adequate information (outcomes

for each treatment in those matched and not

matched), each subgroup/treatment component could

be analysed as a separate two-group plus subgroup

covariate RCT, which would enable the relative

efficacy of treatment matching for each subgroup to

be investigated. However, each of these analyses

would have to be adequately powered.9,27

A further caveat to use of the multi-arm subgroup

system RCT design is that imperfections in the

randomization process may result in an imbalance

in the proportions of people allocated to the

particular treatments in the matched and unmatched

treatment groups. If this occurs, any observed

targeted treatment effect may actually be due to

differences in the efficacy of particular treatments,

not due to the targeting of treatment. An additional

prerequisite for this design is that all people in the

population of interest fit one of the subgroups and

that there are treatments available that people in each

of these subgroups are likely to respond to.

Summary
The research design to choose, when developing a

study protocol that investigates the effect of treatment

subgroups, depends on the particular research ques-

tion (Table 1). Similarly, the inferences that can be

drawn from an existing study will vary, depending on

the design of the trial. This paper discussed the

randomized controlled trial designs that are suitable

to answer four questions: (1) ‘Is the treatment effective

in a pre-specified group of patients?’; (2) ‘Are out-

comes of treatment applied using a subgrouping

clinical reasoning process, better than a control

treatment?’; (3) ‘Are the outcomes for a patient

subgroup receiving a particular treatment (compared

to a control treatment) better than for patients not in

the subgroup who receive the same treatment?’; and

(4) ‘Are outcomes for a number of treatments better if

those treatments are matched to patients in specific

subgroups, than if the same treatments are randomly

given to patients?’. Illustrative examples of these

studies were provided.

Although the focus of the paper has been on

studies investigating treatment subgroups in people

with back pain, similar trial design and interpretation

issues apply to studies of other health conditions. If

we are to determine the clinical usefulness of

targeting treatments to subgroups of people, a key

step is a shared understanding of what different RCT

designs can and cannot tell us about subgroups.

Given the level of interest in the manual therapy

community in subgrouping, arriving at such a shared

understanding is important.
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Table 1 Research questions about subgroups and the appropriate RCT design

Question of interest Appropriate design

(1) Is the treatment effective in a pre-specified group of patients? Single subgroup RCT
(2) Are outcomes of treatment applied
using a subgrouping clinical reasoning process,
better than a control treatment?

Subgroup system RCT

(3) Are the outcomes for a patient subgroup
receiving a particular treatment (compared
to a control treatment) better than for patients
not in the subgroup who
receive the same treatment?

Two-group plus subgroup covariate RCT

(4) Are outcomes for a number of treatments
better if those treatments are matched to patients
in specific subgroups,
than if the same treatments are randomly given to patients?

Multi-arm subgroup system RCT
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