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ABSTRACT

This paper examines the use of single-subject research
methodology in clinical research. Specifically, the use
of the multiple baseline design across subjects is dis-
cussed relative to its application to chiropractic re-
search. Brief discussion of the history of the develop-
ment of single-subject research methodology is pre-
sented along with discussions of its strengths and weak-
nesses, issues related to its use, and some of the fields
in which it has been utilized. The multiple baseline
design across subjects is described and explained and
an illustrative example of its application to a field based

chiropractic research problem is provided. Finally, the
advantages of this methodology for a field such as
chiropractic, largely dependent upon the scientist-prac-
titioner model, are discussed. (J Manipulative Physiol
Ther 1984; 7:231-236)

Key indexing terms: single-subject research method-
ology, clinical research, multiple baseline design, ap- -
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{ITRODUCTION

One of the most common problems in field based"

research is obtaining sufficient control over all relevant
variables and an adequate sample, in terms of size and
randomness, 10 employ traditional experimental de-
signs. As a result, little purely experimental research is
produced by individuals involved largely in field-based,
service delivery. However, it is these individuals who
have the best understanding of the problems and issues
that are in most need of research in applied disciplines.

One solution to the inappropriateness of field based
settings for purely experimental research has been the
development of what are called quasi-experimental re-
search designs.' One particular type of quasi-experi-
mental design, the time-series designs, has received a
great deal of attention and development by service
oriented, field based researchers. These designs have
been adopted and extensively used in recent years by
clinical psychologists and educators and to some extent
by psychiatrists and physical therapists.>*

The time-series designs, as adopted and modified by
ficld based researchers, have come to be called intra-
subject replication designs’ or single-subject designs.
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This refers not to the use of a N of 1, but rather of the
continuous measurement, treatment, and evaluation of
each experimental subject individually. Briefly, the ra-
tionale for this approach is that the traditional group
statistical approach to research requires large numbers
of subjects who are placed in control and experimental
groups, given a pre-treatment measure on the depend-
ent variable, treatment applied to the experimental
group, given a post-treatment measure on the depend-
ent variable, and then the two groups are compared on
the dependent variable. This evaluation is usually based
on a statistical test for group differences. The single-
subject researchers® and at least one chiropractic
researcher® object to this approach on several grounds.
First, large groups of subjects aren’t always available
and/or practical. Second, the use of a control group in
clinical research may unethically necessitate witholding
treatment from some subjects. Third, the failure to
measure the dependent variable during treatment elim-
inates the possibility of initiating treatment modifica-
tions which might be indicated by continuous monitor-
ing of the dependent variable. Fourth, measurement of
the dependent variable at single points in time (pre and
post-treatment measures) may provide a biased esti-
mate of the level of the dependent variable if there is
much variability in the dependent variable. Fifth, av-
eraging the data on a group of subjects may obscure
important individual effects. Finally, evaluation by a
ctatistical criterion may be misleading by indicating a
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highly statistically significant result which is not clini-
cally significant. There exists a rather large body of
literature on the single-subject research approach'®-?
and the interested reader is urged to consult this litera-
ture for a more detailed discussion of the above points
as well as other issues that are beyond the scope of this

paper.

DISCUSSION

While there are a number of single subject designs
used in clinical research,® the one that appears to hold
the most promise for field based, chiropractic research
is the multiple baseline design across subjects. In the
following a brief description of this design will be pre-
sented, then a discussion of some of the important
considerations in its use, and finally an example of its
application to chiropractic research will be provided.

A multiple baseline design across subjects uses each
subject as his own control. Thus, it is necessary to
establish, for each subject, a baseline on the dependent
variable. This requires continuous measurement, for
each subject, of the dependent variable. Once-a steady
state baseline has been established for each subject the
treatment is begun. However, the intervention begins
for the first subject only, while the baseline phase
continues for the other subjects. Once a clear treatment
effect has been obtained for the first subject, treatment
is begun for the second subject while the baseline phase
continues for the other subjects. Once a clear treatment
effect has been obtained for the second subject, treat-
ment is begun for the third subject and so on across all
the subjects (see Figure 1).

As you will note in Figure 1, a somewhat idealized
illustration, a steady state baseline was established on
all four subjects during the first three sessions and
treatment was begun for the first subject at session four.
Baseline continued for the other three subjects during
sessions four through six. By session six a treatment
effect was clearly demonstrated for subject one and
treatment began in session seven for subject two. Base-
line continued for the other two subjects during sessions
seven through nine. By session rine a treatimént effect
was clearly demonstrated for subject two and treatment
began in session ten for subject three. Baseline contin-
ued for the last subject during sessions ten through
twelve. By session twelve a treatment effect was clearly
demonstrated for subject three and treatment was be-
gun for the fourth subject.

In applying this approach to research the first factor
that must be addressed is the selection of an appropriate
dependent variable. In general, the requirement for a
dependent variable is that it must be a variable that can
be operationally defined. This has generally meant that
some variable that can be directly observed or measured
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Figure 1. Introduction of treatment (independent variable) after first
establishing a pretreatment baseline (dependent variable). Examplc:
Improvement of cervical extension of osteoarthritic patients following
twice weekly manipulation of the cervical spine.

with instrumentation is the best choice. For example.
measures of range of motion or galvanic skin response
(GSR) would be variables that could be objectively and
repeatedly measured. Closely associated with the oper-
ational definition of the dependent variable is reliable
measurement of the variable. Reliability of measure-
ment requires measurement by two or more independ-
ent observers where measurement is by direct observa-
tion or careful calibration and monitoring of instru-
mentation. Reliability of measurement should be
checked each time data is colletted if possible but no
less frequently than once per study phase.

The second consideration in a single-subject study ts
subject selection. Because this approach uses each sub-
ject as his own control the selection of subjects is a
much simpler matter than the traditional experimental
study. The main requirement is that each subject have




a problem that there is some reason to believe will be
affected by the independent variable to be employed.
Usually each subject has the same problem, although
this is not mandatory. While there are some exceptions,
(e.g., very rare disorders), the generally accepted mini-
mum number of subjects required by the single-subject
approach is three to five with the latter being preferred.
This is considered a sufficient number for direct repli-
cation of the experiment and the establishment of lim-
ited generalizability. ‘

The third consideration in a single subject design is
a steady baseline for each subject. The baseline is estab-
lished by repeated measures, over time, of the depend-
ent variable prior to introduction of the independent
variable. The minimum number of measures required
for a baseline is three, since a trend in the data cannot
be detected with any fewer. If there is much variability
in the dependent variable more than three measures
will be required. A suitable bascline should be relatively
flat, show cyclical variability, be increasing (if the ob-
jective is to reduce), or be decreasing (if the objective is
to increase). The baseline is a critical phase in a single
subject study because it represents the data that the
effectiveness of the intervention will be judged against.
In fact, the baseline is being used to make a prediction
about the future level of the dependent variable, and it
is against this prediction that the independent variable
is evaluated.

Thus, the longer and more stable the baseline the
more confidence one can have in the prediction being
made. Once the collection of baseline data begins it is
necessary to graph the data. Graphed data is employed
because it is easier to monitor the level of the dependent
variable through a visual representation and because
evaluation of the data will, in part, be done through
graphic analysis. When constructing a working graph,
the rule of thumb is that the length of the abscissa
should not extend beyond two-thirds the length of the
ordinate. A formal presentation of graphed data re-
quires a squared graph as well as adherence to other
grophing conventions. (33)

A fourth consideration in a single subject study is the
evaluation of the data. Evaluation is accomplished us-
ing several criteria. First, the graphed data is examined
for discontinuous phases, i.e., does the level of the
dependent variable, in the treatment phase, differ mark-
edly from the predicted level based on the data in the
baseline phase. This decision is usually made using
what is sometimes referred to as the “eye-ball™ test for
significance, i.e., a judgment is made based on visual
inspection of the data. There has been considerable
debate recently over the need to use statistical criteria
in making this judgement, and the reader is referred to
the literature already cited. Second, a treatment objec-
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tive is usually set prior to beginning the study to estab-
lish a. criterion for successful treatment'’** against
which the effect of the independent variable can be
judged. Third, the effect of the independent variable is
judged against a social criterion, i.e., consumer satisfac-
tion-ZS.Zb

A final point that needs to be discussed is the issue
of interrial and extérnal validity. This will be only
briefly discussed, but a more detailed discussion can be
found in the literature cited.”*?' The major threat to
internal validity that will be discussed is “history”. The
most important thing that an experimental design must
do is control for the possibility that some extrancous
variable is responsible for the observed effect in a study.
The multiple baseline design across subjects controls
for “history™ by using baselines on several subjects and
introducing the independent variable at different points
in time for each subject. Thus, to explain the effect
produced by the independent variable by an extrancous
variable requires separate extraneous variables affecting
each baseline in the same way at different points in
time. The probability of this occurring is not great, and
it is therefore more parsimonious to attribute the ob-
served effect to the independent variable.

The major issue relative to external validity to be
discussed is generalizability of the results. As mentioned
earlier, the requirement for three to five subjects to
obtain direct replication establishes some limited gen-
eralizability. However, the single subject approach relies
largely upon systematic replication for establishing gen-
eralizability. Systematic replication requires a body of
literature to be established in which the effect of an
independent variable is demonstrated across a large
number of heterogenous subjects, a variety of service
providers, and different presenting problems or varia-
tions on a presenting problem.

The following represents an example of how a study
might be set up using the multiple baseline design across
subjects in a piece of clinical research on chiropractic
manipulative therapy.

EXAMPLE OF CHIROPRACTIC STUDY

Introduction

A common presenting complaint dealt with by chi-
ropractic manipulative therapy is the lumbar disc lesion
(annulus injury, nuclear bulge, nuclear protrusion, nu-
clear prolapse). Patients presenting with this disorder
typically have either a history of acute trauma or insid-
jous onset. Low back and hip pain is present which
generally radiates into one leg. Physical examination of
such patients usually reveals singular or multiple areas
of muscle spasm with varying degrees of rigidity. There
are range of motion limitations, paresthesias radiating
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dermatomally, motor and/or sensory abnormalities,
loss of lumbar lordosis visualized radiographically, and
positive neurological findings.?” Prognosis is dependent
upon the age of the patient, prior history, physical
development and overall state of health, and compli-
cating factors such as prior lumbar surgery. In acute
cases this disorder is sometimes self limiting; however,
surgical intervention with some degree of permanent
disability is often the outcome.?® The purpose of this
study is to evaluate the effect of chiropractic manipu-
lative therapy (in this study mobilizing traction and
cryotherapy is the treatment of choice) for reduction of
the lumbar disc lesion. The experimental hypothesis is
that mobilizing traction of the spine with cryotherapy
and bracing will correct lumbar disc lesions more effi-
ciently than conservative measures without mobilizing
traction.

Methods .

Ten subjects will be selected from the patient popu-
lation who have presented the complaint described
above and who meet the following criteria. Subjects
will be screened for evidence of organic pathology,
uncomplicated sprains/strains, spinal stenosis, degen-
erative joint disease with foraminal encroachment, and
facet syndrome. In addition, subjects with symptoma-
tology of less than one month’s duration or who have
been recovering spontaneously will be eliminated from
consideration. Finally, subjects with history of prior
lumbar surgery will be eliminated from_consideration.
Essentially pain or paresthesias or numbness has to
have a dermatomal distribution and be localized to one
specific dermatome.

Diagnosis of the disc lesion will be after Cox,” and
only patients with three of the five following categories
will be evaluated in this study:

1. Dominant symptom of leg pain of dermatomal
distribution.

2. Paresthesias localized to a dermatomal distribu-
tion.

3. Straight leg raising reduced to 50 percent of nor-
mal, or pain crosses over to the opposite’leg when the
asymptomatic leg is elevated, or both. Also, if proxi-
mally or distally radiating pain is produced by digital
pressure on the tibial nerve in the popliteal fossa.

4. Two of four neurologic signs present (i.e., muscle
weakness, wasting, altered or diminished reflex activity,
diminished sensorial perception).

5. Positive contrast study that corresponds to clinical
findings.

Measurement
Range of motion will be defined as the degree of
flexibility of the lumbar spine. This will be assessed

using the standardized criteria adopted by the American
Medical Association as set forth in the Guides 1o the
Evaluation of Permanent Impairment. Standard gon-
iometric technique will be utilized.

Nerve root embarassment will be defined as sensory
or motor involvement of the spinal nerve root. This
will be measured two ways. Vertical straight leg raising
will be assessed using a standard goniometer for specific
evaluation in terms of degrees of motion before pain is
experienced, as well as before resistance is experienced.
Differential deep tendon reflexes in the subject’s legs
will be assessed using a standard goniometer for evalu-
ation. This technique will be used in order to objectifv
the measurement.

Reliability of the measures will be assessed by having
two trained observers independently record the mea-
sures obtained on each of the three measures. Prior 1o
beginning the study the assessor and reliability recorder
will be trained using simulated observations. A mini-
mum interobserver reliability of .80 for three consecu-
tive sessions on the three measures will be required
before training and modification of the measurement
procedures will be considered complete. Interobserver
reliability will be computed using the scored interval

_computation technique.

In addition to the measures described above a social
validation evaluation will be done. This is essentially
an evaluation of patient satisfaction. This assessment
will be accomplished using seven point, bi-polar Likert
type rating scales completed by the subject. These scales
will cover such.variables as experienced pain under
varied circumstances, perception of sensory changes,
and improvements in the physical dimension of the
subject’s life-style, i.e., work, recreation, etc.

Design

The multiple baseline across subjects design discussed
earlier in this paper will be used. Following selection of
ten subjects the study will begin. During the bascline
phase each subject will be assessed during each session
on the three measures previously described. In addition,
each subject will complete the social validity scales
during baseline. During this phase a placebo treatment
would normally be introduced to control for expecta-
tion effects. However, for ethical reasons in this study
conservative measures would be utilized including in
home use of cryotherapy and bracing. Once a steady
state baseline has been obtained on the subjects the
independent variable will be introduced for one of the
subjects. Measurement of the dependent variables will
continue on a session by session basis. The remaining
subjects will continue to receive conservative therapy
and will continue with session by session measurement
of the dependent variables. As soon as definite improve-




ment in the subject receiving the independent variable
is demonstrated, the independent variable will be intro-
duced for the second subject. The remaining subjects
will continue in the baseline condition and will be
systematically introduced to the intervention condition
following the procedure just described.

Criteria for termination of treatment will be estab-
lished prior to treatment based upon the extent of
impairment evident in each of the subjects, relative to
the dependent varniables. After each subject is placed in
the intervention phase, treatment and measurement
will continue until the termination criteria are reached
or it is clear that the treatment is not producing a
positive effect. Should the latter occur, the subject will
be returned 1o the bascline condition and once a steady
state baseline has been demonstrated, a modification in
the treatment or a new treatment procedure will be
introduced, or referral made.

Data Analysis:

Data analysis will be accomplished by using both
graphic analysis and statistical analysis. A squared
graph will be constructed on each subject representing
the session by session measurement of the three de-
pendent variables. These graphs will be monitored on
a continuous basis for ongoing evaluation of the de-
pendent variables. Evaluation of the independent vari-
able will be done by visual inspection for markedly
discontinuous phases between the baseline phase and
the intervention phase for each subject. Due to the
small size of the study sample a nonparametric statistic,
the Walsh test will be used as a final test for a significant
difference between the data obtained in the baseline
phase and in the intervention phase.

Because standard conservative therapy (i.e., cryother-
apy and bracing) will be used during the baseline phase
as a contrast for the chiropractic mobilizing traction in
the intervention phase, the requirement for a steady
state baseline may not be met. In other words, improve-
ment in the subjects’ conditions may be evident during
the baseline phase. If this should occur, interpretation
of tl.e data could be somewhat confounded. The data
analysis under this condition, will also include a trend
analysis to determine if there was a significant increase
in the rate of improvement after the expenmental
variable was introduced.

Procedures
During the baseline condition the subjects will receive
standard conservative therapy which would include in
home use of cyrotherapy and supportive bracing.
During the intervention condition the subjects will
receive chiropractic -traction therapy. Ultilizing the
“Cox™* method of flexion-traction on a*standard
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flexion-traction therapy table, after appropriate cryo-
therapy (five minutes), the patient will receive ten min-
utes of distraction. Treatment will be augmented by
continued use of in home cryotherapy and bracing.

Summary

The above example represents a possible application
of single subject design to a chiropractic research prob-
lem. Specifically, the example shows how a multiple
baseline design across subjects could be used to deter-
mine the effect of chiropractic mobilizing traction (flex-
ion distraction) on the disc lesion with only ten subjects.
Considering the type of research problems facing the
chiropractic profession, such a design could prove in-
valuable ¥

CONCLUSION

The single subject approach to research is one that
has several distinct advantages for field based research.®
First, the research effort is decentralized and allows the
creative efforts of a larger number of researchers 10 be
brought to bear on problems and issues within a disci-
pline. This decentralization of research makes it possi-
ble for individual research projects to be carried out on
much smaller budgets, although there may be no sav-
ings relative to the overall research effort. Second, the
approach allows for a much needed merger between
the roles of scientist and practitoners. Third, the prag-
matic needs of the practicing clinician are more easily
met through single-subject research. Finally, the profes-
sional’s need for publication and recognition is more
easily met through this approach by allowing for a largcr
number of “players”.

Thus, the authors believe that single-subject rescarch
methodology and the multiple baseline across subjects
design in particular represents a potentially valuable
methodology for clinical research in chiropractic prac-
tice. Interested readers are urged to study the large body
of existing literature on this methodology as it has been
applied to research in other disciplines and to apply it
to the research problems and opportunities available
through their own practices.
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