
Authors:
Mark V. Johnston, PhD
Mark Sherer, PhD
John Whyte, MD, PhD

Affiliations:
From Outcomes Research, Kessler
Medical Rehabilitation Research and
Education Corporation, West Orange,
New Jersey (MVJ); Physical Medicine
and Rehabilitation, University of
Medicine and Dentistry of New
Jersey/New Jersey Medical School,
Newark, New Jersey (MVJ);
Neuropsychology, Methodist
Rehabilitation Center, Jackson,
Mississippi (MS); Neurology,
University of Mississippi Medical
Center, Jackson, Mississippi (MS);
Moss Rehabilitation Research
Institute, Albert Einstein Healthcare
Network, Philadelphia, Pennsylvania
(JW); and the Department of
Rehabilitation Medicine, Jefferson
Medical College, Thomas Jefferson
University, Philadelphia, Pennsylvania
(JW).

Correspondence:
All correspondence and requests for
reprints should be addressed to Mark
V. Johnston, PhD, KMRREC,
Research (East), 1199 Pleasant Valley
Way, West Orange, NJ 07079.

Disclosures:
Supported, in part, by the Henry H.
Kessler Foundation, West Orange,
New Jersey.

0894-9115/06/8504-0292/0
American Journal of Physical
Medicine & Rehabilitation
Copyright © 2006 by Lippincott
Williams & Wilkins

DOI: 10.1097/01.phm.0000202079.58567.3b

Applying Evidence Standards to
Rehabilitation Research

ABSTRACT
Johnston M, Sherer M, Whyte J: Applying evidence standards to rehabilitation
research. Am J Phys Med Rehabil 2006;85:292–309.

Objective: To describe evidence grading methods employed in the
systematic reviews in this special series of articles. To provide an overview
of results of these reviews to critique the quality of rehabilitation research.
To identify issues in the application of evidence grading methods to
rehabilitation.

Design: Conceptual review of evidence-based practice and evidence
grading methods. English-language research studies on rehabilitation of
persons with spinal cord injury, traumatic brain injury, and burn for the 5-yr
period of 1999–2004 were reviewed using methods of the American
Academy of Neurology supplemented by Cochrane criteria and summa-
rized.

Results: Rehabilitation has a shortage of high-level studies. The num-
ber of level 1 treatment studies was quite limited (five in spinal cord injury,
15 in traumatic brain injury, 12 in burn rehabilitation), as was the number
of level 2 studies (26, 4, and 2, respectively). Despite the large number
of correlational studies published, the number of high-level (1 or 2)
diagnostic and prognostic studies was surprisingly limited (34, 11, and 5,
respectively). The rate of production of high-level studies is rapidly in-
creasing. Problems were encountered in applying standard evidence
criteria to complex issues encountered in some studies, suggesting limi-
tations and issues in evidence grading methodology.

Conclusions: Rehabilitation needs more high-level studies. Some im-
provements in research methodology are relatively affordable (e.g., im-
proved blinding), whereas others are expensive (e.g., large randomized
controlled trials). Lower-level investigations reporting promising results
need to be followed by more definitive, higher-level trials.

Key Words: Evidence-Based Practice, Evidence Grading Methods, Systematic Re-
views, High-Level Studies, Rehabilitation Research
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Few topics in rehabilitation are as impor-
tant—or as controversial—as evidence-based prac-
tice (EBP). Sackett has defined evidence-based
medicine as “the integration of best research evi-
dence with clinical expertise and patient values,”1, p. 1

a definition that applies also to clinical practices in
rehabilitation delivered by allied health professionals.
The term “evidence-based” itself evokes general sup-
port: who does not attempt to apply evidence to their
practice? But EBP also involves application of certain
standard methods of grading strength or level of
evidence based on the research design employed and
emphasizing randomized controlled trials (RCTs).
The result of a formal evidence review is a judgment
of whether a treatment is effective, ineffective, or
harmful, or a diagnostic procedure is accurate, or
whether there is insufficient evidence to make these
determinations. Treatment guidelines, practitioner
education, clinical policies, payments, and priorities
for research hinge on this judgment. Given the stakes
involved, it is not surprising that controversies
emerge regarding the details and substance of EBP
methodologies and how the results of evidence re-
views are to be applied.

OBJECTIVES
The accompanying systematic reviews applied

standard EBP methods to evaluate the quality of
research on the rehabilitation of persons with spi-
nal cord injury (SCI), traumatic brain injury (TBI),
and burn. In this process, much was learned—not
only about the quality of rehabilitation research
but also about the application of EBP methods to
complex issues in rehabilitation. This article will:

! Provide an introduction to EBP and evidence
grading methods.

! Summarize the methods employed in the re-
views on SCI, TBI, and burn rehabilitation.

! Provide an overview of results of these reviews
and what they say about the quality of rehabili-
tation research. Specific results for SCI, TBI, and
burn rehabilitation are reserved for the actual
reviews.

! Point out lessons learned and issues encountered
in the application of standard EBP methods. We
take the position that extant evidence grading
methods are sound but are not without limita-
tions or ambiguities, which deserve scrutiny, de-
bate, and eventual resolution.

! Note implications for the development of reha-
bilitation research.

The issues discussed should help prevent mis-
understanding and misapplication of EBP methods

in rehabilitation. Throughout, we attempt to draw
out definite, noncontroversial lessons, balancing
findings on the limitations of rehabilitation re-
search against demonstrated promise and accom-
plishments.

EBP AND PRINCIPLES OF EVIDENCE
GRADING

The terms “levels of evidence” or “strength of
evidence” refer to systems for classifying scientific
studies for validity threats and possible bias using a
hierarchy based on the research design and the
data presented. Evidence grading is based on expert
knowledge of the typical validity threats associated
with various research designs. This knowledge is
applied to the particular question and study under
review. The major purpose of rating level of evi-
dence is to assess the likelihood of bias with regard
to a study conclusion.2

In the past, it was common to read reviews
based on a subjective weighting of the strength of
studies. Results of such reviews, consequently, de-
pend as much on the subjective opinion of the
author as on evidence or data. Years ago, it was
common to read reviews that summarized evidence
by counting the number of studies reporting pos-
itive and negative results and basing the conclu-
sion on the balance of the two. The problem with
this approach is that some studies are vastly stron-
ger than others. A single rigorous definitive study
may reasonably overturn the conclusions of a
dozen weak studies with major uncontrolled valid-
ity threats. Beginning in the early 1980s, systems
to weight or evaluate the strength of studies began
to be developed and applied to reviews of the med-
ical literature.1,3 A number of evidence evaluation
methods have since been developed.4 Some sys-
tems employ three levels of quality, whereas others
employ eight or more. RCTs are at the top of the
hierarchy of research design for therapeutic, treat-
ment, or intervention studies, but many other cri-
teria also need to be examined to grade the quality
of a research study and its susceptibility to bias.
Confidence intervals or magnitude of effect sizes,
possible measurement biases, number of consis-
tent studies, and many other factors are impor-
tant.5 In each evidence synthesis process, reviewers
should select a level-of-evidence system designed
for the general purpose or type of study, as criteria
for therapeutic or treatment studies differ from
those for diagnostic, prognostic, or predictive stud-
ies. (Throughout this work we will use the terms
therapeutic, treatment, and intervention inter-
changeably, and the terms prognosis and predic-
tion, as the terms are so logically similar. We use
the term “level of evidence” to emphasize that
evidence grading is hierarchical, but the term is
essentially synonymous with “class of evidence.”)
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Standard methods of evidence grading are de-
signed to answer clinically applicable, practical
questions. They address the question, “What is the
direct evidence for what works in practice?” Basic
and laboratory science, descriptive research, mea-
sure development, and correlational research are
necessary and may be tremendously insightful and
valuable, but such work typically does not provide
good evidence regarding what works in practice to
alleviate health problems or improve the function
and quality of life of patients or persons with dis-
abilities. In sum, grading studies by level of evi-
dence shows the clinical applicability and degree of
certainty of research results one would expect,
given the research design.

EBP methodology grades the strength of rec-
ommendations to use (or not use) a procedure to
the strength of the evidence for the benefit (or
harm) produced by the procedure.

! Very strong evidence (e.g., two consistent level 1
studies) is needed to support a conclusion that
treatment is “established as effective” for a pa-
tient problem and a recommendation that the
treatment “should be employed” (a “level A” rec-
ommendation).2, p. 39

! Good but not conclusive evidence (e.g., one level
1 study and one level 2 study) is needed to
support a conclusion that a treatment is “prob-
ably” effective and “should be considered” (a
“level B” recommendation).

! Still weaker (equivocal) evidence may support
only a recommendation that the procedure “may
be considered” (a “level C” recommendation).

An evidence-based review may also result in
the conclusion that evidence is insufficient to de-
termine the effectiveness of a procedure. In that
case, only recommendations for future research
are clearly supported by the review.

Evidence Grading Principles
There are many possible threats to the validity

of inferences from a research study. In the sections
below, we will first discuss the importance of spec-
ifying a clear question and general threats to study
validity and later consider issues specific to treat-
ment studies and then diagnostic/predictive stud-
ies.

Specificity of the Treatment or Clinical
Question Under Review

A clear rating of level of evidence is usually
possible only if one is considering a clear question.
As a rule, strength of evidence can be clearly graded
only with regard to a particular, focused clinical
question (American Academy of Neurology [AAN]

again). (The Cochrane handbook notes that broad
questions can also be reviewed5: the point here is
that such reviews are more likely to encounter
difficulties and to provide ambiguous results.) The
applicable clinical population and presenting prob-
lem to the person need to be clearly defined. The
treatment or intervention must be defined along
with a measurable outcome of “clinical signifi-
cance” or value to the person served. The result is
a specific clinical meaningful statement, such as,
“Therapy X improves outcome O by Y% in patients
with accurately diagnosed problem A.” Specific
populations and outcomes need to be defined for a
predictive study as well. A specific review question
is usually needed to reach a definite conclusion. A
study can easily provide high-level evidence regard-
ing one question but only weak evidence regarding
a somewhat different one.

An implication is that the question, “Does re-
habilitation work?” is akin to question, “Does med-
icine work?” Such broad questions are so vague
and heterogeneous that a definite answer is not
possible. On the other hand, it is possible to review
a broad group of studies to characterize the
strength of methodology employed using the usual
criteria employed in systematic evidence grading—
the procedure employed here.

Sample Size
It is often said that rehabilitation needs larger

studies. Although it is true that rehabilitation stud-
ies have often been underpowered,6 whether a
study is “large” is not the principal methodological
consideration. Sample size considerations are pri-
marily handled by consideration of statistical con-
fidence intervals, which are usually wide with
small samples. With a small sample, a negative
result will most likely be moot: one will not know
whether the treatment does not work or whether
sample size was too small to detect the effect. With
very small samples (e.g., !20), sampling is likely to
be unrepresentative, and analysis of subgroups and
multiple outcomes is not possible or stable statis-
tically. It is also harder to attain stability in use of
conventional (asymptotic) statistical methods with
small samples. However, a positive statistically sig-
nificant result in a relatively small sample also
implies a strong treatment effect. So small sample
sizes can lead to downgrading of level of evidence,
but small studies with positive results should not
be simply dismissed. To do so would be to neglect
studies with highly promising (though not proven)
results. These principles apply to both therapeutic
and predictive studies.

Measurement Biases
Errors in measurement can invalidate or bias

results of a research study, and all systems for
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grading level of evidence rate one or another aspect
of measurement or ascertainment bias. There are
several methods by which measurement bias can
be eliminated or minimized, including blinded
evaluation (or even complete allocation conceal-
ment throughout the study) and use of a com-
pletely objective outcome measure (e.g., survival
vs. nonsurvival, weight, some laboratory test val-
ues).

Attrition Biases
Differential losses between the treatment and

control group over the course of the study are
another important source of potential bias. The
principle is that a study should account for attri-
tion in a way that minimizes potential bias. The
Oxford Center for Evidence Based Medicine and the
AAN both use a rule of thumb: losses of "20% lead
to downgrading of level of a study.2,5

Consistency of Results
In a systematic evidence review on a clinically

or practically important topic, consistency or ho-
mogeneity of results across multiple studies is an
essential consideration.

Principles for Grading Treatment Studies
Randomization

As stated in the Cochrane handbook/Oxford
Center, the randomized experiment is the best gen-
eral purpose research design for testing the efficacy
of a therapy or treatment.5 In most extant evidence
grading schemes, a therapeutic study must allocate
participants randomly for it to be graded as a level
1 study. There are sound reasons for this strong
preference for randomized design: randomization
is the only general purpose research design that
ensures the pretreatment equivalence of experi-
mental and control group participants, assuming
adequate sample size; selection biases (differences
in severity between experimental and control
groups) are probabilistically controlled so that dif-
ferences in outcome to persons treated can be
attributed to the treatment rather to differences in
severity or nature of participants. Other validity
threats (e.g., regression artifacts, history effects)
can also be lessened by randomization.7–9 Although
there are other research designs that can also con-
trol for selection biases, they provide rigorous con-
clusions only in specific circumstances. We will
discuss the significance of omission of these im-
portant but more complicated designs after sum-
marizing direct results of the reviews.

Other Validity Threats for Therapeutic
Studies

Additional considerations for rating strength
of evidence for therapeutic studies include2,5:

! A clearly or properly defined clinical group and
outcome measure.

! Clearly defined intervention.
! Complete allocation concealment to avoid not

only measurement biases but also treatment
contamination and other possible biases.

! Use of intent-to-treat statistical analysis meth-
ods.

! Whether the study is prospective or retrospec-
tive.

! Narrow confidence intervals for results (a func-
tion of sample size but also of effect size, reli-
ability of measurement, and experimental con-
trol).

Prognostic, Diagnostic, and Screening
Studies

Diagnostic, screening, and prognostic (or pre-
dictive) studies are also important. The logic of
these types of studies is similar in that all involve
identification and computation of stable predictive
relationships, not proof of the efficacy of an inter-
vention. A diagnostic study, for instance, can be
considered to be a predictive study in which the
outcome is a “gold standard” criterion for diagno-
sis. So we consider these together.

Criteria for rating level of evidence for predic-
tive studies differ from those for treatment stud-
ies.2,5 Randomized control is not directly relevant
to evaluation of the quality of a prognostic or
predictive inference. For questions of predictive
accuracy, important elements in rating a study,
include the following:2, pp. 10-11

! Spectrum of participants. Whereas well-designed
therapeutic studies commonly involve great care
in case selection, predictive studies are more
valid if they include a “broad” spectrum of pa-
tients according to AAN criteria: one must have a
sufficient sample size to do a prediction or diag-
nosis for the full range of patients seen in clinical
practice or who have the problem in the com-
munity. Cochrane criteria emphasize that pre-
dictive studies should include a sample “repre-
sentative” of that in the general population or
that commonly seen in clinical practice.5 Mis-
leading estimates results can result from prog-
nostic or diagnostic studies of narrowly defined,
nonrepresentative cases. Base rates also greatly
affect diagnostic and predictive accuracy.

! Data quality and study design. Retrospective
studies typically have poorer data quality than
prospective ones.

! Measurement quality for both predictor and out-
come variables. Bias in measurement is typically
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minimized by use of completely objective mea-
surement procedures and/or by blinding so that
the outcome variable is measured without
knowledge of the predictor variable.

! Attrition bias is a significant threat to prognosis,
diagnosis, and screening studies and to treat-
ment studies. Losses to follow-up of "20% lead
to downgrading these types of studies as well.2,5

Accuracy of prediction is the final consider-
ation in assessing these types of studies. The pre-
ceding criteria help one to assess the believability
or likelihood of bias of claimed predictive accuracy.

It is also important to ask whether the diag-
nosis or prognosis is of utility in practice. A more
precise diagnosis is of little practical use if the
condition is not treatable anyway, and elaborate
predictive models may not be employed in practice.
The reviews in this supplement, however, focus on
the issue of general research quality. Additional
work is needed to address questions of utility in
practice and the integration of research results
with the values of patients and persons with dis-
abilities.

METHODS EMPLOYED FOR THESE
REVIEWS
Aims Differ from Typical Evidence
Reviews

The aim of the reviews in this supplement was
to provide an overview of the state of the science
based on published research on SCI, TBI, and burn
rehabilitation in recent years. To do this, the meth-
odological quality of more recent rehabilitation
research was systematically reviewed. This aim dif-
fers from that of the typical evidence review, such
as those performed by Cochrane Collaboration and
the AAN, which are designed to evaluate the clini-
cal applicability of research results to a specific
clinical problem and to develop recommendations
for clinical practice.3 The current reviews are not
intended to support recommendations or guide-
lines for clinical practice. To draw clinical or prac-
tice implications, older studies, and more recent
ones, would have to be reviewed. One would expect
also that a review designed to make practice rec-
ommendations would focus on a well-defined clin-
ical question rather than on SCI, TBI, or burn
rehabilitation as a whole.

The systematic reviews that follow this Over-
view provide a systematic grading of the quality of
rehabilitation research, defining quality in terms of
typical indicators of strength of evidence for clini-
cal application. By using systematic, common cri-
teria, personal and professional biases are lessened.
These reviews provide a more standardized evalu-
ation of rehabilitation evidence than many previ-

ously published reviews and textbooks (cf., Na-
tional Institutes of Health review of TBI, cite
textbooks of rehabilitation, textbooks of SCI, TBI
rehabilitation, Birch-Davis), but they do not elim-
inate the personal judgment of expert authors. The
reviews may be seen as a mix of traditional schol-
arly review techniques, which can be highly in-
sightful but involve a degree of personal opinion,
and modern evidence review techniques, which are
more reliable but which can miss insights.

Choice of Evidence Grading
Methodology

Having decided to aim for a systematic EB
review, the question arose, which method of
grading the level or quality of evidence should be
employed? There are several widely respected
alternatives. Probably the most commonly em-
ployed method for judging level of evidence in-
ternationally is that of the Cochrane Collabora-
tion.5 In the United States, methods have been
developed by the Agency for Health Care Policy
and Research,10 the United States Preventive
Services Task Force,11 and other organizations.
For the current review, we chose to employ the
grading methodology of the AAN because its
Clinical Practice Guideline Process Manual2 is
clear and provides an optimal level of detail.
Although very similar to Cochrane methods, AAN
instructions are designed for application to clin-
ical populations that are seen by referral (as
opposed to primary care or population-based
samples), which is the situation in which reha-
bilitation services are delivered. The AAN method
has been employed to develop a number of highly
regarded, clinically applicable evidence-based
guidelines. The American Congress of Rehabili-
tation Medicine’s Clinical Practice Committee
has adopted the AAN manual as the method of
first choice for evidence grading for interdisci-
plinary rehabilitation.

We encountered situations in which the AAN
manual in itself was insufficient. In these cases, we
consulted the Cochrane Reviewers’ Handbook5 and
employed knowledge of principles underlying evi-
dence grading.

Specifics of AAN Grading Method
Employed

In the AAN method, risk of bias—that is,
level or class of evidence—is evaluated using a
four-tiered rating. “In this scheme, studies
graded class I are judged to have a low risk of
bias; studies graded class II are judged to have a
moderate risk of bias; studies graded class III are
judged to have a moderate to high risk of bias;
studies graded class IV are judged to have a very
high risk of bias.” 2, p. 12 Expert opinion (class 4
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in the AAN hierarchy) has been the main basis of
past guidelines in rehabilitation, but such evi-
dence is formally excluded from the attached
reviews.

AAN criteria for rating of level of evidence of
therapeutic and prognostic studies are reproduced
in Table 1.2, pp. 39–40 AAN also provides criteria for
diagnostic and screening studies, which are rather
similar to diagnostic criteria.

In evidence synthesis, grading is with re-
spect to a specific clinical problem or study in-
ference. No particular conclusion was specified
in the current review, which had a broader pur-
pose, so grading here was applied more mechan-
ically. Difficulties or ambiguities in rating occa-
sionally resulted. Some studies, for instance,
provided level 2 evidence for one aspect of the
clinical problem but level 3 or 4 for another
important aspect. In these circumstances, au-
thors and raters used their best judgment. More
definite ratings are logically possible only by
specifying the clinical problem more precisely.

Search Parameters
Each review describes its own search variables

and inclusion/exclusion criteria. Because the aim
was to characterize recent rehabilitation research
most applicable to the United States, searches were
limited to English-language scientific publications
in the last 5 yrs (1999 through 2004). For all three
reviews, MEDLINE and PsychInfo were searched
exhaustively for these years. Some authors exam-
ined other databases, and all authors also employed
their own knowledge and read reference lists of
prominent studies to augment the search. The
search, then, is comprehensive but not exhaustive.

Although the focus was primarily on studies in
the 5-yr period, authors found themselves making
statements referencing previous research, formally
or informally. Pre-1999 studies were covered via
extant review articles on the period and author
knowledge, but they were not reviewed systemati-
cally.

Although authors strove to cover as much lit-
erature as they could in a short time, one cannot

TABLE 1 American Academy of Neurology criteria for grading diagnostic and therapeutic studies

Rating of Prognostic Article Rating of Therapeutic Article

Class I: Evidence provided by a prospective study
of a broad spectrum of persons who may be at
risk for developing the outcome (e.g., target
disease, work status). The study measures the
predictive ability using an independent gold
standard for case definition. The predictor is
measured in an evaluation that is masked to
clinical presentation and, the outcome is
measured in an evaluation that is masked to the
presence of the predictor. All patients have the
predictor and outcome variables measured.

Class I: Prospective, randomized, controlled clinical trial
with masked outcome assessment, in a representative
population. The following are required:

(a) primary outcome(s) clearly defined
(b) exclusion/inclusion criteria clearly defined
(c) adequate accounting for drop-outs and cross-

overs with numbers sufficiently low to have
minimal potential for bias

(d) relevant baseline characteristics are presented
and substantially equivalent among treatment
groups or there is appropriate statistical
adjustment for differences.

Class II: Evidence provided by a prospective study
of a narrow spectrum of persons at risk for
having the condition, or by a retrospective study
of a broad spectrum of persons with the
condition compared with a broad spectrum of
controls. The study measures the prognostic
accuracy of the risk factor using an acceptable
independent gold standard for case definition....
measured in an evaluation that is masked.....

Class II: Prospective matched group cohort study in a
representative population with masked outcome
assessment that meets a–d above or an randomized
controlled study in a representative population that
lacks one criterion of a–d.

Class III: Evidence provided by a retrospective
study in which either the persons with the
condition or the controls are of a narrow
spectrum. The study measures the predictive
ability using an acceptable independent gold
standard for case definition. The outcome, if not
objective, is determined by someone other than
the person who measured the predictor.

Class III: All other controlled trials (including well-
defined natural history controls or patients serving as
own controls) in a representative population, where
outcome is independently assessed, or independently
derived by objective outcome measurement.

Class IV: Any design where the predictor is not
applied in an independent evaluation or
evidence provided by expert opinion or case
series without controls.

Class IV: Evidence from uncontrolled studies, case
series, case reports, or expert opinion.

Reproduced from the American Academy of Neurology Clinical Practice Guideline Process Manual.2
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claim that all important topics have been covered.
Simpler functional skill training and learning-
based interventions, the bread-and-butter of tradi-
tional rehabilitation, were not fully covered, nor
were relevant findings in long-term care, chronic
care, or disease management, or studies of pro-
grams that include SCI, TBI, or burns among other
diagnostic groups. Most studies of assistive tech-
nology (AT) and environmental interventions were
not reviewed. This is a significant limitation, as
such interventions are common and characteristic
in rehabilitation.

Rehabilitation draws from many other fields,
so it is difficult to provide a truly complete defini-
tion of relevant topics for evidence review.

RESULTS OF REVIEWS
As in health care as a whole, the rate of pub-

lication of RCTs in rehabilitation has increased
rapidly in recent years. According to MEDLINE
indexing (Table 2), more RCTs have been done in
SCI, brain injury, and burn rehabilitation in the
last 5 yrs (n # 55) than in all previous years (n #
40). Prognostic or predictive studies, however, are
still far more frequent (by a factor of 4–10) than
controlled trials in these groups, whether the study
is labeled as “rehabilitation” or not.

Another observation is that, although SCI re-
habilitation is older than TBI rehabilitation, the
rate of conduct of RCTs in TBI has increased in
recent years so that the total number of RCTs in
TBI rehabilitation now approaches that in SCI or

burn rehabilitation. For all three diagnostic
groups, the literature on general medical treat-
ment is much greater than that labeled “rehabili-
tation.” The distinction between rehabilitation and
other forms of care is not clear. Medical rehabili-
tation in practice involves numerous interventions
from acute medical care and from primary care and
chronic care. Preceding numbers vary depending
on details of the search terms, but the pattern
remains the same.

Limited Number of High-Level Studies
Despite the rapid increase in the number of

rehabilitation trials, the number of RCTs and other
high-level studies remains quite limited in SCI,
TBI, and burn rehabilitation. As shown in Table 3
below, only five level 1 therapeutic studies were
found in SCI rehabilitation, 15 in TBI, and 12 in
burn rehabilitation for the 5-yr period. But the
problem is not simply one of a limited number of
RCTs. Many studies were downgraded for reasons
other than lack of a randomized control group.

The number of studies that could even be
classified as level 2 was surprisingly limited. This is
an important concern because level 2 studies per-
mit a conclusion that a treatment is “probably”
effective, which is commonly sufficient to justify
the treatment in practice and certainly shows that
a treatment is highly promising (assuming results
of the trial are positive). The need is for more
high-quality studies, both level 1 and 2.

TABLE 2 Number of randomized controlled trials (RCTs) and prognostic studies in last 5 yrs and
before by diagnostic group

Diagnostic Groups 1998 and Before 1999–2004 Totals

RCTsa

SCI 146 105 251
Brain injuries 130 123 253
Burns 262 195 457

RCTs in Rehabilitationb

SCI 18 17 35
Brain injuries 7 22 29
Burns 15 16 31

Prognostic Studiesa

SCI 866 781 1647
Brain injuries 1698 915 2613
Burns 740 579 1319

Prognostic Studies in Rehabilitationb

SCI 87 141 228
Brain injuries 112 150 262
Burns 16 35 51

SCI, spinal cord injury.
Source: MEDLINE (PubMed). Search: human, end of 2004 and all previous years, using MeSH Terms: spinal cord injury,

brain injury (inclusion of trauma or traumatic did not change count), burn, rehabilitation, and prognosis; and publication type
(randomized controlled trial, no limit for prognostic studies).

aWithout restriction to “rehabilitation.”
bWith restriction to “rehabilitation.”
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Methodological Limitations and Lessons
from Reviews

The reasons for downgrading research studies
reviews provide important lessons for future reha-
bilitation research.

Issues in Therapeutic Studies
Infrequent use of randomized assignment was

a very common methodological weakness of ther-
apeutic studies in rehabilitation, but only one.
Both RCTs and other therapeutic studies were
downgraded because of:

! Lack of blinded or objective outcome measures.
! Loss to follow up of "20%.

There were only a small number of well-con-
trolled level 2 studies (which could be well-
matched cohort studies) in TBI rehabilitation; SCI
had many more level 2 studies.

Sample size was a particular problem. Most
rehabilitation trials were small or limited in num-
ber of cases. In a simple two-group analysis of
variance (without covariates), only a large treat-
ment effect (Cohen’s f # 0.40) is likely to be de-
tected (with 80% power) in a sample size of 50 (25
in each cell).12 To detect a more plausible, moder-
ate treatment effect (f # 0.25), a sample size of 130
(65 in each cell) would be needed. Most rehabilita-
tion trials increased experimental power by use of
pretest covariates, but even so, only moderate or

moderately large treatment effects could be de-
tected, and then only for the primary outcome
variable.

Limited statistical power is a particular prob-
lem in many rehabilitation studies because treat-
ment effects in initial human trials are typically
poorly understood. The precise outcome that is
most responsive to the intervention and the sub-
groups that most benefit are often unclear before
conduct of the research. Preliminary studies of
small groups and even single case studies can be
valuable to estimate the responsiveness of different
outcome measures to treatment, and we recom-
mend such studies. But larger samples permitting
subgroup analysis are still needed to provide strong
evidence regarding variations in patient respon-
siveness to interventions.

In sum, well-controlled studies remain few.
More randomized trials are needed, and somewhat
larger trials are needed. These trials should include
measures and analyses necessary to advance under-
standing of what works best, for whom, and in what
way. Limited funding was surely a major reason for
small sample sizes. The paucity of multisite trials
and limitations in participant accrual were also
evident.

Issues in Prognostic and Diagnostic Studies
Given the large total number of correlational

studies in the rehabilitation literature, the small
number of level 1 prognostic studies in rehabilita-
tion was surprising. This is of particular concern
because the Model Systems databases have such a
longitudinal (and therefore correlational and pre-
dictive) structure. Reasons why prognostic or sim-
ilar diagnostic or screening studies were down-
graded include the following:

! Drop out rates of "20%.
! Use of potentially biased outcome measures

without blinding, or failure to specify objectivity
of outcome measure employed.

! Failure to properly specify the group to which
the prediction applies. A common inclusion cri-
terion in rehabilitation studies was admission to
a comprehensive rehabilitation facility (e.g.,
analyses of the Model Systems database), the
objective basis of which is unclear. Many predic-
tive studies made no attempt to define a repre-
sentative patient population or even studied a
highly selected rather than a broad range of
patients.

A rehabilitation prognosis study should be
based on a sample of patients with objective indi-
cators of need for rehabilitation. Many works would
have been rated as strong (level 1 or 2) predictive

TABLE 3 Level of rehabilitation studies
documented in reviews

Level and Type of Study Number

SCI
Level 1 therapeutic studies 5
Level 2 therapeutic studies 26
Level 1 diagnostic/prognostic studies 9
Level 2 diagnostic/prognostic studies 25
Total RCTs reviewed 32

TBI
Level 1 therapeutic studies 15
Level 2 therapeutic studies 4
Level 1 diagnostic/prognostic studies 1
Level 2 diagnostic/prognostic studies 10
Total RCTs reviewed 32

Burn
Level 1 therapeutic studies 12
Level 2 therapeutic studies 2
Level 1 prognostic studiesa 0
Level 2 prognostic studiesa 5
Total RCTs reviewed 17

SCI, spinal cord injury; RCTs, randomized controlled
studies; TBI, traumatic brain injury.

Source: Evidence tables of accompanying reviews.
aPrognostic but not diagnostic studies were reviewed

in burn evidence tables.
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studies if inclusion criteria were clearly defined in
objective terms (e.g., all patients with impairment
x and activity of daily living limitation y at z days
after injury).

A particular problem was recurrently encoun-
tered: attempts to draw treatment (causal) infer-
ences from correlational, pre–post, or longitudinal
data sets. Many rehabilitation studies attempted to
do this. Analyses of the resulting data have defined
the nature of rehabilitation, clarified problems and
expected recovery, and provided valuable informa-
tion about factors related to recovery. But such
studies are limited when evaluated from a
strength-of-evidence perspective. Evidence stan-
dards clearly distinguish criteria for therapeutic
studies from those for prognosis studies. According
to standard evidence grading, such studies provide
only a weak basis for inference of causation (level 3
usually). Longitudinal databases (especially if they
lack a nontreatment comparison group) are a good
research design for predictive studies but a weak
design for study of therapeutic effectiveness.

A final observation on prognosis studies is in
order. Many such studies failed to show that the
prediction was clinically useful. Predictive relation-
ships, although statistically reliable, were often not
sufficiently precise to support clinical decisions.
Often, no attempt was made to demonstrate the
clinical utility of the prediction (e.g., to show that
the prediction was more reliable than another
method of comparable or greater expense). Accu-
rate prediction is important for planning of clinical
rehabilitation and for design of rehabilitation re-
search.

APPLICATION OF EVIDENCE
STANDARDS TO REHABILITATION

Research is complex, and the true strength of
evidence is not a simple matter. Although it is
possible for reviewers to attain “reasonable to ex-
cellent agreement” using explicit rating schemes
for study quality, disagreements and ambiguities
occur.13 In the attempt to apply evidence-based
standards to rehabilitation, we too encountered
occasional ambiguities and problems. More fre-
quently, we encountered issues that are likely to
become problematic in the future, as formal evi-
dence syntheses increasingly affect the direction of
rehabilitation research and clinical practice.

Most of the studies review criteria downgraded
would be rated as weak by any set of recognized
criteria, but there were a few (and only a few) cases
in which a study was viewed subjectively as excel-
lent but was downgraded because of review criteria.
The considerations in the section to follow do not
materially affect the overall evaluation of research
quality in the literature reviewed, but they do sug-
gest certain needs for broader and more sophisti-

cated review methodologies in certain circum-
stances and do affect recommendations for the
future of rehabilitation research.

Technical Issues
Retrospective vs. Prospective Database
Analyses

The terms “retrospective” and “prospective”
were repeatedly ambiguous and controversial when
applied to analyses of some databases (e.g., the
Model Systems’ databases). Some reviewers as-
serted that analyses of these databases are retro-
spective because one is analyzing previously col-
lected data. Others asserted that the analysis was
prospective because the databases were created to
support research. Although the distinction be-
tween “retrospective” and “prospective” may not
always be clear, the real issue is the quality of the
data, whether major confounders have been con-
trolled and whether the number of hypotheses
tested has inflated alpha (type 1 error).5,9,12,13 A
priori specification of the hypotheses each database
is designed to test would greatly alleviate these
problems by permitting adjustment for the risks of
repeat statistical testing14 and by helping to ensure
that the needed data are collected to test the hy-
potheses.

Grading the Quality of Cohort Studies
Extant evidence grading methods do not

clearly distinguish well-matched comparison
group studies with excellent control for case sever-
ity from cohort comparisons of unknown similar-
ity. This is a potentially serious problem, as com-
parison with similar groups can provide evidence
that a factor probably affects outcomes and that a
treatment is “probably” effective—the usual crite-
rion underlying a recommendation that a treat-
ment “should be considered”.2, p. 39 Cohort studies
can give results similar to RCTs.15,16 However,
judging similarity of groups is challenging in re-
habilitation because comparability can be defined
in terms of both severity of disease and function
(activity/participation). Comparison with a similar
cohort is one of the most practical research designs
but difficult to grade in evidence reviews.17 Con-
siderations for appraising the quality of cohort
studies and the comparability of comparison
groups have been published.18,19 Evaluation of the
quality of cohort studies should also consider ad-
vances in causal modeling, propensity score mod-
eling, and instrumental variable analysis.20–22

Grading Nonrandomized ABA and Individual
Baseline Designs

Crossover, ABA, and interrupted time series
designs are not explicitly distinguished from other
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studies lacking a comparison group (level 3 stud-
ies) in standard evidence grading manuals. Such
studies can in fact provide much stronger evidence
than simple pre–post research designs or other
studies lacking a comparison group, provided cer-
tain criteria are met.7,8,23,24 With interrupted time
series, key criteria include evidence (not assump-
tion) of baseline and continuing stability of the
trend line and rapid effect onset.7,8,25 (Crossover
and ABA designs are particularly strong and pow-
erful for smaller samples if combined with random-
ization).9,24

Individual baseline and n of 1 studies are not
incorporated into standard evidence grading or are
assigned to low levels (grade 3 or 4), regardless of
design or context. But is this always so? The ques-
tion is important because rehabilitation is in prac-
tice highly individualized, research funding is
scarce, and individual baseline and case study de-
signs are commonly done.

Individual baseline and n of 1 studies provide
essential information in EBP, as one wants to know
not whether a treatment tends to work on average
for a group but whether the treatment works for
the individual.26,27 Studies of individuals and small
case series can be optimal for exploring a new
treatment, for titrating therapies, for documenting
a promising variation in behavioral therapies, for
enhancing knowledge of generalization of treat-
ment to a new group, and to enhance understand-
ing why some patients respond to a treatment of
known (average) effectiveness whereas others do
not, that is, for extending results of an RCT. Asser-
tions that n of 1 reports somehow provide more
reliable evidence that a treatment works than a
randomized trial are not generally accepted, but
rehabilitation needs methods to evaluate individual
patient improvement.28 Time series analysis can be
applied to these small sample studies, provided
there are a large number of measurement points
before and after the intervention.25 A more sophis-
ticated consideration of the uses of well-designed n
of 1 and case series investigations would be valu-
able.

Grading Strong Quasi-Experiments
Extant evidence grading systems for medical

and health studies do not mention certain strong
quasi-experimental research designs and hence do
not distinguish them from weaker, observational
designs. For example, if treatment assignment can
be made dependent on a cut point in a strictly
quantitative scale and certain other assumptions
are met (the “regression discontinuity” research
design), strong inference of treatment effectiveness
is possible.7,8 Multiple interrupted time series stud-
ies can also provide strong evidence of effective-
ness: assumptions include establishing baseline

stability or trend (which requires many data
points) and replication of the effect multiple times
(to exclude contextual or history artifacts).7,8 Evi-
dence grading methods need to recognize the ac-
tual strength of such research studies, if and when
they occur. The Department of Education’s What
Works Clearinghouse classifies a regression discon-
tinuity study as providing level 1 evidence.29 Other
methods of grading evidence should also incorpo-
rate means to properly grade strong quasi-experi-
mental research designs.

In the research literature examined for these
reviews, no regression discontinuity studies were
encountered, and the time series studies encoun-
tered suffered from major flaws (e.g., assumed
rather than measured baseline stability). Conse-
quently, limitations on the sophistication of evi-
dence grading methods did not affect this overview
of the state of the science. More sophisticated and
sensitive evidence grading standards, however,
would motivate the use of strong quasi-experimen-
tal research designs, which can be employed when
randomization is infeasible or unethical.

Study Typology and Review Criteria
The review criteria applied are based on estab-

lished typing of studies as therapeutic (or interven-
tional) or predictive (prognostic/diagnostic). How-
ever, criteria have been proposed for quality of
decision assist and economic studies.30,31 It is pos-
sible that some studies in rehabilitation are better
considered as decision assist studies than as treat-
ment effectiveness, diagnostic, or prognosis stud-
ies, as the study aims to help clinical professionals,
people with disabilities, or policy makers to more
rationally weigh alternatives or identify priorities.
Expansion of review criteria to include such studies
might result in higher and more appropriate grad-
ing of some investigations.

Criteria for quality of measurement studies
are not addressed at all by Cochrane, AAN, or
other medical evidence standards. Rehabilitation
aims to improve function and quality of life, and so
sensitive, reliable, and valid measures of these con-
structs are required before valid treatment studies
can be undertaken. “Measurement Standards for
Interdisciplinary Medical Rehabilitation”32 pro-
vides a basis for evaluating such works. These stan-
dards elucidate key principles, and additional work
would be needed to develop a simple but reasonably
valid method of rating the quality of measures.

Finally, the appropriateness of evidence-based
medicine criteria for AT and environmental inter-
ventions, which are common in rehabilitation but
not reviewed here, is particularly questionable and
will be discussed below.
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Problems in Applying Evidence Grading
Standards to Rehabilitation

In this section we consider underlying issues
raised by the process of applying evidence grading
methods to rehabilitation.

Applying Evidence Grading Standards to
Medical Interventions

Standard evidence grading methods applied
well to “medical” procedures and problems, that is
to interventions whose proximal objective is to
reduce biological pathologies or impairments33 or
to improve body function and structure.34 For such
procedures, questions of the applicability of evi-
dence grading methods themselves were few,
rather technical, and similar to those encountered
in grading evidence throughout medical care. In
sum, it is hard to see how evidence criteria for
medical procedures in rehabilitation differ from
those for other medical populations.

This not to say that important issues were not
encountered, such as:

! Heterogeneity of patient response to treat-
ment.35 Reporting of group average responses in
terms of a single primary outcome is often in-
sufficient.

! Side effects and long-term outcomes were often
unclear.

! RCTs are not only few but may have been con-
ducted on groups or in circumstances that differ
from those encountered in clinical rehabilitation
so that the applicability of results to rehabilita-
tion populations is limited or unclear.

! As noted previously, grading of the quality of
some study designs (e.g., cohort studies and ABA
designs) was sometimes unclear or problematic.

These issues and problems in evidence grading
are not unique to rehabilitation but are shared by
other areas of medical practice.

Applying Evidence Grading to Nonmedical
Interventions

More frequent difficulties were encountered in
applying evidence grading methods to stereotypi-
cally nonmedical interventions, including behav-
ioral and psychosocial intervention, AT, and envi-
ronmental interventions. These interventions may
or may not affect pathology or body impairment,
but they do involve and affect activity/participation
and quality of life.

Activity-Based and Psychosocial Interventions
Behavioral, psychosocial, activity, exercise,

and/or educational interventions differ from phar-
maceuticals in that they work through the atten-

tion and action of the person rather than through
an external agent. The person’s motives, values,
and thoughts and the situational and environmen-
tal factors are typically involved. These interven-
tions are typically multifaceted, often context-
dependent,36 and vary depending on the respon-
siveness of the individual. Personal factors can be
involved, including the development of relation-
ship of the person with the therapist, and it can be
difficult to distinguish the treatment from charac-
teristics of the person delivering it.37,38 Goals of
behavioral and psychosocial interventions may be
multiple, individualized, dependent on culture, and
difficult to compare across participants.37,38 Be-
cause it is so easy to modify the communicative
and activity elements of the interventions, gener-
alization of treatment is difficult and cannot be
ensured by even a definitive RCT—a situation very
different from drug studies, where it is commonly
assumed that the drug will work in a similar way in
other persons with the same diagnostic configura-
tion. Even if the RCT proves that the psychosocial
treatment works in one setting, further work is
likely to be needed to foster and ensure generali-
zation.

There are potential solutions to these prob-
lems. Although a substantial labor, it is possible to
manualize activity and psychosocial interventions
once the essential features that produce a positive
effect are known, that is, to define the treatment
protocol objectively. The treatment can be defined
in terms that are relative to the person’s stage of
readiness, exercise tolerance, goals, and/or respon-
siveness rather than in simple absolute terms such
as number of repetitions. If the treatment is proven
to work, presumably in a RCT or other rigorous
study, it will be worthwhile to develop a training
program. Methods of assessing the fidelity of treat-
ment delivery can be developed to ensure that the
treatment is properly applied and generalizes.39

Needed variations in treatment effectiveness in new
settings and circumstances can and should be eval-
uated with additional studies, analogous to “phase
4” drug studies (although one might question
whether funding will ever be sufficient to evaluate
these questions of generalization using RCT meth-
odologies). Finally, multiple outcomes can be mea-
sured and multiple effects can be tested, control-
ling for the biasing effects of repeated testing (that
is, for the false discovery rate) by modern statistical
procedures.14

Assistive Technology and Environmental
Interventions

AT and environmental interventions present
major challenges to standard evidence grading
methods, rooted as they are in the assessment of
drugs. AT and environmental interventions differ
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greatly from a drug. The working of the assistive
device or environmental modification is prototyp-
ically visible to the person, rather than hidden in
the body: the person can typically observe whether
the device meets a current functional need or
not.40 Questions that the person might ask include
long-term durability, utility, and alternatives. One
does not do an RCT to test whether a wheelchair
improves mobility of paraplegic persons any more
than one would do an RCT to test the efficacy of
parachutes to reduce mortality among people
jumping from aircraft.40

Nonetheless, randomized trials are not com-
pletely irrelevant. Many forms of technology re-
quire substantial learning and adaptation to use
effectively. A range of “extraneous” variables may
modulate response to the intervention in the short
term and affect activities and quality of life in the
long term. RCTs are needed to test whether a
program of improved equipment provision and
training increases community participation (cf.,
the RCT by Mann et al.41 showing that the delivery
of needed AT reduces functional decline and insti-
tutionalization among fragile community living el-
ders). The matter is complex. Frameworks for eval-
uation of AT42 and for health technology
assessment43 are being developed. Improved guide-
lines for grading studies of AT and environmental
interventions—and their match with individu-
als44—need to be developed.

Multidisciplinary Programs, Policy, and
Rehabilitation Services Research

Rehabilitation in practice involves provision of
multiple interventions—pharmacologic, nursing,
exercise, equipment, psychological, and others.
There is sparse literature of RCTs on such multi-
faceted, rehabilitative programs (e.g., geriatric
units,45 comprehensive stroke units,46 and brain
injury units47), which was not reviewed in this
supplement. A central logical problem is that in-
sistence on a completely conventional or univocal
definition of the intervention would lead to absence
of study and absence of any good information—
hardly a desirable result. RCTs are unlikely ever to
be done to study the effectiveness or cost-effective-
ness of most multifaceted, multidisciplinary pro-
grams, whole service delivery systems, or policy
changes.

How can we study such complex programs
with sufficient rigor to guide improvements in
program effectiveness and cost-effectiveness? Past
studies of randomized allocation to a well-defined
guideline48 or intervention system suggest that
RCTs can sometimes be done. Times series and
regression discontinuity research designs can be
applied.8,49 However, correlational methods are
most commonly employed in the study of systems

of care (health services research) and will often be
the only feasible method. Questions of the quality
and appropriateness of quasi-experimental and cor-
relational research become critical.

Implications of Results for Practice
Although the aim here was to grade quality of

research rather than to draw practice recommen-
dations, the question of practice recommendations
should not be completely ignored: guiding clinical
practice is the essential purpose of EBP reviews3—
and indeed of research as a whole.

A review of the evidence relevant to many
topics in rehabilitation would technically support
only level B or C recommendations: rehabilitative
intervention may possibly be effective and should
be considered. Such a pallid recommendation is
not satisfactory, given the magnitude of the human
problem of disablement. Writers of guidelines in
rehabilitation have too often had to base their
recommendations on weak evidence—level 3 or
level 4 studies—supplemented by expert experi-
ence and opinion. More and better evidence is
needed regarding the effectiveness of alternative
rehabilitative interventions.

Wider Considerations: Food for Thought
Synthesis of evidence and its interpretation

and application raise a number of questions and
issues that deserve attention.

Sparse Evidence
The main problem confronting rehabilitation

from an EBP viewpoint is that of sparse evidence:
the number of well-controlled trials is insufficient
to provide definite guidance for most clinical deci-
sions. This problem is not uncommon in EBP en-
deavors throughout health care,1,3 but the fact that
other fields have a similar problem should not
lessen attention to the problem in rehabilitation.

Scientifically, absence of evidence does not
prove absence of effectiveness. A treatment can
only be proven to be ineffective by a large RCT
providing small confidence intervals, showing no
worthwhile effects on outcomes. When only small,
exploratory studies exist, the strictly scientific con-
clusion is to withhold judgment. In practice, how-
ever, a decision must be made by clinicians, policy
makers, or patients; and in science, hypotheses are
tested and treated as confirmed or disconfirmed.
So the problem is serious. We cannot solve the
problem, but we can point out essential consider-
ations.

Balancing Types of Error
There are two types of error that can occur in

drawing a conclusion: type 1 error—the error of
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stating that a hypothesis is true when it is not—
and type 2 error—the error of stating that a hy-
pothesis is false when it is actually true. Both are
equally real and important. Rigor in the sense of
absence of type 1 error can always be increased by
simply increasing standards, but without an in-
crease in the sensitivity or power of the experi-
ment, type 2 error will be increased. To increase
rigor simply by insisting on narrow standards that
ignore or vastly expand type 2 error would not be a
contribution. The probability of type 2 error is
significant in a field like rehabilitation, which has a
substantial historical development, is widely ac-
cepted as effective, but which has mostly only small
research trials. Evidence grading standards need to
balance type 1 and type 2 errors, that is, to balance
rigor and sensitivity.

Funding Bias
The extent of evidence on any given topic will

depend on funding for the needed studies. If pub-
lication bias—the tendency not to publish negative
results—possibly affects the research litera-
ture,50,51 surely funding bias does too. Research on
some types of interventions (e.g., drugs) is com-
paratively well funded because there is a well-de-
veloped method of financing. There is compara-
tively little funding for other types of interventions
(e.g., activity therapies and psychosocial interven-
tions that cannot be patented, pragmatic clinical
trials designed to test the cost-effectiveness of al-
ternative strategies for multidisciplinary rehabili-
tation). Reviews have often concluded that there is
insufficient evidence for many rehabilitation inter-
ventions. Does scarcity of evidence for rehabilita-
tive interventions indicate an absence of effective-
ness—or absence of funding for the needed clinical
trials?

Optimal Trial Design
Another consideration is that the presump-

tions that underlie certain features of clinical trial
design for new drugs may not apply to many reha-
bilitation interventions. It is appropriate, for in-
stance, to presume that a new drug should not be
employed until it is proven to be effective and safe
in an RCT. After all, even with extensive animal
studies, a drug may not work in humans and may
have unexpected side effects, and the patient can-
not directly observe the biological mechanism of
action. But are such presumptions appropriate to
rehabilitation? Functionally based rehabilitative in-
terventions (the activity and physical therapies,
psychology) differ from drugs in that major aspects
of process—functional gain or whether adaptive
devices are meeting goals—can be observed by
client and therapist. Especially in subacute and
chronic populations, the client’s satisfaction with

functional progress is often the key consideration.
Functional therapies tend to be relatively safe, and
in any case, the safety of functional interventions is
highly contextual and may be better studied using
observational, field methodologies than a narrowly
focused RCT. Vocational rehabilitation interven-
tions are also highly contextual, depending on de-
tails of the particular job, employer, job market,
and so on. Such considerations do not call into
question the applicability of the RCT to rehabilita-
tion, but they do raise the issue that optimal trial
choice and design for functional therapies may
differ from those for drug trials. A complete em-
phasis on internal validity justified by an assump-
tion that generalization to practice will occur,
univocal definition of the treatment, and the idea
that every new treatment needs to be tested in an
RCT—such presumptions may not be optimal for
study of many functional therapies in rehabilita-
tion. These considerations make it difficult to de-
sign trials that are relevant to clinical practice in
rehabilitation and provide a disincentive for the
development of clinically valid trials.

There are practical and ethical limitations to
RCTs in rehabilitation.52 Because rehabilitation is
an accepted service, it would not be considered
ethical to conduct a study with a control group that
denies participants access to rehabilitative services.
It is also very difficult to engender enthusiasm and
funding for study of “old” interventions. Insistence
on RCTs as the only acceptable method for provid-
ing evidence for treatment effectiveness serves as a
barrier to investigation of these interventions us-
ing feasible quasi-experimental research designs
and well-controlled cohort studies. Although such
research may not always provide the highest level
of evidence, it can answer the question of whether
a treatment is probably effective. A reasonable
probability of benefit is often an adequate level of
certainty for patients and clinicians to agree to
treatment. Provision of funding for application of
these alternative designs for rehabilitation inter-
ventions that otherwise will not be investigated
would result in an increase in the evidence base for
these interventions.

Inference from Multiple Lines of Evidence
Evidence grading methods only consider

sources of information that are published in scien-
tific journals, directly related, and well docu-
mented. By considering only directly related scien-
tific studies, evidence grading methodologies
provide a highly defensible answer to questions of
strength of evidence. Scientific theories and find-
ings, however, are often confirmed or discon-
firmed, not by a single test, but by a convergence of
evidence from different sources.49,53 Clinicians,
and their clients too, draw treatment conclusions

304 Johnston et al. Am. J. Phys. Med. Rehabil. ! Vol. 85, No. 4



on the basis of a multiplicity of information
sources. Two sources of information each showing
a 90% probability of effectiveness—if independent
and about the same intervention—would con-
jointly indicate a 99% probability. In sum, there
are situations in which consideration of multiple
lines of evidence might alter practice recommen-
dations. Inclusion of multiple lines of evidence
could logically improve the sensitivity of evidence
grading methods, but reliable, widely accepted
methods of including such complexity have yet to
be developed.

Generalization and the Role of Theory
Generalization of treatment is a major issue in

the application of research to practice. If a study
recruits the same type of patients seen in clinical
practice, provides the same treatment as would be
delivered in practice, and assesses outcomes using
the same criteria for success as one would employ
in practice, generalization to similar patients may
be reasonably (but not without risk) presumed. The
problem is that RCTs may involve highly selected
patients who receive atypically specialized treat-
ment measured by outcomes that differ from those
of most concern to the patient (that is, the study
design is optimized to test efficacy of treatment in
principle rather than effectiveness in practice). Cli-
nicians (and persons with disability) need to know
whether treatments shown to be efficacious in clin-
ical trials will work for their patients with similar
problems.

In our reviews, extrapolation of treatments
known to be effective in other similar populations
to rehabilitation samples was not explicitly or com-
prehensively reviewed. This is a major problem in
evaluation of the evidence base of rehabilitation: in
practice, rehabilitation involves the organized ap-
plication of numerous interventions that are
“known” or accepted as effective in other medical
and healthcare disciplines. Diagnosis and treat-
ment of depression, for instance, may vary for
people with rehabilitative conditions (e.g., SCI,
stroke, or TBI), but it would hardly be reasonable
to claim that pharmacologic and cognitive-behav-
ioral treatments are completely without evidence
or applicability in rehabilitation.

“Extrapolations from Level 1 studies” to a sim-
ilar population or problem are treated as a level 2
by the Oxford Cochrane site.30 This is a very rea-
sonable position, one not employed in many evi-
dence reviews and inconsistently employed in oth-
ers. But what constitutes a similar population or
problem? How far should extrapolations go?

An important form of this question in rehabil-
itation is whether criteria for generalization for
behavioral and psychosocial interventions are the
same as those for more purely medical or physio-

logic interventions in rehabilitation. No doubt the
effectiveness of learning-based interventions, for
instance, may be altered by diagnostic factors, but
is it reasonable to assume that the effectiveness is
always bounded by—and therefore, effectively de-
termined—by physical diagnosis? Difficulty of the
skill to be learned, its meaning to the person,
attention, and opportunities for repeated practice,
and for feedback, would seem to be essential con-
cerns for educational, learning-based, physical
therapy and occupational therapy interven-
tions.54–56 Rehabilitation has a long history of re-
search demonstrating the importance of function
as the central concern.

A final question is whether criteria for quality
of generalization studies should be the same as for
effectiveness studies that attempt to test a new
treatment process. Although a large RCT could
provide a more rigorous answer to the questions of
generalization, the expense of such RCTs will or-
dinarily reserve their use for higher priorities. If a
generalization study assessed treatment fidelity
and whether the new, similar patient group re-
sponded in ways that are similar to those of the
preceding randomized efficacy trial, would that not
often be sufficient to establish likely generalization
of effectiveness? Studies of heterogeneity of indi-
viduals’ responses to treatment also raise the issue
of type of research design and level of evidence
needed. Similar issues arise in prediction research,
in which more precise prediction is required for
outcomes of high social or economic importance.
In sum, good evidence is needed, but is it reason-
able to demand the same standards of rigor for
every clinical question? The question of sufficiency
of evidence is important, and it could be valuable to
define criteria for appropriate or optimal, rather
than simply maximal, research designs.

Role of Theory
Science has always been based on theory and

direct observation.53 Theories need to be tested—
validated, confirmed, disconfirmed, or altered—
but generalization should occur (or not occur)
according to a theoretical understanding of the
problem and how the intervention affects it. Data
can test a hypothesis in a sample from a well-
defined population but do not by themselves pro-
vide a basis for estimating where broader general-
ization is most likely to occur.8 Standard evidence
grading methods, however, do not explicitly take
theory into account. This is a limitation, as gener-
ally in science, confirmation of theory-driven hy-
potheses is given stronger evidentiary weight than
confirmation of atheoretical (empirically derived)
hypotheses.

In medicine, core theories are biological. Phy-
sicians and medical research panels commonly fo-
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cus on biological plausibility or mechanism as the
central consideration for whether they believe in
an intervention. Similarly, in the usual evidence
review using methods from evidence-based medi-
cine, the bounds of the literature search are defined
by diagnostic criteria.

However, psychosocial processes are also in-
volved in rehabilitation, and psychosocial theories
differ from biological theories. Rehabilitation concen-
trates on reduction of disability and improvement of
quality of life. Diagnostic factors undoubtedly affect
function, but pathology and disease alone do not
determine disability or quality of life.56 Rehabilitation
involves psychosocial interventions and, in practice,
the simultaneous application of psychosocial and
medical interventions. Treatment objectives in reha-
bilitation may be at the level of disease, impairment,
activity/participation, and/or quality of life,57 and ar-
ticulated biopsychosocial theories need to be expli-
cated to specify the nested levels of rehabilitative
interventions.58

If it were possible to develop criteria for vali-
dated or sound theory, ratings of strength of evi-
dence could be developed for generalization of
treatments that go beyond current ratings. At-
tempts have been made to define characteristics of
a sound theory,59 but definite criteria for validated
theories remain elusive. Nonetheless, theories pro-
vide important guidance regarding the likely gen-
eralizability of research findings.

Logic of Research Development
Much of the rehabilitation research literature

describes and delimits problems, identifies corre-
lates or factors involved in disablement or recov-
ery, or suggests possibly effective elements of in-
terventions. Other studies develop methods of
assessment or measurement. Evidence-based grad-
ing standards properly classify such works as lower
level because they do not establish clinical effec-
tiveness. But are they “low quality” (bad) re-
search—or are they better characterized as prepa-
ratory?

The logic of scientific discovery involves con-
sideration, testing, and confirmation or disconfir-
mation based on multiple lines of evidences or
sources of information.7,22,53 After proof of princi-
ple, considerable research and development are
typically needed to quantify, confirm, and under-
stand the discovery and to test its effectiveness,
generalizability, and value in practice. Extensive
laboratory studies are typically required to develop
new drugs or other therapeutic agents before mov-
ing to widespread clinical trials. The development
of improved behavioral, educational, and psychos-
ocial interventions also requires sustained develop-
mental work. One cannot do a valid therapeutic
study unless one can quantify those aspects of

function or quality of life targeted by the interven-
tion: preparatory research is required to develop
outcome measures that meet standards for validity
and reliability.32

Phases of Research Development
In research to develop new pharmaceutical

agents, the need for phases of research develop-
ment, moving from smaller preliminary studies to
larger more definitive ones, is well accepted. Typ-
ically four phases are defined (after basic nonhu-
man research is done to establish promise). These
phases may be summarized as follows:

! Phase 1: Initial or preliminary human studies to
estimate safety, dosage, and to see if the drug
seems to have desired positive effects in humans.

! Phase 2: Clinical trials with small- to moderate-
size groups. These provide informative but typi-
cally not definitive results. Even if a statistically
stable positive effect is found, side effects, dos-
age, long-term effects, the optimal treatment
group, exclusions, and outcome measures may
need to clarified or modified, motivating the
need for a more definitive trial.

! Phase 3: Large (theoretically) definitive trials to
establish effectiveness and safety.

! Phase 4: After-market monitoring and studies.
These are in fact often needed to understand
unexpected effects and generalization to the
wider populations seen in practice.

A similar logic of research development can be
applied to rehabilitation studies, which are hardly
simpler than drug studies. For behavioral and psy-
chosocial or AT studies, the phases may need some
redefinition: preliminary work may be done in clin-
ical practice and in the laboratory. (Progress does
not proceed only from the laboratory to practice:
scientific knowledge in health care is also advanced
by astute observation and analysis of events in
practice.) Basic and phase 1 research may encom-
pass measure development and correlational stud-
ies and also qualitative research, case studies, and
case series. In rehabilitation, too, small RCTs
would be advisable before large ones to ensure that
the intervention is indeed promising and to iden-
tify dimensions and limitations of efficacy: clinical
trials involve complex considerations, and good
phase 2 studies commonly reveal something unex-
pected. Assuming results of a small trial are prom-
ising, it may be worthwhile to mount a definitive
trial (phase 3) of the rehabilitative intervention.

In sum, much of the scientific literature in
rehabilitation can be aptly characterized as prepa-
ratory; that is, it develops a background of under-
standing and quantification needed for the conduct
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of more definitive clinical trials. Rehabilitation re-
search need not only study new interventions but
also develop and test the rich variety of interven-
tions whose effectiveness is suggested but un-
proven by past research.

CONCLUSIONS
Systematic methods for review of strength of

research evidence can and should be applied to
rehabilitation. Extant methods for evidence review
are based on sound and widely recognized rules-
of-thumb for what typically constitutes stronger vs.
weaker research designs, given the question at is-
sue. We recommend that future reviews, textbooks,
and practice recommendations in rehabilitation
employ systematic review methods. This recom-
mendation is not without qualification. Limita-
tions to standard evidence grading methods were
identified. Expert opinion can provide insights that
a mechanical categorization of studies misses. Re-
search is complex, and many complex issues arise
in evidence grading. Nonetheless, to justify reha-
bilitation to the world—and to clarify the objective
basis for rehabilitative interventions—systematic
evidence reviews will have to be done.

Although the pace of accumulation of evidence
is increasing, we continue to be confronted by the
problem of sparse evidence. Rehabilitation needs to
obtain firmer evidence—not of whether “rehabili-
tation works,” which is too vague a question, but of
what works, in what intensity, for whom, and un-
der what circumstances—to provide a valued out-
come. Although it is true that RCTs are expensive,
require substantial preparatory work, and are not
the only way of obtaining good evidence, other
forms of research are also expensive but do not
usually provide the same degree of rigor or respect.
RCTs are accepted as the gold standard for evidence
of therapeutic efficacy throughout medical care,
and studies of new interventions in medical reha-
bilitation will in practice need to meet this stan-
dard.

At the same time, it should be recognized that
RCTs are unlikely ever to be done in some key
research areas, such as the evaluation of large
multifaceted systems of care. Thus, to require RCTs
before viewing the evidence as sufficient to guide
decisions would be to ignore pressing issues of
clinical service delivery and policy. A variety of
high-quality nonrandomized research designs, in-
cluding strong quasi-experimental research and
well-controlled cohort studies, are needed to pro-
vide the needed information.

Scarcity of RCTs was far from the only limita-
tion found in the rehabilitation research reviewed.
Few level 2 treatment studies were found, and the
number of high-level prognosis studies was small.
Absence of blinding—which is not very expensive

to implement—and high losses to follow-up were
significant problems. Small samples sizes have led
to uncertain results and lack of understanding of
variations in participant response to treatment—a
major limitation because individualization is all-
but-universally believed to be an essential charac-
teristic of quality rehabilitation.

The phase of development of knowledge re-
garding the intervention or question at issue is not
considered in standard grading methods, so studies
may be criticized as “low level” when in fact the
research design was optimal. Many lower-level
studies have developed treatment protocols, clari-
fied outcome measures, and reported positive re-
sults. In such cases, the intervention is ready for
testing in a larger clinical trial. If a phase 1 drug
study—which may provide only level 3 evidence—
had positive results, the conclusion would not be
that further development should stop because
methods were weak and the sample size small. The
conclusion would be that the therapeutic agent
warrants testing in larger, more rigorous trials.
Phase 1 studies, if positive, are followed by small
randomized clinical trials (phase 2 studies), which
in turn are followed by large, definitive (phase 3)
studies. Should not this logic of scientific develop-
ment be applied to rehabilitation research as well?

The evidence reviews that follow this Overview
do not identify what interventions should be the
priority for future development and testing, but
they do present many essential points that will
assist in identifying the logical next steps in reha-
bilitation research. Although systematic evidence
reviews delineate the limitations of rehabilitation
research, they also show that rehabilitation is rich
with research opportunities and findings that, with
further development, can provide the results
needed to improve clinical practice.
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