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Abstract
Background and Purpose: Efforts to reduce stroke burden
require accurate assessment of outcomes in order to
compare treatments. The Rankin Scale and its deriva-
tives, the Modified Rankin Scale and the Oxford Handicap
Scale, taken together, are among the most common out-
come measures that have been used in stroke research.
The aim of this study was to perform a critical appraisal
of the clinimetric properties of these scales. It was also
planned to review the use of these scales in a selection
of articles to illustrate concerns raised by the critical ap-
praisal. Summary of Review: A literature search was per-
formed using electronic databases to locate relevant
articles about the reviewed scales. The scales were ap-
praised using a structured format regarding the following
properties: purpose, development, presentation, lan-
guage, method of administration, content validity, face
validity, feasibility, construct validity, reliability, respon-
siveness, and generalizability. There are concernsin each
of the appraised areas regarding the clinimetric proper-
ties of these scales. Conclusion: Further work is needed
to improve the clinimetric properties of the reviewed
scales to ensure that they are more useful tools in deter-
mining the outcome of stroke. Alternatively, a newer
global outcome scale with improved clinimetric proper-
ties may be a better option for future stroke research.
Copyright © 2006 S. Karger AG, Basel

Introduction

Stroke is an important public health issue. It is the sec-
ond most common cause of death worldwide, after car-
diovascular disorders [1]. It is currently the seventh high-
est cause of disability, and it is predicted that by the year
2020 it will be the fourth highest cause [2]. Because most
stroke patients survive beyond the acute period, it is im-
portant to reduce the impact of stroke morbidity. Efforts
to reduce stroke burden require accurate assessment of
outcomes in order to compare treatments. Morbidity
from stroke has many facets. Outcomes reported in stroke
trials include impairments, disability, handicap, and
quality of life. Each of these may be assessed using a va-
riety of measurement tools.

The Rankin Scale (RS) [3] has been used as an outcome
measure of stroke trials and routine care for over four
decades. Modifications to the original scale have been
made, resulting in the Modified Rankin Scale (MRS) [4]
and the Oxford Handicap Scale (OHS) [5].

In order for an outcome measure to be useful in clinical
trials, it must be valid for the purpose that it is intended,
reliable and responsive. Some clinimetric properties of the
RS [6] and the MRS [7-9] have been discussed previously,
however, no comprehensive appraisal of the clinimetric
properties of the RS and its derivatives has been published.
In this study we performed a critical appraisal of the clin-
imetric properties of the RS, MRS, and OHS pertaining to
their use as outcome measures in stroke trials. We also re-
viewed the use of these scales in a selection of articles to
illustrate concerns raised by our critical appraisal.

KA RG E R © 2006 S. Karger AG, Basel
0251-5350/06/0261-0004$23.50/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www.karger.com

Accessible online at:
www.karger.com/ned

Dr. Peter Wayne New

Rehabilitation and Aged Services Program

Kingston Center, Warrigal Rd.

Cheltenham, Vic. 3192 (Australia)

Tel. +61 3 9265 1000, Fax +61 3 9265 1430, E-Mail Peter.New@southernhealth.org.au


http://dx.doi.org/10.1159%2F000089536

Table 1. Description of the scales: development, purpose and application

RS [3] MRS [4] OHS [5]
Country of origin UK (Scotland) UK UK
Year 1957 1988 1989
Method of development NR Investigators’ judgment Investigators’ judgment
Stated purpose Descriptive Evaluative Descriptive
Original setting Hospital Hospital Community

Original population Acute stroke

Acute stroke

Acute stroke

Domain assessing Disability Unclear. Described as handicap Unclear. Described as handicap
but uses impairment and but uses impairment and
disability wording ‘lifestyle’ wording

Key terms defined no no no

Standardized protocol no no no

Original method of administration NR NR NR

RS = Rankin scale; MRS = modified Rankin scale; OHS = Oxford handicap scale; NR = not reported.

Methods

Identification of Relevant Literature

All published data that tested or reported information about one
or more of the clinimetric properties of the RS, MRS and OHS were
sought. Articles in any language and of any type, including letters
and abstracts, were included provided that they referred to patients
with a hemorrhagic or ischemic stroke.

The electronic databases Medline (1966-2004), PsycINFO
(1967-2004) and CINAHL (1984-2004) were searched using the
following terms: stroke, cerebrovascular disorders, outcome assess-
ment, Rankin, Modified Rankin and Oxford Handicap. The refer-
ence section of all relevant articles identified and pertinent text-
books were also reviewed for any other useful articles. Medline
searches were also performed of the authors of relevant articles for
any other potentially appropriate articles.

To illustrate concerns raised from the critical appraisal, we re-
viewed a convenience sample of studies that used the reviewed
scales as an outcome measure following stroke.

Critical Appraisal

One author (P.W.N.) reviewed the development, presentation
and administration of scales and critically appraised their clinimet-
ric properties. The following characteristics were considered in the
appraisal: purpose, content validity, face validity, feasibility, con-
struct validity, reliability, responsiveness, and generalizability. Ac-
cepted principles for appraising the clinimetric properties of health
outcome scales were followed [10-12]. A modified version of a
structured framework for appraisal was used to facilitate the review
process [13]. Modifications were made to account for the nature of
these scales covering one domain and being a single item. An item
was added to cover responsiveness and the appraisal of generaliz-
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ability was expanded. For each item of the critical appraisal,
one of five responses was possible: yes, no, partial, don’t know, or
other.

Results

Search Results

The initial search identified 249 articles. Of these, 12
had relevant information specifically regarding the clini-
metric properties of the reviewed scales [3-5, 14-22]. An
additional 6 articles with relevant information related to
the use of these scales were also identified [6-9, 23, 24].

Development, Purpose and Administration of Scales

Each scale is reproduced in appendix 1 and a descrip-
tion of the development, purpose and application of the
scales is shown in table 1. The RS was developed in Scot-
land in 1957 and first used to describe recovery in a group
of 192 stroke patients at discharge or transfer from hos-
pital [3]. It consists of a single item, with five grades rep-
resenting no, slight, moderate, moderately severe and se-
vere disability.

In 1988, as part of a study of aspirin in stroke preven-
tion, the RS was modified and renamed the MRS [25].
The modification was not reported in the aspirin study,
but was described subsequently [4]. An additional grade
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Table 2. Differences in administration of scales

Scale Time post stroke Setting

Procedure for assessment

RS Not specified [3]
Acute and 3 months [26]

Acute hospital [3]

community [26]

Direct assessment [3, 26]

Acute hospital and outpatients/

MRS 7.5-15.9 days mean [27]

Acute hospital and outpatients/

Direct assessment [17, 27]

community [4, 16, 27, 28]

90 days [16, 29, 30]

1 week and 5 months [4]

6 months [17, 32]

39 months mean (range 1-60) [31]
Acute hospital discharge and

43.1 months mean (range 1-228) [28]

Outpatients [31]

Not specified [17, 29, 30, 32]

Direct assessment, mail or telephone [28]

Direct assessment, chart review, and family [31]
Assessment of patient, family and treating nurses [4]
Assessment of patient and treating nurses [16]
Direct assessment or telephone [32]

Telephone assessment [33]
Not specified [29, 30]

OHS 6 months [34]

Ist week and 1, 6 and 12 months [35]

Not specified [34]

Semi-structured interview [34]
Direct assessment or telephone [35]

was included (grade 0, no symptoms at all), because of
reported concerns about alack of grading comprehensive-
ness. The wording of the definitions for grades 1 and 2
were also altered because of concerns about ambiguity [5].
The changes were reportedly also made to ‘accommodate
language disorders and cognitive defects, to allow com-
parison between patients with different kinds of neuro-
logical deficits and to add a further dimension by referring
to previous activities’ [4].

The MRS was revised in 1988, for a study of stroke
patients in the community, and renamed the OHS [5, 14].
While still consisting of 6 grades, the grades were renamed
as follows: no symptoms, mild symptoms, and minor,
moderate, moderately severe and severe handicap (re-
placing disability). These changes were reportedly made
in order to reduce the confusion that arose by calling the
MRS a handicap scale while using disability terminology.
The definitions were altered to reflect this change, and to
include additional important post-stroke handicaps other
than mobility. A reference to lifestyle was also intro-
duced.

All three scales have been used in a variety of settings,
at different times after acute stroke, and administered us-
ing an assortment of techniques [3, 4, 16, 17,26-35]. The
differences in the administration of these scales are illus-
trated in table 2. The RS, MRS and OHS have been used
as both descriptive outcome measures in patients who
have had a stroke [3, 26-28, 31, 35-37] and also to eval-
uate treatment effects in secondary prevention trials of
stroke therapy [29, 30, 33, 38-40].
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Critical Appraisal of Clinimetric Properties

The critical appraisal of the RS, MRS, and OHS is
shown in table 3. Additional information in key areas is
given in the following text.

Construct Validity

The results of the MRS construct validity assessments
are summarized in table 4. In evaluating the construct va-
lidity of the MRS it has been compared with several other
scales. These include a measure of impairment, the Na-
tional Institute of Health Stroke Scale [41], a measure of
disability, the Barthel Index (BI) [42, 43], and a global
outcome measure for traumatic brain injury, the Glasgow
Outcome Scale (GOS) [44, 45]. The best construct valid-
ity results were found when the MRS was assessed with
the GOS. No studies have been located that assess the
construct validity of either the RS or the OHS.

Reliability

The reliability of a scale refers to the extent to which
measurements of individuals obtained under different
circumstances yield similar results [12]. There are sev-
eral aspects of reliability. It is not necessary to consider
internal consistency of the RS and its derivatives because
it 1s a single item test. It is more appropriate to consider
the inter-rater and intra-rater reliability. The results of
studies that report the inter-rater reliability of the RS,
MRS and OHS are shown in table 5.

Van Swieten [4] assessed the use of the MRS by 34
observersin 2 centers. Patients all had cerebral infarction,
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Table 3. Summary of the critical appraisal of the RS, MRS and OHS

RS [3] MRS [4] OHS [5]

Purpose
1 Isthe purpose, population, and setting clearly specified? yes yes yes
Content validity
1 Isthe domain and all specific exclusions from this domain clearly specified? no no no

Are all relevant categories included? no no no
2 Is the breakdown of categories appropriate, considering the purpose? no no no

Are the categories mutually exclusive? no no yes
3 Was an appropriate method of development described? no no no
Face validity
1 Is the nomenclature used to label the grades satisfactory? no no no

Are the terms used based upon empirical (i.e. directly observable) evidence? partial partial no
2 Are the criteria for determining inclusion into each grade clearly specified? no no no

Do these criteria appear reasonable? don’t know don’t know don’t know

Have the criteria been demonstrated to have validity and/or reliability? don’t know  don’t know  don’t know
3 Are the definitions of criteria clearly specified? no no no
Feasibility
1  Isclassification simple to understand? yes yes yes
2 Isclassification easy to perform? no no no
3 Does it rely on clinical examination alone? no no no
4 Are special skills, tools, and/or training required? yes yes yes
5 How many minutes does it take to perform? 5 5-15 5-15
Construct validity
1 Does it discriminate between entities that are thought to be different in a way

appropriate for the purpose? don’t know don’t know don’t know
2 Does it perform satisfactorily when compared to other scales which measure the

same domain? don’t know  yes don’t know
Reliability
1  Has the inter-observer reliability been assessed? no yes yes
2 Has the intra-observer reliability been assessed? no yes no
Responsiveness
1  Has the responsiveness to clinically significant change been assessed? no yes no
Generalizability
1  Has the scale been used in other studies and/or setting? yes yes yes
2 Have clinimetric properties been appraised in the other settings of use? no no no

but 86 were seen within the first week of their stroke and
14 outpatients were seen within 5 months of stroke on-
set. In each center the observers were randomly allo-
cated into 50 pairs. The scales were explained to the
observers in a training session. The patients were as-
sessed by direct questioning, and nursing staff or rela-
tives were also ‘sometimes questioned’. The two assess-
ments were conducted within 6 h to avoid disagreement
caused by a change in the patients’ condition. Agree-
ment was best for grades 0 and 5, probably because dis-
agreement is only possible in one direction, and was

Review of the Rankin Scale and
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worst for grades 2, 3 and 4. There were no significant
differences between centers.

Wolfe [16] evaluated the MRS inter-rater reliability in
patients at least 3 months post-stroke, either at home or
in hospital (breakdown not specified) by 3 observers who
had 6 months previous experience with using the scale.
The patients were questioned directly and the nursing
staff caring for them were also questioned ‘when neces-
sary’. The time between assessments was not mentioned,
but none of the patients received rehabilitation in the in-
terval between assessments. Analysis of variance revealed
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Table 4. MRS construct validity

Author Scale Comparison n Outcome assessment
Tilley et al. [15] MRS NIHSS [41] (impairment scale) 333 agreement 86%, O = 0.67
(binary BI [42, 43] agreement 87%, ® = 0.76
outcome) GOS [44, 45] agreement 94%, ® = 0.88
Wolfe et al. [16] MRS BI 50 kK =0.72 (95% CI1 0.61-0.82)
Kw=0.91(95% CI 0.87-0.95)
De Haanetal. [17] MRS 5 impairment scales 87 Pearson’s r* = 36.5%

(mean range 0.56 to —-0.71)

NIHSS = National Institute of Health Stroke Scale; BI = Barthel Index; GOS = Glasgow Outcome Scale.

Table 5. Inter-rater reliability of RS, MRS and OHS

Author Scale n Inter-rater reliability agreement
Jaillard [18] RS 70 Kw = 0.79. Exact agreement, « and 95% CI all NR
Van Swieten et al. [4] MRS 100 Overall exact agreement 65%, k = 0.56, Ky, = 0.91
Outpatients exact agreement 87%, k = 0.82, Ky, = 0.91
Inpatients exact agreement 61%, k = 0.51, Kk, = 0.89
Wolfe et al. [16] MRS 50 Exact agreement 80%, Ky = 0.90 (95% CI = 0.84-0.97)
Wilson et al. [19] MRS 58 Before structured interview
Overall agreement 57%, k = 0.44, Ky = 0.78 (95% CI 0.53-1.0)
After structured interview
Overall agreement 78%, k = 0.70, ky, = 0.93 (95% CI 0.67-1.0)
Newcommon et al. [21] MRS 34 Direct observation of patients, k = 0.72 (95% CI = 0.55-0.89)
Telephone assessment, k = 0.30 (95% CI = 0.13-0.47) and
k =0.38, (95% CI = 0.21-0.55)
Bamford et al. [5] OHS NR k=042, ky=0.72

NR = Not reported; CI = confidence interval.

that there was strong evidence of a systematic difference
between the raters (F, 45 = 6.02, p = 0.005), with raters 1
and 3 estimating the grade 0.42 and 0.33 points (standard
error 0.13) higher than rater 2.

Wilson [19] developed a structured interview to im-
prove the inter-rater reliability of the MRS. A group of
stroke survivors who were between 6 and 24 months post-
stroke were rated on the MRS. Assessments were done by
2 observers before training in a structured interview tech-
nique and then again after 8 weeks. The inter-rater reli-
ability improved significantly after training in the struc-
tured interview.

8 Neuroepidemiology 2006;26:4-15

Recently, Newcommon et al. [21] compared direct ob-
servation of the MRS with a structured interview tech-
nique for telephone assessment. The inter-rater reliabil-
ity was assessed on the two techniques. Patients were 3-6
months post-stroke and the telephone assessment was
conducted 5 days after the direct assessment. Not unex-
pectedly, the direct observation method was much more
reliable.

The intra-rater reliability has only been reported for
the MRS [16]. A sample of 14 patients was assessed twice
by the same observer within a 2-week period at least
3 months after the stroke. This time interval was chosen
to minimize the effect of patient progression, improve-
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Table 6. Differences in dichotomizing and trichotomizing the RS and MRS

Scale Cut-off and descriptors for subgroups Justification
given
RS 0-2 = nondisabling stroke, 3-5 = severe disability [39, 40] no
MRS 0-1 = favorable [33, 38] yes [15]
0-4 = functionally at least partially independent, 5 = dependent [37] no
0-2 = nondisabling stroke, 3-5 = disabling stroke [31], independence, dependence [48] no
0-3 = minor stroke, 4-5 = major stroke [28], severe disability [27] no
0-1, 2-3, 4-5[30, 33, 49] no

ment or observer recall. There was exact agreement in
86% of observations, with a k,, of 0.95 (95% CI = 0.88-
1.00).

Responsiveness

For scales to be useful in evaluating the outcome of
interventions, they must be responsive to a clinically sig-
nificant change in a patient’s condition. For a study with
independent group design in which only test results ob-
tained after the intervention are available, an instrument
must be able to differentiate between subjects and within
subjects over time. If both pre- and postintervention re-
sults are available, then the instrument only needs to de-
tect within subject change over time [46].

No studies have been located evaluating the respon-
siveness of the RS or OHS, or what the minimally impor-
tant change in grade scores for each of these scales should
be. The responsiveness of the MRS has been recently
evaluated in a group of 95 acute stroke patients in reha-
bilitation who were a mean of 9 days post stroke [22]. The
responsiveness of the MRS was compared with that of
other scales, including the BI and the Functional Inde-
pendence Measure (FIM) [47]. The MRS detected change
in 55 patients, the BI detected change in 71 patients and
the FIM detected change in 91 patients. When compared
to the FIM, the receiver operating characteristics analysis
showed that the MRS (C-statistic C = 0.59) was much less
sensitive to change compared with the BI (C-statistic C =
0.82), indicating a corresponding lower sensitivity and
specificity for the MRS.

In evaluative trials, grading results have only been ob-
tained on patients after a stroke treatment had been giv-
en. No account has been taken of patients’ premorbid
functioning, although this should be addressed by ran-
domization. In two descriptive studies, attempts have
been made at assessing premorbid functioning using the
RS [26] and MRS [23].

Review of the Rankin Scale and
Its Derivatives

When using the RS or MRS, some authors have advo-
cated dichotomizing or trichotomizing the results. That
1S, using various grade scores to categorize patients into
2 or 3 subgroups, respectively. Dichotomization has been
justified by arguing that this allows the formation of a
global test based on combined measures where no single
outcome would provide sufficient evidence of efficacy
and where a drug with potentially serious side effects was
used [15]. Table 6 illustrates the different cut-off scores
and the descriptors used for the resultant subgroups in a
selection of studies [15, 27, 28, 30, 31, 33, 37-40, 48,
49].

Referencing Errors

In preparing this review, errors and inconsistencies
have been found in some of the papers regarding the ref-
erencing of scales [16, 17, 26-28, 31, 34, 39, 40, 50, 51]
(table 7). These errors make interpretation and compari-
sons involving these studies difficult.

Discussion

Development, Purpose and Administration of Scales

It is an accepted aspect of clinimetrics that the require-
ments for maximizing one of the functions of discrimina-
tion, prediction or evaluation may impede optimizing the
properties of the other functions. Validating an outcome
measure for one of the above purposes does not automat-
ically ensure that it can be used for the others [52]. This
issue has not been addressed adequately by those who
have developed and used the reviewed scales.

None of the reasons given for the modification of the
RS to the MRS appear justifiable. There is no apparent
advantage of the MRS in accommodating language or
cognitive defects any better than the RS, as no reference
to these functions is made in either scale. The RS does
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Table 7. Referencing concerns detected in critiqued papers

Paper(s) Scale(s) reportedly used Scale referenced
39, 50 RS MRS
16, 17,27, 28, 31 RS and MRS MRS
26 Initially MRS. Subsequently RS RS
34 RS then MRS and subsequently RS RS, OHS
Table reproduced OHS
40 RS Unclear. Refers to another paper [34]
51 RS Reproduced scale does not correspond to RS,
MRS or OHS
29 MRS, then RS RS

include a reference to ‘previous activities’ in its grading
criteria, but with a different emphasis to the MRS. In the
subsequent modification of the MRS to the OHS, the ref-
erence to ‘lifestyle’ in the OHS is also problematic. This
term has not been shown to equate with handicap, and
could be influenced by impairment, disability or handi-
cap factors.

None of the scales have associated written guidelines
on when, where or how they should be administered. This
has resulted in a wide range of practices among users of
these scales that could influence the grading result. The
recent publication of a structured interview for the MRS
has been shown to significantly improve the inter-rater
reliability [19]. This should help to improve the quality
of results from clinical trials using this measure in the fu-
ture. It would be ideal if stroke trialists who have had
practical experience with the use of the RS and OHS es-
tablished working parties to develop, validate, and pub-
lish formal structured interviews for use with these
scales.

It is difficult to accurately and fully assess the disabil-
ity or handicap of patients while they are still in hospital.
This applies especially to acute hospitals, and to a lesser
extent in rehabilitation hospitals. It is easier to assess self-
care abilities in hospital than domestic or community ac-
tivities. Patients would need to be in their home environ-
ment before they would have an opportunity of attempt-
ing all their previous activities and roles in a relevant
manner. This raises a concern about the appropriateness
of assessing handicap while in hospital. This issue was
acknowledged by the developers of the OHS [5], but it has
still not been adequately addressed.

In administering these scales no guidance is given re-
garding whether patients can have rehabilitation to im-
prove their performance. Providing aids, equipment or
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modifying an environment are part of the rehabilitation
process and can improve patients’ ability to compensate
for some of the consequences of stroke. It is unclear
whether the term ‘without assistance’, which is used in
the RS and the MRS, allows for aids or modifications, or
whether it refers only to assistance from another person.
Likewise, it is not specified whether it is permissible to
use aids, equipment or modifications to achieve a higher
grade in the OHS.

Stroke survivors with persisting deficits sometimes
have somebody else perform tasks that they can do, but
which require excessive time or effort to complete. None
of the scales specify whether the patients should be as-
sessed regarding what they actually do perform for them-
selves, or what they can do, but choose not to for practical
reasons.

It is generally accepted that most recovery after stroke
takes place over the first 3 months and can then continue
more slowly for at least 6—12 months after the stroke [53].
Assessing patients before 3 months may not give a true
reflection of outcome. Some of the critiqued papers have
used these scales earlier than 3 months after stroke [27,
31]. A previous review of stroke outcome measures has
recommended that assessments are performed at 6
months [9].

Until recently, none of the methods of assigning a pa-
tient their grade on the reviewed scales that does not in-
volve direct observation has been assessed for reliability.
Some papers on stroke outcome have graded patients us-
ing telephone assessments. There are numerous concerns
regarding these papers that are discussed in detail below.
A recent letter by Newcommon et al. [21] highlighted the
poor inter-rater reliability using the MRS that occurs
when a telephone assessment is performed on stroke pa-
tients. It has also been reported that moderate and severe
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disability may go undetected by telephone assessment
[54].

One paper reports that ‘several studies have validated
telephone assessment of the outcome of stroke’ [33]. Two
of the references given to support this claim [54, 55], how-
ever, do not relate to the RS, MRS or the OHS, but to
other scales, including the BI. Validating telephone as-
sessment of the BI does not validate this method of ad-
ministration for other scales. Another reference on vali-
dating telephone assessment reported that it evaluated
the RS for intermodality agreement between telephone
and direct observation [51]. The abstract reports to have
used the MRS, but the text only mentions the RS. The
authors reproduce the scale that they used, but this has
different wording and numbering from both the RS and
the MRS. The intermodality evaluation was done with a
different person performing the assessments and it is not
reported whether a structured questionnaire or interview
was used to ensure consistency. An abstract reported tele-
phone assessment using the RS in 70 patients, or carers,
6 months after stroke, by a neurologist and a general prac-
titioner [18]. No confidence intervals, kappa or exact
agreement, however, were given. Also, it is not mentioned
whether the interview was structured.

Finally, there are reported to be differences in patients’
functioning depending on who conducts the assessment.
Patients’ self-assessment of their disability tends to be less
than that of their carers [56]; carers tended to report low-
er patient abilities than the assessments made by occu-
pational therapists [57], and doctors’ rating of patient
abilities from clinical interviews tend to be higher than
nurses’ ratings from patient observation [58]. Consisten-
cy of administration technique is therefore important,
but lacking, in the use of the reviewed scales.

Content Validity

There is a focus in both the RS and the MRS on mo-
bility and continence. There is no consideration of other
important and common stroke-related disabilities, such
as communication and cognition. These omissions are
significant and limit the content validity of these scales.

There are concerns about the terminology used in all
reviewed scales. The RS and MRS, which refer to ‘dis-
ability’, do not specifically define what is meant by ‘usu-
al duties and activities’. This could refer to activities and
roles in either the disability or handicap domains. The
MRS and OHS use terminology which refers to both im-
pairment (‘symptoms’) and disability terms, while re-
porting to measure handicap [4, 5]. The OHS reference
to ‘lifestyle’ does not justify its claim to be measuring

Review of the Rankin Scale and
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handicap. Lifestyle has not been shown to equate with
handicap and can be influenced by both disability and
handicap factors. There are no references to handicap-
related roles in any of the grades using the definitions
which were in use at the time the MRS and OHS were
developed [59]. As discussed by others, these problems
create uncertainty regarding exactly what domains of im-
pairment, disability and handicap these scales are mea-
suring [60-62].

It has been suggested that the OHS may measure ‘over-
all disablement’, rather than handicap [61]. It is probably
more appropriate to consider these scales, particularly the
OHS, as a global outcome measure, rather than measur-
ing a specific domain.

Face Validity

Many of the grades in all scales require some degree of
subjective judgement. No concise definitions or guide-
lines have been produced to ensure consistency and re-
duce subjectivity in grading patients.

The issue of whether these scales measure disability or
handicap raises an important face validity consideration.
Both domains are acknowledged as being multidimen-
sional constructs [59]. It is unresolved and somewhat con-
troversial whether it is possible to adequately measure a
multidimensional construct with a single item outcome
measurement scale [6].

The reviewed scales have been used in numerous
multi-center [29, 30, 39, 40] and local trials [17, 26-28,
31, 34, 35] in countries with languages other than English
as their official language. No reports have been locat-
ed that describe the translation of these scales into lan-
guages other than English, and then confirm the adequa-
cy of the translated scales’ clinimetric properties in these
other languages. This raises the possibility of reduced re-
liability and validity when these scales are used in non-
English-speaking countries [12].

Finally, the OHS contains a reference to ‘himself” in
grade 2. A gender neutral term would seem more appro-
priate.

Construct Validity

Construct validity is assessed by comparing the re-
viewed scale to other scales that measure the same do-
main. Disability and handicap are multidimensional con-
cepts and there are numerous scales that have been de-
veloped to measure them.

The use of the BI for assessing the construct validity
of the MRS raises some concerns. It is a disability scale
that focuses on self-care, continence and mobility. It does
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not assess communication, cognition or domestic and
community activities that are often affected by stroke.
As a minimum, a scale that assesses construct validity in
stroke outcomes should include self-care, continence,
mobility, communication and cognition.

The results of Tilley et al. [15] suggest that the MRS is
more closely related to the GOS than it is to disability,
and that it is also related to impairment. These results
raise further concern about the construct validity of the
MRS.

An empirical comparison of BI with MRS was derived
by assigning the most common MRS grade to patients
with a given Bl score [16], but no supporting justification
was given for this approach. The kappa values lend sup-
port to the assertion that the MRS is closer to a disability
scale than a handicap scale.

When the MRS was compared with 5 impairment
scales [17], as would be expected, there was not a strong
correlation. The study claimed that this reinforces the
hierarchical nature of the World Health Organization’s
classification of impairment, disability and handicap
[26]. Nothing, however, can be concluded about what the
MRS might measure.

Reliability

The studies of the MRS inter-rater reliability by Van
Swieten et al. [4] and Wolfe et al. [16] did not include a
homogeneous study sample because they consisted of pa-
tients both in hospital and at home. This could have ar-
tificially increased the reliability of the results obtained
[12]. Although the results reported for the intra-rater reli-
ability of the MRS appear reasonable, the sample size was
quite small.

The study of inter-rater reliability of the OHS was
based on written case histories only [5]. No evidence was
presented to justify this method of assessing reliability. If
the case histories were of heterogeneous patients, then
this could have improved the values obtained. No men-
tion was made of the numbers in the study sample or the
exact agreement.

Responsiveness

There has been no assessment of the responsiveness to
change of either the RS or the OHS, and the performance
of the MRS is relatively poor. There is no information
about what the minimally important change in grades
should be for any of the scales. These issues raise the pos-
sibility that clinical trials of stroke interventions using
these outcome measures may fail to detect a clinically
significant difference between stroke treatments. That is,
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a type II error could occur because the outcome measure
lacks sensitivity. There is also a serious concern about the
use of dichotomization of outcome using the reviewed
scales because this approach to reporting would be even
less responsive to change.

The use of dichotomization and a selective cut-off to
make the difference between a positive and negative tri-
al has been discussed in detail previously [8, 9, 24]. It
has been shown that when using an MRS score of 0 or 1
to define a ‘favorable outcome’, that 15% of patients
reach this endpoint. However, 42% of patients achieve
a ‘favorable outcome’ when an MRS score of 0, 1 or 2 is
used [24]. It has been recommend that a ‘favorable out-
come’ using the MRS be defined as an improvement in
grade, rather than using a dichotomization process
[24].

An alternative to using improvement in grade as a pos-
itive outcome is to use prognostic dichotomization. Dif-
ferent criteria are set for a positive outcome based on
stroke severity [20]. Using this approach, patients with a
milder stroke have the dichotomization for a positive re-
sponse set at a higher level of function, e.g. MRS O or 1.
As the initial severity of stroke increases, the cut-off for
a positive outcome would be set at a lower level. For ex-
ample, in patients with a severe stroke, an MRS of 0-4.
This process would also require an agreed approach to
classifying patients into prognostic groups.

There are significant differences in the burden of care
and community supports that would be required for a
stroke survivor to live independently, or supported in the
community, in moving froma 5toa4, froma4toa3or
a3toa2,onanyofthe reviewed scales. It could be argued
that improving the outcomes of the worst-affected group
of patients would be more desirable from a health-eco-
nomics and social perspective. The ability to detect these
differences would be negated by dichotomizing or trichot-
omizing outcomes.

Acute stroke intervention trials generally aim to in-
crease neurological recovery and improve function. It is
unrealistic to expect a complete and full recovery in all
patients. Therefore, it is important to consider in out-
come assessment improvements that are of significant
functional benefit, but less than a complete recovery.

Finally, there is a concern about the use of dichotomi-
zation in one of the reviewed studies where the dichoto-
mization was based on a comparison of self-reported in-
dependence or dependence in activity of daily living tasks
with the MRS grade [32]. The assessment was performed
either in person or by telephone. The activities included
were not specifically defined and there was a potential for
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reduced reliability by having self-reporting of dependence
and different methods of grading patients.

Strokes are more common in the elderly, and most
deaths from stroke occur in those over 65 years of age
[63]. Older patients who survive stroke may have had a
pre-existing disability or handicap related to other condi-
tions. The scales discussed do not allow for this possibil-
ity to be factored into the grading process and could affect
the responsiveness of these scales to detect a significant
change in level of functioning.

Because multiple variables can influence stroke recov-
ery, it is necessary to characterize patients both on dimen-
sions that are prognostic for outcomes chosen, and for
those that might affect response to treatment. Even though
randomization should theoretically account for differ-
ences between groups in previous functioning that can
influence stroke outcome, this may not always be the case.
Randomization may not adequately ensure that the treat-
ment and control groups have the same mix of premorbid
function in their subject because various biases can cause
differences [64]. Consideration should therefore be given
to stratifying patients on the basis of previous function-
ing. The recommendation has been made previously that
allowance needs to be made in stroke trials for pre-stroke
level of function because this factor has been shown to
influence stroke recovery [23].

Conclusion

This review has examined the clinimetric properties
of the RS, MRS, and the OHS, and identified concerns
about the language, method of administration, validity,
feasibility, reliability and responsiveness of all the scales.
Because of these concerns, the appropriateness of using
these scales as an outcome measure in their current for-
mat is questionable.

It may be possible to build on the concepts behind
these scales and improve on their weaknesses. The con-
cerns raised in this review could be addressed by formal
clinimetric studies that implement changes to improve
the properties of these scales. These changes would need
to be validated as part of this refinement process.

Alternatively, a more appropriate global outcome
scale that can be used as a descriptive or evaluative mea-
sure of stroke could be developed. A new scale should
be developed in a way that utilizes accepted principles
of clinimetrics from the outset. This development would
need to be done in a way that is more thorough than has
been with the reviewed scales. A new scale should ide-

Review of the Rankin Scale and
Its Derivatives

ally consider the World Health Organization’s Interna-
tional Classification of Function in the development
process [65].
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Appendix 1

Grade Description

Rankin Scale [3]

1 No significant disability: able to carry out all usual duties
2 Slight disability: unable to carry out some previous activities
but able to look after own affairs without assistance
3 Moderate disability: requiring some help, but able to walk

without assistance

4 Moderately severe disability: unable to walk without assis-
tance, and unable to attend to own bodily needs without
assistance

5 Severe disability: bedridden, incontinent and requiring con-

stant nursing care and attention

Modified Rankin Scale [4]
0 No symptoms at all

1 No significant disability despite symptoms: able to carry out
all usual duties and activities
2 Slight disability: unable to carry out al// previous activities

but able to look after own affairs without assistance
3 Moderate disability: requiring some help, but able to walk
without assistance

4 Moderately severe disability: unable to walk without assis-
tance, and unable to attend to own bodily needs without
assistance

5 Severe disability: bedridden, incontinent and requiring con-

stant nursing care and attention

Oxford Handicap Scale [5]

0 No symptoms

1 Minor symptoms that do not interfere with lifestyle

2 Minor handicap, symptoms that lead to some restriction in
lifestyle but do not interfere with the patient’s capacity to
look after himself

3 Moderate handicap, symptoms that significantly restrict
lifestyle and prevent totally independent existence

4 Moderately severe handicap, symptoms that clearly prevent
independent existence though not needing constant atten-
tion

5 Severe handicap, totally dependent patient requiring con-

stant attention night and day

Modifications from RS to MRS highlighted in italic.
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