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Objective: To develop a comprehensive measure of Early 
Physical Functioning (EPF) post-stroke quantified through 
Rasch analysis and conceptualized using the International 
Classification of Functioning Disability and Health (ICF).
Design: An observational cohort study. 
Subjects: A cohort of 262 subjects (mean age 71.6 (standard 
deviation 12.5) years) hospitalized post-acute stroke.
Methods: Functional assessments were made within 3 days 
of stroke with items from valid and reliable indices com-
monly utilized to evaluate stroke survivors. Information on 
important variables was also collected. Principal component 
and Rasch analysis confirmed the factor structure, and di-
mensionality of the measure. Rasch analysis combined items 
across ICF components to develop the measure. Items were 
deleted iteratively, those retained fit the model and were re-
lated to the construct; reliability and validity were assessed. 
Results: A 38-item unidimensional measure of the EPF met 
all Rasch model requirements. The item difficulty matched 
the person ability (mean person measure: –0.31; standard 
error 0.37 logits), reliability of the person-item-hierarchy 
was excellent at 0.97. Initial validity was adequate.
Conclusion: The 38-item EPF measure was developed. It 
expands the range of assessment post acute stroke; it covers 
a broad spectrum of difficulty with good initial psychometric 
properties that, once revalidated, can assist in planning and 
evaluating early interventions. 
Key words: acute stroke, functioning, measurement, Rasch ana-
lysis, ICF.
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INTRoduCTIoN

The first few days after a stroke is when the vulnerable brain 
is influenced the most, for good or for harm (1, 2). To date, the 

interventions with the greatest early benefit for a person with 
stroke are thrombolysis with tissue plasminogen activator (3) 
and organized care provided in acute stroke units (4), with 
stroke units having the potential to impact on greater numbers 
(3). The benefits of organized care appear to arise from good 
medical management and early initiation of rehabilitation (5). 
The benefits include a reduction in the probability of death 
(odds ratio 0.66) and death or dependency (odds ratio 0.85) (4). 
The outcome dependency in these analyses was a dichotomized 
variable derived from the Barthel Index (BI) or Modified Rankin 
Index total scores reflecting “dependency” only in activities of 
daily living (ADL). In fact, stroke impacts on more than ADL; it 
impacts on the totality of what is considered functioning (6). 

Critical for evaluating and developing early interventions is 
the accurate and comprehensive measurement of functioning. 
A measure is essential to understand the impact of stroke on 
early functioning and the subsequent changes that provide a 
natural basis for a definition of recovery. For such a measure, 
adequate content and quantification are crucial.

The International Classification of Functioning, Disability 
and Health (ICF) model (7), defined through its components 
of: (i) body functions and body structures; and (ii) activities 
and participation, provides a conceptual framework for what 
constitutes functioning. The ICF has a coherent content to 
which items for a measure of functioning can be addressed, but 
it does not quantify it. A statistical approach, Rasch analysis, 
could provide the necessary quantitative framework. Rasch 
methodology produces a measure on which items pertaining 
to functioning and persons after stroke can be organized hier-
archically, by difficulty and ability, respectively, on the same 
measurement scale in natural logarithm linear units or logits 
(8, 9). Recent applications of this methodology have led to 
the development of new measures (10) and the combining of 
former indices (11) into a single measure.

Typically, most stroke indices summarize the functional 
skills needed later in the course of stroke recovery, for ex-
ample, the ability to carry out complex ADL and community 
re-engagement (10). Few indices are used within the first few 
days, and fewer comprehensively cover the concept of early 
functioning (12). Uniting Rasch methodology with the ICF 
framework could conceptualize, define and quantify early 
functioning in a single measure. 

The aim of this study was to develop a comprehensive 
measure of Early Physical Functioning (EPF) after stroke 
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as conceptualized by the ICF model and quantified through 
Rasch analysis.

METhodS
Subjects
A longitudinal study was carried out of subjects hospitalized within 
72 h of a confirmed stroke, using the World Health Organization 
definition (13). Persons with subarachnoid haemorrhage, coexisting 
severe illness (end-stage cancer, pulmonary, cardiac or renal disease), 
severe cognitive or comprehension impairments (<  13/22 on the Brief 
Mini-Mental State Exam (MMSE) (14)), or admitted 72 h after a 
stroke were excluded. 

Procedures
Subjects were evaluated within 3 days of their stroke by trained 
healthcare professionals who observed the subjects’ performance on 
specific tasks, and who asked the subjects to rate their difficulty in 
performing certain tasks (15). Subjects were reassessed at 3 months, 
using the same tasks, complemented by additional ratings of their 
activities and participation. The study had ethical approval from the 
University Institutional Review Board. Only the data from the first 3 
days were used to define the early functioning measure. 

Indices
The measure of EPF was created with items from valid and reliable 
indices and tests commonly used to evaluate persons after stroke. The 
indices that required the performance of tasks were scored either by 
the quality of their movement or by the time it took to accomplish 
the task and included: Stroke Rehabilitation Assessment of Move-
ment (STREAM: 30 items) (16); Chedoke-McMaster Stroke impair-
ment Assessment (CMSA: 95 items) (17); Fugl-Meyer sensory test 
(5 items) (18); Balance Scale (14 items) (19), ADL, (BI: 11 items) 
(20); Cognition (MMSE: 7 items) (21); perceptual neglect (Albert’s 
test: 1 item) (22); Box and Block test (B&B) (23); Two-Minute-Walk 
test (TMWT) (24); walking speed (12); and grip strength (25). The 
continuous data from gait speed, B&B, TMWT, and grip strength 
tests (4 items) were categorized into 6 categories for entry into the 
Rasch model based on age and gender norms and the relationship to 
everyday tasks (12, 23–25). 

Data from self-report indices were obtained via interviews with 
the subjects, rating their difficulty in performing items on the Stroke 
Impact Scale-16 (SIS-16) (15). Socio-demographic data were collected 
via interview or the medical records. Prior health was categorized 
using the Charlton Index (26). Stroke severity was classified, based 
on the Canadian Neurological Scale scored best to worst (11.5 to 1.5) 
as: very mild: > 11; mild: between 9.5 and 11; moderate: between 9.5 
and 5; and severe: < 5 (27). 

Analysis 
Descriptive statistics characterized the sample; analysis of variance, 
χ2 and t-tests were used for contrasts, e.g. between the participants 
and the non-participants (age, BI, SIS-16). For reasons of fatigue and 
comprehension, the SIS-16 proxy version was used in 21 (8%) subjects 
(28). The subjects with proxy responses were more severely affected and 
disabled from their stroke than the subjects who responded for them-
selves. Nevertheless, the SIS-16 data from both groups were combined to 
include subjects with a severe stroke in the analysis. Missing responses 
represented less than 10% of the data and were not replaced.

Principal component analysis (PCA), performed through the Proc 
Factor procedure in the statistical analysis software SAS 9.1 (29) (SAS 
v 9.1: SAS institute, 100 SAS Campus Dr, Cary NC 27513, USA) 
determined whether a single strong “functioning” unidimensional 
construct existed within the data. Item reduction was through PCA 
and Rasch analysis. Although the ordinality and distribution of the 

data violated the assumptions underlying a PCA, this approach was 
used to identify and understand the number of dimensions within the 
construct (29) and to triage items clearly not related to a unidimen-
sional concept of physical functioning. These items were deleted and 
not carried forward to the Rasch analysis and included: Albert’s test 
of neglect and 7 MMSE items.

Rasch analysis relates a person’s response to a specific item to 
the interaction between the amount of ability the person has and the 
level of difficulty that item represents (9). Each person’s ability and 
each item’s difficulty are estimated with a standard error (SE), and 
are organized hierarchically by difficulty and ability respectively, 
on the same measurement scale based on the natural log of the odds 
ratio (ratio of probability of success to failure of completing the task) 
or a logit. By convention, the average difficulty of the items is set to 
“zero” (8), to determine the match between item difficulty and person 
ability. When a person’s ability and an item’s difficulty are equal, the 
probability of successfully performing that item is 50% and estimates 
that person’s functioning level. One benefit of the probabilistic nature 
of a Rasch measure is in interpreting the usefulness of that measure. 
An estimation of an individual’s ability to complete a task given their 
total score is calculated by taking the antilog of the logit score and 
computing the probability of passing the item (8, 9). 

The EPF was developed using the extended logistic Rasch model for 
ordered response categories computed with the Rasch Unidimensional 
Measurement Model programme (RUMM 2020) (30). Criteria for fit 
to the model were: item and person standardized fit residuals between 
± 2 and a global model non-significant χ2 or F-statistic (9). 

For proper structuring of the measure, each item’s response op-
tions represented by that item’s Rasch threshold should be ordered 
by difficulty. An item threshold is the point at which the likelihood 
of failure becomes the likelihood of success; for example, between 0 
and 1, or between 1 and 2 (8, 31). A disordered category may reflect 
problems with the response categories that are not working as intended, 
i.e. people with less ability have a greater probability of successfully 
completing a more difficult level of a question than those with more 
ability. Disordered response options were examined and re-scored 
based on the criteria for optimizing category effectiveness (31).

The items were co-calibrated concurrently with a method that 
estimates the difficulty level of items from various indices measur-
ing the same construct, despite differences in numbers and types of 
response options (32). Items were removed iteratively based on their 
fit to the model, association with the construct and precision, aided by 
a Test Information Function (TIF). A TIF, the inverse of the standard 
error squared, is aggregated from the item information functions and 
indicates the precision of the item’s estimation of person ability (33). 
The most precise redundant items were retained.

Differential item functioning
Once the data fit the model, item location stability or differential 
item functioning across factors (gender, age, or previous health) was 
tested. To quantify a construct such as functioning, a measure must 
be invariant; that is for persons with the same level of functioning the 
probability of passing an item must be unaffected by their character-
istics such as age, or gender. For this analysis the participants were 
grouped by functioning ability and then by gender, age, or previous 
health within that ability group and a two-way analysis of variance of 
the person-item residuals was performed (34). The significance level 
(p < 0.05) was adjusted for multiple comparisons (35). 

The sample size required for stable estimates (± 0.5 logits; confi-
dence level: 99%) based on an expected SE of ± 0.19 in the measure 
was 200 (36).

Validity
Content validity is confirmed by the spread of the items and partici-
pants along the measure, the data fit to the model (8), and a reliable 
item-person-hierarchy that is consistent with the underlying construct. 
Theoretically, functioning early post stroke was assumed to result from 
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the consequences of stroke on the brain and person as conceptualized 
by the ICF (7) with EPF items ordered across levels of difficulty, from 
being unable to move (ICF Body Function items), to performing dex-
terous movements rapidly, and from basic ADL tasks, such as eating 
(ICF Activity items), to more complex tasks, such as climbing stairs. 
Although the indices being combined appeared to represent different 
constructs, they are all related to the consequences of stroke. The EPF 
was expected to include only the physical aspects of body function and 
activity components within the ICF framework. Although mood, emo-
tions, cognition and communicative factors are important components 
of functioning post-stroke, they might not be related conceptually to 
the set of physical factors forming the EPF.

The extent to which the EPF measures what it is reported to measure 
was examined via discriminant validity (convergent and divergent). 
For convergent validity, the EPF should correlate highly (≥ 0.7) with 
measures more closely related to physical functioning ICF components 
(body function level: walking speed and grip strength; and activity level: 
ADL (BI), and mobility (BI and TMWT)) and at greater levels than a 
measure of cognition not related to physical functioning (≤ 0.40).

For divergent validity, the EPF should correlate poorly (≤ 0.30) with 
measures more distant from physical functioning, such as neglect and 
cognition (Albert’s test, MMSE). 

Discriminative ability, the ability to distinguish between persons 
known to differ by a specific characteristic was also examined. A 
general linear model, with post-hoc t-tests, Bonferroni corrected, as-
sessed whether the EPF discriminated between subjects across stroke 
severity (Canadian Neurological Scale) (27) on admission to hospital 
and whether the EPF discriminated between subjects by disability 
(modified rankin disability (mRS)) at discharge (15). 

An adequate measure should also have predictive qualities. The ability 
of the EPF to predict ADL (BI) at discharge, after adjusting for length of 
stay, age and stroke severity, was determined via linear regressions.

RESULTS

A total of 1216 patients were screened within 3 days of stroke for 
entry into the study, 262 participated, 77 refused and 877 were 
excluded. Persons were excluded for coexisting severe illness: 
26%; distance from the centre > 75 km: 16%; death: 15%; cogni-
tive or comprehension impairments preventing consent: 13%; late 
admission: 13%; unconfirmed stroke: 12%; transient ischaemic 
attack: 4%; and subarachnoid haemorrhage: 1%. The mean time 
to interview was 2.98 days (standard deviation (SD) 1.7).

Table I lists the baseline characteristics of the participants 
and the non-participants, who differed little from each other 
except as to age; the non-participants were older. The mean age 
of the cohort was 71 (SD 12.9) years; 63% were men, 86% had 
an ischaemic stroke and the median hospital stay was 11 days. 
The major concomitant medical conditions were hypertension, 
cancer, prior stroke, and myocardial infarction. The majority 
of subjects had a moderate stroke (42%) and were discharged 
to rehabilitation (52%). 

Table II demonstrates functioning early post-stroke. Mobility 
and hand impairments appear most affected. Mobility limita-
tions are seen in the proportion unable to walk (49%), the mean 
2-minute-walk distance, 46.7 m (SD 61.7) (24), mean walking 
speed, 0.38 m/sec (Sd 0.5) (12) and the poor balance scores 

Table I. Characteristics of participants and non-participants

Factors
Participants 
(n = 262) 

Non-
participants 
(n = 77)

Age (years) mean (Sd) 71.4 (12.9) 75.2 (10.5)*
> 64 / 65–74 / 75–84 / ≥ 85 (%) 29/25/35/11 13/36/33/18
Men / women (%) 63/37 51/49
Discharge (%)
Rehab / Home / Transferred / LTC / Died 52/40/2/5/1 53/35/3/5/3

Ischaemic / Haemorrhagic / Other (%) 86/14/< 0.1 87/13/0
First stroke (%) 78 78
Hemiplegia (%)
Right / Left / Bilateral / None 36/53/0/11 36/40/1/ 23

Length of hospitalization (days) mean (SD) 16.4 (21.0) 13.5 (9.7)
Co-morbidity† 0 / 1 / 2–3/ > 3 (%) 30/28/31/11 N/A
Admission Stroke Severity‡ mean (SD) 8.2 (2.6) 7.7 (3.5)
Very Mild / Mild / Moderate / Severe (%) 17/22/42/19 23/25/25/27

Barthel Index (0–100) mean (SD)
3 days 51.4 (31.2) N/A
discharge 71.2 (26.7) 71.3 (25.9)

Discharge Modified Rankin Score (0–5) (%)
0/1 No symptoms / significant disability 19
2 Slight disability 23
3 Moderate disability; walks unaided 21
4 Moderate severe disability; unable to walk 30
5 Severe disability; bed-ridden/dead 7

*p < 0.01. 
†Co-morbidity based on the Charlton Index. 
‡CNS: Canadian Neurological Scale. Best score; 11.5; very mild 
severity: > 11.0; mild: 9.5–11.0; moderate: 5.0–9.4; severe < 5.0
LTC: long term care; N/A: not available; rehab: rehabilitation; SD: 
standard deviation.

Table II. Indices of functioning at 3 days (n = 262)

Construct Mean (Sd)
Ceiling 
%

Floor 
%

Functioning measure at 3 days  
(F3d, 0–51) 

29.9 (14.2) 1

Total motor recovery 
STREAM (0–100) 68.4 (30.3) 12 1
CMSA (1–42) 30.1 (8.4) 5 1

Mobility 
STREAM (0–100) 57.4 (31.5) 2 15
Walking speed (m/sec) 0.38 (0.47) 49
Two-Minute-Walk test (m) 46.7 (61.7) 51 

Lower limb 
STREAM (0–100) 71.6 (33.3) 26 6
CMSA leg (1–7) 5.0 (1.6) 10 3
CMSA foot (1–7) 5.6 (1.7) 13 8

Balance scale (0–56) 28.3 (20.4) 8 3
upper limb 
STREAM (0–100) 76.1 (34.1) 46 5
CMSA Arm (1–7) 4.7 (1.9) 20 8
CMSA hand (1–7) 4.8 (1.7) 17 13

Affected hand strength and dexterity
Grip strength (km)* 16.9 (14) 24
Box & Blocks (number in min)* 23.0 (21) 29

Affected Side Sensation (0–9) 7.4 (2.4) 47 4
Cognition MMSE (0–22)† 18.0 (3.3) 2
Neglect (Albert’s test) (%) 19.0 81
Stroke Impact Scale-16 38.2 (23.5)
Non-proxy respondents‡ (n = 241) 40.3 (22.5) 5
Proxy respondents‡ (n = 21) 13.8 (21.1) 38

*n: 255; †n: 261; ‡p < 0.0001. The ceiling % represents the proportion 
of subjects who attained the top score for that index and floor % 
represents the proportion of subjects who attained the lowest score.
CMSA: Chedoke-McMaster Stroke Assessment; MMSE: Mini-Mental 
State Exam, telephone version); SD: standard deviation; STREAM: 
Stroke Rehabilitation Assessment.
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(mean 28.3, Sd 20.4) (19). As for the hand impairments, grip 
strength (mean 16.9, SD 14.2 kg), was 44% of that expected 
for a 70-year-old (25) and dexterity, was 34% (mean B&B 23, 
SD 20.7 blocks) (23). Few subjects in Table II had cognitive 
difficulties (mean MMSE 18.0, SD 3.3) (21) and 19% had 
visual perceptual neglect (22). 

The relationship between observed and self-report activity 
limitations (37) is reflected in the subjects’ poor rating of their 
performance on the SIS-16 (mean 38.2, Sd 23.5) (15) and 
their actual observed ability in performing the ADL tasks of 
the BI (mean 51.4, SD 31.2) (20). The ratings by subjects and 
trained evaluators on the bathing and stair climbing items in 
these 2 indices were discordant, with the subjects rating their 
performance lower than the evaluators. 

Measure development
The first PCA principal component of the 175 items explained 
43% of the variance indicating a potential unidimensional 
structure that could be Rasch-analysed. The ordinality and 
distribution of the data precluded the linear combination of 
these items with this methodology (29). 

Item reduction
After rescoring 26% (44 items) of the polytomous items with 
disordered response thresholds, the fit statistics were re-exam-
ined and the poorest fitting items were removed iteratively to an 
initial fit of the data to the model, 78 items were removed. The 
standardized residual fit statistics of the deleted items ranged 
from 4.68 to 2.12 and included items divergent from physical 
abilities, continence (3, SIS-16 items; 2, BI items). Also de-
leted were items assessing physical abilities differing from or 
irrelevant to the construct: 7 sensation items, and 2 STREAM 
low-level mobility items. The SIS-16 bathing item was deleted 
as confusing; few subjects considered a sponge bath by a patient 
attendant as a true bath. Subsequent items were deleted for fit 
or relevance to the population (SIS-16, items not performed in 
hospital: “carry groceries or heavy items”, “shopping”, “doing 
heavy housework” and “get into a car”), or were measured at too 
low a level even for this acute group of subjects (CMSA items, 
“arm” “foot” not in stage 1) or were redundant with inter-item 
residual correlations > 0.6 (CMSA and STREAM items of hand 
and arm function “’pronation and supination”, B&B; Balance 
Scale, CMSA, SIS, and STREAM “stand” and stair items); 92 
items remained. These items formed a pool of calibrated items 
with adequate fit to the model (mean item-standardized residuals 
–0.18, Sd 0.41, person, –0.13, Sd 0.24, person item-hierarchy 
reliabilities 0.98). The match between person ability and item 
difficulty was fair (mean person ability 0.87, SD 3.15). 

The 38 items in the final EPF measure were chosen from the 
item pool based on their relationship to the functioning construct 
of the ICF, content coverage, targeting to the subjects, lack of 
differential item functioning and precision of measurement. 

Properties and structure of the EPF
The global fit statistic (χ2: 122; probability: 0.29) confirmed 
that the 38 items of the EPF operate well together to define 

functioning in the early stages after stroke. All item (mean 
standardized residual –0.24, Sd 0.36) and person (mean 
standardized residual –0.23, SD 0.41 logits) fit statistics met 
the requirements of the Rasch model. 

The unidimensionality of the measure was confirmed, first, 
by a PCA analysis of the Rasch EPF item raw scores with a 
first principal component (Eigen value 16.6 and all items load-
ing at ≥ 0.40) explaining 65% of the variance. A minor second 
PCA component (Eigen value 4.2) containing 3 items (CMSA 
resistance to trunk rotation, facilitate hip flexion and bounce 
a ball) explained 16% of the variance and correlated with the 
first component at 0.53. The high correlation reinforces the 
idea of statistical dependency between these sets of items as 
opposed to multidimensionality (35). Secondly, unidimen-
sionality was confirmed as the first principal component the 
Rasch person-item residuals explained 11% of the remaining 
variance (35).

The reliability of the Rasch hierarchy of person ability and 
item difficulty was excellent at 0.97 and 0.98, respectively. The 
person separation index of 5.6 (derived from the hierarchy reli-
ability) indicated the subjects separated into 6 distinct strata, 
while the items separated into 9 statistically distinct groups 
(8). The Separation index (8) ranges from 0 to infinity and is 
interpreted as a Cronbach’s alpha: acceptable: 1.5 or α = 0.7; 
good: 2.0 or α = 0.8; and excellent: 3.0 or α = 0.9. A Separation 
index greater than "2" is suggested for an adequate measure (8). 
The standardized Cronbach's alpha assessing internal consist-
ency of the raw item scores was 0.96. The standardized item to 
total correlations was between 0.30 and 0.81 (mean 0.63, SD 
0.13). For an adequate test, the alpha should be above 0.70, 
but should be at least 0.90 to be clinically useful (35).

The EPF, represented in Fig. 1, with the person distribution 
at the top and the item distribution below, conceptualizes and 
quantifies functioning early after stroke. The horizontal axes, 
scaled in logits, symbolize functioning early post-stroke from 
the least functional at the left to most functional at the right. 
The vertical axis in Fig. 1 denotes the proportions and the bars 
represent the frequency distribution of subjects and items at 
each location. 

The item threshold difficulty ranges across 12 logits, from 
–6.87 logits (SE 0.38) for the item “facilitate finger flexion” 
to 5.00 logits (SE 0.33) for the item “bounce and catch a ball”. 
Person ability spans approximately 15 logits, from –8.24 (SE 
0.95) to 6.82 (SE 1.3) logits with the majority of the subjects 
located between –2.0 and +2.5 logits. The adequate match 
between item difficulty and person ability is indicated by the 
person measure of –0.31 (SE 0.23) logits. A difference > 0.5 
logits is considered a mismatch (8, 10). 

The item precision (SE range: 0.11–0.37 logits), depicted by 
the TIF line in the top of the figure, is only compromised above 
3 logits, where the TIF drops off sharply secondary to a lack 
of items. Floor and ceiling effects are not apparent. 

Fig. 2 displays the  item map each item is depicted as a 
dashed line with the location of each item’s response option 
(0, 1, 2 or 3) along the line. The distance between the num-
bers indicates the spread of functioning early post-stroke as 
represented by each response option. The short vertical lines 
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indicate the expected half-way point between any 2 response 
options, or thresholds, the place where the person has a 50% 
probability of responding with either 0 or 1; or 1 or 2; or 2 or 3. 
The numbers across the top and bottom of the figure represent 
the logit values for that location along the item dashed line.

The stars on each line illustrate an average person’s response 
pattern. The person’s score of 22/51, or –0.31 logits (SE 0.42; 
95% confidence interval: –1.13 to 0.51 logits), was calculated 
by summing the stared responses. As the raw item (reponses 

of 0,1,2,3) and logit scores correlate at 1.00, they can be con-
sidered interchangeable (8). Functioning increases diagonally 
from top left to bottom right as the difficulty of the items and 
their response option values increase.

Table III presents the items arranged by difficulty with their 
logit thresholds, SE, fit residuals and equivalent expected 
raw scores, the scores from 0-51. Of the 38 items, 27 are 
dichotomous scored 0, 1, while 11 are polytomous; nine with  
raw scores of 0, 1, or 2 and two have raw scores of 0, 1, 2, or 3.  

Fig. 1. displays the item-person-
distribution of the Early Physical 
Functioning measure, EPF, with 
its Test Information Function. The 
horizontal axes, scaled in logits, 
denote functioning from least 
functioning at the left to most 
functioning at the right and the 
vertical axis denotes the proportion 
of subjects or items. The bars 
represent the distribution of subjects 
and items at each location. 

Fig. 2. Displays the item map with 
the location of each response option 
(0, 1, 2 or 3) and threshold.The 
values across the top and bottom of 
the map represent the logit value at 
that location.  The items are ordered 
from top down by difficulty with 
the most difficult at the bottom.The 
response options increase in difficulty 
from left to right. The short vertical 
line represent the thresholds or the 
position where the probability of 
responding with a 0,1; 1,2; or 2, 3; is 
50%. The stars represent the responses 
on each item by an average subject 
with the average ability of –0.31 (SE: 
0.28)  logits.  
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The fourth item knee extension is scored 0, 1or 2.  
The first response (0.1) ‘knee extension’ is located as 
the fourth position such that if a person successfully 
partially extends his knee the person could receive 
a ‘1’’ while failure would result in a ‘0’. The eighth 
item locates the second response option for the item 
‘knee extension’ requiring full extension for a prob-
ably score of ‘2’.

The amount of recovery that can be measured by the 
EPF as denoted by a change in functioning seen early 
after a stroke is illustrated in Table III. The smallest 
measurable difference, the smallest amount of measur-
able recovery on the EPF, corresponds to a 1-point in-
crease in the raw score (0–51). The amount of recovery 
in a 1-point change at the lowest level of functioning 
from –6.87 to –6.68 logits (raw score 1–2) is 0.19 log-
its, and at the middle level of the measure, from 23 to 
24 is 0.06 logits. The change in early ability required 
to recover functioning is similar at these 2 levels, but 
varies across the continuum of the measure. 

The average EPF score was 29.9 out of 51 (SD 14.2) 
or –0.31 (SE 0.23) logits. These stroke survivors were 
probably able to complete the top15 items in Table 
III, would have difficulty with the middle 13 and were 
probably incapable of successfully completing the top 
10 items on the EPF .The most able subjects measured 
at 6.82 logits on the EPF can tandem walk 2 m in < 10 
sec and report that they can climb stairs independently; 
the least able subjects measured at –8.24 logits, are 
totally dependent and unable to move.

Differential item functioning 
The difficulty level of the EPF items did not fluctuate 
across gender, age, or previous health. 

Validity
The content of the EPF covers a broad spectrum of 
difficulty across 12 logits, with items from ICF com-
ponents of: Body Functions: 11-upper and 11-lower 
limb items; Activities: 3-basic self-care, 5-mobility 
and 8-balance items (Table III). Further indications 
of content validity include an adequate fit of the data 
to the model and a reliable item-person-hierarchy 
consistent with the hypothesized theory of functioning 
in the early stages post-stroke. The items are organ-
ized as theorized from: low level body function items 
(“facilitate hip movement”: –6.87 logits); to more 
difficult activity items (“bath independently”: 3.81 
logits); and from simple body function tasks such as 
“wrist extension > 1/2 range” at –3.52 logits; to more 
complex activity tasks “walking down 3 stairs with 
alternate feet”, 1.18 logits (Table III). 

The correlations, in Table IV, between the EPF and 
the indices assessing the physical aspects of function-
ing were greater (> 0.70) than those between sensa-
tion and cognition (< 0.40) and the physical indices, 
confirming convergent and divergent validity. 

Table III. Early Physical Functioning Measure (EPF)

Items

Item threshold 

Location SE
Fit 
residuals 

Raw 
Scores

0§
Facilitate hip flexion –6.87 0.38 –0.05 1
Resist trunk rotation –6.68 0.36 0.00 2
Facilitate finger flexion –5.67 0.31 –0.40 3
Partial knee extension* –4.07 0.18 0.13 4
Touch opposite knee –3.95 0.26 –0.42 5
Wrist extension ½ range –3.52 0.18 0.13 6
Bridge –3.38 0.25 –0.39 7
Knee full extension† –2.94 0.18 0.13 8
Ankle inversion –2.89 0.23 –0.12 9
Partial hand on sacrum* –2.70 0.16 –0.14 10
Finger flexion/extension –2.41 0.22 0.03 11
Balance feet on floor –2.40 0.22 –0.82 12
Stand-sit uncontrolled* –2.27 0.11 0.20 1S
Hand on sacrum† –2.16 0.16 –0.14 14
Stand-sit with hands† –1.72 0.11 0.20 15
Toe extension & ankle plantar flexion –1.70 0.20 –0.05 16
Oppose little finger and thumb –1.13 0.19 –0.16 17
Difficulty standing without losing  
balance*

–0.77 0.16 0.62 18

On-off toilet assisted* –0.66 0.13 –0.62 19
Walk 50 feet assisted* –0.28 0.14 –1.06 20
Turn to look behind turn only* –0.26 0.13 –1.20 21
Reach forward 12 cm* –0.24 0.13 –1.15 22
No difficulty standing without losing 
balance†

0.21 0.16 0.62 23

Abduct arm fully 0.24 0.18 –0.32 24
Stand-sit without hands‡ 0.30 0.11 0.20 25
Turn look behind & shift weight† 0.38 0.13 –1.20 26
Ankle eversion 0.59 0.18 –0.31 27
Reach forward > 25 cm† 0.66 0.13 –1.15 28
hand-forehead 5 × within 5 sec 0.68 0.18 –0.20 29
Draw 8 with your arm fully extended 0.90 0.18 –0.07 30
Descend 3-stairs with deviation* 1.21 0.11 –0.51 31
Pour water into glass and reverse 1.43 0.19 –0.24 32
Tap foot quickly 5 × in 5 sec 1.57 0.19 –0.46 33
Personal hygiene independent 1.70 0.19 0.02 34
Difficulty climbing flight-of-stairs* 1.86 0.14 0.15 35
Descend 3-stairs assisted† 1.93 0.11 –0.51 36
Single-leg-stance > 5 sec* 1.97 0.15 –0.03 37
On-off toilet independently† 2.00 0.13 –0.62 38
Trace leg pattern 2.01 0.20 –0.41 39
Descend 3-stairs normally‡ 2.30 0.11 –0.51 40
No difficulty climbing one flight-of-stairs† 2.36 0.14 0.15 41
Quick ankle circumduction 2.43 0.21 –0.30 42
Walk 50 feet independently† 2.53 0.14 –1.06 43
Touch fingertips quickly 2.79 0.21 –0.01 44
Heel-forward / toe-back quickly 3.08 0.22 –0.38 45
Single-leg-stance > 10 sec† 3.21 0.15 –0.03 46
Bathe independently 3.81 0.25 –0.05 47
Toe walk 2 m 4.04 0.26 –0.27 48
Leg pattern quickly 4.30 0.28 –0.22 49
Tandem walk 2 m in 10 sec 4.89 0.32 –0.22 50
Bounce ball 5.00§ 0.33 0.04 51

Items are ordered by their threshold difficulty locations, from top to bottom. 
Underlined items represent self-report of difficulty (2 items). Bold items are 
scored polytomusly (11 items) with each response option threshold indicated 
with the following symbols *the first for a score of  0 or 1; †the second for a 
score of 1 or 2 and ‡the third for a score of 2 or 3.  Each item raw response 
option is valued (0, 1) and adds to the overall total score of 51. §Extreme scores 
are estimated by extrapolation from the last 3 known estimates.  
Fit-res: standardized fit residuals; SE: standard error.
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The EPF discriminated significantly between all levels of 
stroke severity except between the very-mild and mild sever-
ity levels where the mean difference was 2.8 logits with a 
95% confidence interval for the difference of –4.4 to 10.0. 
A comparison of the SIS-16 and EPF scores across stroke 
severity and the mRS categories (Table V) demonstrates the 
increased sensitivity of the EPF. The SIS-16 discriminated 
across the moderate and severe lower categories (3 and 4) of 
stroke severity well, but was insensitive to higher levels (1 
and 2). By contrast, the EPF discriminated between all but the 
very mildest strokes and was slightly better than the SIS-16 in 
discriminating between the categories of the mRS. 

In the regression analysis, the EPF explained 6% more 
(66%) of the variance in the discharge BI, than the SIS-16, 

CMSA or admission BI. Although the responsiveness of the 
EPF remains to be tested, the reliability of the hierarchy, the 
content and the spread of the measure indicate that it would 
be responsive. 

dISCuSSIoN

A 38-item measure of early physical functioning, the EPF, 
quantified using Rasch methodology and conceptualized us-
ing the ICF functioning framework, was developed. The EPF 
does not have floor or ceiling effects, discriminates across 3 of 
4 levels of stroke severity and shows promise as a predictive 
measure. The EPF demonstrates initial content and construct 
validity, and excellent item-person-hierarchy reliability. The 
EPF expands the range of assessment in acute stroke beyond 
observational tasks and self-rating of performance to include 
both. It covers a broad spectrum of difficulty across ICF do-
mains, including the items a rehabilitation professional would 
use to evaluate or plan early interventions.

That items in the EPF needed to be re-scored is not surpris-
ing. Some of these items have been re-scored by others (38) 
or the responses options are known to be disordered (10). The 
rescaled items tended to be difficult items (e.g. SIS “climb 
stairs”, Table III). Other populations have struggled to rate their 
performance on difficult tasks using multiple response options 
with similar results. In a study of community-dwelling elderly 
people (32), subjects felt that dichotomous response options 
were restrictive, yet only used 2 of 6 options when responding 
to difficult items. Decreasing the number of response options 
did not compromise the scope or the capacity of the EPF to 
measure functioning early after stroke. Based on a reliability 

Table IV. Validity correlations

Index
Convergent*
EPF

Divergent*

Cognition Sensation

Cognition (MMSE) (0–22) 0.30
Sensation (Fugl-Meyer 0–9) 0.36 0.24
Neglect (Albert’s test) –0.34 –0.37 –0.24
SIS-16 (0–100) 0.88 0.24 0.33
BI (discharge) (0–100) 0.91 0.34 0.35
Two-Minute-Walk test (m) 0.84 0.26 0.29
CMSA (0–42) total score 0.94 0.27 0.34
Balance scale (0–56) 0.94 0.30 0.31
Walking speed (m/sec) 0.84 0.27 0.28
Grip strength (kg) 0.69 0.25 0.32

*Significant at p < 0.0001.
CMSA: Chedoke-McMaster Stroke Assessment; MMSE: Mini-Mental 
State Exam (telephone version); SIS-16: Stroke Impact Scale-16; BI: 
Barthel Index; EPF: Early Physical Functioning.

Table V. Comparing the discriminative ability of Early Physical Functioning measure (EPF) and the Stroke Impact Scale-16 (SIS-16) against 
discharge disability categories. 

mRS levels EPF mean difference 99% confidence levels SIS-16 mean difference 99% confidence levels

0–1 8.127 –2.004 18.258 7.502 –11.600 26.605
0–2 12.126 2.256 21.997* 9.241 –9.370 27.851
0–3 23.389 13.483 33.294* 29.201 10.524 47.877*
0–4 34.517 24.807 44.227* 46.287 27.979 64.596*
0–5 38.833 27.573 50.094* 54.948 33.716 76.179*
1–2 3.999 –1.569 9.568 1.738 –8.761 12.238
1–3 15.262 9.632 20.892* 21.698 11.083 32.314*
1–4 26.390 21.111 31.669* 38.785 28.831 48.738*
1–5 30.706 22.936 38.477* 47.445 32.794 62.097*
2–3 11.263 6.117 16.409* 19.960 10.258 29.663*
2–4 22.391 17.632 27.150* 37.047 28.074 46.020*
2–5 26.707 19.280 34.134* 45.707 31.704 59.711*
3–4 11.128 6.297 15.959* 17.087 7.978 26.196*
3–5 15.444 7.971 22.918* 25.747 11.656 39.838*
4–5 4.316 –2.896 11.529 8.661 –4.939 22.260
5–0 –38.833 –50.094 –27.573* –54.948 –76.179 –33.716*
5–1 –30.706 –38.477 –22.936* –47.445 –62.097 –32.794*
5–2 –26.707 –34.134 –19.280* –45.707 –59.711 –31.704*
5–3 –15.444 –22.918 –7.971* –25.747 –39.838 –11.656*
5–4 –4.316 –11.529 2.896 –8.661 –22.260 4.939

Bonferroni significant p-value, p < 0.01. *Significantly different at p < 0.01.
mRS: Modified Rankin Disability: 0 = no symptoms; 1 = no significant disability; 2 = slight disability; 3 = moderate disability; 4 = moderate-severe 
disability; 5 = severe disability/bed-ridden.

J Rehabil Med 40



515Early physical functioning post-stroke

index of 0.97, the items covered 9 distinct strata (separation 
index: 6.3) across 12 logits.

The preliminary validity of the measure was established 
by the fit of the data, the item-person-hierarchy and the high 
correlations between the EPF and the physical functioning 
indices in Table III. The ordering of items is as expected and 
as suggested by others (10, 15, 38). 

The high correlations in Table IV are as expected given its 
development, but also suggest that redundancies exist both 
within the EPF and between the EPF and the numerous indices 
used to evaluate functioning. Additionally, a Cronbach’s alpha 
> 0.90 can indicate a potential item redundancy, as does the 
correlation between the PCA components of the EPF (r = 0.53) 
(35). Some redundant items, items at similar difficulty lev-
els, (“getting on and off toilet independently” (0.67 logits) 
and “move hand to forehead quickly” (0.68 logits)), were 
retained for face validity, while others (the “stair” items from 
the SIS-16 and the STREAM) were retained to incorporate 2 
perspectives on completing a task, those of the subject and of 
an evaluator. The EPF may benefit from a reduction in items, 
especially in the middle section. Although EPF defines higher 
levels of functioning fairly well, from 2.79 to 5.0 logits, it 
lacks some definition and precision at the lowest levels, from 
–3.9 to –5.6. Additional items at the lower end might improve 
the measure.

By combining the 2 types of indices the EPF may increase the 
understanding of the recovery of functioning early post-stroke 
as the ceiling effects of indices used to observe how a task is 
completed (39) may be mitigated by items where performance 
difficulty is reported. Additionally, the person’s perspective 
related to the effort required to perform a task may explain 
why some patients with ability to perform activities do not do 
them. This information would allow therapists to adjust the 
components of therapeutic sessions to the individual. A single 
combined measure would also reduce the response burden.

Little is know of the pattern of functioning early in the 
recovery phase post-stroke, the period of potential rapid im-
provement when even small changes are important. To date, 
the adequate understanding of functioning post-stroke and 
the evaluation of rehabilitation programmes has been with 
multiple indices, as in Table II, or by a single index assessing 
a functioning component, such as ADL, or an impairment, such 
as movement of a limb. 

Difficulties arise in interpreting functioning early after a 
stroke from a single index, as the single best index has yet to 
be defined (40). Due to the inconsistencies in defining function-
ing, recovery has often been dichotomized as “independent” 
or “dependent” (40), which is inadequate for a number of 
reasons: it decreases the information obtained, limits the de-
tection of change in outcome, and is often clinically irrelevant 
(40). Statistically, it causes misclassification whereby persons 
with different functioning levels are classified within the same 
range either above or below a cut-off point defining recovery. 
Misclassification occurring at random would increase the 
noise, making it difficult to find the effects, whilst a systematic 
misclassification would bias the results (35, 40).

The results in Table II illustrate the difficulties of using 
multiple indices to describe functioning. Summary scores 
across numerous ordinal categories increase the ambiguity in 
understanding an individual’s level of disability. For example, 
the average total CMSA impairment score (mean 30.1, SD 8.4) 
can be obtained from various response combinations. The im-
pairments an individual has are indeterminate without an item 
by item analysis. The same can be said for the total scores on 
the STREAM, and BI (Table I). Multiple scores are inadequate 
indicators for treatment; provide a weak understanding of the 
relationship between the impairments a person exhibits and 
the activities restriction she/he has and information on how 
a person’s ability on one task can lead to improvement on 
another is lacking. 

In contrast, the EPF provides a transparent single measure 
with an item-hierarchy that provides the necessary information 
to interpret a person’s early functioning ability, understanding 
the process of recovery and assist in developing individualized 
focused early interventions. This is illustrated in Fig. 2 with the 
starred response pattern of an average subject, an 82-year-old 
male with a mild, left hemisphere, ischaemic stroke. Given his 
total score, 22 out of 51 (–0.31 logits) and the item hierarchy 
a therapist can estimate his early ability. he is probably ca-
pable of completing the first 15 items, would have difficulty 
completing the next 15 items and would be expected to fail 
the top 8 items. 

Most of his responses are as expected; he lacks balance 
(reaching forward, score 0; standing on one foot, score 0), 
and has poor lower extremity strength (get up off the toilet, 
score 0). Unexpectedly, he reported no difficulty in climb-
ing stairs, while his performance was rated as 0: “requiring 
significant assistance”. His rehabilitation programme can 
now be defined. A goal of his therapy might be to bathe in-
dependently, a challenging self-care task to regain (15). For 
this subject to attain his goal, his programme could include 
the easier tasks leading up to bathing, e.g. strengthening 
his lower extremities, balance activities progressing from a 
moderate to a small base of support, and exercises to improve 
the control of his hand and foot movements. Additionally, 
therapists can explore the reason for his unexpected increase 
of confidence in climbing stairs.

Where to start an individual’s intervention is important 
information, especially for novice therapists. The EPF is able 
to estimate a subject’s probability of successfully completing 
an intervention targeted at improving bathing. For example, 
the probability of our subject’s success estimated from his 
initial score before receiving his therapy would be 1%. (the 
difference between the subject’s logit score of –0.31 and the 
bath item located at 3.81 (SE 0.25) logits is 4.12 logits.). The 
amount of improvement he achieves with the intervention and 
the time taken to this improvement could assist in evaluating 
the effectiveness of his specific bathing intervention.

There is debate as to what type of rehabilitation therapy 
to offer and the optimum time at which to offer it post acute 
stroke (41). Studies suggest that the majority of the benefits of 
rehabilitation are from repeated practice therapy that, if initi-
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ated early, can lead to changes in the motor cortex. The brain’s 
capacity to reorganize depends on usage and the relearning of 
skills such as those needed by our average subject (1). New 
rehabilitation interventions, based on animal models of early 
therapy (1, 2) and stroke unit care are being developed and 
refined (42). To date, a single comprehensive early measure of 
physical functioning does not exist. The EPF, which reflects the 
whole spectrum of functioning in the early stages after stroke, 
could assist not only in the planning of early interventions but, 
if proven valid in another sample, could adequately capture 
change in order to evaluate interventions and stratify subjects 
in trials of early therapy. 

Limitations
The EPF was developed in a single sample of subjects with 
acute stroke. Although these stroke survivors present a typical 
survivor profile, it is difficult to compare their characteristics 
with others, beyond demographics and a general description 
of ability, as few other studies have measured functioning as 
early. However, these survivors have similar characteristics 
to that of a previous cohort of stroke subjects assessed at 10 
days (37). The 2 groups compare well as to the proportion 
unable to walk, 48% vs 28%, mean hand strength 16.9 vs 17.6 
kg, average score on the B&B, 23 vs 25.3, and average BI, 
ADL scores, 51.4 vs 58.1 out of 100, for the 3-day and 10-day 
cohort, respectively. Our sample does not include those stroke 
survivors with a very mild stroke not admitted to hospital, 
those admitted after 3 days, or those with dysphasia or inad-
equate cognition to consent to participate. Additionally, the 
EPF assesses a single physical construct only; other measures 
are required to assess such relevant concepts as perception, 
cognition and mood. 

Although the internal consistency and separation indices 
are excellent, further study is necessary to confirm the revised 
response options, test-retest reliability, validity and responsive-
ness to change of the EPF in a new sample. 

In conclusion, Rasch analysis was used to identify 38 items 
for a post-stroke measure of the EPF. This measure demon-
strates good initial psychometric properties without floor or 
ceiling effects, expands the range of assessment in acute stroke 
by including observational tasks and self-rating of perform-
ance items, and covers a broad spectrum of difficulty. The 
EPF discriminates across stroke severity and shows promise 
as a predictive measure. Once the properties of the EPF are 
reconfirmed, the hierarchy of the items could aid in understand-
ing the early course of recovery of functioning, what is needed 
successfully to complete each successive recovery stage, and 
assist in the development of treatment plans. 
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