
Time Dependency of Walking
Classification in Stroke

Background and Purpose. To facilitate optimal stroke rehabilitation,
valid interpretation of observed functional recovery is required. The
purpose of this study was to examine the longitudinal relationship
between comfortable walking speed and Functional Ambulation Cate-
gories (FAC) scores for physically independent gait. Subjects. This
study was a prospective cohort study with 73 subjects who were severely
affected by acute stroke. Methods. Functional Ambulation Categories
classification and walking speed were measured between weeks 4 and
26 after stroke. The responsiveness of walking speed measurements for
detecting clinically important speed changes was determined, and the
longitudinal association between walking speed and FAC scores and its
time dependency were established. This relationship subsequently was
scrutinized for possible speed changes occurring within specific FAC
scores. Responsiveness ratios, random coefficient analysis, paired Stu-
dent t tests, and the Cohen kappa statistic were used for statistical
analyses. Results. Responsiveness ratios exceeded the smallest detect-
able differences. Random coefficient analysis demonstrated a signifi-
cant between- and within-subject coefficient and a significant negative
interaction between timing of measurements and FAC scores. Paired
Student t tests revealed mostly significant pretest-posttest differences in
walking speeds, and all kappa values for pretest-posttest FAC scores
were significant. Discussion and Conclusion. Walking speed measure-
ments are sensitive for detecting clinically important changes. Func-
tional Ambulation Categories scores are dependent on the timing of
comfortable walking speed measurements after stroke. Moreover,
there are indications that, in this relationship, repeated FAC appraisals
are not only based on steady walking speeds, but that the walking
speeds related to a specific FAC appraisal also change and, over time,
may shift gradually from higher to lower speeds. [Kollen B, Kwakkel G,
Lindeman E. Time dependency of walking classification in stroke. Phys
Ther. 2006;86:618–625.]
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S
troke is the leading cause of disability among
adults and frequently results in impaired mobil-
ity. Regaining the ability to walk is the goal most
frequently stated by patients with hemiparesis in

stroke rehabilitation.1 The expected level of walking
determines to a great extent the expected level of
activities of daily living (ADL) and possible discharge to
home.2,3 However, home and community mobility
present additional challenges to walking ability, as inde-
pendence requires safety of mobility.

Independent gait is considered a primary goal in stroke
rehabilitation. What constitutes independent gait often
is based on Functional Ambulation Categories (FAC)
classification. The FAC instrument is designed to pro-
vide information on the level of physical support needed
by subjects in order to ambulate safely. This instrument
has been found to be reliable and valid in classifying
hemiplegic gait.4–6

Walking speed has been established as an important
predictor of walking capability along a continuum from
limited household ambulation to unlimited commu-
nity ambulation.7 Additionally, walking speed is a
simple but highly reliable and responsive parameter for
gait.4,8(pp78,79),9 Reliability has been established for test-
retest and between-observer measurements.5,10 The high
correlation coefficients found for the relationship
between speed measurements and time-distance param-
eters, such as cadence, cycle time, stance time, swing
time, stride length, step length, and walking speed11–13 as
well as ambulatory performance,14–18 support the validity
of speed measurements. Moreover, gait speed correlates
strongly with other parameters, such as balance,19 use of
walking aids,5 and number of falls and ADL function in
elderly people.20

Findings from longitudinal studies with repeated mea-
surements over time indicate that recovery from neuro-
logical impairment and disability shows a nonlinear
pattern as a function of time.21–24 These studies also

indicate that clinical determinants show considerable
improvement in the early stages after stroke onset. As a
consequence, differences in the timing of measurements
could confound predictive relationships in cross-
sectional research. Therefore, information obtained
from repeated measurements over time after stroke and
knowledge of the stability of an instrument are required
for better understanding and interpretation of observed
changes.

The concept of stability of a measurement instrument is
closely related to responsiveness and minimally impor-
tant clinical change.25 Responsiveness often is defined as
the capacity of an instrument to detect a real meaningful
clinical change in patient performance.26 It consists of a
signal-to-noise ratio.27 As a consequence, increasing
measurement error necessitates observing larger pretest-
posttest changes. However, a single agreed-upon stan-
dard criterion of change is lacking in clinical measure-
ments.28 Therefore, the term “minimal clinically
important difference” (MCID) was introduced.25,27,28

Minimal clinically important differences are derived
mainly from clinical judgments based on the measure-
ment properties of an instrument, the patient popula-
tion, and the magnitude of change considered “mini-
mally important” by the practitioner. Although repeated
measurements with a simple timed walking test have
been qualified as a responsive method for measuring
changes in walking performance over time9 in the gen-
eral population of people with stroke, responsiveness has
not been established for people with severe motor
dysfunction. Therefore, the first objective in the present
study was to demonstrate the adequate responsiveness of
repeated walking speed measurements for detecting
changes over time.

Because the effects of longitudinal measurements on the
relationship between walking speed and FAC scores have
not been established, the second objective of this study
was to demonstrate the significance of the relationship
between gait speed and independent gait capability over
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time. The third objective was to study the course of these
walking speeds over time and identify possible speed
changes that may occur within specific FAC scores. On
the basis of these objectives, the following questions were
addressed in the study: (1) Are repeated comfortable
walking speed measurements sensitive enough to detect
poststroke changes in physically independent gait in
people who are severely affected by stroke? (2) Is the
relationship between FAC scores for independent gait
and comfortable walking speed measurements depen-
dent on time after stroke? and (3) Are FAC appraisals
subject to changing walking speeds over time after
stroke?

Method

Design and Procedures
This prospective cohort study was part of a randomized
clinical trial conducted to study the effects of intensity of
rehabilitation on stroke outcome. In this study, 101
subjects with stroke participated; their mean age was 65
years (SD�12.0). Subjects were included when they met
the following criteria: aged 30 to 80 years; had an
ischemic, first-ever stroke involving the territory of the
middle or anterior cerebral artery, as revealed by com-
puted tomography or magnetic resonance imaging; dis-
played an inability to walk at first assessment; revealed no
complicating medical history, such as cardiac, pulmo-
nary, or orthopedic disorders; had no severe deficits in
communication (a speech therapist assessed the ability
to communicate and accepted a cutoff point of the 50th
percentile corrected for age on the Dutch Foundation
aphasia test29) or severe deficits in memory and under-
standing (the Mini-Mental State Examination was used
to assess orientation in time and place; only subjects with
a score of 24 points or more were included in the trial30);
provided written or verbal informed consent; and dem-
onstrated sufficient motivation to participate (yes or no,
at the discretion of the observer [GK]). By adhering to
these inclusion criteria, we obtained a relatively homo-
geneous study population that initially demonstrated
severe motor dysfunction. We did not find any differen-
tial treatment effects attributable to systematic therapeu-
tic interventions at 6 months. Details about design and
outcome are published elsewhere.23 Subject characteris-
tics at baseline are shown in Table 1.

Measurements
Independent gait was based on FAC measurements. This
instrument distinguishes among 6 levels ranging from
dependence to independence (Tab. 2). For the purpose
of this study, FAC scores of 3 to 5 were used because
these scores do not involve physical assistance from a
therapist, which could bias registered walking speed.
The first measurement of gait speed was taken as soon as
subjects were able to walk independently under supervi-

sion without any physical assistance from the therapist.
This criterion corresponds to an FAC score of 3.5,9 An
FAC score of 4 represents unsupervised safe indepen-
dence in walking on level ground, and an FAC score of
5 denotes safe ambulation anywhere, including stairs
(Tab. 2). Walking devices were allowed to be used
during the measurements, with the exception of a
rollator or walker, because their use may bias the out-
come of measurements by offering too much support to
the subject. Thus, subjects who scored 0, 1, or 2 on the
FAC classification or who were dependent on a rollator
or walker were excluded from the analysis.

Measurements were started within 14 days of stroke
onset for all subjects and were obtained weekly up to 10
weeks, once every 2 weeks up to 20 weeks, and once at 26
weeks after onset.23,24 All walking speed measurements
were obtained by one observer (GK), and FAC scores
were retrieved by the same observer either by informa-
tion obtained from the therapist or, if necessary, from
perusing subject charts.23,24 Each subject was classified
for walking ability by a therapist who received instruction

Table 1.
Subject Characteristics Measured in Week 2 After Strokea

Characteristic Value

No. of subjects (women/men) 73 (29/44)

Age, y, X (SD) 64.8 (10.5)

MMSE score (0–30), X (SD) 26.7 (2.3)

Stroke hemisphere (left/right), no. of subjects 31/42

Type of stroke,b no. of subjects
TACI (no/yes) 36
PACI (no/yes) 30
LACI (no/yes) 7

OPS score (1.6–6.8), X (SD) 4.1 (0.92)

GCS score (0–15), X (SD) 14.8 (0.89)

Cognitive impairments (% of subjects)
Visual inattention (no/yes) 44.4
Hemianopia (no/yes) 25.0
Visual gaze deficit (no/yes) 17.8

No. of days between CVA and first
measurement, X (SD)

8.2 (2.8)

MI for lower extremity (0–100), X (SD) 35.4 (28.3)

TCT score (0–200), X (SD) 65.13 (26.26)

Brunnström score (1–6), X (SD) 2.66 (1.37)

Comfortable walking speed (m/s), X (SD) 0.04 (0.15)

BI (0–20), X (SD) 7.21 (3.46)

FAC score (0–5), X (SD) 0.94 (0.98)

a MMSE�Mini-Mental State Examination, OPS�Orpinton Prognostic Scale,
GCS�Glasgow Coma Scale, CVA�cerebrovascular accident, MI�Motricity
Index, TCT�Trunk Control Test, BI�Barthel Index, FAC�Functional
Ambulation Categories.
b According to Oxford Community Stroke Project classification: TACI�total
anterior circulation infarcts, PACI�partial anterior circulation infarcts,
LACI�lacunar anterior circulation infarcts.

620 . Kollen et al Physical Therapy . Volume 86 . Number 5 . May 2006

���
���

���
���

���
���

���
��



and training before the implementation of the study to
ensure the standardization of FAC appraisals.

Gait speed was studied at comfortable walking speeds by
use of a standard approach for assessing gait perfor-
mance.5,16,24 In order to reduce measurement error, the
mean of 3 repeated walking speed measurements was
calculated.24,31 During each session, the subjects walked
10 m at a comfortable pace. A digital stopwatch with a
precision of 1/100th of a second was used for the
registration of time. Between the 10-m walking tests,
subjects rested for about 1 minute. Registered speed
subsequently was converted to meters per second by
dividing the distance walked by the time required. No
encouragements were allowed to facilitate performance
during a walking session.24

Data Analysis
We elected to conduct a statistical analysis on the data
collected within the period between weeks 4 and 26 after
stroke, as this represents the time window in which
almost all physically independent walking change
occurred in our study population. This change is
required to determine the presence of time dependency
of measurements.

For the first research question, the responsiveness of
walking speed measurements was investigated by calcu-
lating the responsiveness ratio (RR). The RR is an effect
size and is the ratio of the mean change score for subjects
who clinically improved or deteriorated (ie, signal) to the
variability for subjects who did not improve or deterio-
rate (ie, noise).27 In order to determine improvement or
deterioration in walking speed, we used an MCID of 10%
as the minimal acceptable clinical change.32,33 There-
fore, the responsiveness of walking speed measurements
was calculated as the ratio of the mean change score for
subjects in the �10% scores group to the standard
deviation for subjects in the group with �10% scores
(SDchange group). In order for this measurement instru-
ment to be responsive for detecting change over time,

the signal should exceed the smallest detectable differ-
ence (or the smallest real difference) that corresponds
to 1.96 times the noise level (2 times the standard
deviation).

For the second research question, random coefficient
analysis was used to determine the relationship between
walking speed measurements and FAC scores over time
and the interaction of FAC appraisals with the timing of
measurements after stroke (SPSS version 12.0*). This
statistical method generates a within- and between-
subject regression coefficient for all measurements
involved by analyzing cross-sectional and longitudinal
treatment and time effects simultaneously while correct-
ing for the correlated observations within subjects over
time and allowing for regression coefficients to differ
between subjects.34 As time constitutes an independent
covariate in such a regression model, this statistical
method enables longitudinal analysis of unequally
spaced time points of measurements. Interaction (or
effect modification) occurs when the association of an
independent variable (ie, FAC) with outcome (ie, com-
fortable walking speed) is changed by the value of a third
variable (ie, time of measurement). In a multivariate
regression model, interaction can be demonstrated by
incorporating a product term (ie, time of measure-
ment � FAC). A statistically significant product term
indicates dependency in such a relationship; that is, the
observed association between the outcome and the
determinant is modified by the third variable.35 Finally,
in random coefficient analysis, missing data are pre-
sumed to be missing at random.

For the third research question, paired Student t tests
were conducted to demonstrate significance in pretest-
posttest differences in mean walking speeds, and the
Cohen kappa statistic was used to test for agreement
between FAC readings from 2 consecutive measure-

* SPSS Inc, 233 S Wacker Dr, Chicago, IL 60606.

Table 2.
Functional Ambulation Categories Classification

Score Category Guidance Dichotomy

0 Nonfunctional (unable) Person cannot walk or requires help of 2 or more people Physical dependent gait
1 Dependent, level 2 Person requires firm, continuous support from 1 person to help

with carrying weight and with balance
2 Dependent, level 1 Person needs continuous or intermittent support from 1 person to

help with balance or coordination

3 Dependent on supervision Person requires verbal supervision or stand-by help from 1 person
without physical contact

Physical independent gait

4 Independent on level ground Person can walk independently on level ground but requires help
on stairs, slopes, or uneven surfaces

5 Independent Person can walk independently anywhere
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ments after stroke (SPSS version 12.0). All hypotheses
were tested in a 2-tailed fashion with a P �.05 level of
significance.

Results
The mean interval between stroke onset and first unas-
sisted walk was 4.8 weeks (SD�2.9 weeks). None of the
subjects with stroke in our study were able to walk
unassisted during week 1 after stroke onset. At week 2,
the highest level of independent gait achieved was
supervised walking, and at week 3, the highest level was
unsupervised walking on level ground. Because not all
101 subjects from the original study23 progressed to
unassisted walking at some point in time and the num-
ber of those who did increased gradually during the time
after stroke, ultimately a maximum of 73 subjects were
selected for walking speed measurements. The number
of subjects who were classified as physically independent
walkers at any time point of measurement (with the
exception of week 20) increased gradually from 25 in

week 4 to 73 in week 26 (Tab. 3). The mean comfortable
speed measurements ranged from 0.19 to 1.11 m/s.

Research Question 1
Responsiveness ratios based on a 10% MCID exceeded
the smallest detectable difference and ranged from 4.36
to 17.70 (Tab. 4).

Research Question 2
Random coefficient analysis of all poststroke measure-
ments produced a significant between- and within-
subject regression coefficient of 0.113 (confidence inter-
val [CI]�0.079–0.147, P�.000, count�664) but also
demonstrated a significant negative interaction between
the timing of measurements and FAC scores (b�
�0.003, CI��0.005 to �0.001, P�.010).

Research Question 3
Paired Student t tests revealed mostly (83%) significant
pretest-posttest differences in walking speeds, and kappa

Table 3.
Functional Ambulation Categories (FAC) Scores as Related to Mean Comfortable Walking Speeds and Number of Subjects With Stroke at Each
Measurement Time Point

FAC
Score Measurement

Value at the following week after stroke:

4 5 6 7 8 9 10 12 14 16 18 20 26

3 No. of subjects 11 14 14 17 23 23 22 25 25 16 15 12 10
Walking speed (m/s) 0.45 0.43 0.37 0.45 0.33 0.39 0.38 0.35 0.33 0.29 0.30 0.30 0.19

4 No. of subjects 12 10 9 8 12 11 11 13 15 22 23 24 23
Walking speed (m/s) 0.73 0.90 0.80 0.63 0.65 0.64 0.58 0.57 0.50 0.50 0.49 0.48 0.48

5 No. of subjects 2 7 11 15 15 16 18 21 21 24 27 27 40
Walking speed (m/s) 1.08 0.92 1.04 1.04 1.06 1.02 1.11 1.07 1.06 1.04 1.00 1.02 0.92
Total no. of subjects 25 31 34 40 50 50 51 59 61 62 65 63 73

Table 4.
Results of Pretest-Posttest Signal-to-Noise Ratios, Walking Speed Differences, and Levels of Agreement in Functional Ambulation Categories (FAC)
Appraisals Between Measurements

Parameter

Value at the following weeks after stroke:

4–5 5–6 6–7 7–8 8–9 9–10 10–12 12–14 14–16 16–18 18–20 20–26

Mean change score for
subjects with scores
of �10%

.21 .15 .13 .11 .12 .14 .10 .10 .09 .09 .08 .09

SDchange group for
subjects with scores
of �10%

.02 .01 .01 .02 .03 .02 .01 .02 .01 .01 .01 .01

Responsiveness ratio 10.21 17.70 12.24 6.69 4.36 7.17 7.28 6.45 8.83 7.68 8.33 6.49

t test for speed
difference, X

�.06 �.04 �.03 �.03 �.03 �.05 �.03 �.03 �.02 �.02 �.02 �.02

P .00 .00 .00 .00 .01 .00 .00 .00 .01 .08 .01 .07

Kappa value for FAC
agreement

.57 .64 .73 .85 .90 .74 .74 .76 .68 .78 .85 .40

P .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
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values for pretest-posttest FAC scores ranged from .40 to
.90 and were all significant for subsequent measure-
ments over time after stroke (Tab. 4). The Figure shows
this relationship over time along with CIs for mean
walking speeds in relation to these specific FAC scores.

Discussion
This longitudinal study showed that comfortable walking
speed measurements are sensitive enough to detect
relatively minor poststroke changes in physically inde-
pendent gait on the basis of FAC classification in people
with a severe middle or anterior cerebral artery stroke.
In addition, the results showed that the classification of
walking ability on the basis of FAC scores is dependent
on the timing of poststroke comfortable walking speed
measurements. Moreover, there are indications that, in
this relationship, repeated FAC appraisals are not only
based on steady walking speeds, but that the walking
speeds related to a specific FAC appraisal also change
and, over time, may shift gradually from higher to lower
speeds.

All RRs exceeded the smallest detectable difference in
our subjects with severe stroke. In particular, within the
period from weeks 4 to 7 after stroke, high RRs were
observed for comfortable walking speeds, suggesting
that relatively most relevant clinical walking speed
changes took place within this period. These findings
indicated that walking speed measurements were sensi-
tive for detecting clinically important changes and were
suitable for demonstrating pretest-posttest time-related

poststroke changes in comfortable
walking speeds in our sample.

Over the entire study period, a signifi-
cant association was demonstrated
between walking speeds and FAC scores
for physically independent gait. How-
ever, this relationship was dependent
on the timing of measurements and
became weaker as poststroke time
passed (.113 minus .003 for each con-
secutive measurement).

On the basis of paired t tests, pretest
walking speeds were mostly found to be
different from posttest walking speeds
despite narrow measurement intervals.
These differences coincided with simi-
lar pretest-posttest FAC appraisals, as
the kappa statistic agreement between
FAC scores was mostly high and consis-
tent throughout the testing period.
Although FAC pretest-posttest mea-

surements, especially those obtained weekly after stroke,
were spaced closely over time and, as a result, may have
been subject to recall bias, the emerging overall pattern
was one of changing walking speeds coupled with highly
correlated pretest-posttest FAC appraisals.

These findings suggest that repeated FAC appraisals are
not only based on steady walking speeds, but that the
walking speeds related to a specific FAC appraisal also
change and, over time, may shift gradually from higher
to lower speeds (Figure). For example, mean walking
speeds related to an FAC score of 3 declined from
0.45 m/s in week 4 and 0.38 m/s in week 10 to 0.19 m/s
in week 26. This observation indicates that a critical
appraisal of the outcome of repeated measurements
remains important, as unexpected phenomena (such as
a shift) may interact with clinimetrically sound (ie, re-
producible, valid, and responsive) instruments and, as a
consequence, may affect clinical decision making.

The underlying biological mechanism responsible for
the shift in the classification of walking ability on the
basis of FAC scores in our population is unknown and
warrants further investigation. However, it is very likely
that a therapist’s perception of safe independent walk-
ing gradually changes over time because of a developing
familiarity with the walking skills of a patient. This
suggests that the therapist most familiar with a particular
patient should conduct FAC appraisals for that
patient. When doing so is not feasible, adequate
transfer of information to the replacing therapist
becomes important.

Figure.
Mean physically independent walking speeds (in meters per second) and 95% confidence
intervals over time for Functional Ambulation Categories instrument scores 3, 4, and 5.
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Another possible explanation is that FAC appraisals and
measurements of gait speed may not be equally sensitive
to detecting time-dependent changes after stroke.
Recent studies36,37 showed that FAC-based independent
gait is associated more with standing balance control, in
particular generated from the nonparetic side, than it is
with paresis and spasticity on the paretic side. However,
gait speed is relatively more dependent on the gradual
development of muscle strength and spasticity-induced
stiffness on the paretic side.38

Finally, one may hypothesize that the use of walking
devices, which usually are issued in the subacute phase to
people with more severe hemiplegic strokes and with a
relatively slower walking pace, affects balance control
and thus FAC scores at the expense of speed.

In quality-of-life research, a similar changing relation-
ship is observed. This phenomenon is known as response
shift, which can be defined as a change in the meaning of
a respondent’s self-evaluation of a target construct as a
result of a change in the respondent’s internal standards
of measurement (“scale recalibration” in psychometric
terms), a change in the respondent’s values (reprioriti-
zation), or a redefinition of the target construct (recon-
ceptualization).39 The appraisal of symptoms in a longi-
tudinal design is based on 2 assumptions. First, observers
have an internalized standard of measurement for symp-
toms and, second, an observer’s internalized standard of
measurement of the dimension being used will not
change over time.40 Whereas in quality-of-life question-
naires self-report symptoms are evaluated on the basis of
changes in the construct within the same person, in the
present study, changes in the observer’s construct were
catalyzed by an objective parameter (ie, walking speed)
from another person. This finding shows that changes in
appraisals can be based on objective measures.

However, whether these speed changes in FAC apprais-
als constitute a response shift is uncertain. Response
shift is a phenomenon reported as a source of contam-
ination of self-report measures in educational training
interventions41 and quality-of-life studies.39 To date, such
a change in the assessment of gait has not been reported.
However, practitioners should be aware of a possible
shift-induced bias in appraisal-related instruments.
Because response shift in a placebo-controlled trial is
absent in the placebo group, the outcome based on such
instruments may be biased.42 In light of response shift
and appraisal, Schwartz and Rapkin43 called for a reconsid-
eration of the psychometrics of quality-of-life assessments.

Future research may be directed toward determining
whether the mechanisms in the observed shift in FAC
scores are similar to those reported in quality-of-life
studies. The first step may be to implement the so-called

“thentest” procedure41 in FAC appraisals. This measure
requires the observer to complete 2 posttests. The first
test indicates the actual score, and the second test
requests a renewed judgment on the observer’s pretest
score. It is hypothesized that posttest and thentest mea-
sures will be based on the same internal standard of
measurement and will provide an indication of the
actual change that occurred. The mean difference
between pretest and thentest scores indicates the mag-
nitude and direction of the effect caused by the shift.
This method also allows for the estimation of recall
bias.44

Conclusion
The results of this study showed that repeated comfort-
able walking speed measurements are sensitive enough
to detect changes in physically independent gait in
people who are severely affected by stroke. Functional
Ambulation Categories scores were found to be depen-
dent on the timing of comfortable walking speed mea-
surements after stroke. In addition, there are indications
that, in this relationship, repeated FAC appraisals are
not only based on steady walking speeds, but that the
walking speeds related to a specific FAC appraisal
change and, over time, may shift gradually from higher
to lower speeds.

References
1 Bohannon RW, Andrews AW, Smith MB. Rehabilitation goals of
patients with hemiplegia. Int J Rehabil Res. 1988;11:181–183.

2 Wandel A, Jorgensen HS, Nakayama H, et al. Prediction of walking
function in stroke patients with initial lower extremity paralysis: the
Copenhagen Stroke Study. Arch Phys Med Rehabil. 2000;81:736–738.

3 Olsen TS. Arm and leg paresis as outcome predictors in stroke
rehabilitation. Stroke. 1990;21:247–251.

4 Collen FM, Wade DT, Bradshaw CM. Mobility after stroke: reliability
of measures of impairment and disability. Int Disabil Stud. 1990;12:6–9.

5 Holden MK, Gill KM, Magliozzi MR, et al. Clinical gait assessment in
the neurologically impaired: reliability and meaningfulness. Phys Ther.
1984;64:38–40.

6 Holden MK, Gill KM, Magliozzi MR. Gait assessment for neurologi-
cally impaired patients: standards for outcome assessment. Phys Ther.
1986;66:1530–1539.

7 Perry J, Garrett M, Gronley JK, Mulroy SJ. Classification of walking
handicap in the stroke population. Stroke. 1995;26:982–989.

8 Wade DT. Measurement in Neurological Rehabilitation. Oxford, United
Kingdom: Oxford University Press; 1992.

9 Friedman PJ, Richmond DE, Baskett JJ. A prospective trial of serial
gait speed as a measure of rehabilitation in the elderly. Age Ageing.
1988;17:227–238.

10 Wade DT, Langton Hewer R. Functional abilities after stroke:
measurement, natural history and prognosis. J Neurol Neurosurg Psychi-
atry. 1987;50:177–182.

11 Mizrahi J, Susak Z, Heller L, Najenson T. Objective expression of
gait improvement of hemiplegics during rehabilitation by time-dis-
tance parameters of the stride. Med Biol Eng Comput. 1982;20:628–637.

624 . Kollen et al Physical Therapy . Volume 86 . Number 5 . May 2006

���
���

���
���

���
���

���
��



12 Brandstater ME, de Bruin H, Gowland C, Clarke BM. Hemiplegic
gait: analysis of temporal variables. Arch Phys Med Rehabil. 1983;64:
583–587.

13 Turnbull GI. Gait asymmetries in residual hemiplegia. Arch Phys Med
Rehabil. 1986;67:550–553.

14 Dettmann MA, Londer MT, Sepic SB. Relationships among walking
performance, postural stability, and functional assessments of the
hemiplegic patient. Am J Phys Med. 1987;66:77–90.

15 Friedman PJ. Gait recovery after hemiplegic stroke. Int Disabil Stud.
1990;12:119–122.

16 Wade DT, Wood VA, Heller A, et al. Walking after stroke. Scand J
Rehabil Med. 1987;19:25–30.

17 Bohannon RW. Walking after stroke: comfortable versus maximum
safe speed. Int J Rehabil Res. 1992;15:246–248.

18 Ozgirgin N, Bolukbasi N, Beyazova M, Orkun S. Kinematic gait
analysis in hemiplegic patients. Scand J Rehabil Med. 1993;25:51–55.

19 Bohannon RW. Selected determinants of ambulatory capacity in
patients with hemiplegia. Clin Rehabil. 1989;3:47–53.

20 Potter JM, Evans AL, Duncan G. Gait speed and activities of daily
living function in geriatric patients. Arch Phys Med Rehabil. 1995;76:
997–999.

21 Skilbeck CE, Wade DT, Langton-Hewer R, Wood VA. Recovery after
stroke. J Neurol Neurosurg Psychiatry. 1983;46:5–8.

22 Duncan PW, Goldstein LB, Horber RD, et al. Similar motor recov-
ery of upper and lower extremities after stroke. Stroke. 1994;5:
1181–1188.

23 Kwakkel G, Wagenaar RC, Twisk JW, et al. Intensity of leg and arm
training after primary middle-cerebral-artery stroke: a randomised
trial. Lancet. 1999;384:191–196.

24 Kwakkel G, Wagenaar RC. Effect of duration of upper- and lower-
extremity rehabilitation sessions and walking speed on recovery of
interlimb coordination in hemiplegic gait. Phys Ther. 2002;82:432–448.

25 Beckerman H, Roebroeck ME, Lankhorts GJ, et al. Smallest real
difference, a link between reproducibility and responsiveness. Qual Life
Res. 2001;10:571–578.

26 Patten C, Kothari D, Whitney J, et al. Reliability and responsiveness
of elbow trajectory tracking in chronic post-stroke hemiparesis.
J Rehabil Res Dev. 2003;40:487–500.

27 Guyatt G, Walter S, Norman G. Measuring change over time:
assessing the usefulness of evaluative instruments. J Chronic Dis. 1987;
40:171–178.

28 Stratford PW, Binkley FM, Riddle DL. Health status measures:
strategies and analytic methods for assessing change scores. Phys Ther.
1996;76:1109–1123.

29 Deelman BG, Liebrand WBG, Koning-Haanstra M, van de Brug W.
SAN test: an aphasia test for language comprehension and linguistic
usage. In: Construction and Standards. Lisse, the Netherlands: Swets &
Zeitlinger; 1981.

30 Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”: a
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res. 1975;12:189–198.

31 Connelly DM, Stevenson TJ, Vandervoort AA. Between- and within-
rater reliability of walking tests in a frail elderly population. Physiother
Can. 1996;48:47–51.

32 van der Lee JH, Beckerman H, Lankhorst GJ, Bouter LM. The
responsiveness of the Action Research Arm test and the Fugl-Meyer
Assessment scale in chronic stroke patients. J Rehabil Med. 2001;33:
110–113.

33 Brønfort G, Bouter LM. Responsiveness of general health status in
low back pain: a comparison of the COOP charts and the SF-36. Pain.
1999;83:201–209.

34 Goldstein H, Browne W, Rasbash J. Multilevel modelling of medical
data. Stat Med. 2002;21:3291–3315.

35 Katz MH. Multivariable Analysis: A Practical Guide for Clinicians.
Cambridge, United Kingdom: Cambridge University Press; 1999.

36 de Haart M, Beelen A, Duysens J, Geurts AC. Selected posturo-
graphic parameters are associated with gait dependency in patients
with postacute stroke. Arch Phys Med Rehabil. In press.

37 Kollen BJ, van de Port I, Lindeman E, et al. Predicting improvement
in gait after stroke: a longitudinal prospective study. Stroke. 2005;36:
2676–2680.

38 Olney SJ, Griffin MP, McBride ID. Temporal, kinematic, and kinetic
variables related to gait speed in subjects with hemiplegia: a regression
approach. Phys Ther. 1994;74:872–885.

39 Schwartz CE, Sprangers MAG. Methodological approaches for
assessing response shift in longitudinal health-related quality-of-life
research. Soc Sci Med. 1999;48:1531–1548.

40 Cronbach LJ, Furby L. How we should measure “change”—or
should we? Psychol Bull. 1979;74:68–80.

41 Howard GS, Ralph KM, Gulanick NA, et al. Internal invalidity in
pretest-posttest self-report evaluations and a re-evaluation of retrospec-
tive pretests. Appl Psychol Measure. 1979;3:1–23.

42 Sprangers MAG, Van Dam FSAM, Broersen J, et al. Revealing
response shift in longitudinal research on fatigue: the use of the
thentest approach. Acta Oncol. 1999;38:709–718.

43 Schwartz CE, Rapkin BD. Reconsidering the psychometrics of
quality of life assessment in light of response shift and appraisal. Health
Qual Life Outcomes. 2004;2:16.

44 Schwartz CE, Sprangers MAG, Carey A, Reed G. Exploring response
shift in longitudinal data. Psychol Health. 2004;19:51–69.

Physical Therapy . Volume 86 . Number 5 . May 2006 Kollen et al . 625


