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Repeated Measurements of
Arm Joint Passive Range of
Motion After Stroke: Interobserver
Reliability and Sources of Variation
Lex D. de Jong, Pieter U. Dijkstra, Roy E. Stewart, Klaas Postema

Background. Goniometric measurements of hemiplegic arm joints must be reli-
able to draw proper clinical and scientific conclusions. Previous reliability studies
were cross-sectional and based on small samples. Knowledge about the contributions
of sources of variation to these measurement results is lacking.

Objective. The aims of this study were to determine the interobserver reliability
of measurements of passive range of motion (PROM) over time, explore sources of
variation associated with these measurement results, and generate smallest detectable
differences for clinical decision making.

Design. This investigation was a measurement-focused study with a longitudinal
design, nested within a 2-arm randomized controlled trial.

Methods. Two trained physical therapists assessed 7 arm movements at baseline
and after 4, 8, and 20 weeks in 48 people with subacute stroke using a standardized
protocol. One physical therapist performed the passive movement, and the other
read the hydrogoniometer. The therapists then switched roles. The relative contri-
butions of several sources of variation to error variance were explored with analysis
of variance.

Results. Interobserver reliability coefficients ranged from .89 to .97. The PROM
measurements were influenced by error variance ranging from 31% to 50%. The
participant � time interaction made the largest contribution to error variance,
ranging from 59% to 81%. Smallest detectable differences were 6 to 22 degrees and
were largest for shoulder movements.

Limitations. Verification of shoulder pain and hypertonia as sources of error
variance led to a substantial number of unstable variance components, necessitating
a simpler analysis.

Conclusions. The assessment of PROM with a standardized protocol, a hydro-
goniometer, and 2 trained physical therapists yielded high interobserver reliability
indexes for all arm movements. Error variance made a large contribution to the
variation in measurement results. The resulting smallest detectable differences can be
used to interpret future hemiplegic arm PROM measurements with more confidence.

L.D. de Jong, PT, MSc, School of
Physiotherapy, Hanze University
of Applied Sciences, Eyssonius-
plein 18, 9714 CE Groningen, the
Netherlands, and Department of
Rehabilitation Medicine, Univer-
sity Medical Center Groningen,
University of Groningen, Gro-
ningen, the Netherlands. Address
all correspondence to Mr de Jong
at: l.d.de.jong@pl.hanze.nl.

P.U. Dijkstra, PT, PhD, Depart-
ment of Rehabilitation Medicine
and Department of Oral and Max-
illofacial Surgery, University Med-
ical Center Groningen, University
of Groningen.

R.E. Stewart, PhD, Department
of Health Sciences, Community
and Occupational Medicine, Uni-
versity Medical Center Groningen,
University of Groningen.

K. Postema, MD, PhD, Depart-
ment of Rehabilitation Medicine,
University Medical Center Gro-
ningen, University of Groningen.

[de Jong LD, Dijkstra PU, Stewart
RE, Postema K. Repeated measure-
ments of arm joint passive range
of motion after stroke: inter-
observer reliability and sources
of variation. Phys Ther. 2012;92:
1027–1035.]

© 2012 American Physical Therapy
Association

Published Ahead of Print:
May 10, 2012

Accepted: April 27, 2012
Submitted: September 1, 2011

Research Report

Post a Rapid Response to
this article at:
ptjournal.apta.org

August 2012 Volume 92 Number 8 Physical Therapy f 1027
 at University of Groningen on February 10, 2013http://ptjournal.apta.org/Downloaded from 

http://ptjournal.apta.org/


Of the 15 million people who
have a stroke each year
worldwide, between 77%

and 81% of the survivors have a
motor deficit in the extremities.1

The affected arm remains without
function in almost 66% of survi-
vors,2,3 rendering it inactive and
immobilized. In recent years, several
interventions believed to improve
motor recovery or limit the develop-
ment of secondary impairments in
the paretic or paralyzed arm after
stroke have been evaluated.4,5

To assess the arm function of
patients with stroke during reha-
bilitation and in clinical research,
physical therapists regularly assess
passive range of motion (PROM)
of joints by means of goniometry.
In particular, the degree of pas-
sive shoulder external rotation and
abduction and wrist extension are
commonly used as outcome mea-
sures to evaluate the effects of inter-
ventions.6–13 Reliable measurement
of PROM is therefore an important
prerequisite for the interpretation of
study results.

The reliability of arm range-of-
motion measurements is good in
people who are healthy14,15 and
in patients with orthopedic con-
ditions,16,17 but these findings can-
not be generalized to patients
with stroke because stroke-specific
impairments may influence relia-
bility. Over time, many patients
develop contractures10,18 and hyper-
tonia,19,20 especially in shoulder
internal rotators and wrist flexors.
Many patients also develop shoulder
pain, a condition strongly associated
with restricted range of motion.21,22

The aforementioned factors may
hinder a therapist’s attempts to
move the hemiplegic arm, hence
increasing the chance of making
measurement errors. Such errors
also may be increased if PROM
measurements are obtained by only
1 therapist because it is difficult to

handle a paralyzed arm and the gon-
iometer and read the measurement
simultaneously. Goniometric mea-
surements of arm joints reflect both
the true range of motion of a joint
and measurement errors caused by
different sources of variation. Identi-
fying and quantifying these sources
are important for finding strategies
to reduce their influence on out-
comes.23 In addition, to ensure accu-
rate clinical interpretation of joint
PROM measurements and changes in
these measurements over time dur-
ing poststroke rehabilitation or
research, PROM measurements
should be studied in the context of
these sources of variation.

In previous studies of arm PROM reli-
ability in patients with stroke, sam-
ple sizes have not exceeded 18 peo-
ple.24,25 To our knowledge, research
into factors that may influence hemi-
plegic arm PROM measurements is
also lacking. During a randomized
controlled trial (L. de Jong, P. Dijk-
stra, J. Gerritsen, et al, unpublished
data, 2012), 2 physical therapists
(hereafter referred to as “observers”)
assessed arm joint PROM in 48
people on 3 occasions over 20
weeks. This design presented us
with the opportunity to explore
interobserver reliability, analyze the
contributions of sources of variation
to the measurement results, and
calculate smallest detectable dif-
ferences (SDDs). We chose to use 2
observers because we hypothesized
that doing so would result in fewer
measurement errors than using 1
observer only and because a similar
measurement procedure previously
yielded high reliability indexes.25

Method
As part of a randomized clinical trial
investigating an arm intervention for
people with subacute stroke and
poor arm recovery, we used an exist-
ing measurement protocol that was
specifically designed for measuring
the PROM of 7 arm movements. All

participants gave written informed
consent before participation.

Participants
Participants were recruited from
3 Dutch rehabilitation centers
between August 2008 and Sep-
tember 2010. All admitted partici-
pants were initially screened by a
physician to check the following
inclusion criteria: first-ever stroke
or recurrent stroke (except for sub-
arachnoid hemorrhages) between 2
and 8 weeks after the initial stroke,
age of 18 years or older, paralysis
or severe paresis of the involved
upper limb (Brunnstrom stage of
recovery of �4,26 as judged by the
physician), and no planned date of
discharge within 4 weeks. Partici-
pants meeting these criteria were
referred to a research physical ther-
apist, who excluded those with any
contraindications for electrical stim-
ulation, preexisting impairments of
the affected arm (eg, frozen shoul-
der), severe cognitive deficits or lan-
guage comprehension difficulties or
both (�3/4 correct verbal responses
or �3 correct visual analog scale
scores on the AbilityQ27), and mod-
erate to good arm motor control
(scores of �18/66 on the Fugl-Meyer
Assessment arm section28). After eli-
gibility was confirmed, half of the
participants were randomized to an
experimental group, and half were
randomized to a sham intervention
group (L. de Jong, P. Dijkstra, J. Ger-
ritsen, et al, unpublished data, 2012).

Observers
The 2 observers (both senior physi-
cal therapists) had 14 and 27 years
of experience, respectively, across
a wide range of diagnoses, including
stroke. Before the trial, the observers
were trained in obtaining the mea-
surements using a detailed mea-
surement protocol (the protocol,
in Dutch, is available from the first
author). They pretested the protocol
on 3 participants with stroke. The
observers had no pretrial experience

Repeated Measurements of Arm Joint Passive Range of Motion After Stroke

1028 f Physical Therapy Volume 92 Number 8 August 2012
 at University of Groningen on February 10, 2013http://ptjournal.apta.org/Downloaded from 

http://ptjournal.apta.org/


with a hydrogoniometer and were
not involved in the design of the
study or the treatment of the
participants.

PROM Measurement Procedure
All PROM measurements were
obtained with a masked fluid-filled
hydrogoniometer (MIE Medical
Research Ltd, Leeds, United King-
dom). The measurement procedure
was similar to the one described in
detail in an earlier publication25

but was expanded to include wrist
extension assessments. Each par-
ticipant was independently assessed
by the 2 observers at baseline and
after 4, 8, and 20 weeks. Each time,
1 observer carried out the passive
movement, and the other observer
read the goniometer. The observers
then switched roles. They were
unaware of each other’s results
because they used separate score
sheets and were instructed not to
discuss or mention the values found.
The measurement sequence was as
follows: shoulder external rotation,
shoulder flexion, and elbow exten-
sion with the participant in the
supine position and then shoulder
abduction, forearm supination, and
wrist extension with and without
finger flexion while the participant
sat on an adjustable plinth with the
back supported. The observers car-
ried out all measurements in the
same fixed order.

Data Analysis
The variance components and their
2-way interactions were calculated
for the measurement conditions of
participants (n�48), time (4 assess-
ments over time), and observers
(n�2) by analysis of variance (type
III sum of squares). Initially, the allo-
cated intervention was also included
in the calculation of variance compo-
nents. However, for shoulder PROM,
the variance component for inter-
vention could not be estimated, indi-
cating a redundancy. We therefore
decided not to include intervention

in the calculations of variance com-
ponents. In case of missing data
(eg, because of participant dropout
or vacation taken by 1 of the observ-
ers), only data from participants who
were assessed by both observers
were used in the analysis.

Error variance was calculated as the
sum of all variances minus partici-
pant variance. The relative contri-
butions of the sources of varia-
tion to this error variance were
expressed as percentages. The agree-
ment between the PROM ratings of
the observers was calculated (see
Streiner and Norman23[p159] for for-
mulas) by means of interobserver
reliability coefficients and accompa-
nying 95% confidence intervals
(CIs). Because the reliability coeffi-
cients alone did not indicate the
magnitude of disagreement between
the observers, the standard errors of
measurement (SEMs) [SD��(1�r)]
and SDDs (1.96��2�SEM) also
were calculated. First, for the dis-
agreement between observers with-
in a measurement occasion, we used
the standard deviation of the mean
difference in ratings between the
observers per movement. Second,
for the disagreement among all
observations over time (“overall”),
the standard deviation of all observa-
tions per movement was used. All
analyses were performed with SPSS
(version 18, SPSS Inc, Chicago,
Illinois).

Role of the Funding Source
This study was funded by a grant
from Fonds Nuts Ohra (main study,
project SNO-T-0702-72) and Sticht-
ing Beatrixoord Noord-Nederland.
Both funding sources had no role in
study design, data collection and
analysis, decision to publish, or prep-
aration of the manuscript.

Results
Figure 1 shows the flow of par-
ticipants through each stage of
the trial. The characteristics of

the 48 participants are shown in
Table 1. In general, they had restric-
tions in PROM for all 7 arm move-
ments, especially shoulder move-
ments. They had a median score of
5.5 on the arm section of the Fugl-
Meyer Assessment.

Figure 2 shows the separate variance
components for the results obtained
from shoulder external rotation as
an example. The contribution of
error variance (Tab. 2) to total vari-
ance ranged from 31% (wrist exten-
sion with flexed fingers) to 50%
(supination). The interaction of par-
ticipant and time made the largest
contribution to error variance, rang-
ing from 59% (forearm supination)
to 81% (elbow extension). Time
made a smaller contribution to error
variance, especially for shoulder
movements (17%–24%) and forearm
supination (19%). Time did not con-
tribute to the variance in the elbow
joint. The interaction between par-
ticipants and observers contributed
only marginally to error variance
(0%–4%); the same was true for the
main effect of observers (0%–2%).
Residual (unexplained) variance con-
tributed between 7% and 17% to
error variance, and this contribution
was generally lowest for shoulder
movements. Table 3 shows the
overall interobserver reliability coef-
ficients (and 95% CIs) and SEMs
and SDDs in both single sessions
(“observers”) and overall for the 7
arm movements.

Discussion
When different observers indepen-
dently assess a joint range that does
not change over time, interobserver
reliability generally will be good pro-
vided that standardized protocols17

are used and the observers are
trained.29 In addition to common
sources of measurement variation,
the development of contractures,
hypertonia, and shoulder pain may
complicate and negatively influence
the reliability of PROM measure-
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Assessed for eligibility (n=260)

Excluded after inclusion testing (n=32)
Unable to fill out/read/understand AbilityQ (n=9)
Fugl-Meyer Assessment arm score >18 points (n=14)
Contraindications for electrical stimulation (n=1)
Other reasons (n=8)

Excluded after initial screening* (n=180)
No ischemic/hemorrhagic stroke (n=9)
>8 weeks poststroke (n=28)
Brunnstrom’s stage of recovery ≥4 (n=169)
Pre-existing arm impairments (n=24)
Planned date of of discharge (n=64)
Refused to/could not participate (n=6)
Other (eg, multiple sclerosis, Alzheimer disease,
locked-in syndrome, participant in other trial, recurrent
stroke) (n=8)
Unknown/missing data (n=4)

Baseline
Analyzed (n=43 of 48)†

At 4 weeks
Analyzed (n=39 of 45)†,‡

At 8 weeks
Analyzed (n=38 of 43)§

At 20 weeks
Analyzed (n=38 of 39)ll

Lost to follow-up due to
severe subluxation (n=1),

not willing (n=3)

Dropout due to
readmission to hospital (n=2),

discharge (n=1)

Dropout due to
death (n=1),

too much shoulder pain (n=1)

Figure 1.
Flow of participants through each stage of the trial from initial screening by physician to follow-up measurement. *If a participant
was excluded for more than 1 reason, then all reasons were reported separately. †Five participants were assessed by 1 observer only.
‡One participant missed the 4-week assessment because of poor weather conditions. §Four participants were assessed by 1 observer
only, and 1 participant was not assessed at 8 weeks because of temporary admission to a hospital. �One participant was assessed by
1 observer only.
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ments in patients after stroke. We
found that PROM assessment with
a standardized protocol, a hydro-
goniometer, and 2 trained observers
yielded high interobserver reliability
indexes (.89–.97) for 7 arm move-
ments. We also found that error vari-
ance made a large contribution
(31%–50%) to the variation in mea-
surement results, with the partici-
pant � time interaction being the
largest source of variance. The
SDDs ranged from 6 to 22 degrees
and were largest for shoulder
movements.

Interobserver Reliability
The interobserver reliability of the
2 observers was high for all 7 arm
movements. These results are in
concordance with previous find-
ings.25,30 The reliability coefficient
for shoulder abduction (.97) was
higher than previously reported val-
ues (intraclass correlation coeffi-
cients�.84–.87),25 and the reliability
coefficient was lowest for forearm
supination (.89). Supination intra-
class correlation coefficients were
higher than previously reported val-
ues (.94–.98),25 but the accompany-
ing 95% CIs were wider (.84–.98).
Because all of our measurements
were obtained with the same mea-
surement protocol,25 the values that
we obtained may have resulted from
the use of a larger sample. Differ-
ences in sample size may also
explain the narrower 95% CIs (.89–
.95) for elbow extension measure-
ments in the present study than in a
recent study (.68–.97)24 of 13
patients with stroke and elbow
flexor spasticity. Because larger sam-
ples generally yield more precise
estimates of reliability coefficients
(indicated by narrower CIs and
smaller SEMs), the results of the pres-
ent study can be interpreted with
more confidence than the results of
previous studies.

To our knowledge, the reliability of
wrist movements has not been

reported in patients with stroke. We
found that the assessment of wrist
extension revealed slightly higher
reliability coefficients and slightly
lower SEMs when the fingers were
flexed instead of extended. The
long finger flexors typically show
increased resistance to passive
stretch (hypertonia), possibly partly
because of the rapid development
of wrist flexor contractures.10,31

This condition occurs especially in
patients with limited arm function
and clearly applied to our partici-
pants. Therefore, wrist flexor hyper-
tonia or contracture may have had
a slight negative influence on the
reliability of the assessments of wrist
extension with extended fingers.
This hypothesis is supported by the
fact that residual variance (to which
wrist flexor hypertonia or contrac-
ture may also have been a contribut-
ing factor) accounted for 16% of
the error variance of the PROM mea-
surements; when the fingers were
flexed, the value was 13%. In conclu-
sion, the resulting high reliability

coefficients suggested that our stan-
dardized measurement protocol may
be of use for other observers under
comparable circumstances.

Variance Components
While assessing 7 arm movements
on 4 occasions during a 20-week
time period, we found that the par-
ticipants in our sample were the larg-
est source of variance. This finding
indicates that the participants could
be distinguished on the basis of their
arm PROM; they had a large variety
of arm joint ranges. Error variance
explained between 31% and 50% of
total variance in the PROM values.
Overall, time and the participant �
time interaction were responsible
for more than 78% of the variation in
measurement results, with the par-
ticipant � time interaction contrib-
uting the most. This interaction
effect indicates that the effects of
time on PROM of the arm were dif-
ferent in different participants, in
accordance with clinical observa-
tions. In some participants, PROM

Table 1.
Baseline Characteristics of the 48 Participantsa

Characteristic Values

Age, y, X (SD) 57.8 (11.9)

Days after stroke, X (SD) 44 (14.0)

Sex, no. of men/women 28/20

Paretic side (left/right), no. of participants 21/27

Stroke type (ischemic/hemorrhagic), no. of participants 39/9

Fugl-Meyer Assessment arm section score, median (IQR) 5.5 (4–10.75)

Shoulder PROM, degrees, X (SD)

External rotation 31.7 (19.4)

Flexion 126.7 (30.6)

Abduction 101.7 (44.1)

Elbow/forearm PROM, degrees, X (SD)

Extension 2.5 (7.3)b

Supination 77.3 (11.6)

Wrist PROM, degrees, X (SD)

Extension with fingers extended 55.7 (17.0)

Extension with fingers flexed 63.1 (13.0)

a IQR�interquartile range, PROM�passive range of motion.
b A value of 2.5 degrees indicates elbow flexor contracture.
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increased over time probably as a
result of natural neurological recov-
ery or rehabilitation, whereas in
other participants, PROM may have
increased over time as a result of
contracture formation. The main
effects of time and observers did not
contribute to the variation in the
results for elbow extension PROM.
For the latter, the participant � time
interaction (81%) and random vari-
ance (17%) made large contributions
to error variance. Clinically, this find-
ing indicates that over time, elbow
extension developed quite differ-
ently in the participants.

Observers contributed only margin-
ally to the variation in measurement
results, with a maximum of 4% (fore-
arm supination). This finding indi-
cates that the differences between
the values obtained by the 2 observ-
ers were small, resulting in high
interobserver reliability coefficients.
The fact that 1 observer performed
the passive movement and the other
positioned and read the goniometer
may have led to this finding. On the

basis of these results, we argue that
arm PROM assessments with a
hydrogoniometer in patients after
stroke should be performed by 2
observers. Clinically and economi-
cally, assessments by 2 raters may
not always be practical or feasible.25

Therefore, clinical and economic
arguments must be weighed against
scientific arguments (reliability) in
each situation. Further research is
needed to analyze the influence of
the number of observers on mea-
surement results. Residual variance
in the PROM measurements in our
sample may be explained partly by
random variations in PROM over
time within a participant but may
also have been caused by random
variations in the force applied by
the observers or the alignment
of the hydrogoniometer between
measurements.

SDDs
Overall, the SDDs ranged from 3
degrees to 22 degrees and were
largest for shoulder movements. Tak-
ing shoulder external rotation as an

example, these data mean that a
change of 17 degrees or more over a
period of 20 weeks (overall SDD)
represents a change in PROM with
95% certainty. Physical therapists
and clinicians can use the overall
SDD to evaluate their patients’
changes in arm PROM between
admission and discharge. Similarly,
researchers can use them to inter-
pret changes in participants in clini-
cal trials. The SDDs obtained in sin-
gle sessions by our 2 observers also
may serve another purpose. Taking
elbow extension as an example, our
results show that a difference of
more than 3 degrees between 2
observers in 1 session indicates a sig-
nificant difference in their measure-
ments with 95% certainty.

In stroke research, the Modified
Tardieu Scale32 is increasingly being
used to differentiate muscle con-
tracture from spasticity. Because
this scale relies partly on PROM mea-
surements, the SDD can be used as
a threshold value that must be
exceeded to ascertain with 95% con-

Figure 2.
Variance components of shoulder external rotation. Total variance (left circle) comprised participant variance (main effect) and error
variance. Several sources contributed to error variance. These sources (right circle) comprised main effects (time and observer),
interaction effects (participant � time, participant � observer, and time � observer), and residual variance, all expressed as
percentages of error variance.
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Table 2.
Estimated Variance Components and Their Contributions (in Percentages) to the Error Variance of Repeated Measurements of
7 Arm Movements (n�48)

Variance Component

Shoulder

Elbow
Extension

Forearm
Supination

Wrist

External
Rotation Abduction Flexion

Flexion
With

Extended
Fingers

Flexion
With

Flexed
Fingers

Participant 385.0 1,234.8 641.2 45.3 118.0 197.0 174.4

Error variance 241.3 702.2 377.1 34.4 117.8 115.5 77.9

Time 48.5 118.6 91.3 0.0a 22.3 3.2 6.5

Observer 4.5 0.3 0.7 0.0a 2.6 2.4 1.5

Participant � observer 4.1 6.8 4.0 0.1 4.1 2.8 0.2

Participant � time 154.8 524.1 244.6 27.7 69.6 88.7 59.4

Time � observer 0.4 3.8 0.0a 0.6 0.8 0.4 0.0a

Residual variance 28.9 48.7 36.5 5.9 18.4 18.1 10.3

Total variance 626.4 1,937.0 1,018.4 79.7 235.8 312.5 252.3

% error varianceb 38.5 36.3 37.0 43.1 50.0 37.0 30.9

% contribution to error
variance of:

Time 20.1 16.9 24.2 0.0 18.9 2.8 8.3

Observer 1.9 0.0 0.2 0.0 2.2 2.1 1.9

Participant � observer 1.7 1.0 1.1 0.4 3.5 2.4 0.3

Participant � time 64.2 74.6 64.9 80.6 59.1 76.8 76.2

Time � observer 0.2 0.5 0.0 1.8 0.7 0.3 0.0

Residual variance 12.0 6.9 9.7 17.2 15.6 15.6 13.3

a Negative variance components (ranging from �0.027 to �0.517) were set to 0.
b Error variance expressed as a percentage of total variance. For example, for shoulder external rotation, the calculation would be as follows: total variance
(626.4) minus participant variance (385.0) equals error variance (241.3); error variance therefore represents 38.6% of total variance.

Table 3.
Interobserver Reliability Coefficients (and 95% Confidence Intervals), Standard Errors of Measurement (SEMs), and Smallest
Detectable Differences (SDDs)a

Variable

Shoulder

Elbow
Extension

Forearm
Supination

Wrist

External
Rotation Abduction Flexion

Extension
With

Extended
Fingers

Extension
With

Flexed
Fingers

Overall reliability (95%
confidence interval)

.94 (.91–.96) .97 (.95–.98) .96 (.93–.97) .92 (.89–.95) .89 (.84–.93) .93 (.90–.96) .96 (.93–.97)

SEM (observers) 2.0 1.9 1.9 1.0 2.2 1.7 1.0

SDD (observers) 5.4 5.2 5.2 2.7 6.2 4.7 2.6

SEM (overall) 5.9 7.6 6.6 2.4 4.9 4.6 3.3

SDD (overall) 16.3 21.2 18.3 6.8 13.8 12.8 9.1

a “Overall” refers to the overall reliability, SEM, and SDD for the observers over time; “observers” refers to the SDD and SEM for a single measurement
session.
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fidence that the angles between R1
(“catch”) and R2 (“end range”) are
significantly different and that spas-
ticity is indeed present. Similarly,
the overall SDD for elbow extension
(7°) can be used to indicate sig-
nificant changes in elbow PROM
over longer periods of time. Com-
paring our SDDs with those reported
in the literature24,25 is hindered
partly by the influence of sample
sizes on SEMs (larger samples pro-
duce smaller SEMs) and therefore
SDDs (smaller SEMs produce smaller
SDDs). Because of our larger sample,
our data can be used to interpret
differences or changes in PROM
with more confidence.

Limitations
An important limitation of the pres-
ent study is that half of our par-
ticipants were allocated to a combi-
nation intervention consisting of
static muscle stretch and electrical
stimulation. Although the results of
this intervention were not signifi-
cantly different from those of a sham
intervention and the variance com-
ponent for intervention could not
be estimated, we cannot rule out the
possibility that the development of
the outcomes over time was con-
founded by the intervention and
therefore that the intervention con-
tributed to residual variance. Ini-
tially, we also tried to verify whether
shoulder pain and hypertonia of
shoulder internal rotators, elbow
flexors, and wrist flexors were
sources of error variance. However,
adding these variables to the statisti-
cal analysis led to a substantial num-
ber of unstable variance compo-
nents. Therefore, we chose to
analyze a simpler model. The best-
fitting model was subsequently
applied to all other arm movements
by setting all negative variances to 0.
Future research is needed to verify
which factors are actually responsi-
ble for random variance, for exam-
ple, by comparing patients with and
without contractures, hypertonia,

and pain. Another limitation is that,
despite pretrial training, we cannot
say for certain whether the compe-
tence of our 2 observers had any
influence on the study results.

We selected people with stroke
and poor recovery of arm motor
control. A median score of 5.5 on
the Fugl-Meyer Assessment arm sec-
tion at about 6 weeks after stroke
means that a patient typically shows
only hyperreflexia or (partial) mass
synergy patterns, which are usually
dominated by shoulder internal rota-
tion and elbow and finger flexion,
at best. Although our results can be
generalized only to similar groups of
patients, such patients represent
about 36% to 52% of those with sub-
acute stroke between 2 weeks and
3 months after stroke.19 Finally, our
results may indicate reliability within
observers because it is generally rec-
ognized that intraobserver reliability
is bound to be higher than inter-
observer reliability.23
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