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ABSTRACT

Objectives Weaknesses of the nine-hole peg test include
high floor effects and a result that might be difficult

to interpret. In the twenty-five-hole peg test (TFHPT),

the larger number of available pegs allows for the
straightforward counting of the number of pegs inserted
as the result. The TFHPT provides a comprehensible result
and low floor effects. The objective was to assess the
test-retest reliability of the TFHPT when testing persons
with stroke. A particular focus was placed on the absolute
reliability, as quantified by the smallest real difference
(SRD). Complementary aims were to investigate possible
implications for how the TFHPT should be used and

for how the SRD of the TFHPT performance should be
expressed.

Design This study employed a test-retest design including
three trials. The pause between trials was approximately
10-120s.

Participants, setting and outcome measure Thirty-one
participants who had suffered a stroke were recruited
from a group designated for constraint-induced movement
therapy at outpatient clinics. The TFHPT result was
expressed as the number of pegs inserted.

Methods Absolute reliability was quantified by the SRD,
including random and systematic error for a single trial,
SRD, ,, and for an average of three trials, SRD, ,. For the
SRD measures, the corresponding SRD percentage (SRD%)
measure was also reported.

Results The differences in the number of pegs necessary
to detect a change in the TFHPT for SRD, , and SRD, , were
4.0 and 2.3, respectively. The corresponding SRD% values
for SRD,, and SRD, , were 36.5% and 21.3%, respectively.
Conclusions The smallest change that can be detected
in the TFHPT should be just above two pegs for a test
procedure including an average of three trials. The use

of an average of three trials compared with a single trial
substantially reduces the measurement error.

Trial registration number ISRCTN registry, reference
number ISRCTN24868616.

INTRODUCTION

For a comprehensive upper limb assessment
among persons with stroke, it is important to
combine a measure of proximal upper limb
function with a measure of hand function.'
However, only approximately 25% of studies
regarding upper limb interventions include
a specific measure of hand function." The
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Strengths and limitations of this study

» The generalisability of the results may be limited:
the participants were selected because they should
benefit from constraint-induced movement therapy,
and few scored above 20 pegs during the 505 trial
duration.

» Among other measures of reliability, the smallest
real difference percentage was reported; this is a
good measure for comparisons between different
tests, scales and populations.

» The results are presented with several different
reliability measures to offer knowledge about the
source of the measurement error.

» As the test-retest trials were performed within
minutes, possible day-to-day variation was not
captured.

» The intended practice trial was included as one of
three trials in the analyses which appears to have
contributed to the learning effect.

nine-hole peg test (NHPT) is a common test
of hand function focusing on fine manual
dexterity, and it is the most common such
test used in research.'” Two studies of stroke
populations investigated the reliability of
the NHPT, and there was a large discrep-
ancy in the reliability reported: the smallest
real difference percentage (SRD%) 24% vs
52%.?* The NHPT has mostly shown moderate
to excellent correlations (0.55-0.97) with
other tests and self-reports focusing on hand
function, including the Action Research Arm
Test, the Jebsen-Taylor Hand Function Test
and the Stroke Impact Scale (hand func-
tion domain).*® The exception is the Motor
Activity Log, for which low correlations have
been reported (0.23-0.33).°

A weakness of the NHPT is that many
persons with stroke cannot reach the lower
limit; that is, a floor effect arises. Furthermore,
if the number of completed pegs is used as an
outcome measure, a test with only nine pegs
can measure only a narrow range of hand func-
tion, resulting in profound ceiling effects.’
Therefore, to widen the scale and avoid ceiling
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effects, the original NHPT expresses the result as the time
needed to complete the test (including inserting and
removing all the pegs).>” 78 However, this approach aggra-
vates the floor effects because tests that are not completed
during the stipulated time (limits of 60 and 180s have
been used) are excluded.?® The maximum time could
be prolonged; however, this would be time consuming,
mentally strenuous and therefore possibly unethical due
to the possibility of a non-completed test after a lengthy
attempt. A modified NHPT is used to mitigate the floor
effect while avoiding the ceiling effect; in this modified
version, the result is expressed as the number of inserted
pegs per unit of time (ie, the frequency).” This modified
test includes only peg insertion and not peg removal. It is
thus possible also to include tests that were not completed
within the stipulated time limit and still measure perfor-
mance on the same task across the entire range of hand
function. However, it may be difficult both to interpret the
frequency and to communicate it to other staff members
and patients, especially to those suffering from a brain
injury. The reliability of this modified test has not been
investigated.

In Sweden, a similar peg test, a twenty-five-hole peg
test (TFHPT), has been used in clinical practice. The
larger number of available pegs makes it straightfor-
ward to count the number of pegs inserted during a
stipulated time frame of 50s as the test result. Thus, the
TFHPT measures fine manual dexterity on a numerical
scale that is easy to comprehend, with low floor effects
and presumably reasonable ceiling effects (based on
prestudy data). Moreover, compared to the individuals
whom the original NHPT can test, individuals with
worse hand function can be tested with the TFHPT.*® Of
the two studies investigating the reliability of the NHPT,
the one with the most generous time limit excluded all
tests that were not completed in 180s.” This limit corre-
sponds to inserting and removing a minimum of 2.5
pegs in 50s, whereas 0 pegs inserted in 50s is a valid
result with the TFHPT. The TFHPT has not been previ-
ously described in the literature, and its reliability has
not been investigated. Due to the similarity of the NHPT
and the TFHPT, the underlying skill assessed with these
tests is most likely the same. However, since the tests
have completely different stop criteria—a time limit for
the TFHPT vs the insertion of all pegs for the NHPT—
equal reliability cannot be taken for granted.” Thus, if
the size of the measurement error related to the TFHPT
is shown to be acceptable, this test may be useful in both
clinical practice and research.

The overall aim of this study was to assess the test-retest
reliability of the TFHPT for persons suffering from stroke.
A particular focus was placed on the absolute reliability, as
quantified by the smallest real difference (SRD). Comple-
mentary aims were to investigate possible implications for
how the TFHPT should be used and for how the SRD of
the TFHPT performance should be expressed.

Figure 1 The twenty-five-hole peg test.

METHOD
Participants
The participants in this study were consecutively recruited
in the process of screening patients eligible for inclusion
in a multicentre randomised controlled trial (RCT).
The patients were considered for inclusion because they
were to undergo constraintinduced movement therapy
(CIMT) at one of the clinics participating in the RCT. The
clinics were outpatient rehabilitation clinics in the public
healthcare system in Sweden. Data were collected at the
clinics. The sample in this study consisted of included
and excluded participants in the multicentre RCT. The
participants were included if they had one stroke or more
registered in the medical record and if TFHPT data were
available from three trials before and three trials after the
CIMT. Moreover, with regard to the outcome measure, a
minimum of one peg and a maximum of 24 pegs inserted
was necessary for inclusion. This was to avoid an untrue
low measurement error from participants stable at 0 or
25 pegs inserted. These two intervals are wider, a person
can be far below the floor or high over the ceiling, so
measurements at these intervals should be more stable.
A minimum of 30 participants were included to obtain
a sufficient number for a reliability study.w

Procedure and measurements

The TFHPT has twenty-five holes and pegs (figure 1). The
test used in this study consisted of a rectangular 21x45
cm board with a box containing pegs on one side and an
elevated 18x18 cm area with holes on the other side. The
holes were 9mm wide and 18 mm deep, and they were
spaced 20mm apart. The box had a base of 13x18 cm and
was 5cm deep. The pegs were 40mm long and 8 mm in
diameter.

A battery of different tests was administered in this
study, including the Fugl-Meyer test'' and the Birgitta
Lindmark motor assessment (BL motor assessment).'? 1
The TFHPT was administered as the second test. The
preceding test, the BL motor assessment, required
approximately 30-60min to administer. The tests were
administered in an examination room in which only the
participant and the physiotherapist were present. For the
TFHPT, three trials were performed with each hand. The
participants started with the less-affected hand, followed
by the more-affected hand, that is, the hand of investi-
gation in this testretest study. The pause between trials
was approximately 10-120s. The board was placed at a
distance favoured by the participant with the centre row of
holes centred towards the navel and the box side oriented
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towards the tested hand. The starting position was with

both hands on the board, and time keeping began on

first hand contact with the pegs. We gave participants the
following instructions:

1. I'wantyou to pick up one peg at a time and insert them
in the holes of the board.

2. Use only the right/left hand; you can only use the oth-

er hand to steady the board.

. You can fill the holes in any order you desire.

. We start with a practice trial.

5. You have 50s to insert as many pegs as you can. After

50s, the trial is terminated.

. Are you ready? Ready, set, go!

7. After the practice trial: This was practice; now come
the two actual test trials, where the results are record-
ed. Repeat step 6.

The test-retest reliability of the TFHPT was assessed on
two separate occasions, that is, before and after a 2-week
training period (the CIMT). The same procedure was
used on both of these occasions, and for each participant,
all tests were administered by the same physiotherapist.
The assessment after the CIMT period was performed as
an internal validation.

Two physiotherapists, SE and BL, administered the
tests in this study. SE has general experience with persons
suffering from stroke and experience administering the
original NHPT. BL has extensive experience with persons
suffering from stroke, including administering the orig-
inal NHPT. Background data from medical records were
collected by staff at the clinics.

Ao

=2}

Statistics

All three trials were used in the analyses, although the
first trial was introduced to the participants as a practice
trial. Analyses of preintervention data and postinterven-
tion data were performed separately.

Bland-Altman plots of trials one and two provided
a graphic description of the data variability. The mean
of trials one and two was plotted against the difference
between trials two and one for each subject. Heterosce-
dasticity (ie, an association between the random error
and the magnitude of measurements'*) was investigated
with pairwise comparisons of trials using Koenker’s'"
studentised test which is useful for small samples and
skewed data. Heteroscedasticity is indicated by a signifi-
cant result.

Measurement error can be either random or systematic.
In random error, there is no pattern of variability between
trials, whereas in systematic error, the measurements vary
in a non-random way (ie, the mean values between the
trials differ).'® To investigate whether there was a system-
atic error in test scores, one-way repeated measures anal-
ysis of variance (ANOVA) was used to detect potential
between trial effects.

Reliability is a term that describes how the measure-
ment result of an instrument is affected by measurement
error.” '* Reliability can be quantified as either relative
or absolute.® Relative reliability refers to the consistency

of the positions of measurements relative to those of
others within the tested group, and it is quantified using
several intra-class correlation coefficients (ICCs).'® 7 In
ICGCs, between-subject variability is related to the within-
subject variability by a ratio.'® Thus, ICCs are sensitive
to the degree of between-subject variability, and with all
other things being equal, a more heterogeneous sample
(ie, a larger between-subject variability) produces higher
ICC values.'® " The concept of absolute reliability refers to
the consistency of measurements within individuals.® *°
Measurement error, quantified as within-subject SD in
repeated tests, is a common measure of absolute reli-
ability6 1416-18 4 nd is called the SE of measurement (SEM).
SRD is an extension of the SEM, and it can be seen as the
smallest detectable difference, with 95% certainty, using a
test instrument on an individual."®

Three separate measures of relative reliability, that is,
ICC, |, ICC, , and ICC,,, including 95% ClIs, were calcu-
lated. This panel of measures was used to compare the
results representative of single and average measures
and to obtain an estimate of the influence of systematic
error. The first figure in the ICC designation represents
the type of ICC model.'® ICC,, and ICC,, are calcu-
lated from a two-way random effect model and incor-
porate both systematic and random error, whereas
ICC,, is calculated from a two-way fixed effect model
and incorporates only random error,'® 1 Thus, the less
systematic error contributes to the total error, the closer
ICC,, is to ICC,,."" The second figure in the ICC desig-
nation represents single or average measures, where ‘1’
represents single measures and ‘2’ or higher represents
the number of trials from which the average is calcu-
lated.' ICC,, represents the reliability of a test proce-
dure in which the subject is tested with a single trial on a
test occasion.'® ICC, , and ICC, , represent the reliability
of a test procedure in which the subject is tested with
three trials on a test occasion and the score is expressed
as the average of these trials.

To estimate absolute reliability, the SEM, SRD and SRD
percentage (SRD%) were calculated for each of the three
differentICCmeasures (ICC, ,ICC, ,andICC, ), resulting
in the corresponding properties SEM, , SRD, , SRD%,

2.1° 2.17 2.1
SEM, ,, SRD, ,, SRD%, ,, SEM, ,, SRD, , and SRD%, ,. The

SEM was calculated according to SEM = SD,/(1 —ICC),
where SD was calculated from the total sum of squares
(SS;4pa) in the ANOVA table generated in the ICC anal-

yses as y/SStotal/ (n — 1).'° The SRD was calculated using

the formula 1.96xSEM x v/2, where 1.96 is related to
the 95% CI and V2 refers to the error of two measure-
ments.'® The SRD% was calculated by dividing the SRD
value by the grand mean multiplied by 100.% ' This value
is independent of measurement units and is indexed to
the mean value of the observations from which it was
derived. It is therefore a good measure for comparisons
between different tests, scales and populations.10 17 An
SRD% of 30% has been suggested as an acceptable level
of reliability.*”
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60 patients assessed for eligibility,
as they were to perform CIMT and
had consented to the RCT

29 excluded:

» 3 did not suffer stroke

* 9 had missing data, not included in
the RCT and not tested due to

. efficiency reasons

* 5 had missing data due to only two
trials registered at the beginning of
the RCT

* 10 inserted less than 1 peg

* 2 inserted more than 24 pegs

h 4

31 included in the analysis

Figure 2 Flow chart of the recruitment process in the
study. CIMT, constraint-induced movement therapy; RCT,
randomised controlled trial.

Because estimates of absolute reliability vary with
the type of ICC value, some caution is warranted when
comparing them with measures from other studies."®
Therefore, SEM__ square error term (MSE) = VMSE was also
calculated, where MSE (this term is called residual error
by Hopkins and the mean square residual in the SPSS
output) was taken from the ANOVA table of the ICC
calculation.'® ' This SEM measure represents the reli-
ability of a test procedure in which the subject is tested
with a single trial on a test occasion, and it is a pure
measure of random error.'® SRD,, and SRD%,,, were
also derived from SEM_ ...

The analysis of testretest reliability was preplanned.
SPSS V.21 was used to calculate ICC and ANOVA. The
alpha level was set to 0.05.

MSE

Patient and public involvement
No patients or members of the public were involved in
the development or design of this study.

RESULTS

In this study, participants were recruited between January
2011 and September 2014. Of 60 eligible patients, 29
were excluded for any of the following reasons: not
suffering a stroke, missing data and yielding either
below the minimum or above the maximum number of
inserted pegs (figure 2). This yielded 31 participants (21
men and 10 women) for inclusion in the analysis, with
a mean+SDage of 66+9 years (table 1). The two eligible
patients who were excluded because they exceeded the
permitted maximum number of pegs inserted completed
the 25 pegs in their best trial within 49.3s and 39.4s.
Of the 10 patients who were excluded because they fell
below the minimum number of inserted pegs, six inserted
at least one peg in one of the trials. Data were collected
from 17 and 14 participants by the two physiotherapists
(third and last author, respectively) at seven clinics.

Table 1 Characteristics of participants at preintervention
trials

Participants n=31
Age (years), mean+SD 66+9
Men/women, n* 21/10

Time since stroke (months), median (IQR),
(min—max)

17 (8-24), (2-70)

Previous dominant hand more affected by 19
stroke, n

TFHPT, mean of three trials (number of
pegs), mean+SD, (min-max)

10.8+6.8, (1-22.7)

Fugl-Meyer test (score), median (IQR), 46 (41-53),
(min—max) (29-62)
More than one stroke, n 8

*Number of participants.
TFHPT, twenty-five-hole peg test.

A graphic description of the data variability can be seen
in the Bland-Altman plots (figures 3 and 4). According
to Koenker’s studentised test, the measurement error was
not affected by heteroscedasticity (table 2).

For preintervention trials, the mean values=SDs for trials
1, 2 and 3 were 10.0£6.5, 11.0+7.1 and 11.5+6.9, respec-
tively. The one-way repeated measures ANOVA revealed a
main effect between trials with £(2, 29)=10.9 and p<0.001.
Post hoc tests revealed differences between trials 2 and 1
and between trials 3 and 1, with mean differences (95%
CIs) of 1.0 (0.3-1.6) and 1.5 (0.9-2.2), respectively.

For postintervention trials, the mean values+SD for trials
1, 2 and 3 were 11.8£6.5, 12.4+6.7 and 12.5+6.8, respec-
tively. The one-way repeated measures ANOVA revealed a

6,00 o
5,00

4,00 © o

3,00 [+]

Difference between trial 2 and 1

T T T T T T
0o 500 10,00 1500 2000 2500

Mean of pre-intervention trial 1 and 2
Figure 3 Bland-Altman plots of numbers of pegs from
preintervention trials. The mean of trials 1 and 2 was plotted
against the difference of trials 2 and 1 for each subject.
The centre line displays the mean difference for the group
between trials 2 and 1. The upper and lower confidence limits
were calculated as the mean difference+SD of the mean
difference x1.96.
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Figure 4 Bland-Altman plots of numbers of pegs from
postintervention trials. The mean of trials 1 and 2 was plotted
against the difference of trials 2 and 1 for each subject.
The centre line displays the mean difference for the group
between trials 2 and 1. The upper and lower confidence limits
were calculated as the mean difference+SD of the mean
difference x1.96.

main effect between trials with F (2, 29)=4.1and p=0.027.
Post hoc tests revealed a difference between trials 3 and 1,
with a mean difference (95% Cls) of 0.6 (0.2-1.1).

For preintervention trials, 1CC,, (95% CI) was 0.99
(0.97-0.99) (table 3). The SRDs incorporating random
and systematic error, SRDZ1 and SRDM, were 4.0 and 2.3
pegs, respectively. The corresponding SRD% values for
SRD, , and SRD,, were 36.5% and 21.3%, respectively
The SRD 1ncorporat1ng only random error, SRD, ,,

2.0 pegs.

For postintervention trials, SRD,  and SRD, , were 3.2 and

1.8 pegs, respectively (table 4). SRD, , was 1.8 pegs.

DISCUSSION

This study indicated that in a selected group of persons
suffering from stroke, the absolute test-retest reliability of
the TFHPT was at a level that can be considered accept-
able for measures representing an average of three trials
and incorporating systematic error.

To assess implications for the use of the TFHPT and to
determine which SRD measure best captures the absolute
reliability, three issues were considered: (1) whether to
use single or average measures, (2) whether to include

systematic error in the assessments and (3) whether to
take heteroscedasticity into account.

Comparing SRD, , to SRD,, revealed that the use of an
average of three trials reduced the measurement error
by approximately 1.5 pegs compared with the use of a
single trial. This finding suggests that the reliability of
the TFHPT is substantially improved when an average of
three trials is used.

Comparing SRD, , to SRD, ,, where SRD, , incorporates
only random error revealed that the contrlbutlon of the
systematic error was approximately 0.3 pegs of the total 2.3
pegs when the average of three trials was used.'® Although
the systematic error was small compared with the random
error, it was not small enough to be overlooked in the
assessment of reliability. Therefore, SRD, , is preferable to
SRD, , for measuring the reliability of the TFHPT.

The choice of SRD% instead of SRD is dependent on
whether the measurement error is affected by heterosce-
dasticity. A measure of absolute reliability, expressed as
an absolute number of pegs, can overestimate or under-
estimate the number of pegs necessary to demonstrate
an improvement for an individual."* 7 The reason is that
the random error of measurements often increases with
the magnitude of the measurements (ie, heteroscedas-
ticity)."*'” As a remedy, the use of a relative measure of
absolute reliability, such as SRD%, has been proposed.'* 17
However, the lack of heteroscedasticity detection suggests
that both SRD,, and SRD%, , are appropriate measures
of reliability for the TFHPT. i

The results for SRD,, and SRD%, , were 2.3 pegs and
21.3%, respectively. The value of SRD% , fell within the
30% level which has been suggested as acceptable * The
30% level seems high in this context, with persons affected
by stroke in a chronic stage; from a clinical viewpoint,
our opinion is that the results of 21.3% and 2.3 pegs in
this study indicate a barely acceptable level of absolute
reliability. For a favourable level, we believe that a mean
number consisting of approximately 1.5 pegs is desirable.

The relative testretest reliability, as measured by 1CC,,,
was 0.99, which seems excellent. The discrepancy between
the level of the relative and the absolute reliability is most
likely caused by the heterogeneity in this study population
(figure 3, table 1) which inflates the relative reliability.'®

The level of the relative absolute test-retest reliability
(SRD%), the most comparable measure, observed for the
TFHPT in this study (21.3%) is better than what Chen et
al reported (54%) and is at approximately the same level
as Ekstrand et al reported (24%) for the NHPT. Although

Table 2 Results of the Koenker’s studentised test, n=31

Preintervention trials

Postintervention trials

Pairwise test of trials X2 P value X2 P value
1-2 1.33 0.25 0.41 0.52
2-3 0.05 0.83 1.38 0.24
1-3 0.28 0.60 0.20 0.66
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Table 3 Results of reliability measures for preintervention trials

ICC (95% Cl) SEM*, nt SRDit, n SRD%§
ICC,, 0.96 (0.90 to 0.98) 1.4 4.0 36.5
ICC,, 0.99 (0.97 to0 0.99) 0.8 2.3 21.3
ICC,, 0.99 (0.98 to 0.99) 0.7 2.0 18.3
Derived from MSE 1.3 3.5 32.1

*SEM derived from ICC
TNumber of pegs.
FSmallest real difference derived from ICC, ,, ICC,,, ICC, , and MSE.
§SRD percentage derived from ICC, ,, ICC,,, ICC,, and MSE.

.., ICC, ., ICC, , and MSE.

217 2.3°

ICC, intraclass correlation coefficient; MSE, mean square error term; SEM, SE of measurement; SRD, smallest real difference.

the SRD% measures reported in the studies by Chen et al
and by Ekstrand et alwere calculated in different ways than
the SRD%, , reported in this study, the measures used in
these three studies are fairly equivalent.'® Several meth-
odological differences between these three studies could
have affected the results.?® First, the results of the TFHPT
and NHPT were measured using different scales, and the
use of time for completion of the testin the NHPT should
accommodate more variability than the peg count used
in the TFHPT. However, the SRD% results should still be
comparable between the TFHPT and the NHPT because
this relative measure of absolute reliability adjusts for
different scales and study populations.' 7" Second, in
this study of the TFHPT, the test and retest trials were
performed within minutes compared with within days
in the studies of the NHPT. Thus, the TFHPT may seem
more reliable because of possible random error from day-
to-day variation in performance which was not captured
in this study.'”*' Third, the longer time since stroke in this
study of the TFHPT compared with the study of NHPT
by Chen et al’ may have resulted in seemingly better reli-
ability for the TFHPT because of a more stable level of
hand function. In the study by Chen et al, a systematic
error may have originated in recovery from stroke in the
3-5 days between the test and retest trials because the
time since stroke was 3 months or less for a quarter of the
study sample.”

The implications of the results of this study are that the
TFHPT can be used in a clinical situation to detect changes
in a patient’s hand function. The test procedure should

employ an average of three trials on each occasion, and a
change of 2.3 pegs or more between two occasions should
be considered real improvement/worsening. Furthermore,
it seems that the ceiling effects in the TFHPT can be consid-
ered acceptable. Only two of the persons assessed for eligi-
bility inserted 25 pegs, and only one of them actually hit the
ceiling because according to this individual’s best times for
completion of the 25 pegs, he/she would have been able
to insert more pegs if available. This occurred in a sample
where approximately a quarter of the included participants
suffered from mild impairment of arm and hand function
as judged by the Fugl-Meyer test.” **

There was a tendency towards improved reliability after
the CIMT period which was due to decreased systematic
error and decreased random error. The decreased system-
atic error can be observed in the main effects of trial in the
ANOVA results.'® The decreased systematic error is most
likely due to a decreased learning effect when the partic-
ipants had previous experience in the test. The learning
effect is indicated by the increases in the mean values
over the trials, especially over trials 1-2, and the decreased
learning effect is indicated by the less pronounced increase
in the postintervention trials."* ' The lower random error
can be observed from the lower SRD, , results in the postin-
tervention trials.'® The cause of the decreased random error
is less clear, but it could also be attributed to the decreased
systematic error.'” This is because the magnitude of the
learning effect probably differs between individuals, which
will show as random error. Furthermore, it is likely that
the SRD,, result of 2.3 pegs for TFHPT could, in reality,

Table 4 Results of reliability measures for postintervention trials

ICC (95% Cl) SEM*, nt SRD%, n SRD%$§
ICC,, 0.97 (0.95 to 0.98) 1.1 3.2 25.9
ICC,, 0.99 (0.98 to 1.0) 0.7 1.8 15.0
ICC,, 0.99 (0.98 to 1.0) 0.7 1.8 15.0
Derived from MSE 1.1 3.1 25.5

*SEM derived from ICC, , ICC, ,, ICC,, and MSE.

TNumber of pegs.

FSmallest real difference derived from ICC, , ICC, ., ICC, , and MSE.

§SRD percentage derived from ICC, , ICC, ,, ICC,, and MSE.

ICC, intraclass correlation coefficient; MSE, mean square error term; SEM, SE of measurement; SRD, smallest real difference.
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be adjusted downwards. A peg test is often used to evaluate
a rehabilitation period; because the error is smaller in the
postintervention trials, the ‘true’ SRD may be somewhere
between the SRDs of the preintervention and postinterven-
tion trials (2.3 vs 1.8).

Four weaknesses of this study should be considered. The
sample included a relatively low number of participants
with few observations above 20 pegs and participants who
were selected because they should benefit from CIMT." 17
These sample qualities may thus, to some degree, hinder
the generalisation of the results to other groups of people
suffering from stroke. In addition, the intended practice
trial was included as one of three trials in the analyses which
appears to have contributed to systematic error through an
increased learning effect, indicated by a large increase in
the mean values between trials 1 and 2."*'*'” Thus, to miti-
gate the learning effect, a practice trial preceding regular
trials is recommended. Moreover, the possible day-to-day
variation was not captured in the present study design. The
advantage of this approach is that it yields a pure result for
measurement error for the instrument in this population;
the disadvantage is that the result is less clinically appli-
cable."” ?! Finally, in this study, sensitivity to change and
validity were not examined. However, the criterion validity
for NHPT has mostly shown a moderate to excellent level*”
and the underlying skill assessed with the TFHPT is most
likely the same. A high reliability level is a prerequisite for
high validity, and because the reliability of the TFHPT was
at the same level as that of the NHPT, the criterion validity
should also be similar.”

In conclusion, our results suggest that the smallest
detectable difference between two assessments using a
test procedure with an average of three trials conducted
by a single tester should be just above two pegs with the
TFHPT. Furthermore, to reach an acceptable level of
measurement error, the use of the average of multiple
trials is crucial. Future research should focus on opti-
mising the number of trials.
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