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INTRODUCTION

Finger dexterity is a unique characteristic of human beings 
and is essential for accomplishing various tasks in daily life 
and occupations. Around 60% of patients with middle cere-
bral artery stroke reportedly have some residual impairment 
in finger dexterity 6 months after the onset of the stroke.1) 
Decreased upper limb function is also reportedly associated 
with a decreased quality of life.2) The assessment of dexterity 
is necessary when planning rehabilitation and evaluating the 
efficacy of treatment in individuals with upper extremity im-
pairments. The Nine Hole Peg Test (NHPT) is widely used 
to assess finger dexterity in clinical settings because of its 

simplicity, low cost, and short time to administer.3) It is one 
of the most frequently used upper limb outcome measures 
in stroke rehabilitation studies.4) When a measure is used 
repeatedly over time in a clinical or research setting, test–
retest reliability should be considered. There are two types 
of test–retest reliability: relative reliability and absolute 
reliability. Correlation coefficients and intraclass correlation 
coefficients (ICCs) are commonly used to examine relative 
reliability. Absolute reliability is examined using the Bland–
Altman analysis,5) which systematically assesses biases and 
errors.
Relative reliability of the NHPT, measured using Pearson’s 

correlation coefficient, is reportedly relatively high for the 
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Objectives: This study examined whether the reliability of the Nine Hole Peg Test (NHPT) is 
improved by a modification (mNHPT) that confines the peg insertion/removal order to one way 
to reduce the degree of freedom of spatial strategies. Methods: Participants performed the NHPT 
and mNHPT three times each in two sessions with an interval of 3–5 days. Healthy adults used 
their non-dominant hand (n=40), while those with hemiparetic stroke used their affected (n=40) or 
unaffected hand (n=40). The mean value of three trials from each session was used for analyses. 
The reliabilities of the NHPT and mNHPT during the two sessions were assessed via intraclass 
correlation coefficients (ICCs) and Bland–Altman analysis. Results: The ICCs of the NHPT and 
mNHPT were 0.49 and 0.66, respectively, in healthy participants, and 0.91 and 0.94, respectively, 
in participants with stroke, regardless of the hand used. A significant fixed bias between the 
sessions was observed in both tests, except for participants with stroke who used their affected 
hand. Proportional biases were noted in the mNHPT results of healthy participants and in the 
NHPT and mNHPT results of participants with stroke who used their affected hand. The limits of 
agreement (lower, upper) in the affected hand were −11.0 and 9.5 for the NHPT and −8.0 and 6.2 
for the mNHPT. Conclusions: Reduced degrees of freedom in the spatial strategy improved the 
relative reliability and reduced measurement errors in the NHPT. However, fixed and proportional 
biases were still evident.
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right hand (r=0.69) and moderate for the left hand in healthy 
adults (r=0.43).3) The relative reliability of the NHPT in 
individuals with stroke, measured using ICC, is reportedly 
high for both the unaffected hand (ICC=0.89) and the af-
fected hand (ICC=0.85).6) Regarding the absolute reliability 
of the NHPT, different studies have reported the minimal 
detectable change (MDC) percentage in the unaffected and 
affected hands in stroke patients as 23% and 54%,6) and 12% 
and 24%, respectively,7) indicating that the measurement 
error may be large in some populations. Additionally, the 
time required to complete the NHPT has been shown to be 
decreased during the retest session compared to the first ses-
sion in healthy adults, indicating the existence of bias.3,7,8) 
Therefore, previous studies suggest that while the relative 
reliability of the NHPT is acceptable, the absolute reliability 
is poor in terms of errors and bias.
The NHPT uses a square board with nine holes, arranged 

in a 3×3 square pattern, and nine pegs. The time required to 
place the pegs into the holes and to remove them from the 
holes using a single arm is measured. The order of inser-
tion and removal of the pegs is not specified, and there are 
more than 360,000 ways to insert the pegs.9) Therefore, it 
is possible that the time required to complete the NHPT is 
influenced by the order selected by the individual. In fact, the 
strategy of peg insertion has been reported to influence the 
performance of healthy adults and individuals with stroke.9) 
When different strategies for insertion and removal of the 
pegs are used in the test and retest sessions, measurement er-
rors may increase. If a more efficient spatial strategy is used 
in the retest session, it leads to a bias toward a shorter time 
to complete the test.
We hypothesized that the test–retest reliability of the 

NHPT would improve if a modified version (mNHPT) was 
used with a specific order of insertion and removal of the 
pegs. The purposes of this study were to examine the relative 
and absolute reliability of the mNHPT in healthy adults and 
individuals with hemiparetic stroke, and to compare them 
with those of the NHPT.

MATERIALS AND METHODS

Design and Setting
This study was a test–retest reliability study conducted in 

a convalescent rehabilitation hospital in Japan.

Participants
A total of 120 individuals participated in this study, in-

cluding 40 healthy adults (mean [standard deviation, SD] 

age: 26.0 [2.0] years) and 80 patients with hemiparetic stroke 
(mean [SD] age: 66.0 [13.3] years). Patients with their first-
ever hemiparetic stroke were recruited from among those 
who were admitted to the convalescent rehabilitation ward 
via convenience sampling. The following inclusion criteria 
were used: patient experienced a stroke at least 1 month prior 
to the start of the study; patient was able to sit without assis-
tance; patient could understand the instructions for the tasks. 
The following exclusion criteria were used: neurological dis-
eases other than stroke; subarachnoid hemorrhage; lesions 
in the cerebellum; multiple brain lesions. Half the patients 
with hemiparetic stroke (n=40) performed the tasks with 
the affected hand (affected hand group), while the other half 
(n=40) performed them with the unaffected hand (unaffected 
hand group). Participants with hemiparetic stroke who could 
complete the task within 60 seconds were allocated to the af-
fected hand group. Participants with hemiparetic stroke who 
could not complete the task within 60 seconds were allocated 
to the unaffected hand group. Healthy adults with pain and/or 
neuromuscular disorders in the upper extremities, cognitive 
deficits, or visual disturbances that affected the performance 
of the task were excluded. The sample size was calculated 
based on ICCs to ensure that the number of participants in 
this study was sufficient, considering a statistical power of 
80% and a significance level α of 0.05. The sample size was 
calculated to be 36 (minimum acceptable ICC, 0.85; expected 
ICC, 0.95; number of repetitions, 2; expected dropout rate, 
30%) based on the Sample Size Calculator (http://wnarifin.
github.io) and methodology described by Walter et al.10)

Each participant performed the test with only one arm 
throughout the study because inter-limb skill transfer was re-
ported in the NHPT.9) The healthy adults performed the tasks 
with their non-dominant hand. According to the Edinburgh 
handedness inventory,11) all but one of the healthy adults were 
right-handed (mean [SD] laterality quotient: 91.0 [31.9]). The 
characteristics of the individuals with hemiparetic stroke, 
including the Fugl-Meyer Assessment12) and the modified 
Ashworth scale,13) are presented in Table 1. This study was 
conducted in accordance with the Declaration of Helsinki of 
1964, as revised in 2013. The study protocol was approved by 
the Institutional Review Board of Tokyo Bay Rehabilitation 
Hospital (approval number 115-2). Written informed consent 
was obtained from all participants included in the study.

NHPT
The square board used in the NHPT has nine pegs and 

nine holes arranged in a 3×3 square pattern, spaced 3.2 cm 
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apart when measured center-to-center (Fig. 1A). Each hole is 
1.3 cm deep and is drilled with a 0.71-cm drill bit. The nine 
wooden pegs are 0.64 cm in diameter and 3.2 cm in length. 
The container was constructed using 0.7-cm plywood. The 
participants picked up the pegs and inserted them into a hole 
one by one using one arm until all of the holes were filled. 
The pegs were then removed one by one and placed in a 
container. The participants were instructed to perform the 
task as quickly as possible. The time required to complete 
the tasks was measured.3) If a peg was dropped outside the 
pegboard, the test was stopped and restarted.

Modified Version of the NHPT
We designed the mNHPT to decrease the degree of free-

dom in the spatial strategy for peg insertion and removal. 
The layout of the holes was designed such that the participant 
could intuitively insert or remove the pegs in one way; the 
layout was changed from a 3×3 square pattern to a line, and 
a specific order of peg insertion and removal was required 
(Fig. 1B). The spaces between the holes (3.2 cm) and the 
length of the pegs (3.2 cm) were the same in the NHPT and 
the mNHPT. The mNHPT was administered in the same 
manner as the NHPT, except for the peg insertion/removal 
order. When the participants used their left hand to complete 
the mNHPT, the pegs were inserted from the right lower cor-

Prog. Rehabil. Med. 2022; Vol.7, 20220046 3

Table 1.  Participant characteristics

Characteristic Healthy adults 
(n=40)

Unaffected hand group 
(n=40)

Affected hand group 
(n=40)

Age, years 26.0 (2.0) 63.3 (14.9) 68.7 (11.0)
Sex, female/male 19/11 16/24 23/17
Type of stroke, infarction/hemorrhage - 21/19 14/26
Side of paresis, right/left - 19/21 26/14
Time since stroke onset, days - 104.9 (43.6) 72.1 (28.3)
Edinburgh Handedness Inventory 91.0 (31.9) 89.8 (42.0) 95.7 (9.6)
Fugl–Meyer Assessment in the affected arm - 18.5 (4–39) 61.5 (58–63)
Modified Ashworth scale in the affected arm a - 1 (1–2) 0 (0–0)
Data are given as mean (SD), number, or median (interquartile range).
a 1+ was treated as 2 for the modified Ashworth scale. The scores for analyses range from 0 to 5.

Fig. 1.  Nine Hole Peg Test (NHPT) and the modified Nine Hole Peg Test (mNHPT). (A) 
The NHPT includes a square board with nine holes arranged in a 3×3 square and nine pegs. 
(B) The mNHPT confines the order of peg insertion and removal to one way to reduce the 
degree of freedom of spatial strategies. In both tests, the time required to place the pegs into 
the holes and then remove them from the holes using a single upper limb is measured.
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ner to the left lower corner and removed from the left lower 
corner to the right lower corner.

Experimental Procedure
The NHPT and mNHPT were performed three times each 

during each session, and the mean duration of the three 
trials was used in the analyses; the second session (retest) 
was conducted 3–5 days after the first session.6) The order of 
administration of the NHPT and mNHPT was equal among 
the participants to eliminate order bias. The performances of 
the NHPT were recorded by video, and the order of insertion 
and removal of the pegs was examined to evaluate the ef-
ficiency of each spatial strategy. One occupational therapist 
with 11 years of clinical experience supervised all tests in a 
quiet room throughout the study.

ANALYSES

Values for the Tests
The mean duration of the three trials in each session was 

calculated and used in all analyses. Differences in the values 
between the NHPT and the mNHPT in each session were 
examined using the paired t-test. Statistical analyses were 
conducted using Modified R Commander (version 4.0.2 
software for Windows). P values <0.05 were considered 
statistically significant.

Relative Reliability
The test–retest reliability between the sessions was as-

sessed using the ICC (1,1). The strength of agreement was 
interpreted as follows: <0.00, slight; 0–0.19, low correlation; 
0.20–0.39, moderate correlation; 0.41–0.69, high correlation; 
0.70–0.89, substantial; and 0.90–1.00, very high correla-
tion.14)

Absolute Reliability
The absolute reliability of the NHPT and mNHPT was 

examined using Bland–Altman analysis5) to check the sys-
tematic bias and estimate the limit of agreement (LOA). Two 
types of systemic biases exist: fixed and proportional. The 
two biases can be statistically confirmed and visualized us-
ing the Bland–Altman scatter plot, in which the Y-axis shows 
the difference between the two paired measurements, and the 
X-axis represents the mean of these measurements.
The fixed bias was statistically evaluated using the 95% 

confidence interval (CI) of the mean differences between the 

session 1 and session 2 values ( d ). A fixed bias was present 

if zero was not within the range of the 95% CI of d . The 
Bland–Altman plot, in which the distribution of d is biased 
toward positive or negative, can be used to depict the fixed 
bias. A proportional bias was present when the value of the 
difference between two sessions (d or |d|) was significantly 
correlated with the mean of the two sessions.15) The magni-
tude of d or |d| changes depending on the magnitude of the 
mean of the two sessions in the Bland–Altman plot when a 
proportional bias is present.
The 95% LOA was calculated as the mean ± 1.96 SD of the 

differences, and the %LOA was calculated as the mean %d 
± 1.96 SD of %d, where %d = (d/mean of sessions) × 100, 
using the relative differences between sessions. These values 
are shown as Bland–Altman plots. In addition, the 95% CIs 
of the upper and lower LOAs were calculated.5) Given that 
it is recommended that the acceptable LOAs be determined 
prior to the study,16) we determined acceptable LOAs based 
on those calculated from previous studies conducted on 
individuals with stroke.6,7) We calculated the LOA from the 
mean and SD of the differences between the sessions,6) or 
from the mean and 95% CI of the differences between the 
sessions.7,17) The calculated LOAs (lower and upper) were 
−7.8 and 8.6 in the unaffected hand, −24.3 and 30.5 in the 
affected hand;6) and −3.3 and 1.9 in the less affected hand 
and −13.1 and 6.3 in the more affected hand.7) Based on our 
hypothesis that mNHPT would have fewer measurement 
errors, we determined the acceptable LOAs in this study 
by calculating 80% of the mean LOAs in the two previous 
studies. The priori acceptable LOAs for the healthy and unaf-
fected hands were calculated as −4.4 and 4.2, and those for 
the affected hands were −15.0 and 14.7. 
In addition, the MDC score at a confidence level of 95% 

(MDC95) was calculated using the standard error of mea-
surement (SEM) to quantify the measurement errors: MDC95 

= 1.96 SEM × 2 ; [MDC95% =   (MDC95 / mean of sessions) 
× 100].6,18)

Strategies for Peg Insertion and Removal in 
the NHPT
To investigate whether the better spatial strategy improved 

the measurement time, we reviewed the video recordings 
of the NHPT trials to evaluate the efficiency of the spatial 
strategies of peg insertion and removal used in each trial. 
An efficient method of peg insertion or removal was defined 
as the absence of pegs that may have spatially disturbed 
the insertion or removal of other pegs. When the test was 
performed on the left arm, a point was given for inserting 
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or removing a peg when there was no peg in the holes of 
all the area on the left, lower, or lower left sides of the hole 
where the peg was inserted or removed (Fig. 2). The pos-
sible score ranged from 2 to 18 points for each trial, with 
higher scores indicating a more efficient spatial strategy. To 
examine whether the strategy improved during the retest, the 
mean score of the three trials in session 1 was compared with 
that of session 2 using the paired t-test. Pearson’s correlation 
coefficient was used to examine the correlation between the 
improvement rate in the mean spatial strategy score [(ses-
sion2 − session1) / mean of sessions]  and that in the time 
required to complete the NHPT.

RESULTS

NHPT and MNHPT Values
Sessions 1 and 2 were conducted at a mean (SD) of 4.2 

(0.7) days apart. The values for each session are presented 
in Table 2. The NHPT took significantly longer to complete 
than the mNHPT in each group (all P <0.001).

Relative Reliability
The test–retest reliability (ICC [1,1]) of the NHPT ses-

sions was moderate in healthy adults (ICC=0.49) and very 
high in participants with stroke (ICC=0.91). The test–retest 
reliability (ICC [1,1]) of the mNHPT session was moderate 
in healthy adults (ICC=0.66) and very high in participants 
with stroke (ICC=0.94) (Table 3). The ICCs tended to be 
better for mNHPT than for NHPT. For both the NHPT and 
the mNHPT, the 95% CIs of ICCs did not overlap between 
the healthy adults and participants with stroke, indicating 
that ICCs were significantly lower in healthy adults than in 
participants with stroke.

Absolute Reliability
The Bland–Altman plots are shown in Figs. 3 and 4, and 

the data are presented in Tables 4 and 5. In all three groups, 

the mean time required for the NHPT and mNHPT was 
shorter in session 2 than in session 1. The difference between 
each session was statistically significant in the healthy adults 
and the study participants with stroke who used their un-
affected hand for the NHPT and the mNHPT. Therefore, a 
significant fixed bias was detected. In the group that used the 
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Fig. 2.  Scoring the spatial peg strategy of the NHPT. The 
spatial strategies used by the participants to insert and re-
move the pegs during the NHPT were scored for efficiency. 
For example, when the left hand was used, the order of peg 
insertion/removal of CBAFEDIHG/GHIDEFABC is one of 
the most efficient strategies, resulting in a full score for effi-
ciency (18 points), whereas the order of peg insertion/remov-
al of GHIDEFABC/CBAFEDIHG is one of the least efficient 
strategies, resulting in the minimum score for efficiency (2 
points).

Table 2.  Time required to complete the Nine Hole Peg Test (NHPT) and the modified Nine Hole Peg Test (mNHPT)

Healthy adults 
Non-dominant hand (n=40)

Participants with stroke
Unaffected hand (n=40) Affected hand (n=40)

Session 1 Session 2 Session 1 Session 2 Session 1 Session 2
NHPT Time, s 17.6 (1.7) 16.7 (1.4) 24.2 (6.1) 23.1 (5.9) 34.7 (12.9) 33.9 (12.2)

Strategy score 12.2 (3.7) 12.7 (3.4) 11.1 (3.6) 11.3 (3.5) 12.4 (3.3) 12.5 (3.5)
mNHPT Time, s 16.5 (1.7) 15.8 (1.4) 22.4 (6.0) 21.5 (5.7) 31.6 (11.2) 30.7 (10.4)
P value (time of NHPT vs. 
time of mNHPT)

<0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Data given as mean (SD).
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affected hand, the differences between sessions 1 and 2 were 
not statistically significant for the NHPT and the mNHPT, 
although session 2 tended to be shorter than session 1. Pro-
portional bias was detected in healthy adults for the mNHPT 
and in participants with stroke who used the affected hand 
for the NHPT and the mNHPT (Table 3). Greater differences 
were detected when the time to complete the task was longer.
In healthy adults, the LOAs were −3.6 and 1.7 for NHPT 

and −2.9 and 1.5 for mNHPT. In participants with stroke who 
used the unaffected hand, the LOAs were −5.8 and 3.6 for 
NHPT and −4.3 and 2.4 for mNHPT. In participants with 
stroke who used the affected hand, the LOAs were −11.0 
and 9.5 for NHPT and −8.0 and 6.2 for mNHPT. All LOAs 
except for the lower limit of the unaffected hand among the 
participants with stroke in NHPT were within the LOAs 
determined prior to the study. The LOA cannot be evalu-
ated accurately in the presence of a proportional bias.19) In 
this study, the LOAs of the smaller values tended to be 
overestimated, whereas those of the larger values tended to 
be underestimated in healthy adults for the mNHPT and in 
participants with stroke who used the affected hand in the 
NHPT and the mNHPT.
In healthy adults, the MDC% values of NHPT and 

mNHPT were 15.2% and 13.8%, respectively. In participants 
with stroke who used the unaffected hand, the MDC% values 
of NHPT and mNHPT were 20.0% and 15.3%, respectively. 
In the participants with stroke who used the affected hand, 
the MDC% values of NHPT and mNHPT were 29.9% and 
22.8%, respectively (Table 6).

Strategies for Peg Insertion and Removal Dur-
ing the NHPT
No participants used the same peg strategy throughout 

the six trials during two sessions except for one participant 
with stroke who used the affected hand. The strategy scores 
increased slightly in the second session; however, the differ-
ences were not significant in any group (all P >0.05) (Table 
2). For either group, the rate of change in the spatial strategy 

score was not significantly correlated with that of the NHPT 
(all P >0.05).

DISCUSSION

We systematically examined the relative and absolute reli-
ability of the NHPT in healthy adults and participants with 
hemiparetic stroke and examined whether the reliability was 
improved by modifying the test to require a specific order 
of peg insertion and removal, which reduces the degree of 
freedom of the spatial strategies. In terms of relative reli-
ability, the ICCs in the mNHPT were better than those in 
the NHPT in all groups. Therefore, reducing the degree 
of freedom in the spatial strategy of the test improved the 
relative reliability. Regarding the difference between healthy 
adults and those with stroke, the ICCs of both NHPTs in the 
participants with stroke were very high (ICC, 0.91–0.94) 
and significantly better than those in healthy adults (ICC, 
0.49–0.66). This difference between the healthy adults and 
those with stroke might have been caused by the difference 
in the range (variability) of values in the samples, because a 
larger ICC is obtained in a sample with a larger range. The 
range of values in the affected and unaffected hands in the 
participants with stroke was markedly larger than that in 
healthy adults; therefore, the ICCs might have been larger in 
participants with stroke than in healthy adults.
Regarding absolute reliability, the range of the upper and 

lower LOA in the mNHPT was narrower than that in the 
NHPT in all groups. Additionally, the LOA of the NHPT in 
the unaffected hand group was outside of the priori deter-
mined acceptable limits. Furthermore, the MDC% values 
were smaller in the mNHPT than in the NHPT for all 
groups. The MDC% in the mNHPT in this study was 22.8%, 
which was smaller than the MDC% in the NHPT in the af-
fected hand in previous studies, which have been reported 
to be 24%7) and 54%.6) This suggests that the mNHPT has a 
smaller measurement error.
The improved relative reliability and reduced measure-

ment error observed in the mNHPT might have been caused 
by the reduced variability of task performance for each 
participant because of the requirement of a specific spatial 
strategy. In fact, only one participant out of 120 (0.8%) 
performed the NHPT with the same order of insertions and 
removals throughout the trials. Therefore, it is reasonable to 
assume that the difference in the order of pegs between the 
trials increased the variability of the NHPT. Considering that 
there was no correlation between the spatial strategy score 
and the time required for the NHPT, the variability in the 
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Table 3.  Relative reliability of the NHPT and the mNHPT
ICC [1, 1] 95% CI

NHPT Healthy adults 0.49 0.22, 0.69
Stroke (unaffected) 0.91 0.83, 0.95
Stroke (affected) 0.91 0.84, 0.95

mNHPT Healthy adults 0.66 0.44, 0.80
Stroke (unaffected) 0.94 0.90, 0.97
Stroke (affected) 0.94 0.89, 0.97
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Fig. 3.  Bland–Altman plots for the NHPT (A, C, E) and mNHPT (B, D, F). (A, B) Data of the trials of healthy adults using 
their non-dominant hands. (C, D) Data of the trials of participants with stroke using the unaffected hand. (E, F) Data of the 
trials of participants with stroke using the affected hands. Solid lines represent the mean and dotted lines represent the LOAs. 
The shaded areas represent the 95% confidence intervals for the mean and LOAs.
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Fig. 4.  Bland–Altman plots for the NHPT (A, C, E) and mNHPT (B, D, F) using the relative difference between the ses-
sions. (A, B) Data of the trials of healthy adults using their non-dominant hands. (C, D) Data of the trials of participants with 
stroke using the unaffected hand. (E, F) Data of the trials of participants with stroke using the affected hands. Solid lines 
represent the %mean and dotted lines represent the %LOAs. Shaded areas represent 95% confidence intervals for the %mean 
and %LOAs.
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time required for the cognitive process for identifying spatial 
strategies, rather than the variability in the spatial barriers 
of the pegs, might be responsible for the reduced reliability 
of the NHPT. We believe that by uniquely determining the 
order of pegs as in mNHPT, we may reduce not only the 
variability in spatial strategies, but also the variability in 
the time required for completion of the cognitive process for 
identifying the spatial strategy.
Contrary to our expectations, the reduction in the degree 

of freedom of the spatial strategies did not eliminate the 
fixed biases observed in the healthy adults and participants 
with stroke who used the unaffected hand. The values in the 
second session were significantly smaller than those in the 
first session. Furthermore, there was no significant relation-
ship between the spatial peg strategies and the time required 
to complete the NHPT, although various peg strategies were 
used by the participants. This finding suggests that the main 
cause of the fixed bias observed in the NHPT was not the 
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Table 4.  Absolute reliability of the NHPT and the mNHPT with Bland–Altman analysis
Fixed bias Proportional bias

d
95% CI Lower 

LOA
95% CI Upper 

LOA
95% CI d vs mean |d| vs mean

r P r P
NHPT Healthy 

adults −0.9 −1.37, −0.52 −3.6 −4.28, −2.82 1.7 0.94, 2.40 −0.21 0.200 0.19 0.229

Stroke  
(unaffected) −1.1 −1.86, −0.32 −5.8 −7.16, −4.49 3.6 2.30, 4.97 −0.11 0.498 0.14 0.240

Stroke  
(affected) −0.8 −2.45, 0.89 −11.0 −13.90, −8.12 9.5 6.56, 12.34 −0.15 0.367 0.49 0.001

mNHPT Healthy 
adults −0.7 −1.05, −0.33 −2.9 −3.55, −2.29 1.5 0.91, 2.17 −0.31 0.049 0.38 0.014

Stroke  
(unaffected) −1.0 −1.50, −0.40 −4.3 −5.27, −3.37 2.4 1.46, 3.36 −0.16 0.327 0.15 0.231

Stroke  
(affected) −1.0 −2.07, 0.24 −8.0 −9.99, −5.99 6.2 4.17, 8.17 −0.22 0.179 0.47 0.002

Table 5.  Absolute reliability of the NHPT and the mNHPT with Bland–Altman analysis using the percentage of difference
Fixed bias

%Mean dif-
ference

95% CI Lower 
%LOA

95% CI Upper 
%LOA

95% CI

NHPT Healthy adults −5.4 −5.83, −4.98 −20.6 −24.82, −16.27 9.7 5.47, 14.01
Stroke (unaffected) −4.5 −7.59, −1.46 −23.3 −28.62, −18.01 14.3 8.96, 19.57
Stroke (affected) −2.0 −5.74, 1.70 −25.0 −31.4, −18.47 20.9 14.43, 27.36

mNHPT Healthy adults −4.1 −4.49, −3.76 −17.1 −20.80, −13.45 8.9 5.21, 12.55
Stroke (unaffected) −4.3 −6.72, −1.84 −19.3 −23.48, −15.03 10.7 6.46, 14.91
Stroke (affected) −2.7 −5.90, 0.51 −22.4 −27.89, −16.80 17.0 11.41, 22.51

Table 6.  Minimal detectable changes (MDC) for the NHPT and the mNHPT

SEM MDC95 MDC95%
NHPT Healthy adults 0.94 2.6 15.2

Stroke (unaffected) 1.71 4.7 20.0
Stroke (affected) 3.69 10.2 29.9

mNHPT Healthy adults 0.80 2.2 13.8
Stroke (unaffected) 1.21 3.4 15.3
Stroke (affected) 2.56 7.1 22.8
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improvement of spatial strategy but the learning effect of 
peg manipulation itself. A statistically significant fixed bias 
was not observed in the affected hand of participants with 
stroke, although there was a tendency towards this bias. This 
may have been caused by the fact that the learning effects 
were obscured by the variability of task performance, or that 
the learning ability was impaired in the affected hand of the 
participants with stroke.
Proportional bias was detected in the healthy adults in the 

mNHPT and in the participants with stroke who used the 
affected hand in the NHPT and the mNHPT. This bias might 
have been simply caused by the variability in performances 
between the sessions. As the time required for the test 
increased, the variability between the sessions might have 
increased. Regarding the relative and absolute reliability, 
similar findings were reported in the Purdue Pegboard Test 
(PPT), which is known as a test for finger dexterity. The PPT 
was reported to have almost perfect test–retest reliability 
(ICCs >0.8 for each subtest in healthy adults).20) However, 
systemic bias was present, and a significantly more favorable 
result was observed in the second test compared to the first 
test in some subtests of the PPT in individuals with schizo-
phrenia.21)

In terms of clinical implications that can be drawn from 
this study, the mNHPT can be used with better relative and 
absolute reliability in terms of reducing the measurement er-
ror compared to that of the NHPT when assessing finger dex-
terity in healthy adults and those with stroke. However, the 
fixed bias caused by the learning effect when the test is used 
repeatedly cannot be overlooked. Furthermore, clinicians 
should consider that the test has some measurement error, 
even though the LOAs are acceptable, and that these errors 
become greater because of proportion bias when the test is 
used in individuals with severe impairment who require more 
time to complete the test. Importantly, the measurement time 
differed between the NHPT and the mNHPT, which might 
be caused by the differences in test structures, indicating the 
risk involved in using the values obtained using the NHPT 
in direct comparison with those obtained using the mNHPT.
The limitations of the study include the small sample size 

and the lack of age-matched controls. Therefore, the results 
may not be generalizable to individuals with stroke with 
different degrees of hemiparesis. In addition, it could not 
be determined whether the characteristics observed in the 
unaffected hand were stroke-specific or because of aging, 
although the learning effect was evident even in participants 
with stroke who used the unaffected hand.

CONCLUSION

The mNHPT has better absolute and relative reliability in 
terms of reducing the measurement error than the NHPT in 
healthy adults and individuals with stroke. However, fixed 
bias, proportional bias, and measurement errors cannot be 
ignored.
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