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The Test-Retest Reliability and Minimal Detectable 
Change of the Fugl-Meyer Assessment of the Upper 
Extremity and 9-Hole Pegboard Test in Individuals 
With Subacute Stroke

Purpose: The first step to manage motor impairment of upper limb in patients with subacute 
stroke is having an accurate assessment tool. The Fugl-Meyer assessment of upper extremity and 
9-hole pegboard test are used to evaluate motor function and hand dexterity in stroke survivals. 
The present study aimed to investigate the test-retest reliability and minimal detectable change 
(MDC) in these two tests.

Methods: A total of 15 patients with subacute stroke (54-76 years old) participated in this study. 
They were selected non-randomly from rehabilitation clinics and hospitals of Tehran, Iran, 
based on inclusive and exclusive criteria. Intraclass correlation coefficient (ICC), standard error 
measurement (SEM), and MDC were used for investigating intraday and interday reliability for 
1 hour and 3 days.

Results: Intraday reliabilities of Fugl-Meyer and 9-hole pegboard were excellent with ICC of 
0.98 and 0.98, also MDC of 1.96 and 8.59, respectively. The interday reliabilities of these tests 
were also excellent with ICC of 0.99 and 0.96, as well as MDC of 1.52 and 12.69, respectively. 
The absolute reliability (SEM) was less than 10% of maximum acquired scores indicating 
acceptable errors of measurement.

Conclusion: Results show that the Fugl-Meyer assessment and 9-hole pegboard test have 
excellent test-retest reliability. Therefore these tests can be used for appropriate treatment 
planning and clinical decision making in patients with subacute stroke.
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1. Introduction 

troke is a major cause of disability among 
elders in the world and affects mostly the 

upper extremity [1]. Upper limb disability does not re-
cover in 50% of cases after stroke [2]. Almost 20% to 
30% patients with stroke remain dependent even after 
recent progress in the treatment of patients with acute S
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and chronic stroke [3]. Recovery phase is fast during 
6 months after stroke due to reconstruction process of 
brain and neuroplasticity. Therefore, this period is im-
portant for treatment tasks [4]. After stroke, anticipatory 
changes in the motor control of upper limb are the most 
important strategies for rehabilitation [5]. Selection of 
suitable measurement test should be according to level 
and framework of International Classification of Func-
tioning, Disability, and Health (ICF) [6]. All selected 
measuring tests should have psychometric properties 
and one of the most important properties is reliability [7].

Test-retest measurement of upper limb function in pa-
tients with stroke is essential for better treatment choices, 
making clinical decisions, and helps in future research. 
Obtaining test-retest reliability for the function of upper 
limb is important both for clinic and research. Fugl-Mey-
er assessment (FMA) and 9-hole pegboard test (9-HPT) 
are the two most popular assessment tools for upper ex-
tremity. FMA is used to evaluate and measure upper limb 
recovery in post-stroke hemiplegic patients while 9-HPT 
is used as a simple, quick assessment for finger [8, 9]. 

Previously, test-retest reliability of the above men-
tioned tests had not been determined perfectly. For ex-
ample, inter- and intra-reliability of examiners for FMA 
on patients with stroke was better performed, however 
most study patients were in chronic phase. So, it lacked 
the explanation about acute phase [10, 11]. In another 
study, test-retest reliability was seriously done for 9-HPT 
but the participants were healthy population [12, 13].

Patients with stroke have different characteristics at each 
stage of rehabilitation (acute: less than 1 month, subacute: 
1 to 6 months, chronic: more than 6 months) that may have 
different effects on the motor functional measurement [14-
16]. Because the recovery process is automatic during sub-
acute phase [14], the therapists must identify whether re-
habilitation helps the recovery or it happens naturally due 
to physiological process. For this reason, the present study 
investigates if the tests used to assess the movement of pa-
tients with stroke during subacute phase have satisfactory 
reliabilities and tries to relate the observed recovery dur-
ing measured tests with the treatment, instead of natural 
recovery. The purpose of the present study was to assess 
the intraday and interday reliability of FMA and 9-HPT.

2. Materials and Methods 

Sample selection

This non-experimental study was designed to investi-
gate the reliability of FMA and 9-HPT. Fifteen patients 

with subacute stroke, aged between 53 and 76 years 
were selected from 4 rehabilitation centers in Tehran 
from July 2015 to December 2015. All patients who par-
ticipated in this research signed consent forms and their 
information was kept confidential. The present study 
was approved by the Ethics Committee of University of 
Social Welfare and Rehabilitation Sciences.

The inclusion criteria were having first ischemic stroke 
with duration of 1 to 6 months, not treated with psychothera-
peutic drugs that may change the cognitive status of the per-
son (e.g. antidepressants and diazepam), having good alert-
ness level to interact with the examiner and understand exam 
contents (patients should get 23 points from Mini-Mental 
Status Examination [MMSE] performed by examiner) [17], 
not being under any rehabilitation therapy during study.

The exclusion criteria were having any other neurological 
disease, having motor disability in upper extremity, particu-
larly any deformity and limited range of motion (ROM) in 
upper limb which may cause difficulty during task perfor-
mance, and lack of cooperation by patient during test.

Study tools

Data collection tools comprised Demographic ques-
tionnaire for general information, Fugl-Meyer assess-
ment (FMA), and 9-Hole Peg Test (9-HPT). FMA, which 
quantitatively measures the level of sensorimotor impair-
ment in patients with hemiplegic stroke was developed 
in 1975 [18]. This scale has 5 assessment recovery do-
mains, which evaluate motor functioning of the upper 
and lower extremities, balance, sensation, joint range of 
motion, and joint pain in post-stroke patients. Part of the 
test related to upper limb has 33 items with total score 
of 66. Each task is scored from 0 to 2, with 0 stating in-
ability of the individual to do the task and 2 representing 
that patient can fully accomplish the task. The 9-HPT is a 
standardized, quantitative test used for the assessment of 
motor skills, speed, and accuracy of hands [19]. Assess-
ment tools consists of a rectangular board with 9 holes in 
3 rows. Another rectangular board located above also has 
9 holes with 9 pegs in the holes. The participants were 
instructed to pick up each peg, one by one, as quickly as 
possible and place them in the 9 holes in the board below. 
Total duration of the task is recorded by chronometer and 
registered as score of the individual.

Procedure

Intraday reliability of FMA and 9-HPT were done with 
one hour interval while interday reliability of these tests 
were repeated with the interval of 9 days. The examiner 
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and the chronometer were similar in all tests. Intraday and 
interday reliability of both tests were analyzed using cor-
relation coefficient with SEM (standard error of measure-
ment) and ICC (Intraclass correlation coefficient). Accord-
ing to the classification of Duncan et al., ICC between 0.50 
and 0.69 was considered as average reliability, between 
0.70 and 0.89 as high, and between 0.90 and 1 as very high 
reliable [11]. If the amount of SEM is less than 10% of 
maximum scores, then it shows the desirable level of ab-
solute reliability and if it is more than 10%, then it is not a 
desirable scale of absolute reliability [20, 21].

3. Results 

Table 1 presents the demographic characteristics of 
the participants. An examiner administered FMA and 
9-HPT and the obtained ICC, minimal detectable change 
(MDC), standard error of measurement (SEM) were used 
to assess the relative and absolute reliabilities of the tests.

Tables 2 and 3 indicated that the ICC value of intraday 
with 1 hour interval in FMA was 0.98 and in 9-HPT was 
also 0.98, while ICC value of interday for FMA was 0.99 
and for 9-HPT was 0.96. SEM in intraday for FMA was 
0.71 and for 9-HPT was 3.10. SEM in interday for FMA 
was 0.55 and for 9-HPT was 4.58. Also, MDC in intra-
day for FMA was 1.96 and for 9-HPT was 8.59 while 
interday for FMA was 1.52 and for 9-HPT was 12.69. 

4. Discussion 

Daily motor functions of every individual mostly de-
pend on the function of upper limb [22]. Stroke effects 
disturb the daily activities of the patients and upper limb 
disorder causes anxiety as well as poor understanding 
of the surroundings [23, 24]. Therefore, recovery of up-
per limb is the most important part of rehabilitation after 
stroke [25]. For a better treatment, detailed assessment of 
motor function should be performed. In this regard, eval-
uation of available assessment tests for upper limb func-
tion of the patients with stroke is essential. Use of highly 
reliable tools and tests minimizes the doubts regarding 
disease and provides better treatment choices [26]. 

The aim of the intraday and interday reliability of 
FMA and 9-HPT was to assess motor function and man-
ual dexterity of patients with subacute stroke. Results 
reported that intraday and interday reliability of both 
tests was high for the assessment of motor function and 
manual dexterity in these patients. SEM score was less 
than 10% of the maximum obtained score. 

According to previous studies, this intraday and inter-
day reliability had high confidence interval (95% CI) 
[27-30]. Stanford et al. assessed within examiner reli-
ability among 3 therapists in a day by using the original 
version of FMA and reported the ICC as 0.97 which is 

Table 1. Characteristics of study patients.

Age, y Time After Stroke (WK) MMSE

Mean±SD 47.64± 6.76 14.93±5.27 27.4±1.5
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Table 2. Intraday reliability.

ICC Lower Confidence Interval 95% Absolute SEM Relative SEM, % MDC

Fugl meyer 0.98 0.96 0.71 1.8 1.96

9-Hole pegboard 0.98 0.91 3.1 4.39 8.59
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Table 3. Interday reliability.

ICC Lower Confidence Interval 95% Absolute SEM Relative SEM, % MDC

Fugl meyer 0.99 0.99 0.55 1.43 1.52

9-Hole pegboard 0.96 0.91 4.58 6.39 12.69
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similar to the present study. But that test was performed 
just in one day which could not be applicable for patients 
with subacute stroke where automatic recovery due to 
neuroplasticity occurs over time [2, 5]. Michaelsen et al. 
[32] performed the inter-rater reliability of the FMA on 
patients with chronic stroke. They had similar results, 
i.e., ICC=0.98 with CI: 95% (99-94) like the present 
study, but did not mention SEM or less error of their re-
search. Clinically, SEM is more satisfactory and helps 
in better decision making. Platz et al. [33] performed in-
terday reliability of the FMA for upper limb on patients 
with multiple sclerosis (MS), stroke and concussion with 
1 week interval. That study revealed an ICC of 0.97 and 
SEM of 3.6 which was almost similar to the results of the 
present study but that study was performed on patients 
with MS, stroke and concussion and could not be applied 
accurately just on patients with stroke. Another study by 
Kim et al. [10] was performed on patients with stroke 
to assess the test-retest reliability of FMA. It yielded 
similar results to the present study (ICC=0.97, 95% CI: 
[94-98], SEM=3.2). Karimi et al. performed reliability 
between two examiners in FMA on patients with stroke 
and showed similar results with ICC=0.97. 

As mentioned earlier, recovery process at subacute phase 
is faster compared to chronic phase which may affect the 
assessment of motor function. Lundquist et al. [35] also 
tested the reliability between two examiners using FMA on 
patients with stroke at acute and subacute phases and got 
results (ICC=0.95) which were similar to the present study. 
The 9-Hole Peg test, used to assess the manual skills had 
the participants from 3 to 85 years old [36]. As the study 
had no intervention during test-retest duration, the results 
are expected to have no noticeable change. Obtained values 
in the present study had not shown any significant change 
for manual dexterity in patients with subacute stroke. The 
relative reliability of 9-HPT had shown much needed reli-
ability. Results of the absolute reliability or SEM were less 
than 10% of obtained score and acquired error was accept-
able. Results of the present and other studies indicated that 
9-HPT for manual dexterity could be used in different con-
ditions [37-39] and it showed acceptable ability to assess 
manual dexterity in patients with stroke.

Grice et al. [13] performed test-retest and intra-rater 
9-HPT reliability. Intra-rater examiner showed high reli-
ability (ICC=0.98) but test-retest showed moderate reli-
ability (ICC=0.45). Their study had participants of dif-
ferent ages from 21 to 71 years that might be the reason 
for low reliability. Poole et al. [40] assessed 9-HPT test-
retest reliability on 5 to 10 years old children and found 
high reliability for 9-HPT. Backman et al. [41] during 
assessment of test-retest reliability of 9-HPT in differ-

ent age groups found that older individuals (70-79 years) 
showed high reliability compared to younger ones. At 
the end, we can conclude that FMA and 9-HPT has high 
reliability which could be trusted for the assessment of 
patients with subacute stroke.

Based on the results of present study, we suggest that 
similar studies with larger samples be performed to assess 
reliability of every part of the tests. According to previous 
studies, there was difference between two sexes during 
9-HPT [12], so we also recommend that studies be done 
to find out sex differences during 9-HPT assessment.
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