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Abstract

Introduction: Stroke individuals have sensorimotor repercussions on their ipsilesional upper limb. 
Therefore, it is important to use tests that allow an adequate assessment and follow-up of such deficits. 
Physical and occupational therapists commonly use maximal grip strength tests to assess the functional 
condition of stroke individuals. However, one could ask whether a single test is able to characterize the 
hand function in this population. Objective: The aim of this study was to investigate the relationship among 
outcomes of different tests frequently used to describe the function of the hand in the ipsilesional upper 
limb of stroke individuals. Methods: Twenty-two stroke individuals performed four hand function tests: 
maximal handgrip strength (HGSMax), maximal pinch grip strength (PGSMax), Jebsen-Taylor Hand Function 
Test (JTHFT) and Nine Hole Peg Test (9-HPT). All tests were performed with the ipsilesional hand. Pearson’s 
correlation analyses were performed. Results: the results indicated a moderate and positive relationship 
between HGSMax and JTHFT (r = 0.50) and between JTHFT and 9-HPT (r = 0.55). Conclusion: We conclude 
that the existence of only moderate relationships between test outcomes demonstrates the need to use at 
least two instruments to better describe the ipsilesional hand function of stroke individuals.
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Introduction

Most people affected by a stroke have difficulties 
performing activities of daily living (ADL) requiring 
the upper limb due to the repercussions of the disease. 
Included among these difficulties are: decreased range 
of joint motion, muscle weakness, abnormal muscle 
tone, and sensory deficits (1, 2). These changes cause 
motor deficits and lead to the affected individuals to 
lose their autonomy and independence. Fifty-five to 
75% of those individuals affected by a stroke tend to 
have enduring consequences arising from the brain 
injury (3) which are more evident in the body side 
contralateral to the affected cerebral hemisphere (4). 
However, deficits in the ipsilesional hemisphere, con-
sidered "healthy", or "less affected", are also observed 
(5 - 8). For example, following a stroke, people have 
an inferior performance when using the ipsilesional 
upper limb in reaching tasks (9, 10) or even in clini-
cal tests (7, 8, 11, 12), when compared to those who 
have not had a stroke.

The deleterious effects of stroke on the planning 
and coordination of the movements of the ipsilesional 
limb have been attributed to the anatomy and physi-
ology of the corticospinal tract, the primary pathway 
responsible for sending motor commands directly 
from the cerebral cortex to the spinal cord. Although 
most fibers comprising this tract cross to the opposite 

Resumo

Introdução: Indivíduos que sofreram um acidente vascular encefálico (AVE) apresentam repercussões senso-
riomotoras em membro superior ipsilesional, se tornando importante a utilização de testes que possibilitem a 
avaliação e o acompanhamento adequado de tais déficits. Profissionais da reabilitação, como fisioterapeutas 
e terapeutas ocupacionais, comumente utilizam testes de força de preensão máxima para avaliar as condições 
funcionais de indivíduos após um AVE. Porém, será que apenas um teste é capaz de caracterizar a funciona-
lidade das mãos? Objetivo: O objetivo desse estudo foi examinar a relação do desempenho entre testes co-
mumente utilizados para descrever a função manual do membro ipsilesional de indivíduos que sofreram um 
AVE. Métodos: Vinte e dois indivíduos pós AVE realizaram quatro testes: força de preensão palmar máxima 
(FPPMax), força de preensão digital máxima (FPDMax), teste de função manual Jebsen-Taylor (TFMJT) e teste 
dos nove pinos nos buracos (9-PnB). Todos os testes foram realizados com a mão ipsilesional. Foram realizados 
testes de correlação de Pearson entre os resultados obtidos em cada teste. Resultados: Os resultados indi-
caram uma relação positiva e moderada apenas entre TFMJT e FPPMax (r = 0,50) e entre o desempenho no 
TFMJT e no teste dos 9-PnB (r = 0,55). Conclusão: Conclui-se que a existência de relações de fraca a moderada 
demonstra a necessidade de utilização de pelo menos dois instrumentos, para que se possa descrever melhor a 
funcionalidade das mãos de indivíduos pós AVE. 

Palavras-chave: Acidente Vascular Cerebral. Mãos. Avaliação da Deficiência.

side of the body, a portion of those do not, therefore 
they go to the ipsilateral periphery (13). Although the 
occurrence of an injury in a given hemisphere also 
influences the ipsilesional limb, the impact of a stroke 
on the performance of the upper ipsilesional limb 
in functional tasks still requires better description. 
Therefore, the assessment of general conditions of 
the upper limbs of these people is necessary, in order 
to track their needs and guide physiotherapists and 
occupational therapists in the rehabilitation methods 
that best suit both the contralesional, as well as the 
ipsilesional, upper limbs. From a clinical point of view, 
this knowledge is important, given that the ipsile-
sional limb takes over much of the manipulation tasks 
performed by people after a stroke on a daily basis.

Some tests for the assessment of hand function 
have been applied by physiotherapists and occupa-
tional therapists in people who have had a stroke 
(14 - 16). Among them, the tests that assess the maxi-
mum handgrip strength or maximum pinch strength 
(HGSMax or PGSMax) are widely used, both in re-
search (17, 18) and in clinical evaluations, as indi-
cators of hand function. One of the most frequently 
used tools to measure HGSMax is the Jamar® hydraulic 
hand dynamometer (19 - 22). However, most daily 
tasks do not require the use of maximum strength 
for their performance. In fact, hardly anyone exerts 
a maximum or near maximum grip strength while 
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performing activities of daily living, Even if at some 
point someone does use maximum strength, he/she 
cannot keep it for long time. Therefore, it is possible 
that the evaluation of functions other than the ability 
to generate HGSMax is required for a complete de-
scription of the upper ipsilesional limb performance, 
e.g., target-directed reaching (9), object grasping and 
manipulation (23, 24). Given that the capability to 
generate HGSMax, as well as hand and digits dexter-
ity, are functions that change after a stroke, would 
performance on only one test be sufficient for the 
assessment of hand function in this population, or 
is there a need to administer more tests to actually 
evaluate this function?

Recent studies have found that the HGSMax, when 
performed by young, healthy adults, had no relation-
ship with digits dexterity, as measured by the per-
formance on the Nine Hole Peg Test (9-HPT) (25), 
and a moderate relationship with manual dexterity 
or overall hand function, as evaluated by the Jebsen-
Taylor Hand Function Test (JTHFT) (26). Based on 
these studies it is possible to suggest that using only 
the HGSMax test would not be sufficient to describe 
upper limb function. However, it should be noted 
that this relationship was tested in young, healthy 
adults who not only did not have apparent sensory 
or motor abnormalities in the upper limbs, but also 
the group members had small performance variabil-
ity among them. Thus, the findings could not be ex-
trapolated to people who suffered a stroke. Thus, the 
aim of this study was to investigate the relationship 
among outcomes of tests commonly used to describe 
hand function of the ipsilesional limb of people who 
suffered a stroke. If we find a significant and strong 
correlation between outcomes of different tests, we 
can conclude that the administration of only one test 
(namely, the simplest of them) would be enough to 
describe the hand function of the ipsilesional limb 
of a person who suffered a stroke. However, if the 
results indicate a lack of correlation, or even a weak 
correlation between those tests we could conclude 
that the administration of more than one test would 
be required to evaluate the ipsilesional hand function 
of people after stroke.

Methods

This was an observational, correlational study. 
Twenty-two individuals who experienced a single 

episode of ischemic stroke participated in the study, 
11 with an injury in the right hemisphere and 11 with 
an injury in the left hemisphere (61.33 ± 9.04 years). 
All participants were right-handed (as confirmed by 
the Edinburgh Handedness Inventory) (27) and did 
not have any other associated neurological damage, 
musculoskeletal disorders or abnormal sensitivity 
in the ipsilesional hemisphere. They participated in 
this study after reading and signing the informed 
consent form, according to the Research Standards 
with Human Beings as determined by Resolution No. 
466/2012 of the National Health Council. This study 
was approved by the Research Ethics Committee of 
the São Paulo City University (protocol 13686932).

Experimental Procedures

During the evaluations, the participants were 
seated and all tasks were performed only using the 
upper ipsilesional limb (in other words, the least af-
fected limb). The participants underwent a series of 
tests that evaluated different components of hand 
function: Jebsen-Taylor Hand Function Test (JTHFT, 
Sammons Preston Jebsen-Taylor Hand Function Test), 
the Nine Hole Peg Test (9-HPT Rolyan TM 9-Hole Peg 
Test, Model A8515), and evaluation of the capability 
of generating maximum hand and digits grip strength 
through palmar and pinch hydraulic dynamometers 
(Sammons-Preston and SAEHAN, respectively). The 
order of execution of dexterity tests (JTHFT and 
9-HPT) was balanced, with the maximal strength tests 
performed last.

The JTHFT (7) consists of seven subtests, of which 
six (card turning, picking up small objects, stacking 
checkers, simulated feeding with a spoon, lifting heavy 
and light cans, lifting large and heavy cans) were ap-
plied in this study. The first subtest (writing) was 
not applied to these participants because it required 
knowledge of English. The participants were asked to 
perform each task as quickly as possible and the time 
taken for its execution was recorded using a digital 
stopwatch. The sum of the time spent to complete 
each of the subtests was the performance variable of 
each participant in the JTHFT.

For the 9-HPT test, a plastic console was used, 
comprising: a) a concave circular container in which 
nine pegs (6.4 mm in diameter and 32 mm length) 
were stored, b) nine holes (7.1 mm in diameter and 
13 mm in depth) aligned three by three and located 
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Results

The mean values and standard deviations of the 
analyzed variables were: total time taken for execu-
tion of the TFMJT subtests (36.14 ± 7.29s); time taken 
for execution of the 9-HPT (21.75 ± 2.88s); HGSMax 
(33.92 ± 8.86 kgf) and PGSMax (6.17 ± 1.56 kgf). 
In Figure1, the scatter plots show the relationship 
between the performance variables. Regarding the 
Pearson’s correlation tests, a significant relationship 
was found only between JTHFT and HGSMax [r (20) = 
0.50, p < 0.05] and JTHFT and 9-HPT [r (20) = 0.55, p < 
0.05]. There was no statistical significance for the rela-
tionships between PGSMax and JTHFT [r (20) = -0.08, 
p > 0.05], HGSMax and 9-HPT [r (20) = 0.23, p > 0.05], 
or HGSMax and 9-HPT [r (20) = -0.04, p > 0.05].

a) 

b) 

c) 

next to the container with the pegs. The test consisted 
of placing the nine pegs in the nine holes, and then 
removing them immediately after placing the ninth 
peg. Participants were instructed to perform the task 
as quickly as possible, and the time taken to perform it 
was recorded by a digital timer. Three attempts were 
performed and the lowest among the three times was 
considered the participant's performance variable 
(25, 26).

Finally, the tests employed to measure the maxi-
mum grip strength tests (HGSMax) and maximum 
pinch grip strength (PGSMax) were performed by 
the participants. The tests were performed accord-
ing to the instructions recommended by the American 
Society of Hand Therapists. In both tests, participants 
were seated with their arms to the trunk side, the 
ipsilesional forearm oriented horizontally (elbow at 
90°) and pronated to 90°, with a slightly hyperex-
tended hand. The participant was asked to perform 
the test applying as much force as possible, maintain-
ing this level of strength for four seconds. Three tri-
als were completed with each evaluation instrument, 
with a one-minute interval between trials. The highest 
HGSMax and the highest PGSMax values measured in 
three trials were considered the performance variable 
for each participant in these tests.

Statistical analysis

After testing the data for normality, Student’s t-
tests for independent samples were performed to 
evaluate possible hand effect in the tests, given that 
11 participants who had had the right side of the brain 
injured performed the tests with the right (dominant) 
hand and 11 participants who had had the left side of 
the brain damaged performed the tests with the left 
(non-dominant) hand. The results of these analyses 
showed no difference between hands on the perfor-
mance of the four tests (p > 0.05). Thus, we performed 
a Pearson’s correlation analysis without a distinction 
between the side of the brain injury (N = 22) in order 
to test the relationship between the results of the tests 
(i.e., JTHFT, 9-HPT, HGSMax and PGSMax). The analy-
ses were performed using SPSS statistical software 
(version 16.0), and the alpha value was set at 0.05.
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dexterity and maximum strength, and between digits 
dexterity and overall hand dexterity.

Relationship between digits dexterity and 
maximum strength

Several activities of everyday life and work involve 
digits dexterity, such as buttoning a shirt, putting a 
needle into a specific point of the tissue, typing on 
a keyboard using fingertips, and others. The 9-HPT 
test has been widely used to evaluate digits dexter-
ity and eye-hand coordination, because it is easy to 
understand, it is portable, and it has a low cost (12). 
Studies using this test to evaluate people after stroke 
concluded that it is suitable for hand function evalu-
ation in this specific population, and it can predict 
their prognosis, even when the evaluated upper limb 
is the ipsilesional (28, 29). To perform the 9-HPT test, 
it is not necessary to apply maximum grip strength. 
For this reason, it is not surprising that this study 
found no relationship between the performance in 
the 9-HPT test, which evaluates digital dexterity, and 
the maximum strength exerted on both maximal 
strength tests (HGSMax and PGSMax). These find-
ings corroborate those by Lima et al, who did not 
find a relationship between them when examining 
the performance of healthy young individuals during 
the tests (25). 

Digits dexterity and maximum strength tests 
assess different characteristics of hand function. 
Therefore, the lack of a relationship between perfor-
mances in these two characteristics of hand function 
should be expected. Thus, these findings highlight the 
need for more comprehensive clinical evaluations, 
contrary to what has been done in most rehabilitation 
clinics, where the maximum force is frequently the 
only evaluation of hand function used in neurological 
patients. Evaluating activities that require the ability 
to produce force in submaximal levels and to perform 
fast and accurate movements by using the upper limb 
is critical. The 9-HPT test evaluates this character-
istic, given that handling small objects such as pegs 
requires controlling digits strength during the task, 
and the proper execution of the task requires preci-
sion and speed. Thus, for functional recovery of these 
people, digits dexterity is an important characteristic 
to be considered, which allows them to independently 
perform various activities of daily living.

d) 

e) 

Figure 1 - Relationship between the performance variables in 

9-HPT, JTHFT tests and HGSMax and PGSMax. Pearson’s correla-

tion coefficients are presented for each relationship, and the asterisk 

represents statistically significant relationship.

Discussion

This study examined the relationship between 
the performance of commonly used tests to describe 
hand function (JTHFT, 9-HPT, HGSMax and PGSMax) 
in people after stroke, using the ipsilesional hand. 
Of the five correlation analyses, there was a statisti-
cally significant correlation only between JTHFT and 
HGSMax, and between TFMJT and 9-HPT. With re-
spect to the relationship between JTHFT and HGSMax, 
the relationship can be considered moderate, and it 
unexpectedly indicated that the higher the strength of 
maximum grip produced by the person after stroke, 
the greater the time spent (i.e., worse performance) 
for the execution of the JTHFT subtests. The mod-
erate positive relationship between performance in 
JTHFT and 9-HPT indicated that the lower the time 
taken in the 9-HPT test (i.e., better performance), the 
lower the time taken in the JTHFT (i.e., better perfor-
mance). In the following paragraphs these results are 
discussed separately, addressing the relationship be-
tween digits dexterity and maximum strength, hand 
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heavy cans) was not associated with the HGSMax 
and PGSMax.

Although the literature was not conclusive re-
garding the functional tests best suited for evaluat-
ing people with neurological deficits, it should be 
taken into account that people with a brain injury 
have a wide variability in their motor responses, 
which may have contributed to an unexpected re-
sult. The lack of indication of a strong relationship 
between the variables and also the different charac-
teristics evaluated by two tests makes these forms of 
evaluation complementary when evaluating people 
after stroke, representing different characteristics 
of the hand function.

Relationship between digits dexterity and overall 
hand function

Researchers seeking answers as to what the most 
appropriate tests are for the evaluation of hand 
function have been investigating the relationships 
among the various clinical testing options (16, 17, 
25, 26, 30), as was performed in the present study. 
The relationship between the performance of two 
tests that assess similar characteristics (the 9-HPT 
and the JTHFT) was positive and moderate (r = 0.55, 
p < 0.05). These results indicate that 30% of the 
variance in the JTHFT performance can be explained 
by digits dexterity. The result differs from those of 
Lima et al.’s, who found no relationship between the 
performance in the same tests when healthy people 
were examined (26). Yet, unlike Lima and colleagues, 
other studies evaluating people with neurological 
injuries concluded that there is a strong relation-
ship among the assessed clinical tests. Therefore, the 
divergent results when evaluating healthy people 
and a population with sensorimotor deficits em-
phasizes the need to clearly identify the needs of 
the population investigated even before the choice 
of the method of evaluation.

The analyzed tests have speed in common. In 
both, it is necessary to perform the task as quickly 
as possible while the evaluator times it. Therefore, 
it makes sense that there is a significant, moder-
ate to high, relationship between performances. 
Nonetheless, we cannot fail to emphasize that when 
performing the 9-HPT, in addition to being agile, the 
person must also be precise, given that its goal is 
to place nine pegs in nine small holes, unlike some 

Relationship between overall hand function and 
maximum strength

We can use the hands to perform manipulation 
tasks involving refined control by using the tip of 
one or more digits as well as to execute tasks that 
require the use not only of the digits, but of the 
whole hand. Tests that evaluate this characteristic 
can indicate how functional an individual is. Thus, 
tests involving the execution of a list of manipulation 
activities can provide us with better conditions to 
evaluate hand function in healthy people suffering 
from neurological and orthopedic disorders. The 
evaluation of overall hand function, through the per-
formance of JTHFT test, allows for verifying how 
people perform activities that require both a refined 
control over the manipulation of objects (i.e., subtest 
of picking up small objects, feeding simulation, and 
stacking checkers) and tasks that require a rougher 
grip with the use of the whole hand and greater 
muscle strength (i.e. subtest of handling large, heavy 
or light cans). The present study found a moderate 
relationship between HGSMax and performance in 
JTHFT tests (r = 0.50, p < 0.05), and also surprisingly 
indicated that the higher the ability of producing 
maximum strength, the greater the time to perform 
the JTHFT, that is, the higher the strength capability, 
the worse the performance of the JTHFT.

These results are similar to those observed by 
Bonvend'Eerdt et al., who also found a moderate re-
lationship in a study with people with neurological 
deficits, to verify the performance of three subtests 
of JTHFT and HGSMax (30). In young, healthy adults, 
Lima et al. also found a moderate relationship be-
tween JTHFT and HGSMax, however, unlike the find-
ings of the present study, the authors found that the 
greater the person’s strength, the lower the time to 
perform the JTHFT (26). However, in this study we 
found a positive relationship between the variables 
(the higher the strength, the longer the time spent 
performing the JTHFT). One possible explanation 
for this difference is the difficulty of individuals 
post stroke in controlling muscle strength during 
the performance of JTHFT. Thus, it is possible to 
suggest that individuals who could generate a great-
er strength had more difficulty performing JTHFT 
subtests in a shorter time. It should be noted that 
even the subtest which required greater strength 
for its implementation (i.e., task of lifting large and 
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Clinical relevance of the results
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