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ABSTRACT
Manual dexterity is a key skill for the performance of everyday activities. Measurements of muscle 
strength, range of motion, and sensitivity alone may not reflect the functional status in assessing 
physical and functional conditions. It is also important to use self-applied assessments and specific 
functional tests to assess overall performance and test aspects such as dexterity, coordination 
and grasp quality, but these may differ in terms of standardization and psychometric properties. 
From this need we have developed the Elui Upper Extremity Functionality Test, with the intent 
to provide a national measuring instrument of the upper extremity and reference to be used in 
clinical practice, but its psychometric properties have not been yet defined. Objective: The aim of 
this study was to assess the inter-examiner reliability and test retest of the Elui Upper Extremity 
Functionality Test. Methods: Healthy volunteers (50) of both genders, with an average age of 
32.62 years and no impairment or symptoms in the upper limbs were submitted to the test by 
two examiners and after 30 days by one examiner. The application of this test requires simple 
materials present in our everyday life, divided into 10 sub-items: Simulated writing, Turning a 
Key, Grasping small objects, Simulated feeding, Pouring water, Opening containers, Cutting with a 
knife, Simulated dressing, Grasping large and light objects, and Grasping large and heavy objects. 
Each volunteer evaluated should perform each item test with both hands or with the dominant 
hand, depending on the sub-item analyzed, and if needed, they adapted the laterality. Results: A 
statistical analysis was carried out to compare the differences in time measurements of each sub-
item of the test in seconds. The analysis of the inter-examiner reliability and test-retest used the 
Interclass Correlation Coefficient (ICC) with a confidence interval of 95% and p < 0.05. The local 
Research Ethics Committee approved this study and all volunteers signed an informed consent 
form. With the exception of the Grasping small objects task, which had an unacceptable ICC 
(0.65), the results showed that all the other nine items had excellent inter-examiner reliability: 
between 0.95 and 0.99 and Cronbach’s alpha between 0.97 and 0.99. For the test-retest, the tasks 
with excellent reliability were Pouring water ICC 0.98 and simulated writing with ICC 0.91, good 
reliability for the tasks Grasping large and heavy objects ICC 0.85, Cutting with a knife ICC 0.85 and 
Simulated feeding ICC 0.80; acceptable reliability for the items Turning a key ICC 0.74 and Simulated 
dressing ICC 0.76; with Cronbach’s alpha of all tasks between 0.79 and 0.99. Conclusion: The Elui 
test showed excellent repeatability between examiners as well as with repeated measurements 
over time by the same examiner in most sub-items, being considered reliable for the studied 
sample using the third measurement.
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INTRODUCTION

The hand has great functional importance 
due to its discriminating sensory capacity as 
well as to the complex and delicate movements 
that it is able to execute through various 
types of pinching and prehension. Manual 
dexterity, which is the capacity to handle, 
position, and use objects, is a fundamental 
skill in performing daily life activities and 
occupational tasks.1

The injured or traumatized hand 
frequently generates functional disabilities for 
an individual.2 In order to define appropriate 
proposals for the rehabilitation of these 
functional changes, a physical-functional 
evaluation is necessary to help the therapist 
to identify the disabilities of each dysfunction. 
This evaluation must be conducted so as 
to encompass all the aspects referring to 
function, muscle strength, joint amplitude, 
sensitivity, coordination, dexterity, and 
functional capacity.3-6

Objective measurements such as muscle 
strength, range of motion, and sensitivity 
are extremely important in determining the 
physical condition of an individual, however, 
separately they do not reflect the functional 
reality. In addition, movements of isolated 
muscles are rare, so when conditions related 
to the hand are examined, it is necessary to 
consider the upper extremity as a whole and 
its integration with the rest of the body.7 Thus, 
the importance of specific functional tests 
that evaluate performance and that can test 
aspects such as dexterity, coordination, and 
types of prehension are clearly important.

The functional evaluation can be made 
through questionnaires or performance 
tests, to obtain precise data to provide a 
plan for the rehabilitation of the hand, based 
on standardized and reliable instruments 
that measure strength, sensitivity, and 
the ability to perform daily activities. 
Functional performance tests can vary in 
terms of standardization and psychometric 
properties.8-10

Functional tests evaluate a wide spectrum 
of motor function of the hand and of the 
upper extremity, including motor ability for 
gross and fine motor skills, manual dexterity, 
the performance of daily life activities 
(DLAs), practical life activities (PLAs), and 
work activities, and uni- and bi-manual 
activities, among other things. There are 
various categories among the standardized 
performance tests that vary with the objectives 
of the evaluation, either simulations of work 
situations or of daily life activities.9-14

The so-called work simulators are tests 
used to obtain quantitative measurements of 
the individual’s skill in performing tasks related 
to work, such as the Valpar Work Sample® and 
the Baltimore Therapeutic Equipment Work 
Simulator (BTEWS)®.14,15 Some tests evaluate 
the skill to handle specific tools, such as the 
Crawford Small Parts Dexterity Test® and 
the O’Connor Peg Board Test®.14 To evaluate 
fine motor coordination there are tests like 
the Purdue Pegboard Test® that uses small 
parts such as pins, washers, and collars to be 
executed.9 Other tests evaluate activities that 
demand daily life or work activities such as the 
Minnesota Rate of Manipulation Test®14 and 
the Jebsen Taylor Hand Function Test®.16

The Jebsen Taylor Hand Function Test®16 is 
a low-cost test that is easy to apply and record 
data. It consists of seven tasks that evaluate 
the skill of the subject to write, turn cards, 
handle small objects, use cutlery, handle small 
disks, and grasp empty (lightweight) and full 
(heavyweight) cans. Its norms are categorized 
according to the maximum time used to 
perform the tasks, the dominance, age, and 
gender of the subject. However, this test 
does not evaluate bilateral integration, the 
quality of fine prehension, or hand function 
patterns.16-18

In order to be applied in the clinical 
practice, the evaluation methods must 
present appropriate coefficients of validity, 
reliability, and precision, with well-defined 
standardizations, taking into consideration 
the various factors that may alter the 
measurements, such as previous learning 
that may help in dexterity and agility in the 
performance of functional tests. Criteria to 
grade the results must also be presented, in 
addition to these instruments being calibrated 
to prevent systemic errors.5

As with the self-applied assessment, 
the performance tests must be adapted to 
different populations. However, there is a 
scarcity of standardized Brazilian tests that 
evaluate the functions of the hand and of the 
upper extremity, as well as their most common 
prehensions in daily life, instrumental, work, 
and leisure activities. Based on that need, 
the Elui Upper Extremity Functionality Test19 
was developed as a Brazilian instrument to 
measure performance and as a reference to 
be used in clinical practice, standardized in its 
execution and recording of data from the test’s 
items, and facilitating the measurement of 
motor learning and of agility in the execution 
of daily activities. From its development its 
psychometric measurement properties must 
be defined.

OBJECTIVE

The objective of this study was to analyze 
the inter-rater reliability and test retest of the 
Elui Upper Extremity Functionality Test.

METHOD

This study had the participation of 50 
healthy volunteers of each gender and in 
the age bracket between 18 and 80 years 
of age, who did not show any dysfunction 
or symptomology in the upper extremities. 
Two trained examiners collected the data in 
a tranquil location furnished with a desk and 
chairs.

In order to apply the test, some simple 
materials commonly found in daily life are 
needed, such as: pencils; paper printed with 
figures; clipboard; one lock with a 1.5mm key; 
two threaded bottle caps; two 5-cent (Real/
BRL) coins; two paper clips No. 18; one empty 
500g plastic butter tub; one empty 500g 
plastic mayonnaise jar with threaded cap; six 
empty 500g metal cans with plastic tops for 
powdered food; one 90g tube of toothpaste; 
one tennis shoe with laces; one shirt with 
small buttons; one dessert spoon, one plate, 
one butter knife and play dough; seven dry 
white beans; one plastic and one metal jar to 
put water in, and a 50cm-high Styrofoam box 
with a lid. A wooden board measuring 60cm 
x 30cm x 3cm was set up with ink markings: 
a horizontal line all the way across it, at every 
10cm a long vertical line, and at every 5cm 
a 2.5cm vertical line. Ten centimeters above 
that horizontal line there was a groove 1.5cm 
deep and 0.4cm thick to seat a wooden strip 
60cm x 6.5cm x 0.4cm, forming an upright 
barrier. The development of this adaptation 
was necessary to provide parameters to place 
the items integral to some tasks.

The wooden board was placed at 10cm 
of the edge of a table where the test was 
applied. The volunteer needed to be seated, 
with the abdomen at a distance of 10 to 15cm 
from the edge of the table and with the hand 
being tested on the table.

The measuring was made in two ways: by 
noting the time in seconds to perform each 
item and by observing the way in which the 
item was performed. A digital chronometer 
was used and the total time in seconds for the 
execution of each item was recorded. Each 
volunteer performed each item of the test 
four times as fast and naturally as possible, 
with intervals of 30 minutes between the two 
raters (inter-rater reliability) to avoid fatigue. 
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Five volunteers performed the test after 30 
days with a rater (test retest).

The Elui Upper Extremity Functionality Test 
consists of the following sub-items: Simulated 
writing, Turning a key, Grasping small objects, 
Simulated feeding (Figure 1), Pouring water 
(Figure 2), Opening containers, Cutting with a 
knife, Simulated dressing (Figure 3), Grasping 
large light objects, and Grasping large heavy 
objects (Figure 4). Each individual evaluated 
should perform each item of the test either 
with both hands or with the dominant hand, 
depending on the sub-item analyzed. Before 
the test, the procedure for each task was 
explained verbally and demonstrated and any 
questions were clarified before the beginning. 
When necessary, the subjects could use 
glasses. To begin each sub-item test with the 
dominant hand, with the laterality adapted 
when needed, the command word “now” was 
given. An explanatory/demonstrative video to 
train the examiner of the Elui Upper Extremity 
Functionality Test was prepared to facilitate 
the application of the test, and to guarantee 
a standard of the technique employed in the 
uni- and bi-manual tasks.

The statistical analysis was made 
using the R® software, version 2.6.2, to 
compare the differences between the 
four measurements of each sub-item of 
the test in seconds and through the SPSS, 
version 20®, to analyze of repeatability of 
the measurements through an inter-rater 
reliability analysis, the test retest by the 
Intraclass Correlation Coefficient - ICC), 
and the internal consistency between items 
through the calculation of Cronbach’s alpha, 
with a confidence interval of 95%. In order 
to verify the correlation coefficient, the ICC 
values classified according to Wahlund et 
al.20 were adopted: 1) excellent reliability 
for ICC values greater than 0.90; 2) good 
reliability for the ICC values between 0.80 
and 0.89; acceptable reliability for the 
ICC values between 0.70 and 0.79; and 
unacceptable reliability for ICC values less 
than 0.70.

The present study was approved by the 
Research Ethics Committee in of the Hospital 
das Clínicas, School of Medicine of Ribeirão 
Preto - USP (process 3725/2006) and all 
the volunteers signed a Free and Informed 
Consent form. The ethical principles 
contained in the Helsinki Declaration (2000) 
were fulfilled in addition to the pertinent 
Brazilian legislation.

Figure 1. Sub-items of the Elui Test

A- Simulated writing (sheet of paper with geometric shapes drawn); B - Turning a key (wood support with a lock); C - Picking up small objects (Initial 
position to perform the test and position performing the test, using a paper clip, a bottle, and a 5-cent coin); D - Simulated eating (Initial position 
and performance of the item)

Figure 2. Sub-items of the Elui Test - Pouring water (Initial position and the performing phases 
of the item)

Figure 3. Sub-items of the Elui Test
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During the application of the test, greater 
slowness was detected in performing the 
items for the first time, thus showing the 
process of motor learning stemming from the 
repetitions performed for each item of the 
test. The volunteers acquired greater agility 
with the repetitions of the items, and that was 
an influencing factor in the test’s sub-items. In 
some items like Turning a Key, Pouring Water, 
Cutting with a Knife, Simulated Dressing, 
Grasping Large Light/Large Heavy Objects, 
it was possible to mark up to the second 
repetition, for there were no significant 
differences in execution time between the 
second and third measurements, however, the 
remaining items such as Simulated Writing, 
Grasping Small Objects, Simulated Feeding, 
and Opening Containers only obtained 
constant markings from the third repetition, 
which justified its being used as the reference. 
The prehension components are dependent 
on the aspects of strength, individual 
perception, and previous experiences and 
learnings, as well as recognition of the 
activity’s target-objective. One’s reach and 
prehension are related to the synchronized 
movements of the muscles of the eye, 
head, and hands, and have a physiological 
mechanism that works in parallel. Strength 
is determined by the individual perception of 
the object to be apprehended, thus obtaining 
a previous programming of the movements to 
be performed.21

The Jebsen-Taylor Hand Function Test®16 
is very simple and does not need fine 
motor coordination of the extremity to be 
performed. It is composed of seven sub-tests 
that evaluate various abilities. Its norms are 
categorized according to the maximum time 
spent on the tasks and the dominance, age, 
and gender of the subject. However, this 
test does not evaluate bi-lateral integration, 
fine prehension, nor the hand function 
patterns5 The psychometric properties of 
this test were evaluated and described by 
Poole22 in a review about performance tests 
made with rheumatoid arthritis patients. Its 
inter-examiner reliability was determined by 
the ICC (which ranged from 0.82 - 1.00) and 
was calculated by two examiners timing five 
patients at the same time. In addition, a high 
correlation was described with other existing 
performance tests,22 as well as with the Elui 
Test sub-items, which also obtained excellent 
ICC values.

The importance of this study, however, is 
in the standardization of the way to mark and 
record the time spent in the execution of the 
test’s items. The Elui Test was created in search 

Figure 4. Sub-items of the Elui Test - Grasping large and light objects and Grasping large and 
heavy objects

(Initial performance phase of the items: Picking up large object, either light or heavy, with the initial phase of placing the object into the styrofoam 
box. Final performance phase of the items. Picking up large object, either light or heavy, and returning the object to the chair.)

RESULTS

The sample consisted of healthy indivi-
duals with a mean age of 32.62 years (19-71), 
36% were males (18), and 64% females (32).

The average times in seconds measured 
by the 2 examiners in the performance of each 
item was the shortest for the task Grasping 
Small Objects, 6.66s for examiner 1 and 6.84s 
for examiner 2, and the task with the longest 
time to perform was Turning a Key, which 
resulted in the average time of 16.30s and 
16.26s, respectively (Table 1).

The results observed in the application 
of the test were similar for measurements 2 
and 3 and for measurements 3 and 4, which 
happened in all the items (p < 0.05). This is 
why the third measurement was used as a 
reference.

Table 2 shows the values for the inter-
examiner Intraclass Coefficient Correlation 
(ICC), and Cronbach’s alpha with Confidence 
Interval of 95%. Except for the task Grasping 
Small Objects, with unacceptable ICC of 0.65 
(CI 0.28 to 0.85) and Cronbach’s alpha of 0.79, 
all the other nine items showed excellent 
inter-examiner reliability from 0.95 to 0.99 (CI 
0.88 to 0.99) and Cronbach’s alpha from 0.97 
to 0.99.

For the test retest, the tasks with excellent 
reliability were Pouring Water, ICC 0.98 (CI 
0.75-0.99), Grasping Small Objects ICC 0.93 
(CI 0.31-0.99) and Simulated Writing ICC 0.91 
(CI 0.18-0.99); good reliability for the tasks 
Grasping Large and Heavy Objects ICC 0.85 
(CI 0.87-0.99), Cutting with a knife ICC 0.85 
(CI 0.90-0.99), and Simulated Feeding ICC 0.80 
(CI 0.23-0.98); acceptable reliability for the 

items Turning a Key ICC 0.74 (CI 0.39-0.98) 
and Simulated Dressing ICC 0.76 (CI 0.33-
0.98), and unacceptable for Grasping Large 
and Light Objects ICC 0.66 (CI 0.51-0.97) and 
for Opening Containers ICC 0.66 (CI 0.50-0.97 
); with Cronbach’s alpha of all tasks between 
0.79 and 0.99 (Table 3).

DISCUSSION

The Elui test showed psychometric 
characteristics of excellent inter-examiner 
reliability for most sub-items of the test 
analyzed, demonstrating high measurement 
agreement, except for the task Grasping Small 
Objects. In the test retest, the tasks showed 
a reliability between excellent and acceptable, 
showing excellence for a good repeatability of 
measurements.

The items Turning a Key and Simulated 
Dressing had acceptable reliability and 
Grasping Large and Light Objects and Opening 
Containers had unacceptable reliability.

The Elui test is composed of sub-items 
that use the dominant side for uni-manual 
tasks: Simulated Writing; Grasping Small 
Objects; Simulated Feeding; Pouring Water; 
Grasping Large Light Objects; Grasping 
Large Heavy Objects. The other sub-items 
are bi-manual: Opening/Closing Containers; 
Simulated Dressing; and Cutting with a 
Knife. Functional evaluation allows the 
identification of deficits in the motor 
functions of the items examined and these 
items are simulations of the most used 
movements in the daily life of the Brazilian 
population.
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Table 1. Times in seconds for the performance of the 10 tasks from the Elui Test for the two 
examiners (Minimum, average, and standard deviation)

Task Measurement/
examiner Min. Max. Average Time 

in seconds
Standard 
deviation

1.	 Simulated writing
M3E1 4.14 21.93 11.62 4.22

M3E2 4.82 19.56 10.18 4.67

2.	 Turning a key
M3E1 11.92 27.43 16.30 3.91

M3E2 12.62 24.21 16.26 3.31

3.	 Grasping small 
objects

M3E1 4.42 12.57 6.66 1.58

M3E2 5.03 12.03 6.84 1.60

4.	 Simulated feeding
M3E1 6.97 13.83 10.48 1.75

M3E2 7.25 12.32 9.81 1.38

5.	 Pouring water
M3E1 5.28 11.23 7.00 1.50

M3E2 5.34 9.24 6.99 1.27

6.	 Grasping large and 
light objects

M3E1 4.65 12.17 7.69 1.24

M3E2 4.79 10.91 7.78 1.25

7.	 Grasping large and 
heavy objects

M3E1 5.67 13.54 8.44 1.35

M3E2 5.70 11.53 8.58 1.20

8.	 Opening containers 
M3E1 6.69 19.27 12.30 2.37

M3E2 8.61 16.83 12.23 2.17

9.	 Cutting with a knife
M3E1 3.81 12.80 7.27 2.49

M3E2 4.37 13.00 7.26 2.37

10.	 Simulated dressing
M3E1 5.22 27.00 13.96 3.31

M3E2 5.31 23.54 14.11 3.76

M3E1 = measurement 3, examiner 1; M3E2 = measurement 3, examiner 2

Table 2. Inter-examiner Intraclass Coefficient Correlation (ICC) and Cronbach’s alpha, (CI 95%)
Task ICC IC (95%) Cronbach Alpha

1.	 Simulated writing
M3E1

0.99 0.994-0.999 0.99**
M3E2

2.	 Turning a key
M3E1

0.99 0.992-0.999 0.99**
M3E2

3.	 Grasping small objects
M3E1

0.65 0.280-0.854 0.79**
M3E2

4.	 Simulated feeding
M3E1

0.96 0.901-0.986 0.98**
M3E2

5.	 Pouring water
M3E1

0.98 0.962-0.995 0.99**
M3E2

6.	 Grasping large and light 
objects

M3E1
0.99 0.981-0.997 0.99**

M3E2

7.	 Grasping large and 
heavy objects

M3E1
0.97 0.928-0.990 0.98**

M3E2

8.	 Opening containers
M3E1

0.95 0.880-0.982 0.97**
M3E2

9.	 Cutting with a knife
M3E1

0.99 0.996-0.999 0.99**
M3E2

10.	 Simulated dressing
M3E1

0.99 0.994-0.999 0.99**
M3E2

M3E1: measurement 3, examiner 1; M3E2: measurement 3, examiner 2; * p < 0.05; ** p < 0.01

of a test that evaluated the use of the most 
common prehensions in daily life, which were 
easy to apply, financially accessible, and which 
allowed testing individuals afflicted by various 
musculoskeletal dysfunctions of the hand and 
upper extremity. It was developed based on 
the standardized tests by Jebsen-modified16 

and Carazatto.23

The present study was made only with in-
dividuals without functional limitations, but 
with a broad inclusion of adults from 19 to 71 
years of age, including three elderly individuals, 
which can be seen as a factor in the time varia-
tion to perform a few sub-items in the test.

Future validation studies for different popu-
lations of patients with functional limitations 
stemming from musculoskeletal and neuro-
functional dysfunctions are necessary.

CONCLUSION

The standardization of the scoring style 
and timing of all the 10 sub-items of the Elui 
Upper Extremity Functionality Test, conside-
ring motor learning, was the use of the third 
measurement.

The Elui test showed excellent repeatabi-
lity between examiners as well as in measu-
rements repeated over time by the same exa-
miner in most sub-items, and was considered 
reliable for the sample studied.
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