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ABSTRACT 
 

The objective of this study was to adapt a manual dexterity test to a pre-clinical training setting and 
to determine its reliability. Ninety-two students in the final year of their undergraduate program in 
dentistry at the School of Dentistry of São Paulo State University (UNESP), Araraquara, were 
evaluated. After the development of the Dental Manual Dexterity Assessment (DMDA), its reliability 
was evaluated in a reproducibility study. Two examiners evaluated twenty subjects’ test cubes in 
duplicate under the naked eye and using an X-ray view box and determined the subjects’ final 
scores on the DMDA. The examiners waited a week between their two scoring sessions, which 
were referred to as the first assessment and the second assessment. The intra- and inter-examiner 
reproducibility study was performed using an intra class correlation coefficient (ρ). A descriptive 
statistical analysis was performed, and the prevalence of the level of manual dexterity and the time 
required to complete the test were estimated using a point estimation and a 95% confidence 
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interval. Both intra-examiner reproducibility (ρ1=0.892; ρ2=0.938) and inter-examiner 
reproducibility (ρ1st=0.914; ρ2nd=0.813) were classified as “good” or higher. A high prevalence of 
manual dexterity levels classified as “high” was observed among the subjects evaluated. The 
adaptation resulted in a valid and reliable instrument for measuring manual dexterity among dental 
students. The method is simple and may be implemented early on in undergraduate programs in 
dentistry.  
 

 
Keywords: Manual dexterity; occupational health; ergonomics; dental students. 

 
1. INTRODUCTION 
 

While studying dentistry, students must develop 
a variety of skills and competencies [1], 
particularly in terms of fine motor skills [2] 
including manual dexterity [1,3]. According to 
Neves and Garcia [4], manual dexterity is 
understood as the ability to coordinate 
movements between the visual stimuli received 
and the muscle movements to be performed in a 
given motor activity.  
 

The development of manual dexterity specifically 
for dentistry begins with pre-clinical training, 
during which time students observe and perform 
a variety of procedures on simulators and dental 
mannequins [2,5,6]. With this type of training, 
cortical structures in the brain are activated and 
stimulated to improve hand-eye coordination, 
spatial awareness, and fine detail reproduction 
[7]. 
 

According to Neves and Garcia [4], the difficulties 
associated with manual dexterity become more 
obvious to students as their theoretical 
knowledge is put into practice. To overcome 
these difficulties and develop adequate dexterity, 
the implementation of training programs 
specifically focused on motor skills prior to 
simulated dentistry procedures has been 
recommended [1,5,8,9]. However, for the 
objectives of these programs to be met, pre-
existing manual dexterity must be measured so 
that specific activities can be proposed in 
accordance with the deficiencies that students 
exhibit [10].  
 
It is important to note that the quantification and 
qualification of students’ manual dexterity levels 
as early as the first year of their undergraduate 
programs may bring more awareness to this 
issue and thus motivate students to develop their 
skills over the course of their academic careers. 
 
There are a variety of methods available to 
assess manual dexterity, including the Purdue 
pegboard (PP) test [11-13], the O’Connor finger 

dexterity test [9,11-14], and the Minnesota rate of 
manipulation test, or MRMT [12,13,15]. Though 
these methods have been widely used in 
research, they are generic in nature and their use 
is therefore limited when applied to specific fields 
such as dentistry. 
 
According to Neves and Garcia [4], the HAM-
Man test, the perceptual ability test (PAT), and 
the manual dexterity test (MDT) have been 
specifically used in the field of dentistry to predict 
student performance in practical courses during 
the undergraduate admissions process or to aid 
in the practical learning process. Another option 
is the precision manual dexterity (PMD) test 
proposed by Bowers et al. [16] to evaluate motor 
skills in endodontic treatment. 
 
Given the importance of manual dexterity in the 
academic career of dental surgeons, the 
establishment of more simplified and specific 
methods for educational purposes is crucial to 
the teaching and learning process in dentistry. 
The PMD test is a simple and low-cost method 
for evaluating fine motor skills among dental 
students in the field of restorative dentistry. 
 

Thus, this study sought to adapt the PMD test to 
a pre-clinical training setting and to determine its 
reliability. 

 
2. MATERIALS AND METHODS 
 
2.1 Adapting the Precision Manual 

Dexterity (PMD) Test to Pre-Clinical 
Restorative Dentistry Training 

 
The PMD test proposed by Bowers et al. [16] 
was used as the basis for this study. Their test 
assesses fine motor skills in endodontic training 
and “consists of accurately penetrating a series 
of fine targets on a soft sheet of paper” [16]. The 
targets are 0.3 to 0.35 mm in diameter and are 
penetrated using a 21 mm #10 C-File. After 
penetrating the targets, the students receive an 
accuracy score for each sheet.  
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Before adapting the PMD test to our purposes, 
we performed a literature review [4] to determine 
which assessment methods are available in 
research in general and in the field of dentistry 
specifically. Based on these findings, we tested 
out different adaptations to the PMD test in an 
attempt to obtain a test specific to restorative 
dentistry work and useful in an academic setting. 
We have named the final method established the 
“Dental Manual Dexterity Assessment (DMDA).” 
 
First, the 21 mm #10 C-File was replaced by a 
#2200 conical diamond bur with ultrafine 
finishing. 
 
Next, holes of various diameters (1.7 mm to 3.0 
mm) and with different edge types (1 DTP point 
and ¼ DTP point) were made to determine the 
best target for the #2200 bur. These targets were 
printed on 120 gsm paper and placed on a 4 cm 
foam sponge block inside of a rectangular 
laboratory dish in accordance with the method 
used by Bowers et al. [16]. 
 
To determine the viability of these modifications 
to the original test, the #2220 bur was placed on 
a high rotation for the penetration of the targets. 
This step revealed issues with the paper used, 
the angle at which the bur penetrated the target 
at high speeds, and the type of bur itself. The 
120 gsm paper tore when penetrated by the bur 
due to its limited thickness; it also failed to 
remain attached to the foam sponge. The way in 
which the high-speed bur was held caused the 
bur to enter the targets at an angle and not 
perpendicularly as recommended for the PMD 
test. The bur that was originally selected 
possesses a short active tip that does not offer a 
margin of safety when an incorrect amount of 
pressure is used in the penetration. Furthermore, 
because it is made of diamonds meant to cut 
dental enamel, it created many notches in the 
paper that increased the diameter of the 
penetrations and changed the test results.  
 

In light of these issues, changes were made to 
the foam, the paper, and the bur. It was used 2.5 
cm-thick styrofoam (EME, Brazil) and h 75 gsm 
adhesive A4-sized label sheets (Primaco, Brazil) 
so that they could be attached to the styrofoam 
easily. This strategy eliminated the need for glue 
between the styrofoam and the target sheet. The 
use of glue could influence the test results, since 
its thickness cannot be standardized when 
applied to the styrofoam. The high-speed bur 
was replaced with a stainless steel handpiece 

made using a lathe exclusively for this study. It 
allowed for the bur to penetrate the targets 
perpendicularly. The #2200 bur (KG Sorensen, 
Brazil) was replaced by a #3195FF bur, which 
has a smoother and longer active tip that allowed 
for it to be removed from the target without 
damaging the paper. 
 
After these initial challenges were overcome, the 
diameter of the target was established. The final 
decision was holes that were 2.3 mm in diameter 
and had a 1-DTP point edge. The targets were 
then randomized. 
 
Thus, as part of these modifications, two devices 
were developed specifically for the fine motor 
skill test for pre-clinical restorative dentistry 
training: the test cube and the straight handpiece 
simulator. The test cube was rectangular in 
shape (7.5 cm in length by 12.5 cm in width and 
2.5 cm thick). It was divided into eight sections 
and contained a total of 82 circular targets that 
were 2.3 mm in diameter and randomly placed 
on the sheet (Fig. 1).  
 
The straight handpiece simulator was developed 
in order to simulate a micromotor with a 
handpiece and a bur. It was fabricated with a 
conical body. It weighed 32.5 g, measured 120 
mm in length, with 8 mm in diameter in the active 
portion and 13 mm in diameter at the base, and it 
contained 45 mm of groves in the portion that 
comes in contact with the hand. Its active tip 
possesses a hole 3 mm in diameter to which the 
#3195FF bur could be attached (Fig 1). The 
simulator was created in this way to make it 
easier for the bur to penetrate the target 
perpendicularly, and the grooves were added to 
allow the user to achieve a firmer grip. The 
#31955 bur was selected because the diameter 
of its active tip was compatible with the targets 
on the test sheet, and because its grit 
measurement allowed for it to be removed from 
the target without damaging it. 
 

Once the two main devices were created, the 
test application method was designed. The test 
consisted of penetrating small targets printed on 
paper using a fine-tipped bur, a process which 
simulates the bur's penetration of a small carious 
lesion. 
 
The test proposed herein was developed to be 
administered under artificial lighting, with the test 
taker seated with the test cube supported 
horizontally on a workbench. 
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Fig. 1. Front and side view of the test cube and straight handpiece simulator with a #3195 

diamond bur 
 
In the test development process, we realized the 
need for the researcher responsible for the 
application of the test to be trained on how to 
demonstrate the test to the subjects.  

 
As Bowers et al. [16] note and as our initial 
experiments corroborated, it is important for the 
test subjects to practice the test prior to their 
completion of the tests in which the results were 
measured. With practice tests, any errors in 
performance can be corrected and subjects’ 
questions can be answered. After the practice 
tests, it was determined that a period of 5 
minutes was sufficient for the subjects to learn 
how to take the test. 

 
For the practice tests, a practice cube was 
created (Fig 2). It consisted of an A4 label sheet 
stuck to a 2.5 cm-thick styrofoam cube with a 
number of targets that were the same diameter 
as those used on the test cube.  

 
To enable the consistent execution of the test 
proposed, a list of instructions was created for 
subjects to read before being assessed. The 
instructions read as follows: “This is a test that 
has been developed to assess your fine motor 
skills. Before beginning, you will be told what to 
do and will then have the opportunity to practice 
for 5 minutes. Make sure you understand exactly 
what to do. With your dominant hand, pick up the 
straight handpiece simulator containing the 
#3195FF bur and hold it in such a way that the 
bur can penetrate all of the targets on the test 
cube perpendicularly to the surface and so that it 
can accurately penetrate the center of each 
target without touching the edges of the targets. 
Begin when I say ‘begin.’ When you are done, 
say ‘I'm done.’ 

After the DMDAs are completed, the test cubes 
must be evaluated by the examiner to determine 
the final scores on the test, in accordance with 
Bowers et al. [16].  Scores for each target ranged 
from 0 to 3 points, with 0 being the least accurate 
and 3 being the most accurate. The scores are 
assigned according to the accuracy of the 
penetration, with 3 points for penetrations 
completely inside the target, 2 points for 
penetrations that touched the edge of the target 
and covered more than 50% of the target, 1 point 
for penetrations that touched at the edge of the 
target and covered less than 50% of the target, 
and 0 points for penetrations that were 
completely outside of the target (Table 1).  
 

Because the test cube had 82 targets, each 
subject could achieve a maximum score of 246 
points. After the scores were calculated, it was 
decided that the final score would be adjusted to 
be expressed as a percentage to allow for a 
classification of levels of manual dexterity in 
these percentages: very low manual dexterity 
(0% to <25%), low manual dexterity (25% to 
<50%), moderate manual dexterity (50% to 
<75%), and high manual dexterity (75% -100%). 
 

The subjects were also given a percentage-
based assessment of the time they required to 
complete the dexterity test: very fast (0% to 
<25%), fast (25% to <50%), moderate (50% to 
<75%), and slow (75 -100%), scores which were 
based on the longest time period required by a 
subject (T=260 seconds). 
 

2.3 Applying the Test 
 

 To apply the manual dexterity test for pre-clinical 
restorative dentistry (DMDA), an experimental 
study was performed on a sample of 92 students
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Fig. 2. Practice cube 

 
Table 1. Scores attributed to penetrations of the targets on the test cube (adapted from Bowers 

et al., 2010) 
 

 A score of 3 – Completely within the target and in the center 

 A score of 2 – Within the target but touching the edge of the target 

 A score of 1 – Outside the target but touching the edge of the target 

 A score of 0 - Completely off target 

 
in the fifth and final year of their undergraduate 
program in dentistry at the School of Dentistry of 
São Paulo State University (UNESP), 
Araraquara, who had given informed consent to 
participate in the study. 
 

The students were instructed on how to perform 
the test and advised that the time taken to 
undertake the task was being monitored. The 
performed test was timed and which the students 
took at a specific site with standardized lighting 
and working Table. 
 

2.4 Data Analysis 
 
 After the development of the method, its 
reliability was evaluated in an intra-examiner and 
inter-examiner reproducibility study. To 
reproducibity study two examiners evaluated 
twenty subjects’ test cubes in duplicate under the 
naked eye and using an X-ray view box and 
determined the subjects’ final scores on the 
DMDA. They waited a week between their two 
scoring sessions, which were referred to as the 
first assessment and the second assessment. 
The intra- and inter-examiner reproducibility 
study was performed using an intra class 
correlation coefficient (ρ). In this study, 

consistencies established as “good” or better 
(ρ≥0.71) were considered reliable [17].  
 

A descriptive statistical analysis was performed, 
and the prevalence of the level of manual 
dexterity and the time required to complete the 
test were estimated using a point estimation and 
a 95% confidence interval.  
 

3. RESULTS AND DISCUSSION 
 

Table 2 shows the results of the intra- and inter-
examiner reproducibility study on the final scores 
for the DMDA.  

 
Fig. 3 presents the prevalence of manual 
dexterity levels as estimated using point 
estimation and a 95% confidence interval.  
 
A high prevalence of manual dexterity levels 
classified as “high” were observed among the 
subjects evaluated. 
 
 Fig. 4 presents the prevalence of the 
classifications of the time periods required to 
complete the manual dexterity test as estimated 
using point estimation and a 95% confidence 
interval. 
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Table 2. Intra- and inter-examiner reproducibility of the final scores for the manual dexterity 
test for pre-clinical restorative dentistry (DMDA) 

 

Examiner ICC (ρ) Classification 
Intra-examiner 1 0.892 Good consistency 
Intra-examiner 2 0.938 Excellent consistency 
Inter-examiners – First assessment 0.914 Excellent consistency 
Inter-examiners – Second assessment 0.813 Good consistency 

 

 

 

Fig. 3. Prevalence of manual dexterity levels as estimated using point estimation and a 95% 
confidence interval 

 

 

 

Fig. 4. Prevalence of the classifications of the time periods required to complete the manual 
dexterity test as estimated using point estimation and a 95% confidence interval 

 

There was a high prevalence of subjects whose 
time required to complete the manual dexterity 
test was classified as "fast.” 
 

Manual dexterity is particularly important in 
dentistry. For this reason, dental students should 
be screened as early as possible-ideally, at the 
start of their pre-clinical training [4]. To do so, a 

test that is appropriate for educational purposes 
should be selected. 
 
According to Rudman and Hannah [18], the 
method of assessment should be selected based 
on factors such as cost, time required, 
practicality, applicability, availability, and 
familiarity. The reliability of the instrument must 
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also be considered. The dexterity tests available 
are often costly and, when applied in the field of 
dentistry, are typically used to predict student 
performance rather than to evaluate manual 
dexterity development over time [4].  
 

This study was therefore performed and the 
assessment tool created in an attempt to meet 
an academic need, since there is a lack of 
adequate standardized instruments for 
evaluating manual dexterity specifically in 
dentistry [4]. The DMDA was developed to 
evaluate manual dexterity among dental students 
within the context of restorative dentistry. This 
test can be used to screen students to determine 
their motor skills and to tailor their learning 
process based on the difficulties they exhibit. 
 

The DMDA consists of a quantitative dexterity 
score that is qualified using a percentage-based 
classification system and also considers the time 
required to complete the test. This test is 
affordable and easy to apply. It can be 
implemented in an academic setting to evaluate 
and monitor students’ manual dexterity. Though 
it is an individual analysis, it can be applied to 
many students at once by a single examiner. 
When applied prior to pre-clinical training in 
restorative dentistry, it is hoped that this test will 
enable the diagnosis of more substantial 
difficulties so that strategies can be implemented 
to help students reach the level of skill required 
for this phase of the program. Other studies are 
being performed, and if this hypothesis is 
confirmed, the periodic (once a semester or once 
a year) application of this test can be 
recommended as a way to monitor student 
progress, identify persistent difficulties, and aid in 
improving pre-clinical training. 
 

An adequate test provides precise and reliable 
data. Thus, in the application of an instrument of 
this nature, proper examiner training, and 
measurement consistency are essential for the 
variables being assessed to be properly 
measured [13,19,20]. In this study, a reliability 
analysis was performed on the test through a 
reproducibility study. The MDT [21], the PMD test 
[16], the MRMT, and the PP test [13] were 
similarly analyzed. There is no information on the 
validation or reliability processes applied to the 
O’Connor finger dexterity test [13]. 
 

As Table 2 shows, both intra-examiner 
reproducibility (examiners 1 and 2) and inter-
examiner reproducibility (first and second 
assessments) were classified as “good” and 

“excellent” [13]. The literature recommends that 
instruments of this nature present reproducibility 
that as classified as “good” or higher to minimize 
error [22]. Thus, this assessment was found to 
be both reliable and easy to apply. However, it is 
recommended that the examiners be properly 
trained to analyze the penetration of the targets 
on the test cube and that the examiners’ 
reproducibility be classified as “good” or higher.  
Most of the students who served as subjects in 
this study were found to exhibit dexterity that was 
classified as “high” and to complete the test in a 
period of time classified as “fast” or "very fast.” 
These findings are explained by the fact that the 
sample consisted of students who were at the 
end of their academic program and who had 
already had a long period of training to develop 
these skills and competencies. Therefore, the 
high performance seen in this sample was to be 
expected. However, more studies should be 
conducted with dental students in their initial 
years to observe its manual dexterity with this 
method.  

 
Given the importance of manual dexterity in the 
field of dentistry, these results suggest that the 
assessment tool proposed herein may meet 
academic needs in this field. However, this is a 
preliminary study in which only the reliability of 
the test was evaluated. Because promising 
results were obtained, other studies are being 
performed to validate this assessment tool.   
 

4. CONCLUSION 
 

The Dental Manual Dexterity Assessment 
(DMDA) is a simple and reliable tool for 
measuring manual dexterity among dental 
students. 
 

CONSENT 
 

An experimental study was performed on a 
sample of 92 students in the fifth and final year of 
their undergraduate program in dentistry at the 
School of Dentistry of São Paulo State University 
(UNESP), Araraquara, who had given informed 
and written consent to participate in the study. 
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