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Abstract: Introduction: During a basic prosthetics course, dental students train on plastic teeth
for fixed partial dentures (FPD). The complexity of manual skill acquisition and the need for extra
training led us to develop a portable tool for home training (PhantHome). The aim of the current
study was to assess whether training using the portable tool improves students fine motor skill,
spatial perception, and orientation and may predict success in preclinical prosthetics courses. Material
and Methods: A total of 42 third year dental students were included in this study. A valid dexterity
test (Grooved Pegboard test) and a manual test using the portable tool (PhantHome) were conducted
in direct and indirect visions using a mirror at two time points: T0: beginning of study, and T1: after
training for one month with the portable tool at home. The students’ manual grades in the portable
tool, Grooved test, and final prosthetics course grades were compared. Results: The results showed
that indirect tasks were significantly more difficult to perform than direct tasks for PhantHome and
Grooved tests at T0 and T1 (p < 0.0005). After practicing with the portable PhantHome tool (T1), the
students’ scores of in PhantHome and Grooved tests improved significantly (p < 0.04). A regression
analysis showed that students’ motor tasks scored at T0 predicted phantom course success in 86.8%
of cases (p = 0.005). Conclusion: There was a positive transfer in learning: PhantHome training led
to improved performance on the Grooved tests without further training on these tests. Therefore,
training in the PhantHome tool can significantly improve performance in the prosthodontics phantom
course. The prediction model predicted success in a prosthodontics course with 86% accuracy.

Keywords: dental student; manual skills; PhantHome; Grooved Pegboard Test

1. Introduction

During a pre-clinical prosthetics course, dental students learn the principles of per-
forming dental preparations for fixed partial dentures (FPD). One of the major problems
students face in the course is spatial perception and orientation, which can be mani-
fested in poor identification of the tooth axis and difficulty in identifying undercuts in the
preparation, leading to inadequate preparation. Furthermore, the difficulty arises when
assignments require indirect vision using a dental mirror, which requires manual skills for
working with both hands. [1,2]. Learning this skill is considered difficult due to the natural
difficulty of the brain to control two new complex motor actions that require coordination
of both hands.

Tooth preparation for FPD is a clinical challenge for students because the designs must
meet important biomechanical principles in order to meet accepted standards to receive a
permanent crown [3]. Two of the basic principles in preparing for FPD are the principle
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of resistance and retention. One of the goals of retention is to have a single insertion
path that is parallel to the tooth’s longitudinal axis. The insertion path is determined by
tooth preparation, and tilting of the opposite walls properly is critical to the retention of
the preparation. Optimally, we would like the insertion path to be parallel to the tooth’s
longitudinal axis, so that it should always be 90◦ to the occlusal surface and inclined at a
convergence angle of 6–12◦ [4–6]. Researchers found that dental students performed on
averaged 12.7 degrees of wall convergence, while the clinical preparations average was
22.8 degrees [7,8]. Another study that modeled 909 dental preparations for FPD found that
the average convergence of preparations was 19.2 degrees [9].

In order to increase the accuracy of dental students’ preparations, researchers have de-
veloped innovative digital design software for helping students understand the tooth’s axis,
marginal design, and undercuts, and objectively self-evaluate their preparation [10–12]. For
example, PrepCheck (Dentsply Sirona, Wien, Austria) makes use of CAD/CAM (computer-
assisted design and computer-assisted manufacturing) technology by comparing scans of
tooth preparations with a standardized “master” preparation [13]. Although accumulating
evidence has confirmed the effectiveness of such new assessment methods, primarily in
relation to self-assessment and self-directed learning of manual skills, most studies have
claimed that further investigation of CAD/CAM technology for the purpose of assessment
and education of dental students is recommended [14,15].

Other researchers believe that manual performance can be facilitated by means of
a positive transfer of learning. Accordingly, repeated training of one motoric task leads
to significant improvement in the performance of another motoric task that has similar
components [16]. They developed training tools to enhance performance in preclinical
courses. For example, Gunter et al. developed an indirect training device called Mirroprep,
which consists of a high-profile quality steel sheet with a mirror mounted to its rearmost
wall and a replica of a dental drill holding a short pencil. The test sheet consists of a curved
track course in different outline forms, in which the student must track the course on
the pad bounded by two lines with the pencil. They showed that mirror vision can be
learned and improved while practicing on the Mirroprep; the result was a high degree
of transfer in manual performance [17,18]. The disadvantage of training tools that have
been developed is that the actual conditions of the training were not similar enough to the
phantom laboratory environment.

In this study, a simple portable manual training tool was developed for training
at home that entails the general principles and identical elements as in the pre-clinical
prosthetics course and can be used as a supplement to conventional training as needed.
In addition, the novel tool may serve to screen dentistry candidates and to evaluate their
manual capabilities. The tool comprises components that are very similar, but not identical,
to the traditional phantom head simulator and allow training for improving fine motor skill,
spatial perception, and orientation, capabilities that are required in order to performed
acceptable tooth preparation for crowns. The tool includes plastic teeth with five drills at a
6◦ angle, corresponding to an acceptable angle of convergence of tooth preparations. The
students have to insert pins into these drills under direct and indirect vision for training.
As an evaluation tool of students’ capabilities, the Grooved pegboard test, a valid and
reliable test from the occupational therapy field that measures eye–hand coordination,
manual skills, and orientation by insertion of pins (key-shaped) into grooves with different
angles, was adopted [19–21].

Thus, it was hypothesized that: (1) practice at home on the portable tool would
lead to a significant improvement in fine motor skills, spatial perception, and orientation,
and (2) the portable tool may predict the potential success of dental students in a pre-
clinical prosthetics course. Therefore, the aim of the current study was to assess whether
training using the portable tool improves students’ fine motor skills, spatial perception,
and orientation and may predict success in preclinical prosthetics courses.
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2. Materials and Methods
Study Population

Forty-two dental students in their third year of study at the School of Dental Medicine
at Tel Aviv University participated in the study. Of these, 31 were women and 11 were men,
aged between 22 and 36 years (mean 26 ± 3.09 years). The inclusion criteria were generally
healthy, normal, or corrected vision; right- or left-hand dominance; not having participated
in a dental morphology course; and not yet having been trained in manual skills courses at
the simulation phantom laboratory. The study was conducted according to the guidelines
and approved by the Institutional Ethics Committee of Tel Aviv University (16 September
2018), and all participants signed an informed consent form. The research exclusion criteria
were students with a health problem, students who have had a dominant palm injury for
the past two years, or students who have suffered from skeletal muscle pain within the
last month. At the beginning of the study, each student completed a questionnaire that
included demographic (age, gender) and questions related to components that could affect
the student’s motor performance, for example, leisure activities and hobbies involving
gross and delicate motor skills.

3. Protocols

Two different tools were utilized in this study: (1) the Grooved Pegboard test modification,
and (2) the PhantHome training tool. The students performed both tests twice: at the beginning
of study (T0) and after one month (T1) of practicing at home with the PhantHome tool.

3.1. Grooved Pegboard Test

This test is used to measure hand–eye coordination, manual skills, and orientation [21–24].
The test is conducted using a board with 25 slots in the shape of a keyhole, located at
random angles. In order to insert the pins into the groove, they must be rotated like a
key corresponding to the groove. Modification to the test was carried out to allow for
performance of the test in indirect vision. This was obtained by hiding the task-board by a
black screen and observing the task through a mirror. Each participant first performed the
test with direct vision using the dominant hand followed by his/her non-dominant hands,
and then indirectly in a similar order. The time taken for the completion of each of the four
tests was the score for the test (Figure 1).
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3.2. Innovative Portable Training Tool: PhantHome

The portable interventional tool is composed of a commercial phantom head composed
of two jaws with plastic teeth, artificial gingival tissue, and a rubber cover, which simulate
the mouth of the patient (Nissin Dental Products INC, Nakagoku, Japan). The first molar
tooth in each quadrant was replaced with special plastic teeth with five holes at a depth
of 4 mm, a central hole along the tooth axis at 90 degrees to the occlusal surface, and
four holes converging to a central hole at a 6-degree angle corresponding to the dental
preparations (Figure 2).

Appl. Sci. 2021, 11, 9387 4 of 12 
 

 
Figure 1. The Grooved Pegboard test device. 

3.2. Innovative Portable Training Tool: PhantHome 
The portable interventional tool is composed of a commercial phantom head com-

posed of two jaws with plastic teeth, artificial gingival tissue, and a rubber cover, which 
simulate the mouth of the patient (Nissin Dental Products INC, Nakagoku, Japan). The 
first molar tooth in each quadrant was replaced with special plastic teeth with five holes 
at a depth of 4 mm, a central hole along the tooth axis at 90 degrees to the occlusal surface, 
and four holes converging to a central hole at a 6-degree angle corresponding to the dental 
preparations (Figure 2). 

  
(A) (B) 

Figure 2. (A). Mobile device, desktop fixation, silicone simulating soft tissue. (B). Close view: tooth 
36 with all 5 pins. 

The students were instructed to insert matching metal pins (1 mm diameter, 10 mm 
length) in a specific order into these holes. The PhantHome tool can be attached to any 

Figure 2. (A). Mobile device, desktop fixation, silicone simulating soft tissue. (B). Close view: tooth
36 with all 5 pins.

The students were instructed to insert matching metal pins (1 mm diameter, 10 mm
length) in a specific order into these holes. The PhantHome tool can be attached to any
table with a compatible stand. All the components of the kit are organized in a small
carrying box. Each student at the beginning of the study was given a home training kit for
one month. Students were given practice sheets and were instructed to practice at least
twice a week in all exercises. The training included using both hands: the dominant hand
for inserting pins using tweezers and while working in the upper jaw, and the student
was required to use a dental mirror with his/her non-dominant hand in indirect vision.
The insertion of the pins in the home exercise was performed on four teeth: the upper and
lower first molars. The variable measured when performing the test on PhantHome was
minutes needed to perform the 20-pin insertion task (five pins per tooth, four teeth).

3.3. Study Procedure

The experiment was performed at two time points, before training with the portable
tool (T0) and after training (T1).

During each period, all students performed the same order of testing: four tasks on
the Grooved Pegboard test (direct dominant hand, direct non-dominant hand, indirect
dominant hand, and indirect non-dominant hand) and two tests on the PhantHome tool
under direct and indirect vision. The direct test included insertion of 10 pins into the lower
first molars by direct vision with tweezer (5 pins per tooth). The indirect test included
insertion of 10 pins into the upper first molars by indirect vision using tweezers and a
dental mirror.

The time necessary to administer the battery of all tests during each period ranged
from 20 to 30 min per participant.

Students’ dental performance was assessed at the end of the prosthodontics course at a
phantom laboratory via the final phantom grade. The final phantom grade (Final.Phantom)
was the average grade of the three tasks routinely provided by the clinical instructors at the
end of the prosthodontic dentistry course performed on plastic that included anterior tooth
preparation for FPD, posterior tooth preparation for FPD, and a temporary acrylic crown.
Three instructors provided the grades using several common criteria (evaluation form),
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such as inclination of tooth preparation, long axis of the preparation, and other criteria
(see evaluation form, Appendix A). The grades are on a continuous scale of 0–100, where
the passing grade is 60. As the student identification numbers were coded, the instructors
were unaware of the individual students’ results. The study was blinded in the sense that
the principal investigator who conducted the dexterity tests was blind to the students’ final
grades for the phantom course.

3.4. Statistics

Students’ scores were defined by the time (in minutes) to perform each task.
The assumptions of the normality of the variables (students’ scores on the Grooved

tests and PhantHome and students’ grades on the prosthodontics course) were assessed
using the Kolmogorov–Smirnov test. For comparisons between the test scores in the
Grooved Pegboard test and PhantHome tests with direct and indirect vision and between
T0 and T1, Wilcoxon signed ranks tests were performed.

Kendall’s nonparametric correlations were calculated between the two manual dex-
terity tests at T0: the Grooved Pegboard test and PhantHome Test and between the final
grades in the prosthodontics course. A linear regression model using the enter method, as
well as a logistic regression using the enter method, were conducted to examine the strength
and combination of the explanatory variables of the final grade in prosthodontics course.
All analyses were performed using SPSS version 20. Significant statistical differences were
defined as p < 0.05.

4. Results

Before the data were analyzed, the Kolmogorov–Smirnov tests were performed on stu-
dents’ scores of the Grooved tests and PhantHome and students’ grades of the prosthodon-
tics course, which indicated a no normal distribution for the variables (grades) (p < 0.05).

The scores of the students on the Grooved Pegboard test for both hands under indirect
vision were significantly higher than those under direct vision (p < 0.005) across the two
time periods (Table 1). Similar trends were observed for the PhantHome test in which
the scores under indirect vision were significantly higher than those under direct vision
(p < 0.005) across the two time periods (note that the scores on both tests represent the time
needed to insert pins).

Table 1. The mean, standard deviation (SD), and range of the Grooved Pegboard test and PhantHome test scores under
direct and indirect vision conditions at the two time periods (T0, T1) for dental students (N = 42).

Motor Task
T0 T1

Mean (±SD) [Range] (min) Mean (±SD) [Range] (min)

Grooved Pegboard_Direct_Dominant Hand 1 (±0.16) [0.43–1.36] 0.9 (±0.1) [0.53–1.25]

Grooved Pegboard_Direct_Non Dominant Hand 1.1 (±0.17) [0.8–1.65] 1 (0.18) [0.75–1.6]

Grooved Pegboard_Indirect_Dominant Hand 3.6 (±1.6) [1.83–7.6] 2.4 (±0.9) [1.45–5.46]

Grooved Pegboard_Indirect_Non Dominant Hand 3.9 (±1.7) [1.7–9.9] 2.9 (±1.1) [1.46–7.18]

PhantHome_Direct 2.6 (±2.3) [0.6–13.8] 1.6 (±0.88) [0.68–5]

PhantHome_Indirect 3.9 (±3) [0.7–12.7] 2.4 (±1.3) [0.76–8.33]

After practicing with the portable PhantHome tool (T1), the students’ scores signifi-
cantly decreased for all tasks under direct and indirect vision on the Grooved Pegboard
test and PhantHome test. The level of performance in the PhantHome test improved
significantly under direct (p = 0.01) and indirect vision (p = 0.004). Interestingly, the level of
performance in the Grooved Pegboard test also improved significantly under direct vision
in the dominant hand (p = 0.005) and in the non-dominant hand (p = 0.04), and under
indirect vision in the dominant hand (p = 0.005) and the non-dominant hand (p = 0.005).
We found a positive transfer between training in the PhantHome tool and the result in
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the Grooved tests, meaning that repeated training of one motoric task leads to significant
improvement in the performance of another motoric task that has similar components.

To test the strength of the association between the manual/clinical tests performed at
the end of the prosthodontics course and the motor tests in the Grooved Pegboard test and
PhantHome at T0, we performed Kendall’s correlation tests (Table 2). Interestingly, there
was an inverse relationship between most of the motoric tests at the beginning of the study
(T0), which tested orientation and spatial perception by inserting pins in different directions
into the test panel and the degree of success in the final exam of the prosthodontics course;
that is, the shorter the time in which the motor task was performed, the higher the final
scores. It was noted that the highest correlation coefficient (moderate correlation) was
found in the PhantHome test under direct vision (r = −0.379, p = 0.019).

Table 2. Correlations between prosthodontic final grade and motor tests performed at time T0.

Motor Task Final Grade in Prosthodontics Course

Grooved Pegboard_Direct_Dominant hand −0.290
p = 0.012

Grooved Pegboard_Direct_Non-Dominant hand −0.288
p = 0.013

Grooved Pegboard t_Indirect_Dominant hand −0.124
p = 0.274

Grooved Pegboard t_Indirect_Non Dominanat hand −0.316
p = 0.005

PhantHome_Direct −0.379
p = 0.019

PhantHome_Indirect −0.183
p = 0.107

Furthermore, a linear regression analysis using the enter variable selection method us-
ing all independent variables that revealed significant correlations in the previous Kendall’s
correlation tests was applied. All independent variables explained 37% of the variance in
the final grade of the prosthodontics course (R2 = 0.37) and produced a significant model
(p < 0.003).

The students were categorized on the basis of their success or failure in the prosthodon-
tics course (a passing grade was defined as more than 60 of 100 points). A logistic regression
analysis was conducted using the four predictor independent variables that showed signif-
icance correlations in the linear regression test (Grooved Pegboard Test_Direct_Dominant,
Grooved Pegboard Test_Direct_Non-Dominant hand, Grooved Pegboard Test_Indirect_Non
Dominanat hand, and PhantHome_Direct hand) on the final prosthodontic grade (pre-
dicted dependent variable). The model was significant (p = 0.005) and led to correct
predictions in 86.8% of the cases; in other words, 13.2% of the successes or failures were
erroneously classified oppositely (Table 3). The odds ratios, using the Enter method for
that test, are presented in Table 4. The test shows that the manual tests for predicting
success in prosthodontic course are Grooved Pegboard Test_Indirect_Non Dominant and
PhantHome_Direct hand. Classifying the final grades results to quartiles, we found that
the Grooved Pegboard Test was sensitive to addressing the weak students (Figure 3). This
will be discussed later.
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Table 3. Logistic regression model for predicting the dependent variable and final grade in the
rehabilitation course.

Observed
Predicted

Failed Passed Percentage of Predictability

Failed 10 4 71.4%

Passed 1 23 95.8%

Overall percentage of
prediction model readiness 86.8%

Table 4. Logistic regression analysis for explanatory variables to predict the final grade in the prosthodontic course using
the Enter method.

Motor Task B Sig Exp(B) 95% C.I. for Exp(B)

Lower Upper

Grooved Pegboard Test_Direct_Dominant −4.473 0.125 0.011 0.005 3.461

Grooved Pegboard Test_Direct_Non-Dominant hand −2.257 0.455 0.105 0.005 39.154

Grooved Pegboard Test_Indirect_Non Dominanat −0.652 0.044 0.521 0.267 0.983

PhantHome_Direct hand −0.515 0.05 0.598 0.357 1Appl. Sci. 2021, 11, 9387 8 of 12 
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5. Discussion

Fourth year dentistry students at Tel Aviv University undergo practical training in
the phantom lab in order to acquire the manual skills required for treating patients. The
prosthodontics course constitutes a threshold condition for continuing to the fifth year,
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which concentrates on treating patients. A considerable proportion of students fail to
acquire manual skills in the pre-clinical phantom course or pass with a relatively low grade.
Our overall aim was to increase the success rate in the pre-clinical prosthodontics course.

The development of the novel portable tool simulated the principles of the Grooved
Pegboard test but was modified to a pseudo-patient’s mouth (phantom-like) for the pur-
pose of home training of dentistry students in basic skills required in the prosthodontics
phantom course. The rationale for the training was based on the transfer of learning theory.
Accordingly, repeated training of one motoric task leads to significant improvement in
the performance of another motoric task that has similar components [16]. The extent of
transfer of training between one learning task and another task has long been recognized
as depending on the similarity of the tasks [22–25]. Therefore, to assure a high degree
of transfer from a motoric activity learned in the portable tool to motoric tasks required
in the phantom course, we designed the tasks performed on the portable tool to closely
resemble the phantom tasks. Examples are the insertion of small pins (1 mm diameter
and 10 mm length) into holes on the tooth at a 6-degree tilt to the tooth’s length axis,
which corresponds to the correct preparation of a tooth and the use of tweezers and dental
mirrors. Moreover, the tasks in both settings were carried out on similar artificial jaws.
In this study, we identified a precise model for predicting student success with 86% ac-
curacy, according to students’ manual scores obtained before the prosthodontic course:
the Grooved Pegboard test with dominant hand under direct vision, the Grooved Peg-
board test with non-dominant hand under direct vision, the Grooved Pegboard test with
non-dominant hand under indirect vision, and PhantHome under direct vision. However,
the logistic regression analysis using the Enter method showed that Grooved Pegboard
Test_Indirect_Non Dominanat and PhantHome_Direct hand provide adequate informa-
tion for predicting the success in prosthodontic course. Moreover, classifying the final
grades of the course and relating the results to the students scored in Grooved Pegboard
Test_Indirect_Non Dominanat (Figure 3) shows that this test is sensitive in addressing the
weak students. This test does not involve dental models (as the PhantHome model), and
test duration is short and can serve as an additional tool in admission test for dental school.

This indicates that students who showed high manual ability on the motor tests per-
formed before the prosthodontics course maintained better performance in relation to other
students at the end of the course, meaning that the manual skill that is required in dentistry
entails, to some degree, an innate ability. Innate fine motor skills and manual ability con-
tribute to success in the phantom course, and a student with less manual capabilities would
require more guidance and intensive training to pass the course. This may explain why
some dentists feel frustrated during their clinical practice and leave the dental profession
for professions that are more appropriate for them. Hence, the identification of innately
less manually capable candidates and students, who could benefit from more intensive
training before reaching clinical phantom courses, is of high importance.

In our study, it was found that there was greater difficulty in performing the motor
tasks in indirect vision compared to the same tasks in direct vision. The performance
level decreased (time needed to insert pins) by 3.5 times and 2.5 times in the transition
between the direct tasks to the indirect task in the Grooved test at T0 and T1, respectively.
Additionally, in the PhantHome test, the performance level dropped 1.5 times at both T0
and T1. Despite a significant improvement in all tests with indirect vision at T1, after a
month’s training in the PhantHome tool, the difficulty of performing indirect vision tasks
was still a challenge. These results are consistent with other studies demonstrating that
indirect vision is dependent on students’ perceptual ability and orientation [26], but is
significantly improved after appropriate training [27–29].

Interestingly, training in the PhantHome tool for one month significantly improved
not only the performance in the PhantHome portable tool but also in the Grooved tests,
requiring the same skills of orientation and spatial perception that the PhantHome’s tasks
required. This finding is consistent with the results of similar studies in which the effect
of the additional training similar to the requested task was assessed on the performance
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of this task [30–33]. These studies have shown that there is a significant improvement
as a result of the additional training. The conclusion reached by the researchers is that
the required duration of training can be shortened, and similar results can be reached by
training in a simpler, yet similar, task [34,35]

In our study, we found a significant and inverse relationship between the various
motor tests and the final practical grade in the prosthodontic course. It was interesting
to find that the two of the strongest correlations found for the final practical grade in
the prosthodontics course were by conducting the Grooved test under indirect vision
by the non-dominant hand and the PhantHome test in direct vision with the dominant
hand. In the study by Strenge et al. [36], a significant correlation was found between
the Grooved test performed in the non-dominant hand and the test that examines the
concentration level of medical students. These researchers concluded that in order for
the Grooved test to be performed with the non-dominant hand, maximum and greater
concentration is needed in comparison with the test involving the dominant hand [37–41].
Our results support these findings (Figure 3). It has to be emphasized that performing the
PhantHome test at T0 challenges the novice students, as they never before performed any
task in the oral cavity. Although this test might not be applied by institutions as part of the
admission requirements because applicants never coped in oral cavity, the Grooved Peg
Board test might achieve similar manual capabilities classifications, specifically with the
non-dominant hand, which is regularly used during any dental treatment (e.g., holding
and directing the dental mirror, soft tissue retraction). We can postulate that the tests
performed in a prosthodontic also require a large concentration to be successful, much
like the dental procedures required in dentistry. Hence, it is possible that the reason for
the strongest relationship observed for the final practical grade in the course by the non-
dominant Grooved test is the similarity in terms of the level of concentration required to
complete the tasks.

6. Conclusions

1. The ability for orientation and spatial perception required in a prosthodontics course
is governed by a combination of acquired ability that improves significantly after
training and innate ability.

2. There is a positive transfer in learning: PhantHome training led to improved perfor-
mance on the Grooved tests without further training on these tests. Therefore, training
in the PhantHome tool can significantly improve performance in the prosthodontics
phantom course.

3. A Prediction model was found using the scores of the various motor tests at T0, which
predicted success in a prosthodontics course with 86% accuracy.
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Appendix A

Abbreviations Meaning

Pegboard_Direct_Dominant Hand Performing the Grooved Pegboard test by direct vision using dominant hand

Grooved Pegboard Performing the Grooved Pegboard test by direct vision using non-dominant hand
_Direct_Non Dominant Hand

Grooved Pegboard Performing the Grooved Pegboard test by indirect vision using dominant hand
indirect dominant hand

Grooved Pegboard Performing the Grooved Pegboard test by indirect vision using non-dominant hand
indirect Non dominant hand

FPD Fixed partial denture

Final.Phantom The final phantom grade

PhantHome_Direct Performing the PhantHome test in direct vision

PhantHome_Indirect Performing the PhantHome test in indirect vision
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