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Abstract
Background: Even though there is abundant evidence illustrating 
high occurrence of musculoskeletal disorders (MSDs) among dental 
students and professionals, there is limited evidence regarding the 
most efficient and effective ways to prevent these injuries.
Objective: This study examined the effectiveness of an ergonomic 
intervention program on the reduction of self-reported pain and MSD 
symptoms among dental students.
Methods: A randomized control study with a pre/post-test design 
was used to examine the outcomes of a 10-week ergonomic 
intervention program offered to the second-year dental students 
(n=140). Effectiveness of the intervention was measured by the 
comparison of pre and post-test scores on two measures: (1) the 
Modified Nordic Musculoskeletal Questionnaire (M-NMQ) and (2) 
a Researcher-Developed Questionnaire investigating application of 
ergonomic principles and perceived benefits. 
Results: Results demonstrated the benefits of a 10-week intervention 
program. For example, after the intervention, only 7.4% of 
participants in the intervention group reported musculoskeletal pain 
affecting activities outside of the dental lab; whereas, 35% of the 
control group participants reported the presence of musculoskeletal 
pain affecting activities outside of the dental lab. Likewise, at the 
end of the study, only 13% of the intervention group, yet 25% of 
the control group, reported being in an awkward position over 50% 
of the time while working in the dental lab. Statistical differences 
were also found for reports of shoulder and knee pain among the two 
groups.
Conclusion: This study revealed that a 10-week ergonomic 
intervention program has the potential to improve the application of 
ergonomic principles, increase the implementation of routine breaks 
and stretches during dental simulation clinic sessions and decrease 
the presence of musculoskeletal pain and dysfunction.
Introduction
   Research has revealed that over 85% of dental students report 
having at least one musculoskeletal disorder (MSDs) [1, 2]. Moreover, 

70-88% of dental students have conveyed the presence of 
musculoskeletal pain [3,4]. Musculoskeletal pain is defined as 
pain that affects bones, joints, ligaments, muscles, and tendons 
[5]. Unfortunately, reports of MSDs and bodily pain are not 
limited to dental students and can continue to be problematic for 
dental professionals throughout their careers. For example, Partido 
& Wright [6] discovered that approximately 62-91% of dental 
professionals experience MSDs. Moreover, musculoskeletal pain in 
dental professionals has resulted in a decreased ability to work in 
clinical practice [7]. Unfortunately, MSDs not only limit one’s ability 
to work but can interfere with one’s ability to engage in meaningful 
activities, leading to various psychosocial concerns and decreased 
quality of life [8].
   One of the major reasons why dental students and professionals 
are particularly prone to work-related MSDs is due to the specific 
demands of their job. For example, dental students and professionals 
need to maintain static working positions for prolonged periods 
of time [9,10]. Other causes of MSDs among dental students and 
professionals have been linked to their forceful and repetitive motions, 
poorly designed instruments, the amount of precision required during 
dental procedures, the stress associated with the profession, and the 
lack of breaks and stretching throughout the workday [9-13]. The 
most common areas for pain among dentists, dental students, and 
other dental professionals are the neck, shoulders, back, and hands 
[1, 14-16].
  Ergonomics is the science of fitting workplace conditions and 
job demands to the capabilities of the working population [17]. 
Ergonomics can ensure high productivity, avoidance of illness and 
injury risks, and increased satisfaction in the workplace [17]. Since 
MSDs and pain have been identified to occur early in the dental 
education process, researchers have asserted that it is imperative to 
enhance education and awareness regarding poor body mechanics 
and the implementation of proper ergonomic principles during dental 
school and before faulty postural habits are developed [1, 6-7, 12, 
16, 18-20]. However, even though there is abundant evidence that
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illustrates the high occurrence of MSDs among dental professionals, 
the current literature suggests that dental students have limited 
awareness regarding ergonomics [21]. Moreover, there is currently 
limited evidence regarding the most efficient and effective way to 
prevent these injuries [9]. However, proper positioning of the body 
and dental equipment allows for a neutral working posture and has 
been shown to aid in minimizing postural deviation and muscular 
strain [16, 22, 23]. Likewise, frequent breaks and stretching exercises 
that reverse the person’s common positions at work have been 
identified as an integral piece of an effective prevention program, in 
addition to increasing productivity and enhancing career longevity 
[16, 22].    
   Unfortunately, some studies have revealed that even though dental 
students may understand and be knowledgeable regarding proper 
ergonomics, they lacked the implementation of this information 
[24]. Conversely, there is some evidence to suggest that the use of 
feedback involving photography has been shown to improve the 
implementation of proper ergonomic principles [7]. Thus, Garbin 
et al. used photographic analysis to facilitate the students’ self-
reflection regarding compliance/non-compliance with ergonomic 
postures and to help prevent and/or minimize the presence of MSDs 
among dental students and professionals [24]. That is, they asserted 
that identifying postural inadequacies and identifying methods to 
enhance compliance with proper body mechanics may help prevent 
and/or minimize the presence of MSDs among dental students 
and professionals [24]. More importantly, Roll et al [12] revealed 
that increased postural awareness in the dental simulation clinic 
contributed to a lower risk of musculoskeletal pain, symptoms, and 
disorders. Additionally, researchers have asserted that alternative 
modalities include the use of visual reminders, such as photographs 
of proper ergonomics and reminders to stretch throughout dental labs 
and procedures, as well as individualized feedback may be beneficial 
in adopting appropriate ergonomic postures and principles [25].
   Ergonomics is within the professional domain of occupational 
therapy. Since occupational therapy practitioners (OTPs) are skilled 
at evaluating, adapting, and modifying work task performance and 
the environment to enhance overall ergonomics and safety, OTPs 
can be valuable in providing a preventative approach to reducing 
MSDs among dental professionals [26]. Additionally, OTPs trained 
in ergonomics have expertise in being able to address the barriers 
to implementing ergonomic techniques and are able to evaluate the 
effectiveness of the suggested interventions [26].
   Since MSDs are highly prevalent in dental students and there is 
limited evidence regarding the most effective and efficient methods 
to address these concerns, the aim of this study was to examine if a 
ten-week ergonomic intervention program leads to a decrease in self-
reported pain and MSDs among second-year dental students enrolled 
in a dental program in the Midwest. Second year dental students were
specifically chosen for this study because these students had already 
received 2 hours of lectures on ergonomics and had received a 
30-minute demonstration in the Preclinical Simulation Clinic where 
an OT faculty member with an expertise in ergonomics reviewed 
core concepts in ergonomics, appropriate positioning, common 
detrimental habits, as well as a demonstration of stretching exercises. 
After the 30-minute encounter, the students were also provided with 
a pictorial handout for future reference. Second year dental students 
were also specifically chosen for this study since it was at this point 
in their educational program that they would start to participate in 
numerous laboratory activities in the SIM lab, with the ultimate goal 
of promoting awareness and solid postural habits at an early stage of 
the students’ dental career.
   Thus, the specific aim of this study was to examine the effectiveness 
of a 10-week ergonomic intervention program on the reduction of 
self-reported pain and MSD symptoms among second year dental 
students. More specifically, this study investigated if the use of visual

reminders to implement proper body mechanics and regular 
stretching, located at their laboratory workstation, had an impact on 
self-reported pain and MSD symptoms among second year dental 
students. Additionally, the researchers examined if individualized 
feedback using photo images of instances when students were 
not implementing proper ergonomic principles had an impact on 
self-reported pain and MSD symptoms among second year dental 
students.
Methods
Research Design
   This exploratory study used a pre-post-test design to investigate the 
benefits of the proposed ten-week ergonomic intervention program 
with participants randomized to control or intervention groups.
Participants
   140 second-year dental students enrolled in a Dental Program in the 
Midwest during the Fall 2023 and Winter 2023 terms were recruited 
for this study. The only criteria for inclusion in this study was being 
a second-year dental student at the university. Seventy participants 
were randomly assigned to the intervention group, and the other 
seventy participants were randomly assigned to the control group. 
That is, students assigned to lab station numbers 1-70 were placed in 
the intervention group and students assigned to lab station numbers 
71-140 were assigned to the control group. Numerous steps were 
taken to minimize any potential perception of coercion. For example, 
this research project was introduced to dental students by OT 
faculty and OT researchers who were not involved in the students’ 
grading. Secondly, it was made explicitly clear that: participation is 
completely voluntary; all information would be kept confidential; 
dental faculty responsible for grading their laboratory work would 
have no knowledge regarding their decision to participate/decline 
participation in this study; and were informed of their right to 
discontinue at any time, for any reason, without any consequences. 
Additionally, to help minimize any feelings of awkwardness or 
pressure to fill in the RedCap surveys, when students are asked to 
fill out the RedCap survey on their phones/laptops at the beginning 
of the class, the OT researchers introducing the study to the dental 
students made an announcement indicating that if any student does 
not want to participate in the study and/or fill out the survey, that 
they can use their phones/laptops to search the web, engage in social 
media, etc. while their peers are filling out the survey. The anonymity 
of the participants was maintained throughout the data collection and 
data analysis process. 
Measures
   Quantitative data was collected through two measures: (1) the 
Modified Nordic Musculoskeletal Questionnaire (M-NMQ) and (2) a 
Researcher-Developed Questionnaire, which were both administered 
and stored via Research Electronic Data Capture (REDCapTM), a 
secure online software developed for research purposes.
   The Modified Nordic Musculoskeletal Questionnaire (M-NMQ). 
The Modified Nordic Musculoskeletal Questionnaire (M-NMQ) is 
a well-known, public domain, and highly used questionnaire that 
assesses reports of musculoskeletal symptoms, pain, and MSDs [27]. 
The M-NMQ is a 27-item questionnaire containing yes/no questions 
about any aches, pain, discomfort, and/or numbness in various 
parts of the body within the last 12 months. It also asks if any of 
the above-mentioned symptoms have prevented them from doing 
normal everyday work within the last 12 months and if they have had 
any trouble at any time within the last 7 days. The M-NMQ includes 
basic demographic questions such as gender, age, height, and weight. 
It adapts the original Nordic Musculoskeletal Questionnaire (NMQ) 
by providing more detailed, region-specific questions about pain and 
numbness.
  Researcher-Developed Questionnaire. The researchers of this 
study gathered additional data through a researcher-developed 
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questionnaire to obtain supplementary information regarding 
complaints of pain, the practical application of proper ergonomic 
principles within the dental simulation clinic, and the participant’s 
perceived benefits and value of the intervention strategies used 
in the study. The Researcher-Developed Questionnaires were 
informed by the literature and modified according to expert opinion. 
Expert opinion was provided by three professors with an extensive 
background in research, an occupational therapist with an extensive 
background in ergonomics, and three professors with extensive 
experience in dental education. The researcher-developed pre-test 
questionnaire consisted of 9 closed-ended questions and 1 open-
-ended question (Appendix A). The researcher-developed post-test 
questionnaires contained additional questions to gather feedback and 
additional data regarding the perceived benefits and perceived value 
of the intervention strategies used in this study (Appendix B).  Most 
of the questions on this survey were Likert-type items with answers 
on a 5-point assessment scale (e.g., 1 = not valuable at all; 2 = 
somewhat valuable; 3 = neutral; 4 = very valuable; and 5 = extremely 
valuable.) In addition, self-perceived pain intensity was investigated 
on both the pre-test and post-test on a 11-point scale, with 0 = no pain 
and 10 = extreme pain.
Procedure
   Approval was obtained from the University’s Institutional Review 
Board before the study procedures began (#23027). The researchers 
informed all second-year dental students that participation was 
completely voluntary, that all information would be kept confidential, 
and of their right to discontinue at any time, for any reason, without 
any consequences. The researchers answered any and all questions 
before the participants were asked to provide consent and before any 
data was collected. If a participant decided not to participate after 
reviewing the study information, they were excused from the study, 
shown gratitude for their interest, and assured that no consequences 
would occur for their desire not to participate. 3 students in the 
experimental group declined to have individual and verbal feedback 
related to their implementation of ergonomic principles in the dental 
lab.
   The first step of the intervention for all second-year students was 
to review ergonomic principles and content which was presented 
in a lecture format to the dental students by an OT professor in the 
students’ previous quarter of their didactic and laboratory education. 
More specifically, the OT researchers reviewed key concepts 
about proper positioning of the student, proper positioning of the 
mannequin, and proper positioning of the instruments, equipment, 
materials and work environment. The researchers reviewed 
previously taught ergonomic principles to all second-year dental 
students at the beginning of their lab and reinforced their usage 
by placing photographs of the recommended ergonomic principles 
unobtrusively at each of the students’ workstations which served 
as a visual reminder to implement proper ergonomic principles 
during their clinical laboratory experiences. In addition to the 
photos related to proper ergonomic principles, the researchers also 
reviewed previously taught and recommended stretching exercises 
and reminded the dental students of the importance of implementing 
these stretches during their clinical laboratory experiences. To 
reinforce the implementation of stretching exercises within the 
dental laboratory, the OT researchers placed photographs of the 
recommended stretching exercises at each student’s workstation, as 
a visual reminder to implement stretches throughout their clinical 
laboratory days. All OT researchers either had an expertise in 
ergonomics or were calibrated by an OT ergonomic specialist in the 
application of ergonomics in the dental laboratory as it relates to the 
position of the student, as well as the position of tools, instruments, 
and mannequins in the environment. All OT researchers demonstrated 
a high level of agreement on various observations in the dental lab, 

including scoring of the Rapid Upper Limb Assessment, before the 
onset of this research project. 
 Additionally, for the dental students randomly assigned to the 
intervention group (n=70), the researchers took several photos of 
when they were not implementing proper ergonomic principles 
during their laboratory activities. Immediately after, the researchers 
then reviewed the photo individually with the corresponding dental 
student and educated them on the appropriate strategies to improve 
their application of proper ergonomic principles while performing 
their activities in the dental lab. The researchers observed the 
students on a consistent laboratory day and time, every week, over 
a 10-week period of time. The researchers took 3 photos per student 
in the intervention group over a 10-week timeframe and strived to 
take these photos and provide immediate and individualized one on 
one feedback for each student approximately every 3 weeks. The 
individualized and one on one feedback was based on noncompliance 
to recommended dental ergonomic principles based on the current 
literature [3, 4, 6, 7, 9, 16, 18, 25] which was consistent with the 
material that was presented to the students as part of their dental 
education prior to this research study, as the evidence suggested that 
noncompliance to recommended dental ergonomic principles could 
be related to the position of the student or the position of items in the 
environment (e.g., position of tools, instruments, chair, mannequin, 
etc.). More specifically, the researchers took a photo which depicted 
noncompliance of a particular student, showed the student the 
photo, and asked the student if they could identify how they were 
noncompliant. If the student could not identify the concern/at risk 
behavior, the researcher raised awareness of the noncompliant 
concern. In either case, the researcher educated the student participant 
regarding how they could enhance implementation of recommended 
ergonomic principles.
   All photos were taken by the researchers and were deleted on 
the researchers’ phones on the same day that the photo was taken 
and immediately after the respective student participant received 
feedback regarding the photo which depicted non-compliance 
with proper ergonomics. If the student participant wanted to keep 
a copy of the photo, the researchers texted or emailed the photo to 
the respective dental student, but the researchers did not save any of 
the photos, emails, or text messages, per IRB approval. For ethical 
reasons, interventions for the control group (individualized visual 
and verbal feedback) were offered after the completion of all data 
collection. 
Data Analysis
   Descriptive statistics were used to examine the pre and post-test 
data and to determine if there were changes from baseline to after 
the end of the 10-week intervention program. More specifically, the 
Yes/No and Likert-type questions were analyzed with descriptive 
statistics and reported in terms of counts and percentages. Variables 
of interests were reviewed for missing data, which were handled as 
being missing at random (MAR) and managed through case-wise 
deletion. No imputation methods were used to account for missing 
data. Given the data limitations with not being able to link pre-test 
results to post-test results, analysis of post-test results were compared 
between the control vs. intervention group using Chi-square tests to 
assess any potential relationships between the groups on each of 
the M-NMQ questions. The assumptions of a Chi-square test were 
met which included that the data had categorical variables with 
frequencies, observations were all independent, the categories of the 
variables were mutually exclusive, and the expected cell counts were 
generally 5 or greater. The missing data of participant pre- and post-
survey responses was limited to only about 3 participants from the 
control group not responding to a few of the questions on the NMQ 
towards the end of the questionnaire. Therefore, as much participant 
data was retained as possible with missing responses removed for
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creation and data familiarization; (2) keyword identification; (3) 
code selection; (4) theme development; (5) conceptualization 
through the interpretation of keywords, codes, and themes; and (6) 
development of a conceptual model [28,29,30]. With this approach, 
in order to reduce bias and enhance rigor, each researcher read 
the qualitative data independently and then came together, after 
individually completing these steps, to collaborate and conceptualize 
interpretation of key words, codes, and themes. This process was 
repeated until consensus was achieved. Peer debriefing, member 
checking and expert examination were used throughout the data 
analysis process. As a result, trustworthiness of data was enhanced 
through individual coding, peer review, and expert examination.
Results
Intervention Group
   51 out of 70 participants in the intervention group (73%) completed 
the pre-test survey and 53 out of 70 (76%) completed the post survey. 
The scores of the intervention group’s pre- and post-survey are 
shown in Table 1. Figure 1 shows the flowchart of study participants.

just the analysis of those individual questions between the control 
and intervention groups. Effect sizes were also calculated for the 
Chi-square tests to quantify the strength of the association between 
the two categorical variables (intervention/control and the pain 
questionnaire questions for each limb). Phi effect size was calculated 
for all analyses with a 2x2 contingency table and Cramer’s V effect 
size was used for all contingency tables greater than 2x2. Significance 
level was set at p-value < 0.05 and all tests were conducted in the 
statistical software R, version 4.4.1. 
 The open-ended questions on the researcher developed questionnaires 
were analyzed for common themes. Thematic data analysis is a 
qualitative approach which identifies patterns and similar themes 
across participants allowing meaning to emerge from the data [28, 
29, 30]. More specifically, the researchers individually immersed 
themselves in the data by “repeated reading” to gain familiarity and 
to begin to find patterns [28,29,30]. Data analysis meetings with all 
researchers were used to identify patterns, reduce and group data, 
and identify themes. The researchers followed the six steps of the 
recommended systematic thematic analysis process: (1) transcript 

MSDs Yes/No Control Intervention
Pre- 
Intervention
(n = 28)

Post-
Intervention
(n = 20)

Pre-
Intervention
(n = 51)

Post-
Intervention
(n = 53)

Neck Pain
Last 12 months Yes 53.6% 55.0% 62.7% 67.4%
Prevented work-related activities (12 months) Yes 7.1% 20.0% 0.0% 7.4%
Last 7 days Yes 14.3% 35.0% 9.8% 18.5%
Shoulder Pain
Last 12 months Yes 50.% 55.0% 41.2% 28.2%
Prevented work-related activities (12 months) Yes 10.7% 20.0% 0.0% 5.7%
Last 7 days Yes 21.4% 35.0% 5.9% 9.4%
Elbow Pain
Last 12 months Yes 7.2% 20.0% 7.8% 11.3%
Prevented work-related activities (12 months) Yes 0.0% 15.0% 7.8% 3.8%
Last 7 days Yes 0.0% 15.0% 5.9% 5.7%
Upper Back Pain

Last 12 months Yes 75% 55% 43.1% 41.5%
Prevented work-related activities (12 months) Yes 0.0% 15.0% 2.0% 3.8%
Last 7 days Yes 14.3% 20.0% 5.9% 13.2%
Lower Back Pain
Last 12 months Yes 16.0% 60.0% 60.8% 41.5%
Prevented work-related activities (12 months) Yes 14.3% 10.0% 13.7% 9.4%
Last 7 days Yes 21.4% 5.0% 9.8% 7.5%
Hip/Thighs Pain
Last 12 months Yes 28.6% 25.0% 19.6% 20.8%
Prevented work-related activities (12 months) Yes 14.3% 10.0% 2.0% 1.9%
Last 7 days Yes 17.8% 15.0% 2.0% 3.8%
Knee Pain
Last 12 months Yes 10.7% 20.0% 15.7% 7.5%
Prevented work-related activities (12 months) Yes 0.0% 5.9% 5.9% 1.8%
Last 7 days Yes 0.0% 11.8% 2.0% 0.0%
Ankle/Feet Pain
Last 12 months Yes 7.1% 17.6% 11.8% 7.5%
Prevented work-related activities (12 months) Yes 3.6% 5.9% 5.9% 1.9%
Last 7 days Yes 7.1% 0.0% 6.0% 3.8%

Table 1: Result /Percentages of the Modified Nordic Musculoskeletal Questionnaire
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from the pre and post-test scores for the intervention group on the
Researcher Questionnaire revealed the following findings: the 
participants in the intervention group: (1) felt more comfortable 
implementing ergonomic principles; (2) reported being in an awkward 
position less of the time; (3) made more frequent adjustments to 
their work stations to implement proper ergonomic principles; (4) 
reported that having pictures at their workstation which depicted 
proper ergonomics helped them be more mindful/facilitated 
implementing recommended stretches throughout their workday; and 
(5) felt that individualized photos and feedback were very valuable/
helpful to apply ergonomic principles efficiently. When asked 
about their recommendations to help them better implement proper 
ergonomics throughout their dental school program, suggestions 
included the following: more faculty involvement in taking breaks, 
stretching, and applying ergonomic principles; more pictures/images 
and demonstrations related to stretches and application of proper 
ergonomics; more education/lectures/lab on ergonomic principles; 
and more regular follow-ups.

Modified Nordic Musculoskeletal Questionnaire Results
   Table 1 shows the site of musculoskeletal pain in the last 12 months, 
if the site of pain prevented participants from performing work related 
activities in the last 12 months, and if they experienced pain in the 
last 7 days (as reported by the participants in the intervention group). 
The results from the pre and post-test scores in the intervention 
group revealed that: the participants in the intervention group: (1) 
had decreased reports of musculoskeletal pain that affected their 
occupations/activities outside of the simulation clinic and (2) 
reported less pain in their neck, shoulders, wrists and hands.
Researcher Questionnaire Results
   Table 2 shows the results of the Researcher Questions regarding 
how comfortable the participants felt implementing ergonomics, 
how MSD pain affected activities in the simulation clinic, if previous 
lectures regarding ergonomics were valuable, how comfortable they 
were in making adjustments to their workstation and chair, how 
mindful they were of taking breaks, and how often they implemented 
stretching at their bench pre and post intervention. The results

Figure 1. Flowchart of participants through the trial
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Question Pre
(n=51)
Post
(n=53)

Yes No

1.	 Does musculoskeletal 
pain affect your activities/
occupations outside of the SIM 
clinic? 

Pre 26.5% 73.5%
Post 7.4% 92.6%

Not 
comfortable

Uncomfortable Neutral Very 
Comfortable

Extremely 
Comfortable

2.	 How comfortable do you feel 
implementing ergonomics 
while working in the SIM 
clinic?

Pre 0.0% 3.9% 52.9% 41.2% 2.0%
Post 0.0% 9.3% 35.2% 46.3% 9.3%

Not valuable 
at all

Somewhat 
valuable

Neutral Very valuable Extremely 
Valuable

3.	 How valuable do you feel 
previous ergonomics lectures, 
demos, or shared have been?

Pre 0.0% 15.7% 9.8% 56.9% 17.6%
Post 0.0% 24.1% 13.0% 38.9% 24.1%

0-25% of the 
time

26-50% of the 
time

51-75% of 
the time

76 or more of 
the time

4.	 What percentage of your 
SIM Clinic day do you feel 
like you’re in an awkward 
position?

Pre 24.5% 42.9% 26.5% 6.1%
Post 40.7% 46.3% 7.4% 5.6%

None of the 
time

Some of the 
time

Most of the 
time

All of the 
time

5.	 How often do you make 
adjustments to your chair (e.g., 
height of chair, back support, 
etc.) in order to achieve proper 
ergonomics?

Pre 2.0% 66.7% 21.6% 9.8%
Post 0.0% 57.4% 31.5% 11.1%

None of the 
time

Some of the 
time

Most of the 
time

All of the 
time

6.	 How often do you make 
adjustments to your 
workstation (e.g., patient’s 
chair, position of dental 
equipment, materials and 
instruments, etc) in order to 
achieve proper ergonomics?

Pre 0.0% 59.2% 24.5% 16.3%
Post 0.0% 42.6% 20.4% 37.0%

Never 1-2 time/day 3-4 time/
day

five or more 
times/day

7.	 How often do you implement 
stretching at your bench?

Pre 43.1% 52.9% 3.9% 0.0%
Post 16.7% 74.1% 7.4% 1.9%

None of the 
time

Some of the 
time

Most of the 
time

All of the 
time

8.	 During a typical day in the 
SIM Clinic, are you mindful of 
taking short breaks?

Pre 10.0% 70.0% 20.0% 0.0%
Post 13.0% 61.1% 25.9% 0.0%

Table 2: Result/Percentages of the Researcher Questionnaire (Intervention Group)

Control Group
   28 out of 70 (40%) participants in the control group completed the    
pre-intervention survey and 20 out 70 (28%) completed the post-
intervention survey. The scores of the control group’s pre- and post-
surveys are shown in Table 1.
Modified Nordic Questionnaire Results
   Table 1 shows the site of musculoskeletal pain in the last 12 months,

if the site of pain prevented participants from performing work 
related activities in the last 12 months, and if they experienced pain 
in the last 7 days (as reported by the participants in the control group). 
The results from the pre and post-test scores for the control group 
revealed the following findings: (1) an increase in reported pain in 
the neck, shoulder, elbow, wrist/hand, upper back, lower back, knee, 
and ankle/feet pain that prevented work-related activities and (2) a 
decrease in reported pain in the Hip/Thigh. 
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Researcher Developed Questionnaire
  Table 3 shows the results of the Researcher Developed Questionnaire 
regarding how comfortable the participants felt implementing 
ergonomics, how MSD pain affected activities in the simulation 
clinic, if previous lectures regarding ergonomics were valuable, how 
comfortable they were in making adjustments to their workstation 
and chair, how mindful they were of taking breaks, and how often 
they implemented stretching at their bench pre and post intervention. 
The results from the pre and post-test scores for the control group 
on the Researcher Questionnaire revealed the following findings: 
the participants in the control group: (1) felt more comfortable 
implementing ergonomic principles; (2) reported being in an awkward 
position more of the time; (3) made more frequent adjustments to

their work stations to implement proper ergonomic principles; (4) 
were less mindful of taking breaks; (5) reported that having pictures 
at their workstation which depicted proper ergonomics helped them 
be more mindful/facilitated implementing recommended stretches 
throughout their workday. When asked about their recommendations 
to help them better implement proper ergonomics throughout their 
dental school program, suggestions included the following: more 
stretching throughout the clinic days, consistency with proper 
ergonomic feedback and implementation, better loupes to allow for 
proper ergonomics, timer on monitors every 15 minutes to remind 
students of a break and stretching, and dental faculty feedback on 
proper ergonomics with the dental students.

Question Pre
(n=28)
Post
(n=20)

Yes No

1.	 Does musculoskeletal pain affect 
your activities/occupations 
outside of the SIM clinic?  

Pre 14.3% 85.7%
Post 35.0% 65.0%

Not 
comfortable

Uncomfortable Neutral Very 
Comfortable

Extremely 
Comfortable

2.	 How comfortable do you feel 
implementing ergonomics while 
working in the SIM clinic?

Pre 3.6% 7.1% 53.6% 28.6% 7.1%
Post 0.0% 10.0% 45.0% 45.0% 0.0%

Not valuable 
at all

Somewhat 
valuable

Neutral Very valuable Extremely 
Valuable

3.	 How valuable do you feel 
previous ergonomics lectures, 
demos, or shared have been?

Pre 3.6% 21.4% 10.7% 35.7% 28.6%
Post 0.0% 20.0% 10.0% 55.0% 15.0%

0-25% of the 
time

26-50% of the 
time

51-75% of 
the time

76 or more of 
the time

4.	 What percentage of your SIM 
Clinic day do you feel like you’re 
in an awkward position?

Pre 32.1% 46.4% 21.4% 0.0%
Post 45.0% 30.0% 25.0% 0.0%

None of the 
time

Some of the 
time

Most of the 
time

All of the 
time

5.	 How often do you make 
adjustments to your chair (e.g., 
height of chair, back support, 
etc.) in order to achieve proper 
ergonomics?

Pre 10.7% 57.1% 28.6% 3.6%
Post 0.0% 55.0% 10.0% 35.0%

None of the 
time

Some of the 
time

Most of the 
time

All of the 
time

6.	 How often do you make 
adjustments to your workstation 
(e.g., patient’s chair, position 
of dental equipment, materials 
and instruments, etc) in order to 
achieve proper ergonomics?

Pre 0.0% 60.7% 25.0% 14.3%
Post 0.0% 35.0% 25.0% 40.0%

Never 1-2 time/day 3-4 time/
day

five or more 
times/day

7.	 How often do you implement 
stretching at your bench?

Pre 39.3% 50.0% 10.7% 0.0%
Post 35.0% 60.0% 0.0% 5.0%

None of the 
time

Some of the 
time

Most of the 
time

All of the 
time

8.	 During a typical day in the SIM 
Clinic, are you mindful of taking 
short breaks?

Pre 3.6% 75.0% 21.4% 0.0%
Post 26.3% 47.4% 15.8% 10.5%

Table 3: Result/Percentages of the Researcher Questionnaire (Control Group)
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Control vs. Intervention Groups
   The baseline demographic data that was collected from the pre-
survey for the control and intervention groups consisted of gender, 
height (in inches), and weight (in pounds). A comparison of the 
three demographic characteristics between the control (n = 28) and 
intervention (n = 51) groups was conducted and no statistically 
significant differences were found (p-values all > 0.05). Table 4 shows 
the results of the comparisons in percentages between the control 
and intervention groups on each of the questions of the M-NMQ. 
Phi effect sizes were calculated for most of the analyses with effect 
sizes indicated that were calculated using Cramer’s V formula. The 
interpretation of Phi and Cramer’s V effect sizes are similar with the 
effect sizes ranging from 0 to 1. A small effect is about 0.1, a medium
effect is about 0.3, and a large effect is about 0.5. A statistically

significant relationship was identified between the two groups for 
shoulder pain in the last 7 days (p-value = 0.009 from Chi-Square 
test) with shoulder pain decreasing to only 5 participants (9.4%) in 
the intervention group compared to 7 participants (35.0%) in the 
control group. The effect size was 0.28 which is a medium effect 
for the association between group and shoulder pain. In addition, a 
statistically significant relationship was identified between the two 
groups for knee pain in the last 7 days (p-value = 0.011 from Chi-
Square test) with knee pain decreasing to 0 participants (0%) in the 
intervention group compared to 2 participants (11.8%) in the control 
group. The effect size was 0.28 which is also a medium effect for the 
association between group and knee pain. The other questions from 
the M-NMQ did not indicate any statistically significant relationships 
between the control vs. intervention groups.

Control 
(N=20)

Intervention 
(N=53)

Total (N=73) Effect Size p value

Neck Pain- Last 12 months 0.00 0.902
   No 9 (45.0%) 23 (43.4%) 32 (43.8%)

   Yes 11 (55.0%) 30 (56.6%) 41 (56.2%)
Neck Pain- Prevented work-related 
activities (12 months)

0.13 0.129

   No 16 (80.0%) 49 (92.5%) 65 (89.0%)
   Yes 4 (20.0%) 4 (7.5%) 8 (11.0%)
Neck Pain- Last 7 days 0.12 0.146
   No 13 (65.0%) 43 (81.1%) 56 (76.7%)
   Yes 7 (35.0%) 10 (18.9%) 17 (23.3%)
Shoulder Pain- Last 12 months 0.21* 0.108
   No 9 (45.0%) 38 (71.7%) 47 (64.4%)
   Yes, right shoulder 3 (15.0%) 7 (13.2%) 10 (13.7%)
   Yes, left shoulder 3 (15.0%) 4 (7.5%) 7 (9.6%)
   Yes, both shoulders 5 (25.0%) 4 (7.5%) 9 (12.3%)
Shoulder Pain- Prevented work-
related activities  (12 months)

0.18 0.063

   No 16 (80.0%) 50 (94.3%) 66 (90.4%)
   Yes 4 (20.0%) 3 (5.7%) 7 (9.6%)
Shoulder Pain- Last 7 days 0.28 0.009

   No 13 (65.0%) 48 (90.6%) 61 (83.6%)
   Yes 7 (35.0%) 5 (9.4%) 12 (16.4%)
Elbow Pain- Last 12 months 0.00* 0.472
   No 16 (80.0%) 47 (88.7%) 63 (86.3%)
   Yes, right elbow 2 (10.0%) 1 (1.9%) 3 (4.1%)
   Yes, left elbow 1 (5.0%) 2 (3.8%) 3 (4.1%)
   Yes, both elbows 1 (5.0%) 3 (5.7%) 4 (5.5%)
Elbow Pain- Prevented work- related 
activities (12 months)

0.16 0.090

   No 17 (85.0%) 51 (96.2%) 68 (93.2%)
   Yes 3 (15.0%) 2 (3.8%) 5 (6.8%)
Elbow Pain- Last 7 days 0.10 0.195
   No 17 (85.0%) 50 (94.3%) 67 (91.8%)
   Yes 3 (15.0%) 3 (5.7%) 6 (8.2%)
Wrist/Hand Pain- Last 12 months 0.12* 0.262
   No 9 (45.0%) 31 (58.5%) 40 (54.8%)
   Yes, right wrist/hand 5 (25.0%) 15 (28.3%) 20 (27.4%)
   Yes, left wrist/hand 0 (0.0%) 1 (1.9%) 1 (1.4%)
   Yes, both wrists/hands 6 (30.0%) 6 (11.3%) 12 (16.4%)

Table 4. to be cont...
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Wrist/Hand Pain- Prevented 
work-related activities (12 months)

0.00 0.513

   No 18 (90.0%) 50 (94.3%) 68 (93.2%)
   Yes 2 (10.0%) 3 (5.7%) 5 (6.8%)
Wrist/Hand Pain- Last 7 days 0.00 0.670
   No 17 (85.0%) 47 (88.7%) 64 (87.7%)
   Yes 3 (15.0%) 6 (11.3%) 9 (12.3%)
Upper Back Pain- Last 12 months 0.03 0.302
   No 9 (45.0%) 31 (58.5%) 40 (54.8%)
   Yes 11 (55.0%) 22 (41.5%) 33 (45.2%)
Upper Back Pain- Prevented 
work-related activities 
(12 months)

0.16 0.090

   No 17 (85.0%) 51 (96.2%) 68 (93.2%)
   Yes 3 (15.0%) 2 (3.8%) 5 (6.8%)
Upper Back Pain- Last 7 days 0.00 0.469
   No 16 (80.0%) 46 (86.8%) 62 (84.9%)
   Yes 4 (20.0%) 7 (13.2%) 11 (15.1%)
Lower Back Pain- Last 12 months 0.00 0.907
   No 12 (60.0%) 31 (58.5%) 43 (58.9%)
   Yes 8 (40.0%) 22 (41.5%) 30 (41.1%)
Lower Back Pain- Prevented 
work-related activities 
(12 months)

0.00 0.942

   No 18 (90.0%) 48 (90.6%) 66 (90.4%)
   Yes 2 (10.0%) 5 (9.4%) 7 (9.6%)
Lower Back Pain- Last 7 days 0.00 0.701
   No 19 (95.0%) 49 (92.5%) 68 (93.2%)
   Yes 1 (5.0%) 4 (7.5%) 5 (6.8%)
Hips/Thighs Pain- Last 12 
months

0.00 0.696

   No 15 (75.0%) 42 (79.2%) 57 (78.1%)
   Yes 5 (25.0%) 11 (20.8%) 16 (21.9%)
Hips/Thighs Pain- Prevented 
work-related activities (12 months)

0.14 0.119

   No 18 (90.0%) 52 (98.1%) 70 (95.9%)
   Yes 2 (10.0%) 1 (1.9%) 3 (4.1%)
Hips/Thighs Pain- Last 7 days 0.16 0.090
   No 17 (85.0%) 51 (96.2%) 68 (93.2%)
   Yes 3 (15.0%) 2 (3.8%) 5 (6.8%)
Knee Pain- Last 12 months 0.13 0.129
   No 16 (80.0%) 49 (92.5%) 65 (89.0%)
   Yes 4 (20.0%) 4 (7.5%) 8 (11.0%)
Knee Pain- Prevented work-
related activities (12 months)

0.00 0.390

   Number Missing 3 0 3
   No 16 (94.1%) 52 (98.1%) 68 (97.1%)
   Yes 1 (5.9%) 1 (1.9%) 2 (2.9%)

Table 4. to be cont...
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Discussion
   The aim of this study was to examine the effectiveness of a ten-
week ergonomic intervention program on reduction of self-reported 
pain and symptoms of MSDs among second-year students enrolled 
in a Midwest dental program. The results of this study indicated 
similar findings in terms of the frequency and location of pain 
among dental students [1, 3-4, 14-16]. That is, over 50% of the 
dental students in this study reported neck, shoulder, back, and hand 
pain in the 12 months preceding this study. Consistent with other 
studies, the results of this study seem to suggest that interventions 
which reinforce proper positioning of the body and dental equipment, 
allowing for a neutral working posture, can help minimize muscular 
strain and complaints of pain [16, 22, 23]. Similarly, the findings 
from this study support the work of other researchers who have 
provided evidence that the implementation of breaks and stretching 
exercises that reverse the person’s common positions at work are an 
instrumental piece of an effective ergonomic intervention [16, 22].  
Additionally, the outcomes of this study also support the conclusions 
of other researchers who have asserted that the use of feedback 
involving photography can help improve the implementation of 
proper ergonomic principles [7] and help prevent and/or minimize 
the presence of MSDs among dental students and professionals [24]. 
Likewise, this study seems to support the current evidence which 
declares that the use of visual reminders, such as photographs of 
proper ergonomics and reminders to stretch throughout dental labs 
and procedures, as well as individualized feedback may be beneficial 
in adopting appropriate ergonomic postures and principles [25].
   More specifically, overall, the results of this study revealed that a 10-
week ergonomic intervention program has the potential to improve the 
application of ergonomic principles, increase the implementation of 
routine breaks and stretches during dental simulation clinic sessions, 
and decrease the presence of musculoskeletal pain and dysfunction. 
For example, in the intervention group there was a decrease in reports 
of musculoskeletal pain that affected their occupations/activities 
outside of the simulation clinic, whereas in the control group there 
was an increase in reports of musculoskeletal pain that affected their 
occupations/activities outside of the simulation clinic.

Affecting Occupations/Activities in Simulation Clinic
 As previously discussed, dental students and professionals are 
particularly prone to work-related musculoskeletal disorders [6, 8, 
22]. The results of this study support the above premise as over 40% of 
all the participants in this study initially reported that musculoskeletal 
pain affected activities/occupations outside of the dental lab. 
However, after the 10-week intervention program, participants in the 
intervention group had a decrease in the number of participants who 
reported musculoskeletal pain which affected activities/occupations 
outside of the dental lab (26.5% on the pre-test and 7.4% on the post-
test). In contrast, the control group had an increase in the reporting 
of musculoskeletal pain that affected activities/occupations outside 
of the dental lab at the end of this study (14.3% on the pre-test and 
35.0% on the post-test). These results are even more substantial 
when one compares the post-test scores of the intervention group 
(7.4%) with the control group (35%). Moreover, this seems even 
more important when one considers that the intervention group had 
a higher percentage of reported difficulties prior to the intervention 
(26.6%) in comparison to the control group (14.3%), yet, at the end 
of the intervention, the intervention group had a lower percentage 
of participants who reported musculoskeletal pain that affected 
activities/occupations outside of the dental lab (7.4% versus 35.0%). 
These results seem to suggest that the interventions provided in this 
study can decrease reports of musculoskeletal pain which interfere 
with daily activities and occupations outside the dental simulation 
clinic.
Visual and Verbal Feedback
   Even though both the control and intervention group demonstrated 
improvement regarding how comfortable they felt implementing 
ergonomics while working in the simulation clinic; the intervention 
group had a greater percentage of participants (55.6% versus 45.0%) 
who indicated that they felt comfortable or extremely comfortable 
on the post-test. These results may suggest that the review of 
information related to the importance of the implementation of 
ergonomic principles and regular stretching which was provided 
immediately prior to this study, as well as the daily visual reminders 
(i.e., photos of ergonomic principles and recommended stretches) at 
all of the participants’ lab stations, was beneficial; however, it might

Knee Pain- Last 7 days 0.28 0.011
   Number Missing 3 0 3
   No 15 (88.2%) 53 (100.0%) 68 (97.1%)
   Yes 2 (11.8%) 0 (0.0%) 2 (2.9%)
Ankle/Feet Pain- Last 12 months 0.08 0.227
  Number Missing 3 0 3
   No 14 (82.4%) 49 (92.5%) 63 (90.0%)
   Yes 3 (17.6%) 4 (7.5%) 7 (10.0%)
Ankle/Feet Pain- Prevented work-
related activities (12 months)

0.00 0.390

   Number Missing 3 0 3
   No 16 (94.1%) 52 (98.1%) 68 (97.1%)
   Yes 1 (5.9%) 1 (1.9%) 2 (2.9%)
Ankle/Feet Pain- Last 7 days 0.00 0.416
   Number Missing 3 0 3
   No 17 (100.0%) 51 (96.2%) 68 (97.1%)
   Yes 0 (0.0%) 2 (3.8%) 2 (2.9%)

Table 4: Comparison of Percentages of the Modified Nordic Musculoskeletal Questionnaire for Post-Test 
Between Control vs. Intervention

*Cramer’s V was used because the table was more than 2x2.
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also suggest that the use of individualized verbal and visual feedback 
(photographs taken when dental students were not implementing 
proper ergonomic principles and the verbal feedback provided 
regarding how to improve) may be even more effective. In terms 
of their reports regarding adjusting their workstations, both the 
intervention and control group reported making more consistent 
adjustments by the end of this study. Regarding workstation 
adjustments, the intervention group demonstrated a significant 
increase from 40.8% to 57.4% of participants reporting frequent 
adjustments. Conversely, while the control group also showed an 
increase, it was more pronounced with a rise from 39.3% to 65% 
in the control group. Since these findings were similar in both 
groups, this may suggest that the review of information related to 
the importance of the implementation of ergonomic principles 
and regular stretching provided immediately prior to this study 
and as daily visual reminders (i.e., photos of ergonomic principles 
and recommended stretches) at all of the participants’ lab stations 
may be sufficient in effecting ergonomic changes related to the 
working environment. These findings also support Eyvazlou et al. 
[23] assertion that effective intervention strategies need to include 
ergonomically correct workstations and the desperate need for 
further research on work related MSDs within the dental practice 
environment. 
Benefits of Photo Feedback
   Participants in the intervention group reported a significant decrease 
in time spent in awkward positions compared to the control group. 
At pre-intervention, 32.6% of the intervention group reported being 
in awkward positions over 50% of the time, which decreased to 13% 
at post-intervention. Conversely, the control group's reported time in 
awkward positions increased from 21% to 25%. This finding seems 
to suggest that the use of individualized verbal and visual feedback is 
more effective than lectures and posting of photos regarding proper 
ergonomic principles. This finding is also consistent with the current 
evidence concerning the benefits of photographic analysis and 
improved implementation of ergonomic principles by dental students 
[6,7]. In fact, the researchers in this study concur with Grabin et al. 
[24] and believe that the application of photographic analysis in 
clinical situations not only facilitated self-reflection but ultimately 
increased clinical compliance. For example, participants in this study 
often expressed that being able to visually see their own ergonomic 
deficiencies led to an increase in ownership and motivation to change 
their posture when working in the dental lab. These tenets were also 
indicated by the participants’ feedback on the researcher developed 
post-test survey as approximately half (47.2%) of the participants 
reported that the individualized photos and feedback were very 
valuable in terms of being able to better apply ergonomic principles 
in the dental lab. Similarly, the results from the post-intervention 
survey also revealed that the interventions provided to intervention 
group increased the frequency of the implementation of stretching 
exercises at their bench (i.e., 52.9% of the participants reported 
stretching 1-2 times/day on the pre-test and 74.1% of them reported 
stretching 1-2 times/day on the post-test). 
Musculoskeletal (MSD) Pain
   According to researchers [1, 14-16] the most common areas for pain 
among dentists, dental students, and other dental professionals are the 
neck, shoulders, back, and hands. The results of this study revealed 
that a 10-week intervention has the potential to decrease reports of 
musculoskeletal pain. For example, after 10 weeks of intervention, 
there was a decrease of participants in the intervention group that 
reported having aches, pain, discomfort, and numbness in their neck 
during the last 12 months (62.7% versus 57.4%). Whereas, in the 
control group, there was an increase in participants that reported 
having ache, pain, discomfort, numbness in their neck during the 
last 12 months (53.6% versus 55%). When participants were asked 
about having trouble (ache, pain, discomfort, and numbness) in their

shoulders, the intervention group showed a decrease (41.2% versus 
28.2%) in the percentage of participants that reported trouble, 
however in the control group, there was an increase (50% versus 
55%) in participants that reported trouble in their shoulders. 
Regarding having ache, pain, discomfort in the wrists/hands and 
upper back during the last 12 months, there was a decrease in 
participants that reported having ache, pain discomfort, numbness 
in their wrists/hands and upper back in the intervention group and in 
the control group. However, when asked about having trouble (ache, 
pain, numbness) in their lower back, there was a decrease (60.8% 
versus 41.5%) in the percentage of participants in the intervention 
group that reported having trouble in the lower back, whereas there 
was no change in the control group. Again, these findings seem to 
suggest that the individualized visual and verbal feedback may be an 
effective strategy to decrease musculoskeletal pain in dental students.
Limitations and Recommendations for Future Research
   One limitation of this study is the relatively small sample size 
which may limit the ability to generalize the results. Therefore, the 
results of this study can only be generalized to the sample of students, 
but we hope that this study assists in informing future studies related 
to this topic.  Another limitation of this study relates to the fact that 
the only criterion for inclusion is that participants were second-year 
dental students, which could have limited the findings. Unfortunately, 
this inclusion criterion also did not account for any other factors that 
may affect the outcomes (e.g., previous musculoskeletal disorders, 
existing ergonomic knowledge, or baseline pain levels). Thus, future 
studies may want to include more longitudinal data collection and 
interventions and account for the above-mentioned factors that could 
potentially affect outcomes. Additionally, one needs to consider that, 
even though the Researcher Developed Questionnaire was informed 
by the literature and expert opinion, it is lacking established reliability 
and validity which could impact the credibility of the findings. Also, 
another limitation of this study is that there was an unequal number 
of survey responses for the control and intervention groups which 
could have impacted the findings. The researchers randomly selected 
control versus intervention groups by their assigned laboratory 
workstation number (i.e., 1-70; 71-140). Since these students’ 
workstation assignments were geographically together, it is possible 
that this randomization process influenced the response rates and/
or results. Thus, future studies may want to consider assigning 
randomness differently (e.g., all even and odd number workstations, 
pulling numbers out of a hat, etc.). A limitation of the study in 
regard to data analysis was that the pre and post-survey data was 
not able to be linked which weakened the statistical approach of 
using paired data for analysis. Additionally, another factor that could 
have influenced the results is that the post-intervention survey was 
completed during the last week of the quarter, a week in which the 
participants in this study were taking practicums and reported high 
stress related to final exams, etc. Thus, the timing of the post-tests 
could have limited the number of participants willing to complete 
the post-test surveys or could have resulted in higher stress-related 
MSD pain. Therefore, future studies should consider the students’ 
coursework load when setting schedules to collect post-test data and 
attempt to avoid periods of high stress (e.g., final exams and weeks 
of lab practicums). Furthermore, one needs to consider that potential 
confounding factors, such as participants' physical fitness, stress 
levels, and/or lifestyle factors (e.g., sleep quality, physical activity, 
etc.) were not measured and could have influenced the outcomes of 
this study. Thus, future studies may want to include these factors in 
their data collection measures. Lastly, since many of the participants 
in this study reported that they corrected their posture and/or adjusted 
their workstation at the mere presence of the researcher walking by 
their workstation, it is possible that this “presence” increased the 
ergonomic awareness among the participants. Yet, as this occurred in 
both groups, this did not likely influence the difference between the 
intervention group and the control group.
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Conclusion
  The results of this study support the current evidence and appears 
to suggest that a 10-week ergonomic intervention program, 
which includes visual reminders to stretch and implement proper 
ergonomics, photography, and one on one individualized feedback, 
has the potential to improve the application of ergonomic principles, 
increase the implementation of routine breaks and stretches 
during dental laboratory classes, and decrease the presence of 
musculoskeletal pain. However, one needs to consider the limitations 
of this study. These findings also seem to support the critical role of 
education in preventing occupational health hazards among future 
dental professionals. By integrating ergonomic principles into dental 
curricula, educators can equip students with the knowledge and skills 
necessary to protect their long-term well-being while enhancing their 
academic performance. Furthermore, the implementation of routine 
breaks and stretches within the dental laboratory setting can serve as 
a model for promoting healthy lifestyle behaviors among students. 
This study highlights the need for a multidisciplinary approach, 
involving occupational therapy and dental education, to cultivate a 
culture of health and workplace wellness within the dental programs.
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Appendix A
Researcher Developed Questionnaire Intervention Pre-Test
1.	 Does musculoskeletal pain affect your activities/occupations outside of the SIM clinic?
2.	 How comfortable do you feel implementing ergonomics while working in SIM clinic? 
3.	 How valuable do you feel previous ergonomics lectures, demos, or shared have been?
4.	 What percentage of your SIM Clinic Day do you feel like you’re in an awkward 

position?
5.	 How often do you make adjustments to your chair (e.g., height of chair, back support, 

etc.) in order to achieve proper ergonomics?
6.	 How often do you make adjustments to your workstation (e.g., patient's chair, position 

of dental equipment, materials and instruments, etc) in order to achieve proper 
ergonomics?

7.	 How often do you implement stretching at your bench?
8.	 During a typical day in the SIM Clinic, are you mindful of taking short breaks? 
Researcher Developed Questionnaire Intervention Post-Test
1.	 Does musculoskeletal pain affect your activities/occupations outside of the SIM clinic?
2.	 How comfortable do you feel implementing ergonomics while working in SIM clinic? 
3.	 How valuable do you feel previous ergonomics lectures, demos, or shared have been?
4.	 What percentage of your SIM Clinic Day do you feel like you’re in an awkward 

position?
5.	 How often do you make adjustments to your chair (e.g., height of chair, back support, 

etc.) in order to achieve proper ergonomics?
6.	 How often do you make adjustments to your workstation (e.g., patient's chair, position 

of dental equipment, materials and instruments, etc) in order to achieve proper 
ergonomics?

7.	 How often do you implement stretching at your bench?
8.	 During a typical day in the SIM Clinic, are you mindful of taking short breaks? 
9.	 Do you feel that having the pictures at your workstation showing proper ergonomics 

during your workday is valuable? 
10.	 Do you feel that reviewing through stretches helped you be more mindful/facilitated 

implementing recommended stretches throughout your workday? 
11.	 Do you feel that the individualized photos and feedback were valuable/helped you 

better apply ergonomic principles? 
12.	 What recommendations do you have to better implement proper ergonomics throughout 

your dental school program?
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Appendix B
Researcher Developed Questionnaire Control Pre-test
1.	 Does musculoskeletal pain affect your activities/occupations outside of the SIM clinic? 
2.	 How comfortable do you feel implementing ergonomics while working in SIM Clinic?
3.	 How valuable do you feel previous ergonomics lectures, demos, or shared have been?
4.	 What percentage of your SIM Clinic day do you feel like you're in an awkward position?
5.	 How often do you make adjustments to your chair (e.g., height of chair, back support, 

etc.) in order to achieve proper ergonomics?
6.	 How often do you make adjustments to your workstation (e.g., patient's chair, position 

of dental equipment, materials and instruments, etc) in order to achieve proper 
ergonomics?

7.	 How often do you implement stretching at your bench?
8.	 During a typical day in the SIM Clinic, are you mindful of taking short breaks? 
Researcher Developed Questionnaire Control Post-test 
1.	 Does musculoskeletal pain affect your activities/occupations outside of the SIM clinic? 
2.	 How comfortable do you feel implementing ergonomics while working in SIM Clinic?
3.	 How valuable do you feel previous ergonomics lectures, demos, or shared have been?
4.	 What percentage of your SIM Clinic day do you feel like you're in an awkward position?
5.	 How often do you make adjustments to your chair (e.g., height of chair, back support, 

etc.) in order to achieve proper ergonomics?
6.	 How often do you make adjustments to your workstation (e.g., patient's chair, position 

of dental equipment, materials and instruments, etc) in order to achieve proper 
ergonomics?

7.	 How often do you implement stretching at your bench?
8.	 During a typical day in the SIM Clinic, are you mindful of taking short breaks?
9.	 Do you feel that having the pictures at your workstation showing proper ergonomics 

during your workday is valuable? 
10.	 Do you feel that reviewing through stretches helped you be more mindful/facilitated 

implementing recommended stretches throughout your workday? 
11.	 What recommendations do you have so that you can better implement proper 

ergonomics throughout your dental school program?


