
Prevention and Rehabilitation of Musculoskeletal Disorders in 
Dental Professionals: A Systematic Review

Shawn C. Roll, PhD, OTR/L, RMSKS, FAOTA1, Kryztopher D. Tung, PhD1, Heng Chang, 
OTD1, Tina A. Sehremelis, OTD1, Yoko E. Fukumura, BM1, Samantha Randolph1, Jane L. 
Forrest, EdD, BSDH2

1Chan Division of Occupational Science and Occupational Therapy, University of Southern 
California, Los Angeles, CA, USA

2Ostrow School of Dentistry, University of Southern California, Los Angeles, CA, USA

Abstract

Background: The objective of this systematic review was to describe the evidence for preventive 

and rehabilitative interventions for musculoskeletal disorders in dental professionals.

Types of Studies Reviewed: Systematic search, screening, and eligibility processes were 

conducted to identify experimental, quasi-experimental, observational, and survey research studies 

that either directly evaluated or predicted the effects of preventive or rehabilitative interventions on 

the reduction of musculoskeletal symptoms in dental professionals.

Results: A total of 3,571 unique abstracts were identified and screened, 256 full-text articles 

were assessed for eligibility, and 34 articles were included in the review. Seventeen experimental 

studies described the results of preventive or rehabilitation interventions and seventeen survey 

research studies predicted or correlated preventive/protective techniques to a reduction in 

musculoskeletal symptoms. The primary techniques evaluated in the studies included equipment 

modification, ergonomic training, and physical exercise.

Practical Implications: Current evidence suggests that magnification loupes and indirect-vision 

techniques have a positive effect on the reduction of musculoskeletal symptoms. Other techniques 

have mixed evidence or are limited by low level study design in evaluating intervention efficacy.
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Introduction

Work-related musculoskeletal disorders (MSDs) are a common occupational hazard for 

dentistry professionals. The nature of the work requires repetitive motion of the arms, wrists, 

and hands while adopting awkward static trunk, neck, and shoulder postures for extended 

periods of time.1 It also has been well documented that tasks requiring repeated high hand 

forces applied at the finger tips and requiring prolonged awkward postures generate 

significant biomechanical stress and can promote injuries of the distal upper extremities such 

as carpal tunnel syndrome.2, 3

A previous review article determined the prevalence of MSD symptoms in the neck and 

shoulders (respectively) to be 17–73% and 20–65% in dentists, 54–83% and 27–76% in 

dental hygienists, and 38–62% and 62% in dental assistants.4 In a more recent study, 81.4% 

of the dentists surveyed experienced musculoskeletal disorders, mostly in the neck, lower 

back, and/or shoulders.5 Another study using the Nordic Musculoskeletal Questionnaire 

found that 76.2% of male dentists experienced symptoms of musculoskeletal disorders in the 

lower back, neck, and/or shoulders.6

A study conducted in 1993 found the loss of income for dentistry professionals due to 

musculoskeletal pain to be greater than $40 million per year.7 In addition to financial costs, 

the presence of MSDs has been associated with poor quality of life and mental distress.8 

Also, the presence of MSDs also has been associated with factors that reduce the efficiency 

and quality of work, such as falling asleep during normal activity, stiffness, and loss of 

strength.9

Although extensive research and systematic reviews indicate a high prevalence of 

musculoskeletal disorders among dental professionals worldwide, there is a lack of research 

on antidotal measures. The objective of this systematic review was to identify the current 

consensus on preventive and rehabilitative interventions for MSDs for dental professionals.

Methods

Databases Searched

PubMed, BIOSIS, CINAHL and PsycInfo were searched using a combination of the medical 

subheadings (MeSH) and key terms, “dental hygienist, dentist, or dental assistant” and 

“human engineering, ergonomics, wound, injury, sprain, strain, stress, or musculoskeletal.” 

Searches were limited to studies published in English between January 1, 1990 and 

September 15, 2018. In addition to the systematic database search, a hand search was 

conducted by reviewing the references of all included articles and the tables of contents of 

the journals of dental professional societies published within this time frame. The following 

journals were included: International Journal of Dental Hygiene, International Dental 
Journal, Journal of American Dental Association, Journal of Dental Education, and Journal 
of Dental Hygiene. Tables of contents also were searched in Applied Ergonomics and 

WORK: A Journal of Prevention, Assessment, and Rehabilitation due to many articles 

appearing in the full text review and the existence of a special issue dedicated to dentistry, 

respectively.
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Inclusion Criteria

Once duplicate records were removed, the remaining abstracts were screened by at least two 

raters to narrow the studies for inclusion. Abstracts were screened to identify records 

focused on interventions for the rehabilitation or prevention of musculoskeletal disorders in 

dental professionals using an experimental, quasi-experimental, observational, or survey 

design. Conference abstracts, educational articles, non-systematic reviews, editorials, and 

expert opinion manuscripts were not included. Additionally, articles on psychological stress 

versus musculoskeletal disorders or reported on patient injury instead of injuries in dental 

providers were not included.

The full-text of any record identified as meeting the broad inclusion criteria by either rater 

were assessed for eligibility. Final inclusion required the following criteria: 1) the study 

population were dental professionals (i.e., dentists, dental hygienists, dental assistants, or 

students within these professions), 2) evaluated a preventive or rehabilitative intervention, 

and 3) measured an outcome related to musculoskeletal discomfort or dysfunction. 

Intervention studies that were purely laboratory-based or evaluated changes in tissue 

morphology/ physiology, postures, or participant preference without any measure of 

musculoskeletal disorder outcomes were excluded. Retrospective, observational, or cross-

sectional survey studies were included if statistical analyses were used to correlate or predict 

the relationship of preventive or protective interventions or activities to musculoskeletal 

outcome measures. Surveys or cross-sectional studies that only reported descriptive data 

were not included.

Study Evaluation

All full-text articles were independently reviewed for eligibility by two raters and 

discrepancies were discussed with a third rater to achieve consensus on final eligibility. 

Included studies were coded as either cross-sectional or prospective intervention studies. 

Quality of reporting of cross-sectional studies was assessed using the STROBE checklist10 

and quality of methodological design of the intervention studies was evaluated using the 

Cochrane Risk of Bias assessment.11 Data regarding intervention type, outcome measures, 

and study results were extracted. Qualitative synthesis and interpretation of the findings was 

conducted through an iterative process among the authors.

Results

A total of 3,939 abstracts from PubMed (n=2950), CINAHL (n=413), BIOSIS (n=359), and 

PsycInfo (n=217) were identified. Twenty-two additional studies were identified through the 

hand search. After the removal of duplicates, 3,571 abstracts were screened and 256 full-text 

articles were read to determine eligibility. After screening and completing an eligibility 

review, 34 studies were included in the final qualitative analysis (Figure 1). Across all 

included articles, three general categories emerged based on the type of interventions used to 

reduce the impact of MSDs. The most common type of intervention was physical activity, 

such as exercise or rehabilitative therapy techniques. Second, studies evaluated the impact of 

modifying the equipment being used by dental practitioners, such as the type of instrument 

handles and loupes. The final category was various methods of providing direct training to 
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dental professionals regarding ergonomic practices, proper posture, and other behavioral 

modifications to their practice patterns. For ease of reporting and interpretation, the included 

studies were organized as either cross-sectional or prospective intervention trials.

Cross-sectional Studies

Seventeen of the included articles were predictive, correlational or comparative statistical 

analyses of potential preventive or protective techniques within a cross-sectional survey or 

observational study design (Table 1). Three primary topics were evaluated across these 17 

studies, some articles evaluating multiple topics, which included: physical activity (n=13), 

ergonomic training (n=6), and equipment modification (n=4). Quality assessment for 

presentation of these data was completed using the STROBE checklist.10 Overall quality of 

presentation across the studies ranged from 17 to 22 based on the 22-item checklist. The 

primary criteria not met were not acknowledging funding sources, potential sources of bias, 

or limitations of the study.

Most of the studies that focused on physical activity interventions concluded that 

implementing regular physical activity reduced the frequency of musculoskeletal pain.12–17 

One study found a significant decrease in pain with 6–8 hours of physical activity per week.
17 Another survey study found that physical activity and massage were the most effective 

preventive measures for musculoskeletal pain.15 Compared to walking, jogging, or other 

forms of aerobic exercise, yoga seemed to decrease musculoskeletal symptoms the most.12 

Similarly, stretching decreased musculoskeletal pain in dental students, while a lack of 

regular weekly exercise correlated with increased low back pain.13, 18 In contrast, two 

studies found no significant relationships between stretching or physical activity with 

musculoskeletal pain.19, 20 There was no significant relationship between the duration, 

frequency, or intensity of physical exercise and musculoskeletal pain.21 One study on 

complementary and alternative medicine therapies found that it was correlated with higher 

physical functioning, but the CAM therapies used were inconsistent.22

Out of the six studies addressing ergonomic education and training, four studies found that it 

can decrease musculoskeletal symptoms and pain.13, 20, 23, 24 According to one study, 

dentists who received ergonomic education during dental school were less likely to 

experience low back pain later on in their career.23 Similarly, another study concluded that 

an increased awareness of ergonomic posture when working was linked to a lower risk of 

developing musculoskeletal pain.13 In-session body posture adjusting and focusing on 

ergonomics was correlated with less pain, while chairs without lumbar support and arm rests 

were associated with more pain.15 On the other hand, dentists who practiced four-handed 

dentistry reported more frequent pain; they also reported longer work hours before taking 

breaks.25 Another study found that dentists who did not take rest breaks experienced 

significantly more hip pain.20 Lastly, dentists who received postural feedback and 

recommendations had improvements in neck and upper back extensions during subsequent 

dental tasks.24

Three of the four studies focused on equipment modifications, specifically tool and visual 

modifications, found suggestive evidence that such modifications decreased musculoskeletal 

pain and symptoms.23, 26, 27 In one study, dentists experienced decreased leg pain while 
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using of surgical magnification tools and lumbar supports.23 Findings in another study 

comparing direct and indirect vision found that dentists who worked without visual 

modifications had significantly higher rates of musculoskeletal pain.27 One study found that 

although there was a decrease in musculoskeletal pain with magnification loupes, there was 

an increase in pain using ultrasonic and hand scalers.26 Additionally, one study noted an 

increase in musculoskeletal symptoms with incorrect tool size; however, there was an 

insignificant finding between extent of symptoms and tool diameter.14

Intervention Studies

The remaining 17 articles described results of prospective intervention studies for the 

prevention or rehabilitation of musculoskeletal disorders in dental professionals (Table 2). 

Interventions evaluated were categorized as physical activity (n=6), ergonomic training 

(n=6), and equipment modifications (n=7). Quality and bias assessment for these studies was 

completed using the Cochrane Risk of Bias assessment11 (Table 3). Only 2 studies were 

randomized controlled trial with opportunity to meet all the criteria, with the remaining 

intervention trials failing to meet most of the criteria for rigor. Across the studies, common 

limitations included a small sample size and the use of convenience sampling.

Six articles focused on physical activity, including various types of physical therapy and 

stretching, concluded that physical activity had a positive impact on reducing 

musculoskeletal pain and symptoms.28–32 One pre-test/post-test study comparing the 

outcomes of deep cervical flexor training and isometric training concluded that both had 

significant improvements in the neck disability index and visual analogue scale.30 It also 

found that deep cervical flexor training had significant improvement in forward head 

posture.30 Findings from another study found that combining medication and rehabilitation, 

such as electrotherapy, massage, kinesiotherapy and home programing decreased pain and 

dysfunction more effectively than medication alone.31 Additionally, a quasi-experimental 

study found that 2.5 hours of mid-high intensity physical activity per week decreased upper 

extremity pain.33 In one randomized control study, the dentists performed five finger 

stretches before starting scaling and root planning.32 This intervention successfully 

decreased the drop in pinch strength after the dentists performed scaling and root planning.32 

Another randomized controlled trial implemented an ergonomic training intervention that 

included stretches, and found significant decrease in musculoskeletal pain as measured using 

the Nordic questionnaire.

Six studies measuring the effect of ergonomic training, including education, analysis, and 

posture, found a positive impact on the reduction of musculoskeletal pain and symptoms.
28, 29, 34–37 One case report implemented Global Postural Reeducation combined with 

Global Active Stretching and found a significant reduction in pain and dysfunction, 

indicating that a combination of postural education, regular stretching, and physical activity 

have a positive impact on musculoskeletal pain.29 A randomized controlled trial with a 

multifaceted ergonomic intervention program found a significant decrease in 

musculoskeletal pain in the intervention group.28 One cohort study found that the majority 

of the dentists attributed partial to full reduction of musculoskeletal symptoms to the 

implementation of ergonomic recommendations.35 Moreover, specific to cervico-brachial 
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disorders, one quasi-experimental study found a significant reduction of symptoms after 

receiving ergonomic instruction with a psychosomatic approach.37 Additionally, two case 

reports and one cross-sectional study found that ergonomic education and recommendations 

had the greatest impact when implemented until time of follow-up.29, 34, 36

Finally, most of the seven intervention studies focusing on equipment modifications reported 

a decrease in musculoskeletal symptoms.38–42 A total of six studies assessed changes in 

pain, discomfort and function when using visual modifications such as magnification loupes 

and prism glasses, most of which found a decrease in neck discomfort and improvement in 

posture.38–41, 43 One article did not find a significant difference in neck pain when wearing 

magnification loupes.43 A single case study reported that musculoskeletal pain was mild or 

unnoticeable when the participant was using loupes.40 Moreover, one randomized control 

trial assessing the impact of periodontal curette handles of varying weight and diameter 

found that using lighter curettes with a larger diameter handle had significant improvement 

on pain levels in the shoulder region.42

Discussion

Physical activity

There is currently insufficient literature available to conclusively suggest that physical 

activity benefits dentists and dental hygienists in alleviating musculoskeletal pain. Since 

most studies implemented physical exercise after musculoskeletal symptoms were present, 

there is little data on the preventive effects of physical activity. Most studies concerning 

physical activity, cross-sectional and prospective, focused on exercise that involved the 

entire body. Many cross-sectional studies did not differentiate specific types or intensity of 

exercise, making the findings hard to translate into practice. The studies that found 

significant improvement with physical activity often had limitations such as small sample 

size and/or inadequate explanation of the rehabilitation treatment.30–32 Of the different types 

of physical activity studied, yoga was the most beneficial for decreasing pain once 

symptoms were already present. The cross-sectional study that considered the use of 

complementary alternative medicine found that it correlated with higher physical 

functioning, but the therapies used were too varied and inconsistent to draw any definitive 

conclusions.22

Compared to medication alone, a combination of rehabilitation and medication seemed to 

work better.31 One case study implemented both postural reeducation and physical activity 

and found improvement measuring change using the Visual Analog Scale.29 However, this 

study only included a single dental hygienist. According to these two studies, it seems that 

once musculoskeletal symptoms are present, a combination of different interventions could 

provide pain relief.

One cross-sectional study compared the effect of different durations of physical activity, but 

there was not enough information on the intensity or type of activity to translate the findings 

into practice.17 Another study implemented finger exercises and stretches before the 

hygienists performed scaling and root planning.32 This study only looked at the drop in 
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pinch strength before and after performing scaling and root planning, and provides only 

suggestive evidence about musculoskeletal pain.

Ergonomic Training

According to the studies reviewed, when ergonomic training is implemented in practice, it 

seems to effectively decrease musculoskeletal pain. This shows the importance of education 

as well as the potential of symptom exacerbation with a lack of education. However, it is 

important to note that hobbies outside of work may also affect musculoskeletal symptoms. 

Additionally, one study found that four-handed dentistry significantly increased 

musculoskeletal pain, however this may have resulted from inadequate understanding of the 

technique.25 Although most intervention studies showed decrease in musculoskeletal pain 

after receiving ergonomic training, most of these studies had small sample sizes.29, 34–37 

Despite limitations, when participants of ergonomic training studies followed ergonomic 

recommendations, researchers found the greatest decrease in pain, which suggests potential 

positive effects for ergonomic training. Further research to develop and evaluate methods to 

promote on-going and sustained implementation of ergonomic recommendations in clinical 

practice would be a beneficial next step to advance the effectiveness of ergonomic training 

for reduction of MSDs in dental professionals.

Equipment modification

Current literature also suggests tools that promote proper ergonomics have the potential to 

decrease the prevalence of musculoskeletal pain. The majority of studies concerning 

equipment modification implemented loupes to improve posture and decrease neck/back 

pain. Positive findings relative to the use of loupes to decrease neck discomfort and improve 

posture limit interpretation general recommendation for the overall use of loupes due to the 

fact that a variety of through the lens and flip-up loupes styles were evaluated across the 

studies.38–43 Moreover, none of the studies discussed the evaluation of loupes capable of 

vertical adjustment to alter and maximize declination angles, which can further promote 

achievement of neutral neck positioning across users in all working situations. In addition to 

heterogeneity in the loupe type, intervention studies were limited by small sample sizes, 

non-equivalent control groups, and a lack of data on long-term effects,38–43 and cross-

sectional studies primarily failed to state potential sources of bias.23, 26, 27 Future research 

that investigates differential or comparative effectiveness across various styles of equipment, 

especially between fixed and vertically adjustable loupes, would be beneficial in advancing 

knowledge of the most effective modifications for improving posture and reducing 

musculoskeletal discomfort.

Study Quality

Although there have been studies that establish tentative links between physical activity, 

ergonomic training, and equipment modification and the prevalence of MSDs in dental 

professionals, there is a lack of rigor and conclusive evidence reported in the current 

literature. As required by the STROBE checklist, cross sectional studies should report the 

source of funding, potential sources of bias, and limitations of the study.10 However, these 

areas were not included in many of the studies. Also, most of the studies relied on surveys, 

which fail to prove causality due to their retrospective nature. In addition, many studies used 
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convenience sampling by surveying local schools, organizations, and institutions and did not 

explain sample selection or size.

Intervention studies had similar issues in participant selection, such as small sample size and 

convenience sampling, thus not representative of dental professionals.11 Also, many studies 

were too brief to measure the long-term effect of the interventions. The nature of the 

interventions often did not lend themselves to allocation concealment, and many studies did 

not randomize allocation. Although there were several articles on rehabilitative care, none of 

them found a preventive intervention that reduces risk of MSDs in dental professionals.

Limitations

Only studies published in English were included in the systematic review, which may have 

led to biases due to available information. Despite the large number of studies reviewed, 

very few focused on preventive and rehabilitative care for musculoskeletal disorders in 

dental professionals. As such, some articles of low rigor, such as case reports, were included.

Conclusions

This systematic review has clearly demonstrated the lack of evidence in the field of 

preventive and rehabilitative care related to dental professionals, and to date, there are no 

other systematic reviews on this subject. Robust research is lacking that could otherwise 

comprise a body of evidence to support any of the three categories of interventions (physical 

activity, ergonomic training, and equipment modification). Given the high prevalence of 

MSDs in dental professionals and the fact that these problems may begin to develop during 

the education process, early intervention is crucial for the prevention and/or treatment of 

these disorders.18 Further interventional research should be conducted on the topic to 

provide sufficient support for dental professionals.
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Figure 1. 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of 

study inclusion
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