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Abstract— Since dentistry is a man machine system, it does 

require ergonomic and engineering intervention to get 

maximum man machine efficiency. In history dentistry was 

analyzed as a man machine system in pure engineering terms 

ignoring its ergonomic aspect. Dentistry as a field of study for 

ergonomics was identified by T. M. Khalil in his paper, 

“Dentistry: A Growing Domain for Ergonomics”. [1]. Taking 

inspiration from this paper a study was conducted in Indian 

dental scenario to access the possible possibilities of 

ergonomic interventions in field of dentistry. A 

multidisciplinary and multi directional study of dental 

practitioners and students, practicing in a typical day was 

conducted for three consecutive days. During this the 

workplace ergonomics, arrangement of equipment and 

instruments, on work videography of dental practitioners, 

students and patients was done with consent. The results 

shows that the dentists are prone to musculoskeletal hazard. 

Working in awkward posture with curved back, neck bent and 

head forward to gain clear vision and access to patient’s 

mouth and sitting in this posture for prolonged time increases 

the risk of work related musculoskeletal disorders (WMSDs). 
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I. INTRODUCTION 

Musculoskeletal symptoms are a major concern among dental 

practitioners. This study investigates most of the clinical tasks 

and sub tasks that place students at physical risk. A typical 

day at a dental institution was analyzed. Concepts of 

ergonomics were applied to minimize the risk of WMSDs in 

dentists. 

Videography of students and teachers was done 

(N=15) for full cycle of one sitting. The basic analysis 

techniques were taken from The WISTAH hand study: A 

prospective cohort study of distal upper extremity 

musculoskeletal disorders, by Dr. Arun Garg et al 2004. [2]. 

This long study (still going on) served as base of this study 

and methods used for analyzing the video from this study 

were adopted in this work. 

The Moore and Garg strain index (SI) [3] and 

ACGIHs HAL/TLV [4] served as basic analysis techniques 

to access the dentists exposure for WMSDs. The Modified 

Rapid Upper Limb Assessment for dentists adopted from 

(RULA) [5] was used to check the postural awkwardness 

resulting risk to WMSDs. The RULA scores served as basis 

for identification of area of awkwardness. The RULA scoring 

sheets (N=427) were analyzed to get the root cause of the 

highest score from each sheet (upper arm, lower arm, wrist 

and neck, trunk and legs). 

A. Strain Index (SI) 

The MOORE and Garg strain index [3] value gives the 

possibility of upper extremity at risk of WMSDs. There are 

six parameters in Strain index (SI) namely:  

1) Intensity of exertion. 

2) Duration of exertion 

3) speed per minute of exertion, 

4) Hand/wrist posture 

5) Speed of work 

6) Duration of task per day 

Care was taken to evaluate intensity of exertion and 

recommended procedure was followed. The duration of 

exertion was recorded with a stop watch and recoding 

personnel carefully took records of durations of sub tasks. 

Speed was also observed carefully and videos were further 

studied to get a statically acceptable value for different 

operators. 

The SI was calculated as: 

SI = 1 x 2 x 3 x 4 x 5 x 6 (with appropriate multipliers were 

chosen for calculation) 

The American Conference of Governmental 

Industrial Hygienists (ACGIH) Threshold Limit Value (TLV) 

for hand Activity (ACGIH HAL/TLV): 

The ACGIH HAL/TLV [4] is a method to evaluate 

the single task jobs performed more than four hours daily. 

Hand activity level deals with the repetitive nature of motions 

done with hand. This combines both frequency and speed of 

work and can be determined by both quantitative and 

qualitative approaches. Normal peak force (NPF) is amount 

of force required to perform the task normalized on a scale of 

0 to 10. 

Ratio is calculated as  

Ratio = NPF/(10-HAL) 

The value of TLV is obtained from graph. Location 

of the value gives the risk of the task for CTS.  

B. Rula 

 
Fig. 1: A typical Indian dental workplace 
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Developed at University of Nottingham by Dr. Lynn 

McAtamnry and Professor E. Nigel Corlett, RULA [5] is a 

postural assessment method to get risk score of WMSDs in 

upper limbs. The scoring sheet is divide in six scores that 

collectively assess risks for upper limbs. The upper arm score, 

lower arm score and wrist score are evaluated from table A. 

The neck, trunk and leg score are evaluated from table B and 

final score is evaluated from table c. 

II. METHODOLOGY 

Videography of dental professionals and students on a typical 

workday was done. A frame by frame analysis of video was 

carried out to determine intensity of force, exertion 

requirements, hand/wrist posture, speed of work and type of 

grasp, etc. for each hand. 

Ergonomic techniques like Strain Index (SI), Hand 

Activity level Threshold Limit Value (HAL/TLV) and Rapid 

Upper Limb Assessment (RULA) were used to analyze the 

video recordings frame by frame. 

 
Fig. 2: A flow chart of methodology followed in the study. 

III. RESULTS 

The frame by frame ergonomic analysis of video was carried 

out. The values for strain index (SI) were calculated as per 

Moore Garg which averaged for 8.6. The hand activity level 

and threshold limit values (HAL/TLV) lies above TLV for 

66.7 % of cases. The rapid entire body assessment (RULA) 

scores were also high as 53% of analyzed frames reached 

RULA value above 5. The main cause of these high values 

were the awkward postures assumed during regular working. 

Deep analysis of RULA scoring sheets resulted in 

following 

1) For 29% of postures neck and trunk positions were root 

cause of high RULA scores as dentists were leaning 

forward with head straight over patient’s mouth. 

2) For 17% of the cases bad wrist position (bent, twist and 

at end range) resulted in high RULA score. Dental 

instrument require dexterous hands to work on. New 

dental students tend to bend their wrists to achieve access 

to that part of mouth which require different position to 

work on. 

3) For 14% of cases trunk twist and bend was cause of high 

RULA scores as dentist tend to do all tasks from one 

sitting position rather then moving her chair around 

patient at correct clock position.  

4) For 12% of cases lower arm out of midline of dentist’s 

body was cause of high RULA scores as dentists tends to 

maximize her reach to access the areas of mouth that 

require different clock position to work on. 

5) For 19% of cases posture was acceptable as RULA 

scores were below 3. 

Analysis of SI scoring sheets resulted in following: 

Since dentistry now is sitting job. Strain index (SI) 

was used to access the risk to hand, wrist, forearm and elbow. 

Results shows that maximum SI value overshoots to 27 as a 

new dentist tends to overexert during a typical patient sitting. 

Since this exertion is repetitive in nature, a low exertion force 

sums up and results in a risk for wrist and hands and increases 

the SI scores. 

The HAL/TLV values mostly lies above TLV line 

as the visual ratings rated visible efforts with changed facial 

expression while new dentists operate on their patients. As 

visual analogue scale rated 4 for most of the new students 

performing routine tasks. 

 
Fig. 3: A dental student working on a typical day. Notice the 

awkwardness of her posture. 

Following posture related problems were identified: 

To get better view of work area i.e. patients mouth 

the dentist tend to bend over the patient. This head forward 

position results in a bent back, curved spine, stress at neck 

and shoulders. The height of dentist’s stool and patient’s chair 

were not adjusted properly which hinders the movement of 

dentist around the patient. The dental tools were placed out of 

the maximum reach and dentist tend to side bend every time 

she picks or place any tool. In bent forward posture the head 

blocks the light and illumination of work area is affected.   

IV. CONCLUSION 

Dental students were found to be at risk for WMSDs. High 

values of SI,HAL/TLV and RULA scores suggests the need 

of ergonomic intervention in dental workplace. The 

workplace can be organized ergonomically and dental 

students must be trained with knowledge of ergonomics to 

reduce the risk of WMSDs. A frame work of ergonomic 

interventions in dental practices is being framed.  

Dentistry has a vast scope for ergonomics. The 

application of basic principles of ergonomics in dentistry can 

result in a good change in quality of work life for dentists. 

Ergonomics can be introduced as a subject at undergraduate 

level so that risk of WMSDs can be minimized in new 

dentists. 
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