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ABSTRACT  

Due to a permanent and excessive overload of axial (cervical and lumbar spine segments) as well as 

peripheral joints (especially hand and shoulder), dentists usually present with significant burden of 

professional-related musculoskeletal issues. The aim of our study was to describe work-related 

cervical spine complains and to perform an electromyographic (EMG) analysis of cervical muscles 

during specific working activities in dentists. Cross-sectional 24-weeks study including 30 dentists 

and primary care physicians. Each participant in both groups was asked to complete a specific 

questionnaire derived from Cornell Musculoskeletal Discomfort Questionnaire that included: general 

data, clinical parameters (signs and symptoms of cervical spine involvement), data on occupational 

activity (working position prevailing during work, use of magnifying devices such as glass, 

microscope) and extra-professional. As a second step after completion of the above mentioned 

questionnaire, all subjects performed an EMG test. The muscles involved in the static and dynamic of 

the cervical spine e.g. splenius capitis and trapezium were examined with the help of a surface 

electrodiometer. Specific work overload in dentistry, prolonged vicious position of the head and 

cervical segment, asymmetric contraction of the posterior musculature of the spine, adverse static 

positions, permanent focused vision in a limited space, vibrating tools essentially contribute to 

musculoskeletal issues, particularly in the cervical spine. 
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INTRODUCTION 

Dentistry is by excellence a profession which 

involves not only theoretical knowledge, but 

also practical skills as well as high levels of 

manual dexterity, concentration and precision. 

Due to a permanent and excessive overload of 

axial (cervical and lumbar spine segments) as 

well as peripheral joints (especially hand and 

shoulder), dentists usually present with 

significant burden of professional-related 

musculoskeletal issues [1,2]. 

A wide spectrum of risk factors for 

musculoskeletal damage in dentists have 

already been identified comprising low-

amplitude repetitive movements performed with 

precision in a compact space,  vibrations, 

vicious postures during routine working e.g. 

anterior cervical spine and head inclined 

position, rotations as well as lateral movements, 

prolonged static posture. These factors act 

either individually or, more often, in 

association, amplifying their negative effect on 

musculoskeletal system [3, 4, 5,6] 

It is largely accepted that work-related 

musculoskeletal conditions account for 

significant morbidity and disability. Different 
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studies have already addressed the prevalence 

and incidence of disco-vertebral pathology in 

dentists; firstly, cervical as well as lumbar spine 

segments are commonly involved, followed by 

upper limb issues, especially in hand and 

shoulder, and, lastly, by lower limbs problems. 

In 1946, Biller et al. underlined that up to 65% 

of dentists presented with persistent spine pain, 

chiefly in their cervical and lumbar segments 

[7,8]. 

A closer look to musculoskeletal burden among 

dentists supports an exhaustive and excessive 

biomechanical stress accumulating during 

routine professional activities. Chronic pain, 

muscle spasm, vicious spine posture, impaired 

spine mobility and fatigue are the main signs 

and symptoms related to musculoskeletal 

involvement, with subsequent impaired quality 

of work and, even, quality of life. Furthermore, 

various causes and pathways of musculoskeletal 

damage in dentistry are described including 

degenerative processes (osteoarthritis), 

tendinitis, bursitis, arthritis as well as 

neurological syndromes [9, 10]. 

A quite new domain reflecting the 

interconnection between human being and 

devices, ergonomics has generated certain 

organizational and behavioural principles meant 

to minimize the impact of risk factors and to 

prevent physical, musculoskeletal, labour and, 

even, pathological conditions, in an attempt to 

optimize quality of life. The balance between 

ergonomic and non-ergonomic principles is 

well known, requiring a specific behaviour of 

practitioners during professional activities, 

based on appropriate decisions and attitudes 

[10-13]. 

The ergonomic principles and recommendations 

concerning the posture assumed during working 

hours, correct movements during the 

professional activities, the working 

environment, technical advances as well as 

physical training aiming to enhance the 

musculoskeletal resources remains key 

elements that support the professional 

performance. Through its three main directions 

(prophylactic, therapeutic and rehabilitation), 

physical and kinetic therapy are mandatory for 

dental professionals since vicious, persistent 

and repetitive postures and movement related to 

specific practical activities may harm the 

musculo-articular system [10]. 

Due to its complex biomechanics as well as 

excessive biomechanical stress (cervical spine 

is permanently engaged in extreme positions of 

flexion, rotation, laterality and/or vicious 

working postures), the cervical segment should 

mostly benefit from professional dental 

education, practical application of ergonomic 

rules and novel technologies.  

Concurrently, the same ergonomic and 

biomechanical vision should be applied to the 

upper belt which develops direct morphological 

and functional relationship with the cervical 

spine. In this context, a comprehensive 

muscular analysis based on the results of 

electromyographic (EMG) studies could 

provide the exact amount of EMG activity 

required in maintaining spine stability and 

indicate those workings tasks that result in 

significant stress around a single vertebral 

segment [14-21] 

The aim of our study was to describe work-

related cervical spine complains and to perform 

an electromyographic analysis of cervical 

segment muscles during specific working 

activities in dentists. 

 

MATERIAL AND METHODS 

Cross-sectional 24-weeks study including 30 

dentists and primary care physicians. Subjects 

were distributed in two groups, as follows: 

group A, 15 dentists (10 women), and group B, 

15 primary care physicians (4 women).  

Inclusion (dental or primary care practitioner, 

age between 30 to 45 years, at least 5 years 

professional experience) and exclusion (surgery 

for cervical spine pathology, rheumatic 

conditions involving   cervical spine e.g. 

ankylosing spondylitis, psoriatic arthritis, 

cervical traumas, tumours, congenital vertebral 

abnormalities) criteria were applied in order to 

select appropriate subjects.  

A specific questionnaire derived from the 

Cornell Musculoskeletal Discomfort 

Questionnaire (CMDQ) was utilized in all 

cases, evaluating the sitting discomfort and 

working performance (fig.1). We finally 

focused on two main items reflecting the level 

of comfort or discomfort (item 1) and cervical 

pain on a visual analogue scale of 0-10 cm 

(item 2). 
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Each participant in both groups was asked to 

complete a questionnaire that included: general 

data, clinical parameters, data on occupational 

activity (working position prevailing during 

work, use of magnifying devices such as glass, 

microscope) and extra-professional. 

As a second step after completion of the above 

mentioned questionnaire, all subjects performed 

an EMG test. The muscles involved in the static 

and dynamic of the cervical spine e.g. splenius 

capitis and trapezium were examined with the 

help of a surface electrodiometer (fig. 2).  

The study protocol has the approval of the 

Ethics Committee and all subjects have signed 

the informed consent before enrolment in the 

study.   

Statistical analysis was performed in SPSS-19 

software, p<0.05. 

 

 

 

Figure 1. Cornell musculoskeletal discomfort questionnaire 

 

 

 

 
Figure 2. EMG of the splenius 

capitis and trapezoid muscles: 

placement of the electrodes 
 

Figure 3. EMG of the splenius capitis and trapezoid 

muscles in a dentist professional: orthostatic position 

(a), sitting position (b)  
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RESULTS AND DISCUSSIONS 

(i) Demographics  

Data about age, gender, weight, height, number 

of working hours per day and week, years of 

work represent significant indicator of 

occupational risk factors. Thus, we described 

the following: 

 mean age of enrolled subjects was 37±6 

years for group A and 36±5 years for B 

(p<0.05); our focus was before the age of 

45, since degenerative lesions may occur 

and progress after this cut-off age; 

 physicians in group A had an experience of 

10±3 years working in the field of dentistry, 

and primary care physicians in group B 

10±4 years; furthermore, dentists had a 

program of 7 working hours daily, while 

family doctors only 6 hours. Working 

experience as well as number of working 

hours per day and week may, in fact, reflect 

the cumulative damage to musculoskeletal 

system, particularly cervical and lumbar 

spine segments; 

 dentists (group A) were mainly urban-based 

(10 subjects), while the others (5 dentists) 

were working in the rural environment. For 

the primary care physicians included in 

group B 7 were rural doctors and 8 urban 

doctors. 

 

(ii) Clinical parameters   

In general population, cervical spine pathology 

commonly develops after 45 years; when 

present before the age of 45, several risk factors 

are usually identifies, especially the 

professional environment. All subjects included 

in the study were asked to complete Cornell 

Musculoskeletal Discomfort Questionnaire, and 

subsequently analysed.   

Pain, the key symptom of the cervical spine 

involvement, was described through several 

parameters e.g. intensity (visual analogue scale, 

VAS 0-10 cm), duration (acute, chronic), 

frequency (continuous, intermittent), type 

(inflammatory, mechanical) and irradiation. 12 

dentists and 7 primary care physicians reported 

chronic pain; 9 of dentists had daily pain, while 

only 2 physicians in group B; furthermore, 

radicular irradiation was systematically 

identified in 5 dentists; anyone in group B felt 

radicular pain. Subject’s distribution cording to 

cervical pain severity is summarized in graph 

below. (Fig. 4) 

Another important parameter analysed was the 

position of the cervical spine engaged by 

specific professional activity; in group A, we 

found only one dentist with a vicious position in 

flexion and external/internal rotation 

(torticollis), while another one was working 

with cervical spine with slight head anterior 

flexion in 2 sub-units; no vicious position 

related to professional activity was depicted in 

family physicians. 

Cervical stiffness was demonstrated in 3 

subjects in group A and one in group B, and 

diffuse upper limb paresthesia in 3 dentists and 

one primary care physician. 

Muscle strength testing by a hand dynamometer 

at the beginning of working day in group A 

showed average values of 37±6 Kg/unit and 

33±4 Kg/unit at the end of the program. For 

subjects in group B, the same value was 

recorded at the start and end of the program 

(35±4 Kg/unit. Therefore, the dentist group 

shows a decrease in muscle strength during the 

working day as compared to family physicians 

(the muscle strength remained unchanged 

through the entire working day). 

The CMDQ revealed a significant impaired 

professional activity due to the symptoms and 

signs presented in the upper limb and cervical 

spine by 5 of subjects from group A vs. one 

subject in group B. Fatigue was noticed in 7 

subjects in group A and 2 subjects in group B. 

An experimented rheumatologist performed 

clinical exam of the cervical spine.  

Pain at palpation of cervical segment was felt 

by all 15 dentists and, conversely, by 2 primary 

care physicians.  

Moreover, impaired mobility of the spine was 

reported in group A, as follows: 8 subjects had 

decreased cervical spine flection (menton-to-

sternum index of 3 cm), 2 had limited extension 

(occiput-to-wall index of 4 cm), 9 restricted 

laterality (ear-to-shoulder index 3 cm in 6 

dentists, 4 cm in 2 dentists, 2 cm in one 

subject); rotation was also impaired as 

supported by an increased menton-to-shoulder 

index in 10 subjects (5 physicians restricted by 

2 cm and 5 by 3 cm). The analysis cervical 
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spine mobility in group B revealed limited (2 

cm) chin-to-chest index in 2 subjects and 

limited (2 and 3 cm, respectively) menton-to-

shoulder index in 4 subjects. 

Muscle spasm with significant impaired 

vertebral mobility in order to protect nerve and 

vascular damage was found in 3 dentists and a 

family doctor. 

The final diagnosis (as decided by 

rheumatologist based on clinical exam of the 

cervical spine and X-ray exam) was acute 

cervicalgia in 3 dentists, one of them having 

associated left torticollis; chronic cervicalgia 

found in 12 subjects, 5 of them presenting with 

radicular pain (C5, C6, C7 nerve roots). 

On the other hand, only one doctor in group B 

was diagnosed with acute cervicalgia during the 

study visit, chronic cervicalgia was found in 7 

doctors, one of them presenting with pain 

irradiating in the upper limb on the C6 root. 

(iii) Professional and extra-professional 

activity 

It is widely accepted that routine professional 

activity in dentistry has significant 

musculoskeletal influences resulting in 

impaired quality of life. 

Ergonomic studies have recently highlighted 

that sitting on an ergonomic chair (with a 

lumbar support and armrest) during 

professional activity is less demanding for the 

spine (both lumbar and cervical segments) than 

the orthostatic position. Furthermore, it is 

recommended to alternate the two working 

positions (sitting and orthostatic) throughout the 

full working day in order to minimize axial 

vertebral damage. In addition, different vicious 

positions during daily practice could disturb the 

vertebral biomechanics leading to degenerative 

lesions at the disco-vertebral level.  

Surprisingly, only one out of 15 dentists 

included in our study used complementary 

techniques to magnify the image (glasses with 

attached magnifying glass), underlying the role 

of ergonomics to maintaining correct position 

of the spine especially during professional 

activities. 

8 of studied dentists practiced mixed position in 

routine activity, 3 subjects preferred the sitting 

position and 4 subjects worked maintain the 

orthostatic position. Conversely, primary care 

physicians typically selected to work in the 

classical sitting position. 

(iv) EMG data  

The EMG analysis performed on two major 

muscles involved in cervical spine posture and 

mobility, splenius capitis and trapezium, is able 

to provide information on their activation and 

participation during professional actions. In our 

study, EMG assessment was important not only 

because it revealed muscle activation but also 

showed the parameters of prolonged 

contraction.  

We examined both ergonomic and non-

ergonomic working postures and we found that 

the splenius capitis and trapezoid muscles are 

engaged in persistent contraction predominantly 

in the orthostatic position, highlighting the 

importance of ergonomics in dentistry (fig. 2,3).  

Prolonged muscle contraction means prolonged 

ischaemia, high levels of toxic products 

decreasing muscle output and promoting 

fatigue, and decrease energy resources by 

placing the muscle in a defective situation with 

significant influences on the accuracy of 

professional activities and working efficacy. 

 

The red line represents the contraction of the 

trapezoid muscle, while the blue line the 

splenius capitis. We registered a high 

contraction of splenius capitis when performing 

various tests (part 1 of the record as well as a 

permanent contractile state 2). The signal 

amplitude on EMG A1trapez= 0.079 mV, A1 splenius 

capitis= 0.54 mV (orthostatic position); A2 trapez = 

0.10 mV, A2 plenius capitis = 0.31 mV (orthostatic 

position) 
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Figure 4 Pain intensity in group A and B  

 

 

Figure 5 EMG study of the splenius capitis and trapezoid muscles 

 

 
 

 

 

Figure 6 Spectrum of frequencies for 

splenius capitis in the selected portion 
 

Figure 7 Spectrum of frequencies for 

trapezoid muscle in the selected portion 
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CONCLUSIONS 

1. Cervical spine problems and complains 

are widely described by dental 

practitioners, related to multiple risk 

factors acting in specific professional 

settings.  

2. Specific work overload in dentistry, 

prolonged vicious position of the head 

and cervical segment, asymmetric 

contraction of the posterior musculature 

of the spine, adverse static positions, 

permanent focused vision in a limited 

space, vibrating tools essentially 

contribute to musculoskeletal issues, 

particularly in the cervical spine. 
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