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ABSTRACT

Context: Ergonomics is the scientific study of people and their work. The manufacturers
typically do not design to accommodate the dimensions of the individual user. Work-related
musculoskeletal disorders (MSDs) have emerged as major health problem among workers in both
industrialized and industrially developing countries. Rapid Upper Limb Assessment (RULA)
was developed to investigate the exposure of the individual workers to risk factors associated
with work-related upper limb disorders.

Aims: The assessment of the posture using RULA, which is quick reliable tool to determine the
posture, has not been done in the Indian dentist population, indicating the need for the same.
Settings and Design: A total of 104 subjects were included from New Delhi/NCR.

Subjects and Methods: The procedure was explained, and the questionnaire was distributed
and assessment was done using RULA. The MSDs can be recorded using the standard Nordic
questionnaire.

Statistical Analysis Used: The data were collected from 104 subjects out of the 192 evaluated
and was statistically analyzed using SPSS software.

Results: The study sample included 70 male and 34 female dentists. The posture of the subjects
and the MSDs are not associated with a significant difference as according to Pearson’s Chi-square
test (0.231).

Conclusions: RULA can be used as a screening tool for postural risks following a short training

Received 1 24-04-13 session regardless of the assessor’s experience in postural risk assessments.
Review completed :22-11-13
Accepted : 03-01-15 Key words: Musculoskeletal disorders in dentist, posture, Rapid Upper Limb Assessment

The term ergonomics is derived from “Greek” words
“ergon” meaning work and “nomos” meaning natural laws.
Ergonomics is the scientific study of people and their work.
Ergonomics is highly relevant to preventive and occupational
medicine, management of musculoskeletal injuries and
rehabilitation. It helps people understand their abilities
and limitations and teaches them how to perform safely,
effectively, and comfortably within the environment.™
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The manufacturers typically do not design to accommodate
the dimensions of the individual user. While manufacturing
inventory costs are an important concern, there are also
costs involved in products that are designed based on
properly selected anthropometric data and ergonomics.
Without proper design, sitting will require greater muscular
force and control to maintain stability and equilibrium
which in turn lead to greater fatigue and discomfort and
is likely to lead to poor postural habits as well as neck and
back complaints.

The posture of an individual is usually assessed in the current
literature by photographic method or frame grabbing.
Similarly, Rapid Upper Limb Assessment (RULA) is a survey
method developed for use in ergonomics investigations
of workplaces where work-related upper limb disorders
are reported. This tool requires no special equipment
in providing a quick assessment of postures of the neck,
trunk, and upper limbs along with muscle function and the
external loads experienced by the body. A coding system is
used to generate an action list which indicates the level of
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intervention required to reduce the risks of injury due to
physical loading on the operator. RULA was developed to
investigate the exposure of the individual workers to risk
factors associated with work-related upper limb disorders.
The method uses diagrams of body postures and three
scoring tables to provide evaluation of exposure to risk
factors.?’ The musculoskeletal disorders (MSDs) can be
recorded using the standard Nordic questionnaire (SNQ).
It is one of the most popular survey tools for detecting the
severity and duration MSDs.E!

Work-related MSDs have emerged as major health problem
among workers in both industrialized and industrially
developing countries.! Most people experience pain
in the back, neck, and shoulder at some time, although
few have pain over long periods.P! Chronic nonspecific
musculoskeletal pain is a common in adolescents and adults,
and the prevalence appears to be increasing./ Spinal pain
is a well-recognized condition associated with significant
personal and community burdens. The most common spinal
regions studied are the lumbar and cervical spine, probably
because of their strong and well-established associations
with pain conditions, work related injuries, intervertebral
disc degenerative conditions, headaches, and psychological
disturbances.!”

Many researchers have linked the musculoskeletal
symptoms with exposure time to the work involving
body segments.! Main concern is that equipment should
be designed according to principles of anthropometry,
biomechanics, and hygiene.® The seat alone is insufficient
for stabilization, and the use of the legs, feet, and back in
contact with other surfaces, as well as muscular forces are
necessary to produce equilibrium. The examination of
the match between dental chair dimensions and dentist’s
anthropometry revealed a substantial frequency of mismatch
especially for seat height and seat depth. Deviations from the
defined accepted limits varied among groups and between
genders signifying their special requirements and their
different potential problems.®!

Although various studies have been performed to assess the
ergonomic risk factors faced by the dental professionals, but
there are no studies in current literature which study the
effect of duration of these ergonomic factors on the MSD’s in
them. Furthermore, methods used in the current studies are
either by observation, videotape, optical or frame grabbing.
The assessment of the posture using RULA, which is quick
reliable tool to determine the posture, has not been done
in the Indian dentist population, indicating the need for
the same.

SUBJECTS AND METHODS

A total of 104 subjects with a mean age of 36 years and mean
body mass index of 34.4 were included from New Delhi/NCR.
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Those with any history of major accidental injuries in the
past 1-year affecting the posture or any deformities affecting
the posture of the subject were excluded from the study.
The cognitive ability of the subject should not be low as
according to the mini-mental state examination. Prior
information was given to the subjects about the purpose
of the study, and an informal consent was taken in their
own understandable language from each subject. This was
in accordance with the ethical standards of the responsible
committee on human experimentation. The procedure
was explained, and the questionnaire was distributed and
assessment was done using RULA. Assessment was done by
the first two authors, one of them being a physical therapist
with expertise in posture evaluation. A small pilot study was
conducted in order to check the reliability of data collection
by both the authors following which they were blinded to
the results of each other for the rest of the study. RULA
is an observational method of assessing postural health
among human workers.? It is a survey method developed
for use in ergonomics investigations of workplaces where
work-related upper limb disorders are reported.’” The
RULA method uses diagrams of body postures and three
scoring tables to provide evaluation of exposure to risk
factors by providing a risk score. The range of movement
for each body part is divided into segments and recorded
appropriately.'” The general evaluation of subjects history,
particulars about the environment, and psychological factors
were followed by standardized Nordic questionnaire to
assess MSDs.'! The posture of the upper arm, lower arm,
wrist, cervical, trunk, and lower limb was scored from the
observation and calculation from the photographs of the
subjects. Static loading or repetition and force load source
were then estimated. Combination of these scores produced
a grand score that was used to determine an action level
indicating whether the posture was acceptable or required
investigation and change [Figure 1].1”

RESULTS

The data were collected from 104 subjects out of the
192 evaluated and were statistically analyzed using SPSS
software (IBM corporation). The study sample included
70 male and 34 female dentists. The rest 88 of the subjects
could not be assessed due to reasons like not meeting the
inclusion criteria completely, lack of time available at
dentists end, lack of motivation [Table 1].

The males had higher pain levels in the neck as compared
to the females. The data were significant at 0.05 [Figure 2
and Table 2].

This table provides the information that out of 104 subjects
which were assessed and RULA score was defined had
pain in different regions of the body. The posture of the
subjects and the MSDs are not associated with a significant
difference [Figure 3].
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RULA SCORING SHEET

ANALYSES DATE:  -e-rmeommcmmemas [Wo 107N 110 N ——

PN VYR P ——— [0) =1 /-] ——

UPPER ARM GROUP A

L / R

LOWER ARM TABLEA + MUSCLE + FORCE = SCORE C

L /R L/ R L/ R L/R L/

WRIST

L /R

WRIST TWIST

L /R GRAND SCORE (TABLE C)

L/R
NECK GROUP B
TRUNK . TABLEB + MUSCLE + FORCE = SCORE
LEGS

RESULTS :
SCORE ACTION LEVEL DESCRIPTION
1-2 1 ACCEPTABLE
3-4 2 FURTHER INVESTIGATION NEEDED
5-6 3 INVESTIGATION AND CHANGES REQUIRED
7 4 INVESTIGATE AND CHANGE REQUIRED IMMEDIATELY

Figure 1: Rapid Upper Limb Assessment scoring sheet
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DISCUSSION

Every individual is of different height, shape, and size and
has a different level of strength. Without any application
of ergonomic principles, tools, machines, and equipment
the workstations are designed. It is important to consider
these factors for the comfort of the subjects.”®! An overall
height adjustment and chairs of different sizes are available,
but individual adjustment for the seat, arm, and back is not
offered. A one —size — fits — all philosophy has been adopted
in the industry because lessens the inventory problems for
manufacturers, making it less costly to manufacture and
easier to sell at a lower price."” The RULA score gives the
information about the posture and the angulations of the spine
in relation to the stresses faced. Forces acting on the spine
in forward incline posture are the cervical extensor muscle
force and lumbar extensor muscle force. The proportion of
neck strength in respect of neck angle shows that we have
average neck strength at 30° neck inclination. It is also seen
that when work surface is too low, a person not only lean
forward but also may lower and rotate the shoulders forward
causing fatigue and pain in the levator scapulae muscles.!>"!

Many forces act on the spine while performing work from
the surrounding muscles, such as the weight of the body and

Table 1: The association between gender difference and
MSD’s
Gender/MSD
Pearson’s Chi-square 4.573
MSD=Musculoskeletal disorder

Neck Shoulder Upper back Lower back
1.879 1.275 0.267

Table 2: The association between RULA score and MSD’s

RULA/MSD Neck Shoulder Upper back Lower back
Action level 1 1 - 1 -
Action level 2 12 7 5 7
Action level 3 17 11 20 7
Action level 4 5 4 8 1

RULA=Rapid Upper Limb Assessment, MSD=Musculoskeletal disorder

M MALES

M FEMALES

Figure 2: Prevalence of musculoskeletal disorders in males and
females
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gravity. The spine is in its natural curved position (S shape)
while standing, enabling the body’s line of gravity to pass
through the trunk and feet, so requiring minimal muscular
activity to maintain the posture and to hold the trunk
erect. Callaghan and McGill found that standing produced a
uniquely different spine posture compared with sitting, and
standing spine postures did not overlap with flexion postures
adopted in sitting.['® Sitting with a 90° angle between the
trunk and the thighs causes the pelvis to rotate backward
shifting the spine away from the line of gravity. This in turn
reduces the lumbar lordosis, causing the spine to slump and
increasing the loads placed on the spine.'” The movement
of the lumbar spine influences the movement of the cervical
spine and the slumped sitting posture (posterior pelvic tilt)
is a poor posture for the spine. The forces experienced by
the joints of the lumbar spine during sitting and standing
activities were found to fall well below any traditional single
exposure tissue tolerance value. However, prolonged static
loads can still present a fatigue injury mechanism either due
to low but prolonged muscle contraction and or prolonged
flexed postures of the spine leading to accumulated damage
to the posterior component of the annulus.!'® The posture
of the subjects on an average was predominated by neck
flexion and neck twisting, shoulder abduction, and excessive
forward trunk bending. These are given high score in RULA
and hence leading to the action levels of RULA to be in
the moderate to high-risk values. The action level 2 and 3
signify that the posture needs to be assessed properly, and
changes may be required, and the action level 4 suggests
that immediately changes would be required after in depth
assessment.[>1%131 RULA proved to be a suitable method
for evaluating posture. A relationship was seen between
increasing action level and increasing frequency of reported
discomfort in the back and neck area and the shoulders. Itis
in accordance with an another study done on dental students
where RULA method allowed a rapid evaluation of their
posture during simulated dental treatment.!""

25
H Neck
20
20 - B Shoulder
I Upper Back
15 4 B Lower Back

10 4

AL1 AL2 AL3 AL4

Figure 3: Association between action levels of Rapid Upper Limb
Assessment and the musculoskeletal disorders in different regions
of the body
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The posture assessed by RULA score and MSD’s recorded
using the SNQ did not have any significant association in
the present study. The result was in accordance to Syazwan
et al. who also found no significant association between
MSD and increment in RULA score. In contrast to the study
available in the current literature that concludes that there is
arelationship between the increasing action level of RULA
and the increasing frequency of reported discomfort in the
back/neck area and shoulder. Hence, our study suggests that
bad posture directly does not lead to MSD’s. Instead, bad
posture and various ergonomic factors faced by a subject for
a longer duration leads to MSDs. 56.2% of dentist had pain
tenderness in the upper trapezius and 42.6% in area cervical.
Lateral movements in the cervical found pain in 25.8%,
with the bending cervical 32.1% related to all these factors.

Studies in current literature also suggest that the prevalence
of MSD’s was higher in women than men in areas like
neck, shoulder, upper back, and lower back pain. The
previous cross-sectional studies that showed a greater female
predisposition to MSD, suggested that pain prevalence may
indeed be higher in both the genders, but it is possible that
it may be more acceptable for women to complain about
pain than men.!"® The result of the present study was not in
accordance with the previous studies where male subjects
had a higher prevalence of MSD’s in comparison to females.
After analyses, this association was no longer significant in the
present study. The difference was only significant in the neck
region with men having a higher prevalence of pain in the
neck as compared to the women. The reasons for this remain
speculative and further studies on larger study sample may
be conclusive. The onset of muscle pain in this population
is influenced by multiple variables, most of them, related
to dental practice which can trigger symptoms at neck and
back." Previous studies results indicated that the dentist
using the conventional seat recorded significantly higher risk
scores.'”?!'New technologies and changes in dental care, aimed
at providing dentists with greater comfort and better health.

CONCLUSION

The framework suggested that ergonomic risk evaluation
techniques, self-reported body part questionnaires, and physical
measurement of physiological/biomechanical transients may
have a relationship and can be used for the evaluation of
work-related MSDs. The proposed integrative approach
will help in developing stage wise intervention strategies for
work-related MSDs. RULA can be used as a screening tool for
postural risks following a short training session regardless of
the assessor’s experience in postural risk assessments.
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