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ARTICLE INFO ABSTRACT

Background: Wood carving is a very well-known occupation in Chiang Mai Province,
Thailand. Traditional posture during wood carving with conventional tools has
been demonstrated by sitting on the floor. However, work-musculoskeletal disorders
(WMSDs) during carving had not been assessed and whether workstation modification
could be involved in posture, pain and satisfaction.
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Objectives: To evaluate posture and pain during wood carving at before and after
workstation modification and to develop an innovative workstation and tools for
a wood carver.
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Materials and methods: This study was performed preliminarily in a male wood
carver aged 28 years, with ten years of carving experience. Before and after
4-weeks when the workstation and tools were modified, the ergonomic risk was
evaluated by using the Rapid Upper Limb Assessment (RULA), and pain area and
intensity as well as satisfaction were interviewed. Then, the innovative workstation
was designed and developed after face to face discussions.

Results: The results of posture in a conventional workstation showed a slumping
position on a low stool and use of various unsafe steel carving tools, and the total
RULA score was 7, whereas an intense pain located at the neck and lower back
regions. When the workstation was modified with marble and wooden chairs, and
tools with hammer with rubber wrapped heads, the total RULA score decreased to 6.
Additionally, pain intensity at the neck and lower back decreased and the satisfaction
improved. Finally, when an innovative workstation was designed and developed,
the result showed looked convenient, comfortable and usable for wood carving.

Conclusion: Modification of the workstation and tools for wood carver can reduce
pain. Furthermore, an innovative workstation should have developed for wood
carver for protecting the WMSD.

Introduction .
structure cleaners.® Contact stress, forceful contraction and

Current work-related musculoskeletal disorders (WMSDs),
especially pain, can occur during work in many occupations,
such as cooks, storage laborers, transport laborers and building
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awkward postures can induce pain at various regions of the
body such as the knees, back and shoulders.? WMSDs also
present in various occupations in Thailand, for example,
construction-related work,* and frozen food manufacturing.*
Wood carving is a famous and specific occupation that
requires vast experience gained from predecessors, who
were reputable craftsmen producing famous products
worldwide, like ceramics, bronzeware, and Buddhist sculptures
and dragons. Unfortunately, traditional wood carving had to be
performed on the floor, so poor posture such as a slumped
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posture commonly developed when carving for a long time.
Previous data claimed that slumping and prolonged static
posture tends to increase WMSDs or pain.® Thus, appropriate
postures, working environment and workstation adaptation
are very important factors for improving tasks in the workplace®
and preventing injury while working.” Interesting evidence
showed that an adjustable workstation for carpet weavers,
with height and seat adaptation, could reduce discomfort
while working,® the same as tool adaptation for hairstylists,
who reduced fatigue during hairdressing. ®1° Therefore,
evaluating on WMSDs and modification of table, stool, and
tools in the workstation for wood carving are very challenge
that should improve work performance and productivity
and can be prevented the WMSDs among of wood carvers
as same as other occupations. As a consequence, the aim
of this preliminary study was to survey the workstation
and tools for wood carving and evaluate the benefits of
their modification on posture, pain and satisfaction. Finally,
the present study also aimed to develop an innovative
workstation with a pilot design after face to face discussion.

Materials and methods

This case study was performed with a male wood
carver aged 28 years, with ten years’ experience in wood
carving. He worked for seven hours daily at Baan Tawai,
Khun Kong sub-district, Hang Dong district, Chiang Mai
Province, Thailand. The protocol in this preliminary study
was approved under exception review from the Ethical Human
Committee at the Faculty of Associated Medical Sciences,
Chiang Mai University, Chiang Mai, Thailand. The data was
permitted from wood carver by a personal contact. Then,
a survey of a conventional workstation and tools was performed
before modification of both the table, stool, and tools for
a short-term trial. Ergonomic risks and pain were evaluated
before and after the wood carving trial. Finally, both the
table and stool were designed and developed for an innovative
workstation that worked after face to face discussions was
completed.

Ergonomic risk and pain assessment

Baseline data of the ergonomic risk while working
was assessed according to the Rapid Upper Limb Assessment
(RULA) guideline,™* which was permitted by Professor Alan
Hedge of Cornel University (November 2000). RULA is a
standardized tool showing the reliably good evaluation of
posture,*? and popularly used to evaluate musculoskeletal
disorder relating to overall posture imbalance as the previous
standardized protocol.?* RULA score was determined by
viewed the best videos captures which were adjusted to
slow the speed of movement for more precise and accuracy
during wood carving for 20 minutes at least and summarized
the final scores both individual parts and total scores. RULA
scores was conducted by a researcher by training and reliability
test with two expert ergonomists. Then, the acceptable
both intra-rater (ICC 3,2) and high inter tester (ICC 2,2)
reliabilities (0.77 & 0.75) was confirmed before data collection.
The RULA score can be categorized into four classes depending
the number of movements; static muscle work, force, work
posture and time worked without a break, and the total

score ranges from 1 to 7 points. Total RULA score deals
mainly with parts of the body; upper arms, lower arms,
wrists, wrist twist, neck, trunk and leg. The priority level of
exposure and investigation is classified as; acceptable
posture if not maintained or repeated for long periods
(1 or 2 points), more investigations are needed and changes
may be required (3 or 4 points), investigation and changes
are required (5 or 6 points), and investigation and changes
are required immediately (7 points).!* Finally, the areas of
most pain intensity were evaluated using the numerical
rating scale (NRS) of no pain (scale at 0) to the most intense
pain imaginable (score at 10).%®

Modified workstation and tool protocols

The workstation was modified as previously suggested.®
Appropriate or good posture should help the muscles in
the body to optimal load and relax, and it prevents unnecessary
strain and fatigue. In this study, the workstation was modified
by using slightly tilted and higher marble chairs in the
workplace, in order to keep the body alignment on a vertical
plane. The tools for wood carving were modified in order
to reduce the risk of occupational injuries to the upper
limbs and hands, especially swollen finger joints or neuralgia, as
previously suggested,'” and the handle of hand tools was
remodeled with finger grooves for better grip as shown in a
previous study.’* When the modified workstation and tools
had been used for 4 weeks without any contact stress, the
ergonomic risk, pain intensity and areas of pain were
reassessed. Finally, satisfaction of the modified workstation
was discussed.

Innovative workstation development

After 4-week modification of the workstation and
tools were completed, advantages or disadvantages were
performed by the face to face interviewing method?® for
one day meeting in order to design and develop an innovative
workstation, with both a table and stool for wood carving.
The design of the workstation was followed a previous
recommendation, with a tilting adjustable stool and high seat
pan that sloped forward by approximately 10-25 degrees,
which could provoke anterior pelvic tilt.> ** Moreover, the
surface of the table was inclined slightly® in order to adjust
to 20 cm above elbow height during the carving process.®
Furthermore, the table was made with spaces in front and
by each side for hand tools that could be kept within reach
while the wood carver was working. This possibly helped
safe body movement. When the innovative workstation was
constructed completely, possible ideas for wood carving
were discussed.

Statistical analysis
Data of all the parameters were presented with
descriptive results.
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Results

Conventional and modified workstation and tools

This study was studied in a male wood carver who
carving specific the Buddha image on the plate wood for
2 days. Initial survey results showed that conventional wood
carving tools were constructed from traditional culture
and wisdom with a selection of tough and forced absorbed
wood such as that from trees. Furthermore, chisel handles,
iron hammer heads, sew Ngon (curved chisel), and iron
stamps were unsafe with rough and hard surface. Wood
carvers worked in stationary and prolong sitting positions
on a low seat (Figure 1.A), that caused a humpback, affected
neck and knee flexion and induced dominate pain at the
neck and lower back regions.

Figure 1. Conventional (A) and modified workstation (B) during wood
carving. (Photos were permitted by wood carver for academic
publication without conflict of interest).

The workstation was modified by using wooden and
marble chairs with a higher level (Figure 1.B). In addition,
hammers were adapted for safe handling with grooves in
the handle for fingers to fit and rubber wrapped around the
hammer head and handle (Figure 2). The total RULA scores
during use of the conventional and modified workstation
are shown in Table 1, the total RULA scores were 7 and 6,
respectively. The RULA scores for each part of the body
did not change in the upper arm position, wrist position,
wrist twist or legs, except the lower arm, neck, and trunk
position. Results for areas of pain and intensity at the neck
and lower back regions decreased from intense (scale=6) to
comfortable (scale=2) sensation. Moreover, the satisfaction
of wood carver on the modified workstation was excellence.

._‘ ._

Figure 2. Conventional (Left) and modified tools (right). Hammer adapted
for safe handling with grooves in the handle for fingers to fit and
rubber wrapped around the hammer head and handle.

.a-"-‘,,-

Table 1 Rapid Upper Limb Assessment (RULA) scores between
carving with conventional and modified workstations

Individual body part;

- Upper arm postition 3 3
- Lower arm position 2 3
- Wrist postition 3 3
- Wrist twist 1 1
- Neck position 2 3
- Trunk position 4 3
- Legs 1 1
Total score 7 6

Innovative workstation design and development

From the face to face discussions on the modified
workstation with the fourteen-wood carvers, an innovative
workstation with table and stool was designed and
developed, comprising a wooden tilted table and stool.
The general characteristics of the innovated workstation
were agreed upon, with their low cost, and tailor-made
and small flat designs. Figure 3 shows the innovative workstation
with adjustable sloping surface was made at an appropriate
height at elbow level in a sitting position. Moreover, the
table was developed with spaces in the front and at both
sides for hand tools and free space for legs under the table.
The height stool was designed appropriate to popliteal
level and a width of seat pan with a round ridge can be
adjustable tilt, in order to avoid contact stress. Finally,
the result of discussions claimed that the innovative workstation
was convenient, comfortable and usable for wood carving.

3
CS

~ Figure 3. The innovative workstation with both table and stool for wood

carving. Table is wooden and tilted with hand tool spaces in
the front and on both sides. Stool was designed with an appro-
priate popliteal height and seat pan of appropriate width with
a round ridge, and special adjustable tilt, in order to avoided
contact stress.
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Discussion

This preliminary study showed that a wood carver in
a conventional workstation worked traditionally in a slumping
posture on a low, flat seat. A previous report showed that
prolonged slumping in a sitting position for one hour reduced
abdominal muscle strength and induced muscle fatigue.*®
In addition, pressure was loaded at the cervico-thoracic
and lumbosacral joints.?’ Therefore, slumping posture directly
affects the cervico-thoracic and lower back regions that
reflect WMSDs.

In this study, ergonomic risk during wood carving
was assessed with a standardized tool and Rapid Upper
Limb Assessment (RULA), which has good reliability in
evaluating posture®? or overall posture imbalance.* RULA
has been a tool for evaluation in many previous occupations,
such as carpet hand-weaving,® ¢ the ceramic industry,?
warehouse working,?? etc. A high RULA score reflects the
high risk of WMSDs, which requires immediate change in
posture.’ The total RULA scores when wood carving as the
figure 1 (A) before modification of the workstation was 7,
which can be interpreted as action level 4, meaning that
the wood carver has the worst posture with the risk of sudden
injury and the need to change posture immediately.?®
Although the total RULA score of the modified workstation
as the figure 1 (B) was 6, it can be interpreted as action
level 3, which means that the wood carver has an awkward
posture and risk of injury, and needs to investigate the
posture and change it quickly. Although the total RULA
scores were not dominantly different, either before or after
modification of the workstation, scores for many parts of
the body part were not reduced, but increased, however,
the score of trunk position decreased from 4 to 3. These
results can be explained by modification of the workstation
with marble chairs that can correct lower back alignment.
Sitting on a low seat involves the posterior pelvic tilt position
and lumbar flexion or reversed lumbar curve.

It is possible that non-dominantly changed RULA
scores on other parts of the body, especially the upper and
middle thoracic position, can refer to loss of voluntary trunk
control from prolonged muscle fatigue, characterized by an
extended cervical spine, a long Cshaped kyphotic thoracolumbar
spine and posteriorly tilted pelvic region, which is consistent
with a previous report.?* In addition, pain was located at
the lower back in this study, which is similar to previous
evidence that reported on either crossed-leg or heel sitting
posture affecting the lumbar multifidus muscles during work,
and the center of gravity shifted anteriorly, thus, muscle
fatigue and pain could be presented.? The results of RULA
scores of the upper arm position, wrist position, wrist
twist, and legs did not change, whereas those of the lower
arm and neck position increased because of higher of table
height when compared to before modification. This can be
explained possibly by the height of the workstation being
insufficient or unadaptable for wood carving. Moreover,
strength of the back and neck muscles were not evaluated,
therefore, posture analysis with the RULA sheet at the back
region from muscle weakness, including work efficacy after
modification of the workstation during different wood carvings,
should be studied in the future.

Not only the workstation was modified in this study,
but also the hand tools because they are very important for
ergonomic risk factors in all of the wood carvers. Previous
data showed a strong relationship between occupational
musculoskeletal disorders (MSDs) and the use of hand
tools? that may result in traumatic events.?” In addition,
inappropriate hand tools have influence on musculoskeletal
disorder during work, for example, those in the study of
hairstylists.>1° Carving tools were modified by rubber
wrapping in order to reduce stress on the palm of the hand
and improve grip. Unfortunately, this study did not evaluate
the efficiency of tool modification, while the RULA scores of
wrist position and twist did not improve. However, it has
been suggested that a tool handle should be coated with
soft material and a non-slip surface.'® Thus, the force and
safety of hand tools during wood carving should be studied and
confirmed in the future. In addition, the size or cross-sectional
shapes of the tools may affect contact pressures. A previous
study found that cross-sectional shapes of tools caused
variations in distribution of contact-pressure, especially in
the palm region close to the index finger, which induces a
comfortable grip during work.?®

When the face to face discussions and RULA scores
were completed and after the 4-week working trial with
the modified workstation, many weak points needed to
be corrected. An innovative workstation was designed and
developed from the ideas discussed and some evidence in
a previous report that evaluated the appropriate posture
for weaving.®2 A good workstation should correct the posture
of the wood carver to a neutral one (sitting upright), with
symmetry according to the sagittal plane, looking straight
ahead horizontally, arms hanging down beside the trunk,
and forearms perpendicular to the upper arms. In theory,
good posture during work has been recommended as neck
flexion of less than 20 degrees, shoulder flexion or abduction
of less than 30 degrees, shoulder extension and internal
rotation, slight elbow flexion, supination and pronation with
grasp, the same as wrist flexion or extension, and ulnar
or radial deviation while grasping tools, which can prevent
musculoskeletal injury.?

In addition, the innovative workstation was finally
developed with an adjustable tilting stool for the individual
wood carver. It had a high seat pan that sloped forward by
approximately 10 degrees, thus provoking an anterior pelvic
tilt as previously suggested® ¢ for industrial carpenters.®
Furthermore, the design of a table with a tilted surface and
adjustable stool is very important for wood carving and
consistent with a previous recommendation 5 and previous
study on carpet weavers, which found that postural discomfort
reduced when the weaving height was adjusted to 20 cm
above elbow height and a high seat pan sloping forward
was used.® It is interesting that the wood carvers suggested
design of the hand tool spaces in front and at both sides
of the table, so that tools can be kept within reach while
working with no need to drag, push or pull heavy hammers
during carving. A previous study showed that exposure to
both ‘fatigue-inducing or painful posture’ and ‘dragging,
pushing, or moving heavy objects’ related to work-related
low back pain.*® Thus, the development of spaces for keeping
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tools reachable possibly helps safe body movement and
protects from muscle overload.

Therefore, the innovative workstation in this study
should have more benefits for wood carvers such as allowing
changes in leg position and helping to decrease neck
bending forward when carving. Furthermore, the seat pan
of the stool can be ftilted together with the wood carver’s
body movement, possibly promoting a straight low back
(lumbar lordosis) and avoiding a slumping position. Moreover,
the good posture with neutrality alignment of head, neck,
back, trunk, and lower extremities is not only direct clinical
effect on neuromuscular function, but it also promotes
the diaphragmatic function and breathing efficiency that
possibly prevents the respiratory dyspnea during working.
Whether an innovative workstation can correct the posture
or characteristics of all parts of the body should be studied in
the future. Finally, satisfaction with the innovative workstation
and adjustable tilted table was discussed completely and
immediately considered excellent for wood carving. However,
efficiency of wood carving and ergonomic risk should be
studied and confirmed in the future.

Weakness, limitation and suggestion

The results of this preliminary study were specific
to the wood carver, represented with descriptive data without
a statistical method, which possibly makes the data weakness.
Moreover, modification and development of the innovative
workstation had specificity that limited this study from other
specific types of carving and possibly all wood carvers or
different occupations. However, studying larger sample
sizes, with adjustable seats and workstations for preventing
musculoskeletal injury or disorder in various wood carvers,
is very interesting for future research. Moreover, other
factors in wood carving, especially environments, size of
tools, and duration of carving, should be concerned and
evaluated in the future. Because previous evidence proposed
that risk factors came from inappropriate posture, either
prolonged static or dynamic posture, and working environment
such as lighting, dust and noise level related to WMSDs?
should be studied in the future. In addition, multifactorial
ergonomic intervention and exercise training should be
introduced into the program as recommended in a previous
report.3

Conclusion

Modification of the workstation and seat for wood
carver can correct posture and reduce pain. Furthermore,
the innovative workstation with reachable spaces for hand
tools in front and at both sides and adjustable tilted table,
which possibly could correct low back alignment. This
workstation should have more potential benefits for wood
carvers, especially protecting the musculoskeletal disorder
when compared to original workstation.
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