
Introduction

Construction is one of the most hazardous industries in
the United States1).  Work-related musculoskeletal pain
and disorders are common among construction trade
workers and account for over 37% of all injuries result-
ing in days away from work2).  The incidence rate of
work-related non-traumatic soft tissue injuries to the neck,
back, and upper extremities is about 6.2 per 100 full time
employees in the construction industry, which is highest
of all the US industries3).  Furthermore, construction
injuries from manual material handling are costly,
accounting for 32% of workers’ compensation claims
among the construction trade workers, and 25% of the
cost of all claims across all the industries.  The average

cost per claim is USD 9,2401).
Frequent material handling activities found in con-

struction work environments put substantial stress on the
neck, shoulder, and lower back resulting in pain and dis-
comfort.  A number of studies have evaluated the preva-
lence of different types of musculoskeletal disorders
(MSD) among construction workers.  A study of workers
compensation claims in Washington (US) show that
masonry and residential construction are among the top
five industries having the highest risk of injuries4).
Among 73,631 Swedish construction workers studied by
Holmström et al.5), 41.1% had neck and shoulder disor-
ders.  Building construction is listed among the top ten
high-risk industries for MSD among the Taiwanese work-
ing population by Guo et al6).  Neck and shoulder disor-
ders affect 26.3% of male and 32.1% of female among
the Taiwanese construction workers.

Construction workers are frequently involved in the lift-
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ing of heavy objects at the ground, knee, waist, elbow,
shoulder, and overhead heights.  Due to material and site
constraints, construction workers spend ample time lift-
ing, holding, carrying, pulling or pushing loads of mate-
rial.  For instance, the mixing of mortar or grout tradi-
tionally involves lifting heavy cement bags.  Full cement
bags weigh around 36 to 45 kg.  Regular masonry work
involves lifting of concrete blocks at or above shoulder
level.  Standard-weight concrete blocks, measuring
0.2 × 0.2 × 0.4 m, weigh approximately 16 kg7).  The
installation of large windows and sheet materials requires
workers to lift and carry heavy and bulky objects.  Wall
panels used in residential construction, which are manu-
ally handled by 1–2 workers, can measure 3.66 × 2.44 m
and weigh up to 118 kg when sheathed8).  These and
many more construction related activities involve lifting,
holding, and carrying of heavy objects.  In addition to the
weight of objects, construction work activities at shoul-
der height are often considered cumbersome due to awk-
ward posture of the neck.

Manual material handling activities are an inseparable
part of any construction project.  Epidemiologically, sev-
eral review studies have clearly established a strong rela-
tionship between work activities requiring forceful arm
exertions and the occurrence of neck disorders9–11).
Common neck disorders associated with work activities
involving forceful arm exertions include degenerative disc
disorders such as disc herniation or cervical spondylosis
and in some cases more muscle specific disorders such as
tension neck syndrome12, 13).  Even though these disor-
ders are prevalent among construction workers, very few
studies have evaluated the underlying pathomechanism.
The purpose of this study was to evaluate physical risk
factors (force and posture) associated with neck disorders
among construction workers.  The role of the major neck
muscles during lifting tasks at shoulder height was eval-
uated biomechanically by studying muscle activity in the
cervical region.

Subjects and Methods

Participants
Fifteen healthy participants (10 males and 5 females)

with no history of musculoskeletal abnormalities partic-
ipated in this study.  The participants were graduate or
undergraduate students at Louisiana State University.
Age, weight, height, and BMI of the participants were
23.9 ± 3.8 yr, 76.7 ± 14.1 kg, and 172.8 ± 11.6 cm, and
25.6 ± 3.5, respectively.  The Physical Activity Readiness
Questionnaire (PAR-Q, British Columbia Ministry of
Health) was used to screen participants for cardiac and
other health problems (e.g. dizziness, chest pain, heart
trouble).  Participants who answered yes to any of the

questions on the PAR-Q were excluded.  Prior to the data
collection the experimental procedures and the demands
of the testing were explained to the participants and their
signature was obtained on the informed consent form
approved by the institutional review board at Louisiana
State University.

Experimental task
The experimental task was designed to test a common

yet physically demanding construction work activity espe-
cially for the upper extremities.  As described previous-
ly, construction workers are frequently involved in lifting
and holding objects at shoulder height.  One such task is
mixing mortar in the traditional way.  To load material
in the mixer, construction workers have to lift and hold
heavy cement bags to their shoulder height1) (Fig. 1).
Lifting at shoulder height is considered to be very stren-
uous for the shoulder joint due to a comparatively larger
moment arm.  Furthermore at various instances construc-
tion workers tend to perform forceful exertions at extend-
ed and flexed neck postures because of necessary visual
focus points (e.g. carrying objects up- or down- stairs and
on ladders, holding materials while standing on inclined
surfaces).  Therefore, the lifting tasks evaluated in this
study were carried out at shoulder height in extended, neu-
tral, and flexed neck postures.  Studying static exertions
at extreme postures provide a sound basis for under-
standing neck muscles’ activation at different muscle
lengths.  In order to standardize the posture, the partici-
pants performed lifting trials at maximally extended and
flexed neck postures.  The neck flexion extension angles
were measured using a manual goniometer by aligning
one hand of the goniometer with the chin line and the
other with the neck along the mastoid process.  The aver-
age maximum neck flexion and extension angles were
54.6˚ (± 10.1˚) and 46.3˚ (± 9.0˚), respectively.
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Fig. 1. A construction worker lifting and holding a heavy
cement bag at shoulder height during mixing mortar (source:
NIOSH Publication No. 2007-122).



Experimental design
At each neck posture, participants lifted 25%, 50%, and

75% of their maximum shoulder height static strength.
Thus, each participant performed nine experimental trials
(3 neck postures × 3 lifting weights).  A full factorial
experimental design was adopted and the trial order was
randomized using Latin Square design.  The independent
variables were lifting weight (25%, 50%, and 75%) and
neck posture (maximally extended, neutral, and maxi-
mally flexed).  The dependent variables were the activi-
ties of the sternocleidomastoid and upper trapezius mus-
cles measured using electromyography (EMG).

The maximum shoulder height static strength was
determined using isometric strength testing equipment
(Prototype Design & Fabrication Company, Ann Arbor,
MI, USA).  The equipment consists of a horizontal lever
arm (C) and a vertical post (D) (Fig. 2).  A load cell (B)
is mounted on a horizontal lever arm.  The horizontal
lever arm is assembled to a vertical post, such that it could
be moved along the vertical post and clamped at any
desired height.  The height of the handle (A) was adjust-
ed to the approximate shoulder height of the participants
such that the participants maintained exactly the same
joint configuration as during the experimental trials.
Output from the load cell was recorded using a force mon-
itor.  The participants were instructed to apply the force
slowly and steadily without jerking motion, until maxi-
mum exertion was reached.  Three trials were collected.
In case of variability of >10% between trials, a fourth trial
was performed and the average of the best three values
was determined.

During each experimental trial, the participant stood in
the normal upright standing posture with her/his feet
placed symmetrically and shoulder width apart.  The par-

ticipant lifted a box with cutout handles on each side such
that the shoulder joint was approximately 0˚ abducted and
90˚ flexed and elbow joint 15˚–20˚ degrees flexed with
neutral supination/pronation (Fig. 2).  The wrist was
approximately 35˚–45˚ degrees ulnarly deviated to facili-
tate firm coupling with the box.  The participants lifted
and held the box for seven seconds.  First two seconds
were allowed for lifting the box and during the remain-
ing five seconds they held the box.  To standardize the
posture across the participants, a movable platform was
used (Fig. 3).  Every time the height of the lifting box
was adjusted approximately to the shoulder height of the
participants by moving the platform up or down.  Before
the actual experimental trial, participants would stand at
a convenient distance from the box making sure that he
or she could lift the box by maintaining the required joint
configuration.  Goniometers were used to maintain con-
sistent joint configurations across the participants.  Each
participant performed all nine exertions (3 weights × 3 neck
postures) in one session.  A rest period of 1.5 min was
given between the trials.  To avoid excessive axial rota-
tion of the upper arm, two different boxes, 30 cm wide
(30 cm × 30 cm × 20 cm) and 42 cm wide (25 cm ×
42 cm × 20 cm), were used.  Participants with a shoulder
width less than 35 cm simulated the lifting tasks using
the 30 cm wide box, while the participants with a shoul-
der width more than 35 cm used the 42 cm wide box.
The weight of the box was adjusted to the required weight
using metal pieces of various masses. 

Data Acquisition
EMG data were acquired using an eight channel wire-

less EMG systems (Delsys Inc., Boston, MA, USA).
Parallel bar active surface electrodes (DE-2.3 EMG
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Fig. 2. Isometric strength testing equipment, (A) handle, (B) load cell, (C) horizontal lever
arm, (D) vertical post.



Sensors, Delsys Inc., Boston, MA, USA) were used for
EMG signal acquisition.  The sensor contacts are made
of 99.9% pure silver bars measuring 10 mm in length,
1 mm in diameter, and spaced 10 mm apart.  Prior to the
placement of the EMG electrodes the skin underneath the
anatomical landmarks was shaved (if required) and
cleaned with 70% alcohol. 

EMG from the sternocleidomastoid muscle was record-
ed by placing an electrode along a line drawn from the
sternal notch to the mastoid process, at 1/3 the length of
the line from the mastoid process.  Electrodes were locat-
ed midway between the innervation zone (the middle of
the muscle14)) and the insertion of the muscle at the mas-
toid process. 

EMG from the upper trapezius muscle was recorded
using two electrode locations (lower and upper).  The
lower electrode was placed at a location along the line
joining the acromion and C7, at 1/3 the distance from the
acromion, according to published recommendations15).
An additional upper electrode was placed between the
occiput and C7, at the level of C4 to precisely examine
the activities of the upper trapezius muscle in the cervi-
cal region16).  To our knowledge no standardized elec-
trode location for the upper trapezius muscle along the
C4 level have been mentioned previously in the literature;
therefore, electrode location along the C4 level was final-
ized based on the measurements from the skeletal mod-
els of cervical spine and pilot EMG data collection.  The
level of C4 was determined by marking a horizontal line
at 2.5 times the distance between the C6–C7 vertebrae
above the C7.  The electrode at this location was placed
slightly inclined (approximately 35 degrees) to the verti-
cal line between spinous processes of the C7 and C4.  

EMG data from the neck muscles were recorded from
both left and right sides using a total of six electrode loca-
tions.  A disposable reference electrode was applied to
the forehead.  EMG data was collected continuously dur-
ing the experimental trials at the rate of 1,000 Hz.

Data analysis
EMG data during all the exertions were analyzed for

the last five seconds of each exertion.  The raw EMG sig-
nal from each electrode location was demeaned and then
full-wave rectified.  To demean the signal, the mean of
the raw EMG data was subtracted from each EMG data
point.  The full wave rectified EMG signal was then low
pass filtered at 4 Hz using a fourth-order dual pass
Butterworth digital filter, to form a linear envelope17) and
mean absolute values (MAV) were obtained18).  The
resulting data were averaged i.e. the low pass filtered
EMG data from each electrode locations during a static
lifting trial were averaged to determine the averaged MAV
i.e. A-MAV.  For any static lifting trial, six MAV were
obtained for a participant corresponding to six electrode
locations.

Comparison of EMG between and within participants
involves normalizing the EMG data.  Typically EMG can
be normalized with respect to (1) muscle activation at the
maximum voluntary contraction or percentage of maxi-
mum voluntary contraction19, 20), (2) reference muscle
activation while performing standardized task21, 22), (3)
the peak or mean activation during the tasks23–25).
Although normalization with respect to maximum volun-
tary contraction has been extensively used in the litera-
ture, the ability to maximally activate all motor units
depends on many factors, such as the muscle activated,
training level, motivation, and most importantly pos-
ture26).  In the cervical spine, considering the wide range
of motion, neck muscles’ moment arm and the length-ten-
sion relationship alter greatly depending on the neck pos-
ture.  The neck posture governs the activation as well as
ability to exert maximum force for the neck muscles.  The
anterior neck muscles can be most active at certain neck
postures, at which posterior muscles are minimally acti-
vated27).  One of the main objectives of this research was
to evaluate the effect of the neck posture, and since major
anterior as well as posterior muscles were evaluated,
EMG data were normalized using the maximum (peak)
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Fig. 3. A participant performing static lifting task at the shoulder height with her neck at (a) maximal-
ly extended, (b) neutral, and (c) maximally flexed positions.



activation during tasks.  
The average MAV was determined for each electrode

location during all the experimental trials.  The MAV data
were normalized with respect to the maximum average
MAV.  For both muscles the maximum average MAV
was observed at 75% weight condition.  The MAV for
the upper trapezius muscle was observed at flexed neck
posture (both locations), and for the sternocleidomastoid
muscle it was observed at extended neck posture.  The
EMG MAV from all the electrodes was normalized to
determine the Normalized MAV (N-MAV):

Where,
m = neck posture; maximally extended, neutral, maxi-

mally flexed
n = weight condition; 25%, 50%, 75% of maximum

shoulder height static strength
o = electrode location; right, left on sternocleidomastoid

and right, left, upper, lower on upper trapezius mus-
cles

p = participant; 1 to 15

Statistical analysis was performed using a two-factor
(lifting weight × neck posture) repeated measures analy-
sis of variance (ANOVA) model.  The lifting weight
(25%, 50%, and 75%) and neck posture (maximally
extended, neutral, and maximally flexed) were treated as
the within subject variables.  The N-MAV of sternoclei-
domastoid and upper trapezius muscles (both upper and
lower locations) were the dependent variables.  Post hoc
trend analysis was performed using Tukey’s HSD

(Honestly Significant Differences) test when necessary.
The significance level was set at 95%.  

Results

No difference was found in the EMG data collected
from the right and left side (p values for sternocleido-
mastoid, upper trapezius muscle along the C4 level, and
upper trapezius muscle along the C7 level were 0.26, 0.26,
0.32, respectively) and therefore data from right and left
side was averaged for further statistical analysis.

Effect of weight
Increase in the weight from 25% to 50% to 75% had

significant effects on the activities of the sternocleido-
mastoid muscle (p<0.0001) (Fig. 4).  At neutral neck pos-
ture, based on the post hoc trend analysis, the EMG acti-
vation at 75% weight condition was significantly higher
than the respective 25% and 50% weight conditions (at
α=0.05) (Table 1).  At extended and flexed neck postures,
increase in the EMG activation with respect to the
increase in weight from 25% to 75% and from 50% to
75% was statistically significant.  At either neck posture,
EMG activation increased with the increase in the weight
from 25% to 50%, but the increase was statistically not
significant.

The activities of the upper trapezius muscle along the
C4 level increased significantly with the increase in the
weight from 25% to 50% to 75% (p<0.0001) (Fig. 5(a)).
Based on the post hoc trend analysis, at all three neck
postures, the EMG activation at 50% weight condition
was significantly higher than the respective 25% weight
condition; and at 75% weight condition was significantly
higher than the respective 25% and 50% weight condi-
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Fig. 4. Behavior of the sternocleidomastoid muscle (N-EMG values) at 25%, 50%, and
75% weight conditions at neutral, flexed and extended neck postures.



tions (at α=0.05) (Table 1).  
For the upper trapezius muscle along the C7 level,

increase in the weight significantly increased the EMG
activation level (p<0.0001) (Fig. 5(b)).  Similar to the
upper trapezius muscle along the C4 level, increase in the
weight from 25% to 50%, 25% to 75%, and 50% to 75%
significantly increased the activities along the C7 level (at
α=0.05) (Table 1).

Effect of the Neck Posture
The activation of the sternocleidomastoid muscle was

significantly affected by the neck posture (p<0.0001)
(Fig. 4).  At each weight condition, the activation of the

sternocleidomastoid muscle was significantly higher at the
extended neck posture than the respective neutral and
flexed neck postures (Table 1).  The activation of the ster-
nocleidomastoid muscle at the neutral and flexed neck
postures was found statistically identical at all weight con-
ditions.

Neck posture significantly affected the activation of
upper trapezius muscle along the C4 level (p<0.0001)
(Fig. 5(a)).  At 25% weight condition the muscle was
found most active at the flexed neck posture; however,
the values were statistically not significant (Table 1).  At
50% and 75% weight conditions, the muscle was found
most active at the flexed neck posture followed by the
neutral and extended neck posture.  The increase in the
activation level with the change in the neck posture from
neutral to flexed and from extended to flexed was statis-
tically significant.  The increase in the activation level
with the change in the neck posture from extended to neu-
tral was statistically not significant.  

The activation of upper trapezius muscle along C7 level
was also significantly affected by the neck posture
(p=0.0003) (Fig. 5(b)).  At each weight condition, the
muscle was most active at the flexed neck posture fol-
lowed by the neutral and the extended neck posture
(Table 1).  In terms of statistical significance, at 50%
weight condition, the activation at the flexed neck pos-
ture was significantly higher than the corresponding
extended neck posture.  At 75% weight condition, the
activation at the flexed neck posture was significantly
higher than the corresponding extended and neutral neck
postures.

Discussion

The main aim of this study was to understand the phys-
ical risk factors associated with neck disorders among
construction workers.  A manual material-handling task
common at various construction sites i.e. lifting and/or
holding of heavy objects at the shoulder height was stud-
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Fig. 5. Behavior of the upper trapezius muscle along (a) C4 level and (b) C7 level (N-EMG values) at 25%, 50%,
and 75% weight conditions at neutral, flexed and extended neck postures.

Table 1.   N-MAV (%) values for the sternocleidomastoid and upper
trapezius muscle (mean ± SD)

Sternocleidomastoid

Neck posture

Weight Extension Neutral Flexion

25% 57.6 (± 20.9)*a, x 14.7 (± 7.3)b, x 12.9 (± 6.1)b, x

50% 72.2 (± 19.2)a, y 23.3 (± 10.7)b, x 23.2 (± 11.8)b, x

75% 96.0 (± 7.8)a, z 37.0 (± 16.5)b, y 41.4 (± 24.3)b, y

Upper trapezius (along the C4 level)

25% 34.1 (± 13.6)a, x 33.6 (± 9.8)a, x 40.8 (± 15.3)a, x

50% 51.0 (± 19.1)a, y 53.4 (± 13.7)a, y 66.4 (± 18.5)b, y

75% 62.8 (± 13.4)a, z 70.6 (± 19.9)a, z 95.9 (± 10.2)b, z

Upper trapezius (along the C7 level)

25% 36.6 (± 14.7)a, x 37.7 (± 9.1)a, x 42.1 (± 17.1)a, x

50% 53.3 (± 17.2)a, y 59.1 (± 11.6)a, y 67.5 (± 18.7)b, y

75% 73.0 (± 16.2)a, z 75.2 (± 17.0)a, z 95.3 (± 10.6)b, z

*The values marked with the different letters are statistically significant.
Letters a, b, and c are used for neck postures and x, y, and z are used
for weight conditions, e.g. for sternocleidomastoid muscle at 25% weight
condition N-MAV during extended neck posture was higher than the
corresponding neutral and flexed postures, and lower than the corre-
sponding 50% and 75% weight conditions.



ied.  The contribution of neck muscles was evaluated bio-
mechanically by studying the EMG activities of major
anterior and posterior neck muscles at neutral, maximal-
ly flexed, and maximally extended neck postures.

The weight lifted substantially affected the contribution
of the neck muscles.  In the case of the anterior neck mus-
cle (sternocleidomastoid muscle), increased muscle acti-
vation with increased weight was significant at extended
neck posture and mostly for higher weights (50%, and
75%) at neutral and flexed neck postures.  For the pos-
terior neck muscles (upper trapezius muscle) along C4 as
well as C7 levels, at all the neck postures, a significant
weight-muscle activation relationship was observed.  This
observed increase in the activation of the upper trapezius
muscle along the C7 level with the increase in the weight
at the shoulder height is consistent with previous investi-
gations7, 15, 28, 29).

Posture had a significant impact on the activation level
of the neck muscles.  Independent of the weight lifted the
sternocleidomastoid muscle was most active at the extend-
ed neck posture.  The muscle activation at the neutral and
flexed neck postures was identical.  The upper trapezius
muscle was most active at the flexed neck posture fol-
lowed by the neutral and extended neck postures.
However, this neck posture dependent behavior of the
upper trapezius muscle was found to be significant only
at the higher weight conditions, i.e. while lifting 50% and
75% weights, flexed neck caused substantially higher
muscle activation compared to the neutral and extended
neck postures.  Consistent with our findings, previously,
increased activation of the upper trapezius muscle along
the C7 level, at the flexed neck posture was reported in
a number of studies evaluating sitting work postures30–32).
Moreover the observed neck-posture and muscle-activa-
tion trend is in agreement with the muscle force-length
relationship i.e. lower activation at shorter length and
higher values at increased length33).

The upper trapezius muscle, especially along the C7
level, has been widely studied in occupational investiga-
tions to evaluate neck and upper extremity disorders.  To
our knowledge no previous study evaluating occupation-
al tasks or forceful arm exertions has reported the activ-
ities of the sternocleidomastoid muscle and the upper
trapezius muscle in the cervical region.  While evaluat-
ing neck disorders, understanding the activation of these
muscles is vital, as they are bigger (surface) muscles in
the neck region and anatomically couple the shoulder to
the skull.  Such an anatomical orientation may require
these muscles to support the shoulder during forceful arm
exertions.  In confirmation with our claim, the results of
this study clearly show that, similar to the upper trapez-
ius muscle along the C7, the activation of the sternoclei-
domastoid muscle and the upper trapezius muscle in the

cervical region was sensitive to the lifting weight as well
as neck posture. 

Overall, the results of this study indicate that the neck
muscles play an active role during lifting and holding
tasks at shoulder heights.  While translating EMG acti-
vation of the neck muscles into physical risk factors asso-
ciated with neck disorders, it is important to understand
the possible MSD pathways.  Armstrong et al.34) pre-
sented a conceptual model describing the pathways
involved in the pathogenesis of cumulative neck and
upper limb MSD.  During work activities, the internal
forces acting upon the musculoskeletal system require a
response by the body.  The response could be physiolog-
ical or biomechanical in nature e.g. increased circulation,
local muscle fatigue etc.  The cumulative work activities
could require continued or excessive response, which
might affect the body’s ability to deal with further
responses.  With the repetition and/or accumulation of this
phenomenon over the time, the reorganization or the
regeneration process of the body tissue might be affect-
ed, causing structural tissue deformation.  

Routine construction work requires lifting objects to
shoulder height repetitively.  The sustained activity in
neck muscles during these tasks can be linked to (1)
reduced blood flow, (2) repetitive loading of tendons, (3)
rupture of the muscle’s z-discs, and (4) contractile forces
acting on the cervical spine35).  The repetitive loading of
the muscles and tendons has been associated with mus-
cle specific neck disorders such as tension neck syndrome,
while that of cervical vertebrae has been associated with
degenerative disorders such as disc herniation and cervi-
cal spondylosis34).  Thus active contribution of the neck
muscles during the lifting and holding of heavy objects
at shoulder height could be probable risk factors associ-
ated with prevalent neck disorders among construction
workers.  Considering the inherent association of lifting
tasks with the construction profession, alternative mater-
ial (e.g. light-weight concrete blocks7), pre-blended mor-
tar and grout mix1)), methods, and tools (Vacuum lifters1))
could be used to minimize the potential of neck injuries
among construction workers.  Future studies could be per-
formed to find alternative construction work strategies and
also to validate existing interventions.

The laboratory based nature of this study imposes a few
limitations.  First, the actual construction sites are char-
acterized by harsh outdoor environments due to noise,
vibration, space, and time constraints.  Such task specif-
ic factors could impose psychosocial stress further impact-
ing muscle activation.  Second, for standardization pur-
poses, the participants lifted certain percentages of their
maximum strength.  In actual work conditions workers
lift weights of different sizes and dimensions regardless
of body size or strength.  Third, relatively younger peo-
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ple with less experience in physically demanding work
were tested.  Considering the relatively awkward lifting
posture tested in this study, the ability of the participants
to lift at shoulder height might have been less than actu-
al construction workers.  Moreover, it is possible that the
muscle activation patterns in experienced workers may be
different than the relatively inexperienced university stu-
dents.  Future studies performed at construction sites,
evaluating actual construction tasks and workers could
provide us a more comprehensive understanding of the
neck disorders among construction workers.

In summary, this study concludes that lifting and hold-
ing weights at shoulder height result in increased activi-
ty in the superficial neck flexors and upper trapezius
which may be a source of neck MSD prevalent among
construction workers.
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