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Abstract: Background: Shoulder pain is prominent among sedentary employees who make motions
of the upper limbs on a regular basis. Rounded shoulder posture (RSP) and hunched shoulder posture
(HSP) are the most common clinical postural misalignments. These causes the spine to bend and
raise tension on the nerve roots, which has a negative impact on upper-extremity muscular strength
and function. Therefore, this study was carried out to investigate the effect of RSP and HSP on the
mechanical parameters of the upper body muscles in clinically asymptomatic sedentary workers.
Methods: Twenty office workers with RSP, 20 with HSP, and 20 with normal shoulder posture (NSP)
were matched for age, BMI, and type of job. Volunteers were split into groups based on photometric
shoulder angle measurements. Mechanical properties such as muscle tone, stiffness, and elasticity
of the upper trapezius, middle trapezius, posterior deltoid, and pectoralis major were assessed
in sedentary postures. Results: The study revealed a significant decrease in muscle tone for the
pectoralis major and a significant increase in muscle stiffness for the poster deltoid in both RSP and
HSP as compared to NSP. Specifically, muscle tone decreased from 20.1 ± 4.0 to 12.4 ± 3.1 Hz (38.3%),
(p ≤ 0.001) in RSP and from 20.1 ± 4.0 to 14.0 ± 4.8 Hz (30.3%), (p ≤ 0.001) in HSP. Muscle stiffness
increased from 309.9 ± 70.7 to 348.15 ± 68.7 N/m (11%), (p ≤ 0.001) in RSP and from 309.9 ± 70.7
to 441.7 ± 45.9 N/m (29.8%), (p ≤ 0.001) in HSP. Conclusions: RSP and HSP have an impact on the
tone, stiffness, and elasticity of upper body muscles in healthy asymptomatic sedentary workers.
These postures, on a regular basis, may affect physical health and decrease workers’ productivity. In
addition, it is recommended for sedentary workers to take regular breaks and attend training that
could help improve their physical health.

Keywords: upper body muscles; sedentary workers; muscle tone; elasticity; stiffness

1. Introduction

Excess sedentary behaviour is common and apparently ‘inevitable’ for people who
work at a desk for 8 h a day. When a computer is used for a long period in an incorrect
posture, the head shifts forward and upward, causing an increase in weight on the neck,
which eventually causes a change in the upper body [1,2]. These workers are likely to suffer
from lower back, neck, and shoulder aches and other sorts of work-related musculoskeletal
injuries. According to EU-OSHA (2019), Musculoskeletal Disorders (MSDs) constitute the
most important concern for 60% of workers with a work-related health problem, with 43%
including upper limbs and/or shoulders [3]. Faulty postures such as uneven shoulder
level are a concern among 36% of adolescents and university students related to shoulder
rolling [4,5]. Likewise, over 80% of myofascial pain syndrome patients also have an
abnormal rounded shoulder posture (RSP) [6].
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The tension in the neck and scapular muscles rises whenever the head moves forward,
and the reaction forces in the glenohumeral joint also increase. This can cause MSDs in
the upper body, mainly in the shoulders, i.e., rounded shoulder (shoulder forward) and
hunched shoulders (shoulder up) [7]. In rounded shoulder posture (RSP), the shoulders
appear to be bent forward, caused by scapulae elevation and acromion protraction. These
changes may cause disproportion in connected muscles and ultimately cause pain in the
head, shoulders, and arms [8].

The shoulders appear lifted up toward the neck and the scapulae are elevated outward
in a hunched shoulder posture, which is most commonly observed in computer workers
who work in a table-and-chair work environment [9–11]. This is caused by the placement
of the hands (elbows) during watching (viewing the computer screen) or typing tasks. The
recent study conducted on subjects aged 20 to 50 years, revealed that about 73% of workers
had right rounded shoulder and 66% had left rounded shoulder [6,12].

There are studies focusing mainly on the head and neck muscles during head postures.
However, very few studies have focused on the mechanical effects on muscles due to shoulder
postures in sedentary workers. Therefore, the present study focused on investigating the
effect of RSPs and HSPs on the mechanical characteristics of the upper body muscles in
asymptomatic sedentary workers. The key objective was to assess whether the considered
muscles’ tone, stiffness, and elasticity would change during RSPs and HSPs compared to NSPs
in the sedentary working population. The outcomes of this study may provide researchers
with additional information on shoulder postural alignment. Furthermore, the effect of
mechanical parameters on specific muscles during a particular sedentary posture in a specific
age group will aid in determining the association between shoulder pain and posture.

2. Methods
2.1. Study Participants

Overall, 60 university staff and students who fulfilled the inclusion requirements were
selected. The participants were separated into three groups, normal posture ((NSP), n = 20),
RSP (RSP, n = 20), and HSP (HSP, n = 20). The sample size concerning shoulder posture
measurements and biomechanical properties was selected based on similar studies [13–17].
All participants were matched for age, height, weight, BMI; the data are presented in
Table 1. Only healthy participants without shoulder complaints in the past 6 months were
selected for the study. The inclusion criteria of the study are as follows: (1) 25 to 45 years
of age, (2) BMI between 18.5 and 25, (3) minimum 35 h of sedentary work, and (4) lack of
orthopaedic and neurological comorbidities. Individuals who had undergone surgeries in
the upper body region were excluded from the study.

To eliminate potential sources of bias, the groups were composed of office employees
who performed the same kind of job and in the same kind of workplace. The research was
conducted in separate air-conditioned lightroom between 9 a.m. and noon on a workday
(Tuesday or Wednesday) between September and November 2021. The protocol was
explained to all participants verbally, and they read and signed a consent form. Ethical
approval (17 June 2020, No. BE-2-34) was obtained from the regional ethics committee
(Lithuanian University of Health Sciences). The Helsinki Declaration of 1964, as well as
subsequent revisions, were adhered to.

2.2. Outcome Measures

The outcome measures of this study were (a) stiffness (N/m), the myofascial tissue’s
resistance to an external force that has altered its initial shape; (b) tone (Hz), the oscillation
frequency of myofascial tissue at its maximum; (c) elasticity after a contraction, the ability
to regain its original shape [13].
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Table 1. Demographic and clinical characteristics.

Mechanical
Characteristics NSP (n = 20) RSP (n = 20) HSP (n = 20) Calculated Statistics (LCI, UCI) p

Demographics

RSP

Sex (W/M) 0/20 0/20 - - - -

Age (y) 29.1 ± 2.8 29.6 ± 3.2 - t (38) = −0.56 (−2.5 to 1.4) 0.576

Height (cm) 176.4 ± 5.2 175.5 ± 5.2 - t (38) = 0.58 (−2.3 to 4.3) 0.561

Body mass (kg) 66.8 ± 6.3 67.1 ± 7.8 - t (38) = −0.11 (−4.8 to 4.2) 0.908

BMI (kg/m2) 21.4 ± 1.6 21.7 ± 2.1 - t (38) = −0.53 (−1.5 to 0.8) 0.594

HSP

Sex (W/M) 0/20 - 0/20 - - -

Age (y) 29.1 ± 2.8 - 28.6 ± 2.6 t (38) = 0.57 (−1.2 to 2.2) 0.568

Height (cm) 176.4 ± 5.2 - 175.4 ± 5.1 t (38) = 0.65 (−2.2 to 4.3) 0.516

Body mass (kg) 66.8 ± 6.3 - 67.6 ± 5.5 t (38) = −0.40 (−4.5 to 3.0) 0.687

BMI (kg/m2) 21.4 ± 1.6 - 22.0 ± 1.8 t (38) = −1.07 (−1.7 to 0.5) 0.289

Clinical characteristics

RSA (◦) 44.6 ± 4.8 47.4 ± 2.5 - t (38) = −2.2 (−5.2 to −0.2) 0.030

HSA (◦) 44.7 ± 4.3 - 50.9 ± 3.0 t (38) = −5.16 (−8.6 to −3.7) <0.001

All values are shown in mean ± SD. NSP—normal shoulder posture; RSP—rounded shoulder posture;
HSP—hunched shoulder posture; LCI and UCI—lower and upper (95%) confidence interval, respectively;
SD—standard deviation; BMI—body mass index; RSA—rounded shoulder angle; HSA—hunched shoulder angle.

2.3. Measuring Angle

To determine RSP and HSP, the participants were measured by positioning pointers
to the tragus, the seventh cervical vertebra (C7), and the acromion. Two cameras (Canon
600D) (Canon, Tokyo, Japan) were placed 2 m away, one at the acromion level and another
at the height of C7. Each volunteer was informed to stand in their natural position and
glance at a point highlighted on the screen for a few seconds; the points were marked
with markers at C7, tragus, and acromion. When the volunteers were standing in the
natural position, photos were taken from side and back view. Moreover, the volunteers
were requested to extend their upper body to adjust to normal shoulder position before
taking the measurements. Then, the captured images were analysed using the Digimizer
tool (version 5.7.2) to measure the angles (Figure 1). The measurements were taken in
accordance with the requirements established in the literature [13,16,17]. Rounded shoulder
angle: the angle formed by the horizontal line passing through the middle of the humerus
and the line from the midpoint of the humerus to the spinous process of C7. Hunched
shoulder angle: the angle formed at the intersection of the line between the midpoint of the
tragus and the line from the acromion. In the present study, ≤52◦ was considered as the
reference angle for RSP based on Thigpen et al., and ≥45◦ as the base angle for HSP as per
our investigation [16].

2.4. Procedure

The measurements were taken during the workweek while volunteers were seated
and executing their job. The participants were sitting on a chair with their hands on their
knees initially and then they were asked to look for a few minutes at a screen placed at
eye level and to adopt their standard posture while doing their work [13]. The viscoelastic
characteristics were determined in the muscular belly using the Myoton-3 myometer
(Myoton AS, Tallin, Estonia). The upper trapezius muscle (UT) was measured first, followed
by the middle trapezius muscle (MT), the posterior deltoid muscle (PD), and lastly, the
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pectoralis major muscle (PM). Due to the better accessibility of the muscle fibres, the
measurement point was located in the middle of the muscles.
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Figure 1. Marker placement and postural angles. (A) Hunched shoulder posture; (a) hunched
shoulder angle; (B) rounded shoulder posture; (b) rounded shoulder angle.

The probe of the device (3 mm in diameter) was placed perpendicular to the skin’s
surface that covered the muscle, and the readings were obtained on the right of the body
first, followed by the left side. Eight brief impulses (0.4 N for 15 ms) with a constant
automatic preload (0.18 N) were given to trigger the underlying muscle oscillations [18,19].
Then, the induced damped natural oscillations (amplitude of oscillation reduces with time)
were recorded by the instrument [8,16,20].

2.5. Data Analysis

The stiffness was obtained by multiplying the highest acceleration of the soft tissue
oscillation by the mass of the probe and dividing the result by the maximum displacement
of the soft tissue oscillation. With the help of a quick Fourier transform and established
methodologies, we calculated the maximum oscillation frequency of soft tissues (Hz)
indicative of myofascial stress from the accelerometer data spectrum [13]. The stiffness and
tension of the muscles under investigation are inversely related to the values of the two
parameters measured. The logarithmic reduction in natural oscillation generated by an
impulse was used to calculate elasticity. Muscle flexibility increases when the logarithmic
decrement value decreases because mechanical energy is less likely to be wasted when the
logarithmic decrement value decreases [21,22].

2.6. Statistical Analysis

Statistical analyses were performed with SPSS (version 28.0, IBM, Armonk, NY, USA).
The values of the parameters evaluated were averaged independently for each side of
the body based on the results of subsequent measurements. The readings for both sides
(i.e., right and left) were averaged again, and then the analysis was conducted separately
for the RSP and HSP. First, the effect of mechanical characteristics of muscles in RSP was
tested and then on HSP with respect to NSP. The data distribution was analysed using the
Shapiro–Wilk test for normality evaluation. Due to the large sample size, the significance
of the differences in mean values between the two groups was determined using the
parametric independent samples t-test if the data were normally distributed with equal
variances. However, if the distribution was not normal and the variance was nonuniform,
the nonparametric test (Mann–Whitney U test) was performed. The analyses were carried
out by someone uninformed of the group assignment by assuming the significance level as
α = 0.05.
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3. Results

To our knowledge, this is the first widely available paper where four muscles, the
UT, MT, PM, and PD, have been characterized using Myoton-3 during three postures NSP,
RSP, and HSP. A few partially relevant outcomes are accessible in the literature for the
considered muscles and postures, mainly HSP. In terms of basic features, the groups did
not differ; however, those with HSP had a significantly greater HSA (Table 1).

An independent sample t-test was performed to compare the effect of mechanical
parameters on muscles in the NSP and RSP groups. The biomechanical characteristics
of RSP are shown in Table 2 In terms of muscle tone, the UT, MT, and PM muscles are
statistically significant (p < 0.05). For the UT, these are the scores for the NSP (M = 18.6,
SD = 4.7) and RSP (M = 14.8, SD = 1.8) groups, t (38) = 3.5, p = 0.002; these are the MT
scores for the NSP (M = 13.9, SD = 2.3) and RSP (M = 18.2, SD = 6.0) groups, t (38) = −3.0,
p = 0.006; these are the PM scores for the NSP (M = 20.1, SD = 4.0) and RSP (M = 12.4,
SD = 3.1) groups, t (38) = 6.9, p ≤ 0.001. Conversely, PD is not statistically significant,
p = 0.06. Therefore, the test revealed that the NSP and RSP groups have an effect on muscle
tone in the UT, MT, and PM, while they exhibit no effect on the PD muscle.

Table 2. Mechanical parameters of RSP.

Mechanical
Parameters NSP (n = 20) RSP (n = 20) Calculated

Statistics d (LCI, UCI) p

Tone (Hz)
UT 18.6 ± 4.7 14.7 ± 1.8 t (38) = 3.5 1.1 (0.4 to 1.8) 0.002
MT 13.9 ± 2.3 18.2 ± 6.0 t (38) = −3.0 1.0 (−1.6 to −0.3) 0.006
PM 20.1 ± 4.0 12.4 ± 3.1 t (38) = 6.9 2.2 (1.4 to 3.0) <0.001
PD 16.0 ± 2.2 18.0 ± 3.8 t (38) = −1.9 0.6 (−1.2 to 0.0) 0.060

Stiffness (N/m)
UT 350.4 ± 72.0 323.8 ± 71.4 t (38) = 1.1 0.3 (−0.2 to 0.9) 0.248
MT 282.0 ± 62.9 337.0 ± 111.9 t (38) = −1.9 0.6 (−1.2 to 0.0) 0.065
PM 235.9 ± 11.7 201.1 ± 45.8 t (38) = 3.2 1.0 (0.3 to 1.6) 0.003
PD 309.9 ± 70.7 348.15 ± 68.7 t (38) = −1.7 0.5 (−1.1 to 0.0) 0.046

Elasticity (log DEC)
UT 1.2 ± 0.3 1.6 ± 0.2 t (38) = −3.8 −1.2 (−1.8 to −0.5) 0.001
MT 1.7 ± 0.3 1.0 ± 0.08 t (38) = 9.4 2.9 (2.0 to 3.9) <0.001
PM 1.1 ± 0.5 0.9 ± 0.2 t (38) = 1.5 0.4 (−0.15 to 1.1) 0.143
PD 1.5 ± 0.1 1.4 ± 0.6 t (38) = 1.0 0.3 (−0.2 to 0.9) 0.302

All values are shown in mean ± SD. D—Cohen’s effect size; NSP—normal shoulder posture; RSP—rounded
shoulder posture; LCI and UCI—lower and upper (95%) confidence interval, respectively; SD—standard deviation;
UT—upper trapezius; MT—middle trapezius; PM—pectoralis major; PD—posterior deltoid.

With respect to stiffness, the PM and PD muscles are statistically significant (p < 0.05).
The PM scores for the groups are: NSP (M = 235.9, SD = 11.7) and RSP (M = 201.1, SD = 45.8),
t (38) = 3.2, p = 0.003. Similarly, the PD scores for the groups are: NSP (M = 309.9, SD = 70.7)
and RSP (M = 348.1, SD = 68.7), t (38) = −1.7, p = 0.046. In contrast, UT and MT are not
statistically significant, p = 0.248 and p = 0.065. Thus, the findings indicate that the NSP and
RSP groups have an effect on PM and PD muscle stiffness, but have no effect on UT and MT
muscle stiffness. In terms of elasticity, UT and MT are statistically significant (p < 0.05). UT
scores for the NSP group are (M = 1.2, SD = 0.3) and the RSP group are (M = 1.6, SD = 0.2),
t (38) = 3.8, p = 0.001. Additionally, the MT scores for the NSP group are (M = 1.7, SD = 0.3)
and RSP group are (M = 1.0, SD = 0.008), t (38) = −9.4, p ≤ 0.001. On the other hand, PM
and PD are not statistically significant, p = 0.143 and p = 0.302. This shows a difference in
elasticity between the NSP and RSP groups, which influences the UT and MT muscles, but
not between the PM and PD muscles.

The results of statistical analysis performed to compare the mechanical parameters
in the NSP and HSP group are shown in Table 3 MT, PD, and PM muscles are statistically
significant (p < 0.05) in muscle tone. MT scores for the NSP group are (M = 13.9, SD = 2.3)
and HSP group are (M = 11.2, SD = 3.1), t (38) = 3.0, p = 0.004, PM scores for the NSP group
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are (M = 20.1, SD = 4.0) and HSP group are (M = 14.0, SD = 4.8), t (38) = 4.3, p ≤ 0.001,
and PD scores for the NSP group are (M = 16.0, SD = 2.2) and HSP group are (M = 22.2,
SD = 5.0), t (38) = −4.9, p ≤ 0.001, but UT is not statistically significant, p = 0.731. Hence,
the test revealed that the NSP and HSP groups do have an effect on the muscle tone of MT,
PD, and PM; however, they exhibit no effect on the UT muscles. As for stiffness, all muscles
are statistically significant (p < 0.05). The UT scores for the NSP group are (M = 350.4,
SD = 72.0) and HSP group are (M = 278.6, SD = 69.6), t (38) = 3.2, p = 0.003 and p < 0.001
for MT, PM, and PD muscles. This shows that the NSP and HSP groups had a significant
impact on UT, MT, PM, and PD stiffness. Concerning elasticity, MT and PM are statistically
significant (p < 0.05). The MT scores for the NSP group are (M = 1.7, SD = 0.3) and HSP
group are (M = 2.0, SD = 0.2), t (38) = −3.4, p = 0.001. In addition, the PM scores for the NSP
group are (M = 1.1, SD = 0.6) and RSP group are (M = 1.6, SD = 0.1) t (38) = −3.1, p = 0.005.
On the other hand, UT and PD are not statistically significant, p = 0.0993 and p = 0.0.877,
respectively. Therefore, the results indicate that the NSP and RSP groups do have an effect
on MT and PM, whereas they exhibit no effect on UT and PD muscles.

Table 3. Mechanical parameters of HSP.

Mechanical
Parameters NSP (n = 20) HSP (n = 20) Calculated

Statistics d (LCI, UCI) p

Tone (Hz)
UT 18.6 ± 4.7 17.9 ± 9.1 t (38) = 0.3 0.10 (−0.5 to 0.7) 0.731
MT 13.9 ± 2.3 11.2 ± 3.1 t (38) = 3.0 0.96 (0.3 to 1.6) 0.004
PM 20.1 ± 4.0 14.0 ± 4.8 t (38) = 4.3 1.38 (0.6 to 2.0) <0.001
PD 16.0 ± 2.2 22.2 ± 5.0 t (38) = −4.9 −1.57 (−2.2 to −0.8) <0.001

Stiffness (N/m)
UT 350.4 ± 72.0 278.6 ± 69.6 t (38) = 3.2 1.0 (0.3 to 1.6) 0.003
MT 282.0 ± 62.9 204.2 ± 9.5 t (38) = 5.4 1.7 (0.9 to 2.4) <0.001
PM 235.9 ± 11.7 192.5 ±19.7 t (38) = 8.4 2.6 (1.8 to 3.5) <0.001
PD 309.9 ± 70.7 441.7 ± 45.9 t (38) = −6.9 −2.2 (−2.9 to −1.4) <0.001

Elasticity (log DEC)
UT 1.2 ± 0.3 1.2 ± 0.3 t (38) = 0.0 0.00 (−0.6 to 0.6) 0.993
MT 1.7 ± 0.3 2.0 ± 0.2 t (38) = −3.4 1.1 (−1.7 to −0.4) 0.001
PM 1.1 ± 0.6 1.6 ± 0.1 t (38) = −3.1 0.9 (−1.6 to −0.3) 0.005
PD 1.5 ± 0.15 1.5 ± 0.1 t (38) = −0.1 0.0 (−0.6 to 0.5) 0.877

All values are shown in mean ± SD. D—Cohen’s effect size; NSP—normal shoulder posture; HSP—hunched
shoulder posture; LCI and UCI—lower and upper (95%) confidence interval, respectively; SD—standard deviation;
UT—upper trapezius; MT—middle trapezius; PM—pectoralis major; PD—posterior deltoid.

In summary, these results show that among both NSP and RSP participants (Figure 2),
the highest elasticity values were recorded in the PM muscle. Simultaneously, the highest
tone values were observed in the MT muscle and the highest stiffness values in the PD mus-
cle during RSP. The RSP participants showed considerable variations in the biomechanical
characteristics of the muscles studied. Tone and stiffness were statistically significant in
the UT and MT muscles, whereas elasticity was significant in the PM and PD muscles. The
findings among the NSP and HSP groups show that the values of tone and stiffness are
higher in the PD muscle and observed lower values of tone, stiffness, and elasticity in the
MT muscle in the HSP group, while the highest tone and stiffness values were recorded in
the UT, MT, and PM muscles of the NSP group. Interestingly, elasticity values of the UT
and PD had no change in both NSP and HSP.
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Figure 2. Mechanical parameters of muscles: (a) tone; (b) stiffness; (c) elasticity of muscles; ns—not
significant; ** ≤0.05, *** ≤0.01, and **** ≤0.001—statistically significant.

4. Discussion

The current study is the first to analyse the effects of RSP and HSP with NSP on the
mechanical parameters of the upper body muscles in sedentary workers. We assumed that
considerable changes in mechanical characteristics might influence the functional impair-
ment of the shoulder and increase the risk of injury when we designed our investigation.
Myoton, which is used in this study, has previously been shown to be a reliable screening
method for measuring biomechanical and viscoelastic abnormalities [19].

4.1. RSP and the Mechanical Characteristics

RSP can be associated with repetitive overhead activities, backpack carriage, computer
and laptop use, and prolonged study hours [23]. This study shows a substantial difference
in the mechanical characteristics between the NSP and RSP groups. The tone and elasticity
of the UT and MT muscles are statistically significant, whereas stiffness is not significant
between the NSP and RSP groups. About a 21% decrement in tone, 7% drop in stiffness,
and 33% increase in elasticity of the UT muscle was observed, while a 30% increase in tone,
19% increase in stiffness, and 41% decrease in elasticity of the MT muscles was observed
between the NSP and RSP groups. According to a study conducted by Lee et al. on the
alteration of muscle contractions in two different sitting postures, there is a substantial
difference between the slouched and erect postures [24]. Cools et al. found that when the
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arm was elevated in a slouched posture and the UT muscle was active for a longer period of
time, this could produce pain and continual strain in the cervical and shoulder regions [25].

Interestingly, the results show that the NSP group has much higher muscle tone,
stiffness, and elasticity of the UT than the RSP group. The characteristics of the MT muscle,
on the other hand, are significantly lower in the NSP group than in the RSP group. In our
opinion, this could be because of the variation in shoulder and scapular movements as well
as the elbow positioning of each individual in their sitting posture. The primary function of
the middle trapezius is to retract the scapula and to maintain the acromiohumeral distance
during shoulder elevation due to minimizing of the internal rotation and anterior tilting of
the scapula [26]. Guney-Deniz et al.’s findings indicated an increase in the activation levels
of middle deltoid and middle trapezius at 0◦ to 90◦ of shoulder abduction without scapular
retraction [26]. Cheon et al. reported a significant decrease in the middle trapezius muscle
activity at 30◦ extended position and the full range of motion positions as compared to the
neutral position (p < 0.05) [27].

The tone and stiffness of the PM muscle is statistically significant, whereas elasticity is
not significant between the NSP and RSP groups. In the PM muscle, mechanical charac-
teristics such as tone, stiffness, and elasticity tend to drop by 38%, 14%, and 18% between
NSP and RSP. The initial decrease in PM muscle tone that happens while shifting from NSP
to RSP indicates that sustaining a seated position demands more tension. According to a
study on posture and fitness by Felix, the anterior muscles (pectoralis major and minor)
become stiff in the shoulder forward position because they are always shortened [28]. Fur-
thermore, the stiffness of the PD muscle is statistically significant, but there is no difference
in tone or elasticity between the NSP and RSP groups. The results show a 12% increase
in tone, 12% increase in stiffness, and 6% decrease in elasticity of the PD muscle between
the NSP and RSP groups. As mentioned earlier, this immediate increase in stiffness of
the PD muscle occurred when shifted from NSP to RSP, indicating that a sitting position
requires less stiffness during work. Our earlier study related to muscle activation in various
sedentary postures exhibited similar differences in the PD muscle [29]. According to Seo
et al., the presence of trauma, and a substantially higher degree of stiffness, increases the
preoperative joint range of motion limitations [30,31]. Moreover, sedentary work can cause
shoulder instability because the prime movers, such as the deltoids, pectoralis major/minor,
latissimus dorsi, and teres major, are not used as often [32].

4.2. HSP and the Mechanical Characteristics

Hunched shoulders are a common symptom of poor posture, especially if people
spend a lot of time sitting at a computer, carrying a heavy bag all day, or sitting in the
wrong kind of chair, among other things. As per our knowledge, there is no study available
related to hunched shoulder posture addressing sedentary workers. In the UT muscle,
stiffness was significant, while tone and elasticity were not significant between the NSP
and HSP groups. There was a decrease of 20% in stiffness; however, both tone and elasticity
were found to be trivial in the UT muscle. A similar conclusion was drawn by Viir et al.,
who studied the effects on the upper trapezius muscle in various postures and stated that
the upright position does not influence the values of elasticity [19]. UT stiffness with and
without rotator cuff tendinopathy was studied by Leong et al., and they recommended
that monitoring and maintaining UT stiffness is critical for rotator cuff tendinopathy
prevention [15]. On the other hand, all mechanical characteristics in the MT muscle were
observed to be different between the NSP and HSP groups. The elasticity had a 17%
increase, while tone and stiffness showed decrement of 19% and 27%, respectively, in the
MT muscle. In MT, stiffness decreased significantly when changed to HSP; this shows
the need for posture control during activity or tasks in sedentary workers. Cools et al.
concluded that the MT’s tendency to have a lower resting muscular tone contributed to
their lack of stiffness changes. The aberrant scapula position and motion are caused by
excessive UT activation paired with reduced MT regulation [25]. The rise in muscle tone
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and fatigue was shown to be mostly dependent on the worker’s physical preparation and
length of employment, rather than their age [33].

In the PM muscle, elasticity showed a 45% increase, but both tone and stiffness tended
to decrease by 30% and 18%, respectively, between the NSP and HSP groups. The fall in
PM muscle tone that happens after changing from an NSP to an HSP demonstrates that
sustaining the seated posture requires more effort. Similarly, the decrement in stiffness
shows the need for posture control during activity or tasks in sedentary workers. According
to Hess [34], muscles such as the pectoralis major and middle trapezius tend to produce
more force with the glenohumeral stability constraint, which denotes that the shoulder
stability is complex. This clearly demonstrates that PM and MT play a key role in shoulder
abduction while performing tasks. In the PD muscle, tone and stiffness increased by
38% and 42%, respectively, while elasticity showed no difference between NSP and HSP.
According to Bailey et al., higher stiffness may result in muscle tightness leading to a
decreased range of movement of the hand, and lowering muscle stiffness may help improve
the shoulder’s range of motion [35].

The function of the middle trapezius is to stabilize and retract the scapula, which
can be affected by muscle imbalance. The muscle imbalance is related to RSP and HSP,
which can cause disturbance in the length tension relationship of muscles that weakens
the stabilizers and retractors. This could be the reason for variation in the mechanical
properties in the middle trapezius muscle, whereas the overactive and shortened muscles
participating in rounded shoulders are deep upper cervical extensors, which include
longissimus capitis, splenius capitis, cervical multifidus, and upper trapezius, and shoulder
protractors and elevators, which include pectoralis minor, pectoralis major and levator
Scapula [34]. Previous researches have suggested that a weakened postural muscles should
be strengthened and shortened muscles should be lengthened in order to improve postural
alignment and alleviate rounded shoulder posture and restore the normal muscle balance
between opposing muscle groups (agonists and antagonists).This forward posture can cause
a lack of space in the lateral and/or anterior area of the subacromial space of the shoulder.
Rounded or forward posture can develop for a variety of reasons: poor ergonomics at work,
overall weak posture muscles, or repetitive activities that cause increased muscle tone in
the front portion of the shoulder or body. Furthermore, it is crucial to note that a direct
comparison between the prior research and the current study is difficult to draw because
the current study focused on sedentary workers who were divided into groups based on
their postural angles.

4.3. Study Limitations

In this study, we grouped the individuals who performed similar work but not random
independent participants as samples; therefore, this grouping could introduce a potential
bias. The study did not consider the participants with RSP and HSP ailments; perhaps this
may affect the mechanical parameters of muscles. Furthermore, only men were included
as a part of the study, and in future comparisons, it may well be worth including women
as part of a wider group. In addition, a relatively small sample size of the study could
contribute to the type II statistical error.

Lastly, while angle measurement is widespread, this is not the only or best way to
evaluate postures. As a result, it would be desirable to widen the research to consider
classification-based criteria, such as reference points collected from upper body X-rays.

5. Conclusions

In office workers, the biomechanical characteristics of the muscles during RSP and
HSP have changed significantly. This study showed that RSP and HSP are more likely to
impact the tone, stiffness, and elasticity of the upper body muscles. MT has higher muscle
tone in RSP and lower in HSP, and vice versa. In the case of stiffness, for RSP, and HSP, the
PD muscle has the highest value, and PM and MT the lowest. PM and UT have the highest
logarithmic decrement during RSP and HSP. These postures, held on a regular basis, may
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affect physical health and decrease workers’ productivity. This shows that the postural
changes associated with RSP and HSP could affect sedentary workers’ shoulder kinematics
and muscle activity. Furthermore, it is recommended that sedentary workers take regular
breaks and attend training that could help improve their physical health, and organizations
should track postural changes and alerts by using monitoring devices [36].
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RSP Rounded shoulder posture
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