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Abstract

Backround: Musculoskeletal disorders associated with muscular strain on the neck and shoulders
affect women in administration more often than men. Ergonomic guidelines have historically been
derived from male models, often ignoring biomechanical differences between the sexes. The study
aims to quantify the acute biomechanical response of the neck muscles of men and women to a
standardized writing task. Methods: The research involved 57 healthy university students (34
women, 23 men; age 19-24 years). Muscle tone (F), stiffness (S), and viscoelastic decrement (D) in
sternocleidomastoideus muscle (SCM), trapezius muscle (UT), and semispinalis capitis muscle (SSC)
were assessed by the non-invasive MyotonPRO device before and after 20 minutes of continuous
writing. Results: The results were statistically quantified and showed significant differences in
muscle strategy between the sexes (p < 0.05). While women experienced a fatigue decrease in tone
after exercise, the SCM as a superficial neck flexor and the deeper neck extensor SSC recorded a
significant compensatory increase in tone, the opposite was true for men. Conslusion: These objective
data show that identical office work causes a different physiological burden in women. Prevention
of musculoskeletal disorders should therefore abandon a one-size-fits-all approach and move
towards gender-specific solutions.

Keywords: ergonomics; gender differences; muscle stiffness; musculoskeletal disorders;
MyotonPRO; neck pain; static load; women's health

1. Introduction

The current school and work-administrative environment is often designed to be ergonomically
universal, with the assumption that the same working conditions will lead to a comparable
physiological load for all users [1]. However, this approach implicitly ignores the biological and
anthropometric differences between women and men, which can significantly affect muscle strategy,
postural control, and response to static workload [2]. As a result, working conditions that are

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0678.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 June 2026 d0i:10.20944/preprints202606.0678.v1

2 of 9

considered neutral may in fact be associated with different demands on the musculoskeletal system.
Historically, ergonomic norms for sedentary work have been derived predominantly from male
models of body constitution [3]. Although women now make up a substantial part of the workforce
in the administrative sector [4], their specific biomechanical characteristics are not systematically
taken into account in the design of workplaces. A study with 416 participants showed that women in
office work have a significantly higher risk of developing cervical spine pain than men in the same
work environment [5]. Epidemiological evidence suggests that women exhibit different patterns of
muscle activation in comparable tasks and are significantly more prone to neck and shoulder girdle
overload, leading to a higher prevalence of musculoskeletal disorders [6-8]. A possible explanation
is that women have different motor movement control strategies and a different response to fatigue,
and this may be the cause of a higher incidence of musculoskeletal problems during repetitive work
tasks or static postures [9,10]. Ergonomic studies have repeatedly shown that lower imaging/writing
planes and flat horizontal plates increase head flexion and alter the activity of the neck and shoulder
muscles, especially the upper trapezius and neck extensors. This is already evident in normal office
tasks and also when reading/writing on paper or tablet [11-13].

Previous research has relied mainly on subjective questionnaires or surface electromyography
(EMGQG) [7-9]. The MyotonPRO device allows for objective quantification of the physical properties of
tissue (tone, stiffness, viscoelastic decrement), which are critical precursors of fatigue and pain, while
EMG measures current electrical activity. Previous studies using MyotonPro technology have
confirmed the existence of basal differences in muscle structure between the sexes [14-16], so far there
is a lack of data on how these predispositions determine the immediate biomechanical response to
real workload. Our study complements this deficit and provides a unique perspective on gender-
specific management of muscle tension. The aim is to demonstrate that women experience
significantly different and earlier decompensation of mechanical properties of muscles after short-
term exposure to standardized writing load.

2. Materials and Methods

In this study, the biomechanical response of three muscles with different postural functions was
monitored. The superficial flexor of the sternocleidomastoideus muscle (SCM), (upper third of the
muscular abdomen) was chosen as the primary indicator of the positional adjustment of the head to
the torso. M. semispinalis capitis (55C), (1 cm dorsally from the posterior margin of the SCM, below
the level of the processus mastoideus) as a deep extensor, represented a key stabilizing element
necessary for controlling the position of the head against gravity in both isometric and reflex tasks
[17]. The third monitored muscle was the trapezius muscle (UT) (pars descendens), (the middle of
the muscle abdomen in the triangle between the acromion and the C7 process) as the main postural
muscle of the shoulder girdle, whose activity is highly sensitive to workplace ergonomics and which
is the primary source of overload during administrative work [18]. The measurement took place
exclusively on the dominant side of the body. This approach reflects the natural asymmetry of
workload when operating a mouse and keyboard. Monitoring the dominant side thus not only
minimizes methodological variability, but also demonstrably better captures the actual level of
muscle tension [19].

The length of the static load was set at 20 minutes based on current ergonomic findings.
Literature sources confirm that measurable changes in posture and muscle activity occur as early as
the 10 to 20 minute time frame. In addition, continuous work on a horizontal plate exceeding this
limit leads to excessive cervical flexion and extreme load on the head extensors, which is why it is not
recommended in modern ergonomics [11].

2.1. Inclusion Criteria

The study included 57 university students (34 women, 23 men; age 19-24) at bachelor's and
master's levels. All were free of orthopedic or neurological diseases, no history of pain or injuries to
the cervical spine in the last 6 months. The body mass index (BMI) of the participants ranged from
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18.5 to 30. 42 of the participants were right-handed. Sports activity was reported as medium, the
subjective level of neck discomfort/pain was assessed by the visual analogue pain scale (VAS) before
the experiment was 0-2. The measurements took place in the morning, in a standard university
environment, at normal room temperature. Each participant signed an informed consent, the research
was approved by the Ethics Committee of the Catholic University in Ruzomberok, Slovakia and was
conducted in accordance with the Helsinki Declaration. Data collection took place from September
2025 to November 2025.

2.2. Measurement Protocol

The measurement was carried out using the MyotonPRO device (Myoton AS, Tallinn, Estonia),
which evaluates the mechanical properties of the muscle using a short mechanical pulse (0.4 N,
duration 15 ms, frequency 1 Hz). It is a non-invasive, fast, handheld device [20,21]. Each muscle was
measured five times; the result was evaluated as a median of five measurements, with a coefficient
of variability (CV) of < 2% for all muscles, indicating high reliability.

The following parameters were recorded: F (frequency) — muscle tone [Hz], S (stiffness) — muscle
stiffness [N/m], D (decrement) — logarithmic decrement, viscoelasticity indicator, any unit.

Experimental procedure: The initial measurement took place in an upright sitting position, with
90° flexion in the hip and knee joints, the upper limbs resting freely with the palms on the thighs, the
soles of the feet fully resting on the ground. Proband looked at the object at eye level. The measured
points were marked with markers directly on the skin. The device was placed on the markers with a
probe (diameter 3 mm) perpendicular to the muscle abdomen with constant preload (0.18 N) in order
to pre-compress the soft tissues. A rapid short impulse induced damped tissue oscillations. The
device then calculates the parameters defining the properties of the tissue (F, S, D) [20,22]. Muscle
tone (F) or muscle tension is calculated as the maximum frequency, the higher it is, the higher the
muscle tension, which increases by contraction or stretching [22,23]. Stiffness (S) is the ability of a
muscle to resist an external force, the higher it is, the greater the muscle is able to withstand a greater
strain force [22]. A viscoelastic decrement (D) is an indicator of a muscle's ability to restore its shape
and properties after deformation, the smaller it is, the smaller the subsequent dispersion and the more
elastic the muscle is [22]. Subsequently, the proband underwent a 20-minute continuous load by
writing a continuous text on the horizontal board (0° inclination) of the bench. When writing, the
upper limbs were resting their forearms on the table. Head posture was monitored by the evaluator
visually from the side, specifically the craniovertebral angle (CVA) [24], to maintain the same
throughout the duration of the test. Immediately after the end of writing, the proband straightened
up again to the starting position and repeated measurements of all three muscles were performed at
the already marked points.

2.3. Statistical Analysis

Basic descriptive statistics (mean, median, minimum, maximum, standard deviation and
interquartile range) were calculated for all monitored variables. The normality of the data
distribution was verified using the Shapiro-Wilk test and further assessed visually using Q-Q
graphs. In case of violation of the assumption of normality, nonparametric statistical methods were
used.

To compare the values before and after exercise, a paired t-test or a Wilcoxon pair test was
applied. Differences in muscle response between men and women were assessed using a two-sample
t-test, or a Mann—-Whitney U-test in the case of abnormal data distribution.

Statistical data processing was performed in the R environment (version 4.4.0). The level of
statistical significance was set at a = 0.05.

3. Results

Common features of the biomechanical response
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When analyzing data across the entire cohort, regardless of gender, a statistically significant
change in the trapezius muscle in the viscoelastic decrement (D) parameter was demonstrated after
a 20-minute typing load, see Table 1. This result indicates a consistent increase in the viscoelastic
properties of the muscle after static work in head flexion. The parameters of tone (F) and stiffness (S)
in this muscle did not show statistically significant changes for the whole group, as well as for other
muscles and monitored parameters (see Table 1).

Table 1. Changes in biomechanical parameters of neck muscles before and after 20-minute static load for the

whole group (N =57).

Sval Parametr Pred Po 2
Med(IQR) Med(IQR)

UT F 16.1 (2.0) 16.1 (2.2) n.s.
uT S 274.0 (62.0) 280.0 (63.0) n. s.
UT D 0.86 (0.12) 0.87 (0.18) 0.021
SCM F 13.1 (1.1) 12.7 (1.2) n.s.
SCM S 203.0 (28.0) 201.0 (20.0) n.s.
SCM D 1.19 (0.16) 1.20 (0.20) n.s.
SSC F 15.0 (1.7) 14.3 (3.0) n.s.
SSC S 247.0 (42.0) 235.0 (84.0) n. s.
SSC D 1.19 (0.26) 1.26 (0.23) n.s.

Note: UT = m. trapezius (pars descendens); SCM = m. sternocleidomastoideus; SSC = m. semispinalis capitis;
Med =median; IQR = Interquartile Span; p values represent the significance of differences between pre- and post-

load measurements; n. s. indicates non-significant differences (p > 0.05).

Gender differences

Although no statistically significant changes were demonstrated in the muscles of the
sternocleidomastoideus muscle (SCM) and the semispinalis capitis muscle (5SC) for the entire group,
the analysis divided by gender revealed significant and contradictory neuromuscular strategies
between men and women.

In the case of muscle tone of surface flexors (SCMs), a statistically significant difference in
biomechanical response between the sexes was demonstrated (p = 0.031). While men experienced an
average increase in muscle tone of 0.120 Hz after exercise, women experienced an average decrease
in tension of 0.294 Hz.

A compensatory reaction was observed in the deep postural muscle of the SSC. The tests
revealed a statistically significant difference between the sexes (p = 0.039), in contrast to the surface
structures, a significantly higher value of tone increase was recorded in women after exercise with
this deep extensor compared to men (0.450 Hz for women, —0.374 Hz for men, respectively).
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Figure 1. Comparison of muscle mechanical properties (AF, AS, AD) between women and men for m. trapezius
(UT), m. sternocleidomastoideus (SCM), and m. semispinalis capitis (SSC). Note: The boxes represent the
interquartile range (IQR; 25th-75th percentiles), whiskers extend to 1.5 x IQR, and horizontal lines indicate

the median. * indicates p < 0.05.

The relationship between BMI and parameters

As an additional analysis, the relationship between BMI and muscle biomechanical response
was evaluated in the entire monitored cohort. The results revealed a statistically significant, positive
correlation between BMI and increase in muscle tone (AF) only in sternocleidomastoideus muscle (r
=0.28; p =0.038). This value indicates that as BMI increases, this muscle experiences a slightly higher
increase in tension in response to load. For other measured muscles and parameters, a statistically
significant relationship with BMI was not demonstrated.

4. Discussion

The results of our study show that even a short-term administrative load of 20 minutes induces
measurable changes in the mechanical properties of the neck muscles, with the key finding being that
while some manifestations of fatigue are common to the whole group, muscle activity management
strategies differ between men and women.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202606.0678.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 June 2026 d0i:10.20944/preprints202606.0678.v1

6 of 9

Common features of the biomechanical response

The common denominator for all subjects was a significant increase in the decrement parameter
in the trapezius muscle, suggesting an increase in tissue viscoelasticity and a reduced ability of the
muscle to efficiently accumulate and release mechanical energy. This change is considered an early
objective marker of incipient muscle fatigue and deterioration of blood microcirculation [22], which
corresponds to earlier studies using EMG, which showed an increase in trapezius activity within 10-
20 minutes of computer work [25]. The fact that these manifestations occur in both sexes in such a
short time confirms the significant postural demands even in ordinary administrative tasks.

Gender differences

While the response was uniform in the trapezius muscle, in the area of other neck stabilizers,
fundamental differences in neuromuscular organization were manifested, which indicate that men
and women respond to static work in an opposite way. In men, an increase in muscle tension was
noted in the sternocleidomastoideus muscle (SCM), which indicates active muscle stabilization of the
head segment. In contrast, in women, there was a decrease in tension in the same muscle, which can
be interpreted as fatigue attenuation or inhibition.

It is this rapid attenuation of anterior support in women that may be the mechanism that leads
to the subsequent transfer of the load to passive structures such as ligaments and intervertebral discs.
The relationship between the SCM muscle and the semispinalis capitis muscle (SSC) appears to be
crucial for understanding the different female strategy, since after inhibition of the anterior SCM
muscle, the deep extensor of the SSC must generate a relatively higher tension in women to maintain
an upright head position. Since women generally have a smaller cross-section of the neck muscles in
relation to the weight of the head [26], they experience suboptimal neuromuscular compensation and
the central nervous system's effort to regulate superficial muscle failure by increased recruitment of
deep structures. This may explain why chronic neck pain in the administrative sphere is more
common in women [4,26,27].

The relationship between BMI and parameters

A supplementary finding of this study is a statistically significant positive correlation (r = 0.281)
between BMI and an increase in muscle tone in sternocleidomastoideus muscle (SCM). The
sternocleidomastoideus muscle, as a key muscle of the front of the neck, plays a significant role in
stabilizing the head and cervical spine. A positive correlation suggests that individuals with a higher
BMI require a greater degree of muscle activation to maintain a static postural position during writing
and generate higher muscle tension. This phenomenon may be due to different biomechanics and a
higher absolute load on the stabilizing muscles of the neck, or a more frequent occurrence of forward
head posture in people with higher body weight. This finding underscores the thesis that universal
ergonomic arrangement is insufficient and the physiological response is influenced not only by
gender, but also by body constitution.

Implications for ergonomics and future direction

Based on the measurements made, it can be assumed that repetitive or long-term work of the
same nature will have an even worse negative impact on the muscles. It is essential that workplace
ergonomics stop being "gender blind" and start taking into account these biomechanical differences.
Our findings correspond to ergonomic studies that recommend individual adjustment of the height
of the work surface and a greater inclination of the writing board in women to reduce the angle of
head flexion and thus the activation of the neck extensors [18,26,27]. In this context, the MyotonPRO
device has proven to be a reliable and sensitive indicator of changes in muscle properties, which is
clearly interpretable for the needs of research and clinical practice, following the example of other
studies [28].

4. Conclusions

This study provides objective evidence that even short-term, seemingly undemanding
administrative work induces a significantly different and riskier biomechanical response of the neck
muscles in women than in men. Although both sexes share incipient fatigue in the trapezius muscle,
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the female muscular system responds to the same load with a complex change in postural strategy.
Fatigue inhibition of surface stabilizers is compensated in women by an extreme increase in tension
in deep extensors. Non-invasive measurements with the MyotonPRO device revealed that this
hidden neuromuscular cascade represents a possible risk factor for women. It turns out that a
standard universal workplace arrangement is inherently insufficient, and consistent
individualisation of ergonomic measures with regard to biological and biomechanical differences
between the sexes is absolutely crucial for the effective protection of women's health.
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