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Abstract

Background: Awkward postures are among the most prevalent ergonomic risk factors in
occupational environments, including industrial settings. Conventional ergonomic risk
assessments rarely address the relationship between sustained awkward postures and
alterations in sagittal spinal curvatures. The primary objective of this study was to ana-
lyze the association between sagittal spinal posture parameters and exposure to awk-
ward postures in male workers from the mattress manufacturing industry. The potential
confounding effects of age, job seniority, body mass index (BMI), and physical activity
level were also examined. Methods: An analytical cross-sectional study was conducted.
Data collected included age, job seniority, anthropometric variables, and physical activ-
ity level. Sagittal spinal posture parameters—head alignment, thoracic kyphotic curva-
ture, lumbar lordotic curvature, and pelvic tilt—were assessed using photogrammetry.
Exposure to awkward postures was recorded according to occupational health surveil-
lance criteria. Results: A total of 116 male workers were randomly selected. BMI showed
a significant negative association with head alignment (p = 0.001), with a medium effect
size (N? = 0.090). Lower BMI values (B = —0.517) were observed in association with a more
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1. Introduction

The term occupational health frames the relationship between work and health. It is
defined [1] as the field of knowledge in which different entities converge in order to pro-
mote, protect, and restore the health of the population in relation to work. The concept
of health surveillance also encompasses activities that stem from occupational health
and aim to identify health problems and evaluate preventive interventions [2]. The
Occupational Safety and Health Administration (OSHA) has developed 12 key interme-
diate action items aimed at minimizing or eliminating safety and health risks [3]. In the
field of occupational risk prevention, the occupational risk factor differs from the risk it-
self in that the former represents the principle or potential cause of harm, while the risk
is the probability of that harm occurring [4].

The controlled and structured list of terms (Thesaurus) of the European Agency for
Safety and Health at Work (EU-OSHA) defines occupational risk as a dangerous situa-
tion, either in the short or long term, and includes chemical, biological, psychosocial,
and physical hazards [5]. This has been the conventional classification of risk factors, al-
though in recent years there has been talk of interventions framed within the relation-
ship between work-related stress and epigenetic plasticity factors, with a holistic per-
spective, through the concept of “Total Worker Health” (TWH) [6].

Awkward postures can be defined as the result of the physical demands imposed on
the person performing the tasks and that person’s ability to adopt specific techniques to
perform the assigned tasks [7]. Awkward postures are understood to be fixed or re-
stricted body positions, postures that overload muscles and tendons, postures that load
joints asymmetrically, and postures that produce static load on the muscles [8]. They are
also known as painful positions [9] and are considered one of the biomechanical stress
factors that can cause musculoskeletal disorders (MSDs). MSDs are defined by the
National Institute for Occupational Safety and Health (NIOSH) as a group of symptoms
and injuries that affect the musculoskeletal system and associated structures [10,11]. In
the European Union, workers experience this stress with a score of 0.27 (scale of 0 to 1),
with little variation between countries or regions [9]. Awkward postures constitute a sig-
nificant issue in numerous occupational scenarios. They are especially common in man-
ufacturing [12], and static or sedentary works seem to have a greater incidence among
them [13]. According to the sixth edition of the European Working Conditions Survey
from 2015, 43% of European workers are exposed to the risk of awkward postures for at
least a quarter of their working day [13].

The National Safety Council (NSC) considers that awkward postures can result in
postural alterations [14]. These can cause alterations in the spine. [15]. In addition, some
studies of spinal injuries include awkward postures as an influencing factor [16]. For ex-
ample, low back pain [17], lumbar hernias with radiculopathy [18], cervical degenerative
myelopathy [19], cervical spondylosis [20], cervical hernias [21], and degeneration of the
cervical and lumbar intervertebral discs [22-24].

Recognizing the broad impact of awkward postures in the spine, this study’s pri-
mary objective is to determine the relationship between the sagittal posture parameters
of the spine and the exposure to awkward postures in mattress manufacture male work-
ers. We will also analyse the influence of age, job seniority, body mass index (BMI) and
the intensity of physical activity as potential confounding variables.

2. Materials and Methods
2.1. Design and Participants

We designed an analytical cross-sectional study to investigate the relationship be-
tween the sagittal posture parameters of the spine and the exposure to awkward pos-
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tures in mattress manufacture male workers. This study also considered sociodemo-
graphic characteristics such as age, job seniority, body mass index and the intensity of
physical activity as potential confounders. Before starting the study, it was approved by
the Local Ethics Committee “Comité Etica de Investigaciéon Clinica de Aragén (CEICA)”
(Protocol Code: PI18/363/ date of approval: 16 January 2019). Written informed consent
was obtained from all subjects participating in the study.

To calculate sample size, the expected proportion used was the proportion of the
population that may be at elevated risk of trunk-related musculoskeletal injury, associ-
ated with various occupational postures (40%) [25]. Assuming a desired precision of +/
-10 units percent units, a confidence level of 0.95, and a substitution rate of 20%, the re-
quired sample size was estimated at 116 participants. The calculation was performed us-
ing the GRANMO calculator (https://www.datarus.eu/en/applications/granmo/) (ac-
cessed on 7 March 2019) .

From the mattress manufacturing company, a total of 116 male workers were se-
lected through stratified random sampling, ensuring representation from all job cate-
gories within the company. This selection represented a subset of the total population of
406 individuals engaged in manufacturing, maintenance, and storage processes within
the company.

Inclusion criteria required participants to be between 18 and 61 years old and not
currently on sick leave due to illness or work-related injury. Exclusion criteria included a
history of spinal surgery, the presence of red flags related to spine issues, or an inability
to complete the evaluation and/or questionnaires.

2.2. Measures and Data Collection

Data were collected through individual interviews where participants reported
their age and job seniority.

Moreover, body weight and height were measured in subjects wearing light cloth-
ing and no shoes. Data were collected according to the protocol of the International
Society for the Advancement of Kinanthropometry [26]. Height was measured with a
wall stadiometer (Seca-707: removable stadiometer)(Seca, Hamburg, Germany), scope
30-220 cm, and weight with an electronic scale (Biological Company: TANITA TBF 300)
(Tanita Corporation, Tokyo, Japan). BMI was calculated as weight in kilograms divided
by the square of the height in meters.

The assessment of physical activity was conducted using the long version of the
International Physical Activity Questionnaire (IPAQ) [27]. The updated Spanish-adapted
version, dated October 2002, was employed (https://sites.google.com/view/ipaq/downloa
d?authuser=0) (accessed on 10 March 2019) . This long version encompasses five distinct
domains of physical activity, each evaluated independently with reference to activities
performed during the preceding week. The measurement unit applied in this scale is the
Metabolic Equivalent of Task (MET). The long form was deemed the most suitable in-
strument for capturing detailed information across the various dimensions of physical
activity [27]. For the purposes of this study, the total intensity of physical activity was
calculated and expressed as MET-minutes per week.

The sagittal-plane postural parameters of the spine were evaluated using pho-
togrammetry. Reflective markers (B&L Engineering®. Pinsco, Inc. dba B&L Engineering,
Santa Ana, CA, USA) were placed on the following anatomical landmarks:

Left earlobe;

Spinous process of the seventh cervical vertebra (C7);

Spinous process of the second thoracic vertebra (T2);

Spinous process of the ninth thoracic vertebra (T9);
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Spinous process of the twelfth thoracic vertebra (T12);

Spinous process of the first sacral vertebra (S1);

Left anterior superior iliac spine (ASIS);

Left posterior superior iliac spine (PSIS).

The C7 spinous process, the earlobe, the ASIS, and the PSIS were identified follow-
ing the recommendations of Krawicky et al. [28]. The spinous processes of T2, T9, T12,
and S1 were identified according to the methodology proposed by Ferreira et al. [29].

The markers consisted of a 19.05 mm flexible base with a 19-mm sphere, and were
affixed to the skin at the specified anatomical points using double-sided adhesive tape.

The photographic protocol required participants to remain in a static upright posi-
tion [30], standing on the foot marks of the Satel® stabilometric platform (40 Hz C3)
(SATEL SARL; Blagnac, France), which positioned the feet with 2 cm between the heels
and 30° of external rotation. In this position, participants remained still for 5 [31] to 10
[32] seconds while the photograph was taken. The camera was mounted on a tripod at a
fixed height of 1 m [33] and placed at a horizontal distance of 2 m from the subject,
aligned with the sagittal plane on the left side [28] (Figure 1).

A B

Figure 1. (A) Laboratory setup. (B) Marker system.

The photographs were analyzed using AutoCAD® software(AutoCAD 2019, version
23.0) (Autodesk, Inc., San Francisco, CA, USA) or the Postural Assessment Software
(PAS/SAPO) (version 1.0.x) (https://bmclab.pesquisa.ufabc.edu.br/sapo-en/) (accessed on
20 April 2020), developed by researchers at the University of Sao Paulo, Brazil [34]. This
freely available software allows for the measurement of body distances and angles from
digital images for postural evaluation [29]. It is widely used in clinical practice and re-
search and is accompanied by scientific tutorials [29].

Using the photographs and markers, the following sagittal-plane parameters were
quantified [28,35] (Figure 2):
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*  Horizontal head alignment: Defined as the angle formed between the line connect-
ing the earlobe and the spinous process of C7 and a horizontal reference line. Lower
angles indicate a more forward head position relative to the upper trunk, reflecting
anterior head posture. Higher angles indicate that the head is positioned further
backward and better aligned with the upper trunk, reflecting a more neutral or pos-
terior head posture. This or very similar measures, using the tragus of the ear as the
cranial reference, are commonly used to assess head posture in ergonomic and mus-
culoskeletal studies [36] and have shown reliable measurements [37].

*  Thoracic kyphotic curvature: Measured following the methodology of Leroux et al.
[35] using AutoCAD® software(AutoCAD 2019, version 23.0) (Autodesk, Inc., San
Francisco, CA, USA). A line was drawn connecting T2 and T12, and a perpendicular
line was extended from the apex of the curve (the most posterior spinous process) to
this line. The perpendicular line divided the posterior curve into two angles, whose
sum represented the thoracic kyphotic angle. Increasing angular values correspond
to an increased thoracic kyphotic curvature. When compared with radiographic as-
sessment—the gold standard —the intraclass correlation coefficient obtained with
this method was 0.94. The mean absolute difference was 5° (SD 4°) [35].

* Lumbar lordotic curvature: Measured using the same method as for thoracic
kyphotic curvature, but considering the markers placed at T9 and S1 [35]. Increasing
angular values correspond to an increased lumbar lordotic curvature. When com-
pared with radiographic assessment—the gold standard —the intraclass correlation
coefficient obtained with this method was 0.91. The mean absolute difference was 6°
(SD 6°) [35].

¢ Horizontal pelvic alignment: Defined as the angle formed between the line connect-
ing the anterior superior iliac spine and the posterior superior iliac spine, and a hor-
izontal reference line. This measure is used to assess whether the pelvis is in ante-
rior tilt (anteversion) or posterior tilt (retroversion) [36] and it has been considered a
reliable measurement [38]. Increasing angular values correspond to a greater ante-
rior tilt of the pelvis.

A
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Figure 2. Measurement of the parameters. (A) Horizontal head alignment. (B) Horizontal pelvic

alignment. (C) Thoracic kyphotic and lumbar lordotic curvatures.
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We recorded exposure to awkward postures associated with each job position, de-
termining each participant’s exposure to this specific risk in accordance with the specifi-
cations of the Interterritorial Council of the National Health System in the Protocol for
specific health surveillance of workers exposed to awkward postures [39]. In this proto-
col, exposure to awkward postures is assessed based on the presence or absence of the
following criteria: fixed or restricted body positions that place excessive strain on mus-
cles and tendons; positions that load the joints asymmetrically; and positions that gener-
ate static loads on the muscles. If a participant met any of these criteria, they were con-
sidered exposed to awkward postures [39].

2.3. Statistical Analysis

For the descriptive analysis of the quantitative variables, indices such as the means
and standard deviations were used. For the qualitative variables, a frequency analysis
was conducted to determine percentages.

Univariable general linear models were constructed to model sagittal posture pa-
rameters of the spine as a function of the exposure to awkward postures. In each model,
age, job seniority, body mass index and the intensity of physical activity were included
as potential confounders. Eta squared (n?) was used as measure of the effect size in the
models. It was interpreted categorized as: 1> < 0.01: “negligible”; 0.01 < 1n? < 0.06:
“small”; 0.06 <1? < 0.14: “medium”; n? > 0.14: “large” [40].

Statistical significance was established at p < 0.05. SPSS version 25.0 for Mac (IBM
Corporation, Armonk, NY, USA) was used for the calculations. R version 4.5.2 (R
Foundation for Statistical Computing, Vienna, Austria) was used to create the forest plot
of regression coefficients (B) with 95% confidence intervals.

3. Results

The total number of participants in the study was 116 subjects (Table 1). There were
no dropouts, and all tests were performed. The mean age was 45.86 (+5.68) years
(Table 1). The length of service in the company (seniority) was 20.94 (+5.75) years
(Table 1). The mean BMI of the sample was 27.15 (+3.57) (Table 1). The mean intensity of
the physical activity was 12,106.53 (+11,664.95) MET-minutes per week (Table 1).
Regarding exposure to awkward postures 84.50% of the sample was exposed (Table 1).

Table 1. Descriptive characteristics of the sample.

Total (n=116)

Awkward postures 84.50%

Age (years) 45.86 (+5.68)
Seniority (years) 20.94 (£5.75)
BMI 27.15 (£3.57)

Physical activity (MET-minutes per week) 12,106.53 (+11,664.95)
Horizontal head alignment (degrees) 36.17 (£5.96)
Thoracic kyphotic curvature (degrees) 42.52 (£12.35)
Lumbear lordotic curvature (degrees) 52.51 (+13.56)
Horizontal pelvic alignment (degrees) 11.24 (+6.73)

BMI: Body Mass Index. MET: Metabolic Equivalent of Task. Data are presented as percentages (%)
or mean (+SD). The outcomes of the univariable general linear models are presented in
Tables 2—4 andTable 5.

Table 2. Univariable general linear model analyzing horizontal head alignment as a function of ex-
posure to awkward postures. Parameter estimates.

https://doi.org/10.3390/jfmk11010087
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Univariable 95% Confidence
Analysis.
Dependent 5 Interval for B 2 val
Variable: Lower Effect Size p value
Horizontal head Bound/Upper
alignment Bound
Age (years) -0.037 -0.294/0.220 0.001 0.774
Seniority (years) 0.081 -0.170/0.332 0.004 0.523
BMI -0.517 -0.827/-0.206 0.090 0.001
Physical activit
ysica e.1c ivity . e
(MET-minutes 6.560 x 10 . <0.001 0.893
1073/<0.001
per week)
Awkward
1.597 -1.512/4.706 0.009 0.311
postures = No
Awkward Reference
postures = Yes category

Table 3. Univariable general linear model analyzing thoracic kyphotic curvature as a function of

exposure to awkward postures. Parameter estimates.

Univariable 95% Confidence
Analysis.
Dependent Interval for B n?
Variable: B Lower Effect Size p Value
Horizontal head Bound/Upper
alignment Bound
Age (years) 0.201 -0.336/0.737 0.005 0.460
Seniority (years) -0.021 -0.545/0.503 <0.001 0.937
BMI -0.499 -1.147/0.148 0.021 0.129
Physical activity
(MET-minutes 5.256 x 107 <0.001/<0.001 0.002 0.606
per week)
Awkward
-6.479 -12.966/0.009 0.034 0.050
postures = No
Awkward Reference
postures = Yes category

Table 4. Univariable general linear model analyzing lumbar lordotic curvature as a function of ex-

posure to awkward postures. Parameter estimates.

Univariable 95% Confidence
Analysis.
Dependent Interval for B "12
Variable: B Lower Effect Size p Value
Lumbar Bound/Upper
Lordosis Bound
Age (years) -0.309 -0.921/0.302 0.009 0.318
Seniority (years) 0.294 -0.303/0.890 0.009 0.332
BMI -0.243 —-0.981/0.495 0.004 0.515
Physical activity ~ ~7.506 x 10 <0.001/<0.001 <0.001 0.948

https://doi.org/10.3390/jfmk11010087
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Univariable 95% Confidence
Analysis.
Dependent Interval for B 2
Variable: B Lower Effect Size p Value
Lumbar Bound/Upper
Lordosis Bound
(MET-minutes
per week)
Awkward
-1.244 -8.636/6.147 0.001 0.739
postures = No
Awkward Reference
postures = Yes category

Table 5. Univariable general linear model analyzing horizontal pelvic alignment as a function of

exposure to awkward postures. Parameter estimates.

Univariable 95% Confidence
Analysis.
Dependent Interval for B n?
Variable: B Value
. Lower Effect Size P
Horizontal Bound/Upper
Pelvic Bound
Alignment
Age (years) -0.211 —0.508/0.085 0.018 0.161
Seniority (years) 0.018 -0.272/0.307 <0.001 0.903
BMI 0.288 —-0.070/0.646 0.023 0.114
Physical activit
ysica a.m ivity . _5.833 x
(MET-minutes 5.299 x 10 . 0.008 0.348
1075/<0.001
per week)
Awkward
-2.232 -5.819/1.354 0.014 0.220
postures = No
Awkward Reference
postures = Yes category

The general linear model parameter estimates analyzing horizontal head alignment
as a function of exposure to awkward postures are given in Table 2. We found no statisti-
cal significance for the potential confounders: age, seniority, and physical activity. The
BMI showed a negative significant relationship with the horizontal head alignment (p =
0.001), demonstrating a medium effect size (r]2 = 0.090). A decrease in BMI ( = -0.517)
was associated with an increase in the angle defining horizontal head position. Exposure
to awkward postures was not a significant predictor of horizontal head alignment (p =
0.311). The model assumptions were met. Levene’s test of equality of error variances in-
dicated that the assumption of homogeneity of variances was met (p = 0.767). The modi-
fied Breusch—Pagan test for heteroscedasticity proved the null hypothesis that the vari-
ance of the errors did not depend on the values of the independent variables (p = 0.642).

Figure 3 shows the forest plot of regression coefficients (B) with 95% confidence in-
tervals derived from the univariable general linear model of horizontal head alignment.
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Univariable GLM estimates for horizontal head alignment

Seniority

Physical activity

B ——

Awkward postures (No)q |

2 4
Regression coefficient (B)

Age ]
0

Figure 3. Forest plot of regression coefficients (B) with 95% confidence intervals derived from the
univariable general linear model of horizontal head alignment. GLM: General Linear Model. BMI:
Body Mass Index.

The general linear model parameter estimates analyzing thoracic kyphotic curva-
ture as a function of exposure to awkward postures are given in Table 3. We found no
statistical significance for the potential confounders: age, seniority, BMI and physical ac-
tivity. For the variable representing exposure to awkward postures (Awkward postures =
No, not exposed; Awkward postures = Yes, exposed. Reference category = Yes), the re-
gression coefficient was 3 = —6.479. This indicates that participants not exposed to awk-
ward postures had, on average, 6.479 units lower in the thoracic kyphotic curvature an-
gle compared with those exposed (reference category), after controlling for the other
variables in the model. The effect reached marginal statistical significance (p = 0.050). The
95% confidence interval (-12.966 to 0.009) included zero at the upper bound, suggesting
weak evidence but indicating a potential effect of non-exposure compared with expo-
sure. Exposure to awkward postures, that is, the reference category (exposed), was asso-
ciated with higher values in the measurement of the thoracic kyphotic curvature angle.
Given the clinical interpretation of this measurement, in which greater angular values
correspond to augmented thoracic kyphotic curvature, participants exposed to awkward
postures presented with a higher kyphotic curvature. The effect size was moderate (n? =
0.034), indicating that exposure accounted for approximately 3.4% of the variance in the
dependent variable, after adjusting for other covariates. These findings suggest that,
within this model, exposure to awkward postures was the variable exerting the greatest
influence on thoracic kyphotic curvature, although with a moderate effect and marginal
statistical significance. The model assumptions were met. Levene’s test of equality of er-
ror variances indicated that the assumption of homogeneity of variances was met (p =
0.302). The modified Breusch—-Pagan test for heteroscedasticity proved the null hypothe-
sis that the variance of the errors did not depend on the values of the independent vari-
ables (p =0.170).

https://doi.org/10.3390/jfmk11010087


https://doi.org/10.3390/jfmk11010087

J. Funct. Morphol. Kinesiol. 2026, 11, 87 10 of 19

Figure 4 shows the forest plot of regression coefficients (B) with 95% confidence in-
tervals derived from the univariable general linear model of thoracic kyphotic curvature.

Univariable GLM estimates for thoracic kyphotic curvature

Seniority q

Physical activity

BMI

Awkward postures (No) |

Age

OI“I+£

10 5
Regression coefficient (B)
Figure 4. Forest plot of regression coefficients (B) with 95% confidence intervals derived from the
univariable general linear model of thoracic kyphotic curvature. GLM: General Linear Model.
BMI: Body Mass Index.

The general linear model parameter estimates analyzing lumbar lordotic curvature
as a function of exposure to awkward postures are given in Table 4. We found no statisti-
cal significance for the potential confounders: age, seniority, BMI and physical activity.
Exposure to awkward postures was not a significant predictor of lumbar lordotic curva-
ture (p = 0.739). The model assumptions were met. Levene’s test of equality of error vari-
ances indicated that the assumption of homogeneity of variances was met (p = 0.286).
The modified Breusch—-Pagan test for heteroscedasticity proved the null hypothesis that
the variance of the errors did not depend on the values of the independent variables (p =
0.322).

Figure 5 shows the forest plot of regression coefficients (B) with 95% confidence in-
tervals derived from the univariable general linear model of lumbar lordotic curvature.
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Univariable GLM estimates for lumbar lordotic curvature

Seniority l—‘—'—|
i
.
.
i
Physical aciivity 4
;
:
i
Bl F——

Awkward postures (No)q I

Age |_._|

5 0 5
Regression coefficient (B)
Figure 5. Forest plot of regression coefficients (B) with 95% confidence intervals derived from the
univariable general linear model of lumbar lordotic curvature. GLM: General Linear Model. BMI:
Body Mass Index.

The general linear model parameter estimates analyzing horizontal pelvic align-
ment as a function of exposure to awkward postures are given in Table 5. We found no
statistical significance for the potential confounders: age, seniority, BMI and physical ac-
tivity. Exposure to awkward postures was not a significant predictor of horizontal pelvic
alignment (p = 0.220). The model assumptions were met. Levene’s test of equality of error
variances indicated that the assumption of homogeneity of variances was met (p = 0.639).
The modified Breusch-Pagan test for heteroscedasticity proved the null hypothesis that
the variance of the errors did not depend on the values of the independent variables (p =
0.346).

Figure 6 shows the forest plot of regression coefficients (B) with 95% confidence in-
tervals derived from the univariable general linear model of horizontal pelvic alignment.
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Figure 6. Forest plot of regression coefficients (B) with 95% confidence intervals derived from the
univariable general linear model of horizontal pelvic alignment. GLM: General Linear Model.
BMI: Body Mass Index.

4., Discussion

The demographic characteristics of the sample indicate that, with a mean age of
45.86 (£5.68) years, the study population is representative of a typical workforce in a
Eurozone country. In the European context, the average age of workers is projected to
reach 42.6 years by 2030 [41]. In Spain, data from the 2021 European Working Conditions
Survey show that 55.2% of workers fall within the 31- and 50-year age range [42], and
that 50.1% of employed individuals are older 45 years [43].

Our findings suggest that, in adult men employed in the industrial manufacturing
sector, reductions in BMI are associated with increased angles of horizontal head posi-
tion. This relationship indicates that lower BMI may favor a head position that is more
posterior and better aligned with the upper trunk, while higher BMI may contribute to a
more anterior head posture. Similar associations have been reported by Shaghayeghfard
et al. [44], who observed a reduction in the craniocervical angle —defined using anatomi-
cal references and spatial coordinates equivalent to those of horizontal head alignment-
among individuals with higher BMI values [44-46]. Several mechanisms may explain
this association. Increased cervical and thoracic flexion has been documented in over-
weight individuals [47], potentially resulting from the additional mechanical load associ-
ated with higher body mass or from deconditioning of the spinal extensor musculature,
both of which may hinder the maintenance of upright posture [47]. Furthermore, in-
creased use of electronic devices has been linked to greater neck flexion [48]. Molaeifar et
al. [46] suggested that weight gain leads to a proportional increase in head mass, thereby
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increasing cervical torque when the head shifts anteriorly relative to the vertical axis.
Increased thickness of the subcutaneous fat layer in individuals with higher BMI has
also been proposed as a contributing factor. Although care was taken to place the C7
marker on a clearly identifiable anatomical landmark, forward head posture in partici-
pants with higher BMI may be slightly exaggerated due to soft tissue thickness, which
should be considered when interpreting these results. Additionally, compensatory scoli-
otic, kyphotic, or lordotic adaptations observed in obese individuals may promote cervi-
cal anteversion [49]. The influence of BMI on the stiffness and elasticity of superficial
neck muscles has also been highlighted by Kocur et al. [50], who further identified age as
an additional factor associated with reductions in the craniocervical angle.

It is important to note that several of the aforementioned studies were conducted in
seated positions, whereas the present study assessed posture in a standing position.
Sitting has been shown to decrease the craniocervical angle, thereby promoting a more
forward head posture [51]. Occupational variability within the sample may also have in-
fluenced head posture, as certain tasks required sustained visual attention and concen-
tration (e.g., fastening mattresses or operating forklifts), whereas others did not (e.g.,
pushing carts or transporting materials).

These findings point to a possible association between body composition and cervi-
cal posture, suggesting that body weight could play a role among other factors in ergo-
nomic and occupational health considerations.

Exposure to awkward postures was associated with a modest increase in thoracic
kyphotic curvature. Although the 6.48° difference between exposed and non-exposed
workers was of borderline statistical significance, its small magnitude suggests limited
clinical relevance, while still reflecting subtle postural adaptations related to occupa-
tional constraints. Moreover, the mean thoracic kyphotic curvature in the sample (42.52 +
12.35°) was within the normal range for thoracic kyphotic curvature (20-50°) [52]. The
increase in thoracic kyphotic curvature associated with awkward postures observed in
this study may be explained by several factors, including work with arm advancement
(for instance, work at certain stations where parts of the mattress, such as the covers,
need to be moved; or handling materials on shelves), or standing for long periods of
time which has been shown to increase thoracic kyphotic curvature [51,52]. Lumbar
compensatory mechanisms may also play a role [53], although random variation cannot
be excluded [54]. Further research incorporating additional covariates is warranted to
clarify these associations. The literature addressing the relationship between awkward
postures and variations in thoracic kyphotic curvature remains limited. Ohlendorf et al.
[55-58] investigated postural adaptations across various professions, predominantly
among dentists, who exhibit elevated risks of musculoskeletal disorders due to sus-
tained forward-flexed postures.

Thoracic kyphotic curvature has been previously studied, with no clear differences
between genders [59-61]. Age does appear to be a determining factor in the evolution of
the angle of thoracic kyphotic curvature, especially after the age of 60 [62,63]. This age-
related increase is characterized by changes in soft tissues and changes in bone mineral-
ization over the years [64,65]. In our study, the population had a maximum age of 61
years, so this increase in kyphosis may not be related to age. BMI has commonly been re-
ferred to as one of the causes of increased kyphosis [66,67]. Increased body mass im-
poses greater axial loading on the spine, promoting forward trunk inclination, increased
thoracic kyphotic curvature, anterior displacement of the center of gravity, and greater
head advancement; however, this association was not observed in the current study
[12,49].

Our study found no association between thoracic kyphotic curvature and the physi-
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cal activity performed by workers. The Framingham study also found no association be-
tween physical function and kyphosis in men either older or younger than 65 years of
age [68].

It is also important to note that thoracic kyphotic curvature is closely related to
body posture. Previous studies have shown that sitting and lying down positions are as-
sociated with reduced kyphotic angles, whereas the standing position itself leads to an
increase in thoracic kyphotic curvature in the same individuals [69,70]. Therefore, pos-
tural variation and frequent changes in body position may represent a simple preventive
strategy.

In the present study, neither lumbar lordotic curvature nor horizontal pelvic align-
ment was significantly associated with awkward postures. Most existing research on
lumbar lordotic curvature in relation to awkward postures has focused on seated work
[71-73] limiting direct comparison with the predominantly standing tasks assessed here.
Whistance et al. [74] reported postural adaptations in bipedal workers characterized by
reductions in lumbar lordotic curvature, while Ghasemi et al. [75] emphasized the role of
lower limb positioning in such adaptations.

Awkward postures, as defined in the Spanish occupational health framework [39],
were identified in 84.5% of the sample. This prevalence exceeds the 57% reported for in-
dustrial activities in the 2015 National Survey of Working Conditions [76], indicating a
higher exposure level in the present population and supporting the need for targeted in-
terventions to mitigate this occupational risk.

Certain limitations qualify the findings of this study. Foremost is its cross-sectional
nature; while a longitudinal design was deemed impractical due to anticipated sample
availability challenges, this design choice inherently restricts our ability to establish
causal relationships. Additionally, the study’s execution in a single geographic locale
poses a challenge for generalizing results to diverse regions. Nonetheless, we think that
the characterization of the study population performed allows to identify contexts where
similar findings could plausibly emerge. Awkward posture exposure was categorized di-
chotomously (yes/no), which may have oversimplified the exposure construct. Future
studies should incorporate quantitative exposure metrics, such as time-weighted dura-
tion and frequency of awkward postures, ideally using objective measurement tech-
niques (e.g., inertial sensors or video-based posture analysis). Previous occupational ex-
posures prior to employment in the current company were not assessed. Although se-
niority was used as an indicator of cumulative exposure, lifetime occupational exposure
history was not available. Therefore, potential cumulative biomechanical load from pre-
vious jobs could not be accounted for. Future longitudinal studies should include de-
tailed work history to better characterize cumulative exposure. Postural parameters were
assessed using photogrammetric measurements with external skin markers. Although
this method has been shown to be reliable, soft tissue artefacts and marker placement er-
rors, particularly in individuals with higher body mass, may have introduced measure-
ment bias.

5. Conclusions

Our findings suggest that, in adult men employed in the industrial manufacturing
sector, lower BMI may favor a head position that is more posterior and better aligned
with the upper trunk. These results underscore the potential biomechanical interplay be-
tween body composition and cervical posture, highlighting the importance of consider-
ing weight management as part of ergonomic and occupational health strategies.
Additionally, exposure to awkward postures was associated with a modest increase in
kyphotic curvature, suggesting limited postural adaptations in response to occupational
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constraints. This association was demonstrated to be independent of age, job seniority,
BMI and intensity of physical activity.

Author Contributions: Conceptualization, S.H.-L. and S.M.-B.; methodology, S.H.-L. and M.O.L.-
L.; investigation, S.H.-L. and E.B.-O.; resources, S.H.-L.,, M.O.L.-L., C.H.-G. and ].M.T.-M.; writing
—original draft preparation, S.H.-L., M.O.L.-L., SM.-B., C.H.-G. and L.V.-P,; validation, S.H.-L.,
JM.T.-M. and L.V.-P; software, S.H.-L.; formal analysis, S.H.-L., E.B.-O. and M.O.L.-L.; visualiza-
tion, S.H.-L. and ].M.T.-M.; writing —review and editing, S.H.-L., S.M.-B., E.B.-O., CH.-G., BM.-],,
L.V.-P, and J.M.T.-M.; project administration, B.M.-].; supervision, B.M.-J. All authors have read
and agreed to the published version of the manuscript.

Funding: The APC was partially covered by Physiotherapy Research Unit, Gobierno de Aragon,
grant number B38_23R.

Institutional Review Board Statement: The study was conducted in accordance with the
Declaration of Helsinki, and approved by the Local Ethics Committee “Comité Etico de
Investigacion Clinica de Aragén (CEICA)” (Protocol Code: PI18/363/ date of approval: 16 January
2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the

study.

Data Availability Statement: The original contributions presented in the study are included in the

article, further inquiries can be directed to the corresponding author.

Acknowledgments: We wish to acknowledge the extensive readiness of the subjects. We express
our gratitude to the staff of the Pikolin corporation. The study was supported by the infrastruc-
tures of the Physiotherapy Research Unit, Faculty of Health Sciences —University of Zaragoza, and

the Pikolin corporation.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

BMI Body Mass Index
MET Metabolic Equivalent of Task

References and Notes

1.

Ruiz-Frutos, C.; Delclos, J.; Ronda, E.; Garcia, A.M.; Benavides, F.G. Salud Laboral. Conceptos y Técnicas para la Prevencién de
Riesgos Laborales, 5th ed.; Elsevier: Barcelona, Spain, 2022. [Google Scholar]

Ministerio de Sanidad; Consumo y Bienestar Social. Vigilancia de La Salud Para La Prevencion de Riesgos Laborales. Guia Bdsica y
General de Orientacion; Ministerio de Sanidad, Consumo y Bienestar Social: Madrid, Spain, 2019.

Occupational Safety and Health Administration. Recommended Practices for Safety and Health Programs. Available online: ht
tps://www.osha.gov/safety-management/hazard-Identification (accessed on 13 October 2025).

Romera-Murioz, J.L.; Lahera-Mexia, A.; Canals-Salina, R.; Galan-Cortés, J.; Pachén-Gallardo, A.; Roman-Delgado, M.; Ropero-
Montoro, M.C.; Yépez-Pérez, ].L. Manual de Evaluacion de Riesgos Laborales; Junta de Andalucia: Av. de Roma, s/n, 41013 Sevilla,
Spain, 2004; pp. 10-12. [Google Scholar]

Belin, A.; Dupont, C.; Oules, L.; Kuipers, Y. Safer and Healthier Work at Any Age. Final Overall Analysis Report; European Union:
Brussels, Belgium, 2016; p. 15. [Google Scholar]

Magnavita, N.; Chirico, F. New and Emerging Risk Factors in Occupational Health. Appl. Sci. 2020, 10, 8906. [Google Scholar]
[CrossRef]

Burdorf, A.; Rossignol, M.; Fathallah, F.; Snook, S.; Herrick, R. Challenges in Assessing Risk Factors in Epidemiologic Studies
on Back Disorders. Am. J. Ind. Med. 1997, 32, 142-152. [Google Scholar] [CrossRef]

https://doi.org/10.3390/jfmk11010087


https://scholar.google.com/scholar_lookup?title=Salud+Laboral.+Conceptos+y+T%C3%A9cnicas+para+la+Prevenci%C3%B3n+de+Riesgos+Laborales&author=Ruiz-Frutos,+C.&author=Delcl%C3%B2s,+J.&author=Ronda,+E.&author=Garc%C3%ADa,+A.M.&author=Benavides,+F.G.&publication_year=2022&doi=&pages=
https://scholar.google.com/scholar_lookup?title=Salud+Laboral.+Conceptos+y+T%C3%A9cnicas+para+la+Prevenci%C3%B3n+de+Riesgos+Laborales&author=Ruiz-Frutos,+C.&author=Delcl%C3%B2s,+J.&author=Ronda,+E.&author=Garc%C3%ADa,+A.M.&author=Benavides,+F.G.&publication_year=2022&doi=&pages=
https://www.osha.gov/safety-management/hazard-Identification
https://www.osha.gov/safety-management/hazard-Identification
https://scholar.google.com/scholar_lookup?title=Manual+de+Evaluaci%C3%B3n+de+Riesgos+Laborales&author=Romera-Mu%C3%B1oz,+J.L.&author=Lahera-Mex%C3%ADa,+A.&author=Canals-Salina,+R.&author=Gal%C3%A1n-Cort%C3%A9s,+J.&author=Pach%C3%B3n-Gallardo,+A.&author=Rom%C3%A1n-Delgado,+M.&author=Ropero-Montoro,+M.C.&author=Y%C3%A9pez-P%C3%A9rez,+J.L.&publication_year=2004&doi=&pages=10-12
https://scholar.google.com/scholar_lookup?title=Manual+de+Evaluaci%C3%B3n+de+Riesgos+Laborales&author=Romera-Mu%C3%B1oz,+J.L.&author=Lahera-Mex%C3%ADa,+A.&author=Canals-Salina,+R.&author=Gal%C3%A1n-Cort%C3%A9s,+J.&author=Pach%C3%B3n-Gallardo,+A.&author=Rom%C3%A1n-Delgado,+M.&author=Ropero-Montoro,+M.C.&author=Y%C3%A9pez-P%C3%A9rez,+J.L.&publication_year=2004&doi=&pages=10-12
https://scholar.google.com/scholar_lookup?title=Safer+and+Healthier+Work+at+Any+Age.+Final+Overall+Analysis+Report&author=Belin,+A.&author=Dupont,+C.&author=Oul%C3%A8s,+L.&author=Kuipers,+Y.&publication_year=2016&doi=&pages=15
https://scholar.google.com/scholar_lookup?title=Safer+and+Healthier+Work+at+Any+Age.+Final+Overall+Analysis+Report&author=Belin,+A.&author=Dupont,+C.&author=Oul%C3%A8s,+L.&author=Kuipers,+Y.&publication_year=2016&doi=&pages=15
https://scholar.google.com/scholar_lookup?title=New+and+Emerging+Risk+Factors+in+Occupational+Health&author=Magnavita,+N.&author=Chirico,+F.&publication_year=2020&doi=10.3390/app10248906&pages=8906&journal=Appl.+Sci.&volume=10&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=New+and+Emerging+Risk+Factors+in+Occupational+Health&author=Magnavita,+N.&author=Chirico,+F.&publication_year=2020&doi=10.3390/app10248906&pages=8906&journal=Appl.+Sci.&volume=10&issue=&pmid=
https://doi.org/10.3390/app10248906
https://scholar.google.com/scholar_lookup?title=Challenges+in+Assessing+Risk+Factors+in+Epidemiologic+Studies+on+Back+Disorders&author=Burdorf,+A.&author=Rossignol,+M.&author=Fathallah,+F.&author=Snook,+S.&author=Herrick,+R.&publication_year=1997&doi=10.1002/(SICI)1097-0274(199708)32:2%3C142::AID-AJIM5%3E3.0.CO;2-0&pages=142-152&journal=Am.+J.+Ind.+Med.&volume=32&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Challenges+in+Assessing+Risk+Factors+in+Epidemiologic+Studies+on+Back+Disorders&author=Burdorf,+A.&author=Rossignol,+M.&author=Fathallah,+F.&author=Snook,+S.&author=Herrick,+R.&publication_year=1997&doi=10.1002/(SICI)1097-0274(199708)32:2%3C142::AID-AJIM5%3E3.0.CO;2-0&pages=142-152&journal=Am.+J.+Ind.+Med.&volume=32&issue=&pmid=
https://doi.org/10.1002/(SICI)1097-0274(199708)32:2%3C142::AID-AJIM5%3E3.0.CO;2-0
https://doi.org/10.3390/jfmk11010087

J. Funct. Morphol. Kinesiol. 2026, 11, 87 16 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Evaluacion de Riesgos Laborales Asociados a La Carga Fisica. Available online: https://www.ibv.org/wp-
content/uploads/2020/01/Riesgos_COMERCIO_ALIMENTACION.pdf (accessed on 10 October 2025)

Vandekerckhove, S.; Lenaerts, K.; Szekér, L.; Desiere, S.; Lamberts, M.; Ramioul, M. Musculoskeletal Disorders and Psychosocial
Risk Factors in the Workplace— Statistical Analysis of EU-Wide Survey Data; European Agency for Safety and Health at Work:
Bilbao, Spain, 2021, pp. 1-113.

U.S. Department of Health and Human Services; Public Health Service; Centers for Disease Control and Prevention; NIOSH.
Work Practices Guide for Manual Lifting; NIOSH: Cincinnati, OH, USA, 1981.

Hita-Gutiérrez, M.; Gomez-Galan, M.; Diaz-Pérez, M.; Callejon-Ferre, AJ. An Overview of REBA Method Applications in the
World. Int. |. Environ. Res. Public Health 2020, 17, 2635. [Google Scholar] [CrossRef]

Holzgreve, F.; Nazzal, C.; Nazzal, R.; Golbach, R.; Groneberg, D.A.; Maurer-Grubinger, C.; Wanke, E.M.; Ohlendorf, D.
Differences in Upper Body Posture between Patients with Lumbar Spine Syndrome and Healthy Individuals under the
Consideration of Sex, Age and BML. |. Occup. Med. Toxicol. 2024, 19, 6. [Google Scholar] [CrossRef]

Risk Factors for Musculoskeletal Disorders—Working Postures. Available online: https://oshwiki.osha.europa.eu/
en/themes/risk-factors-musculoskeletal-disorders-working-postures (accessed on 10 October 2025).

MSD: Awkward or Sustained Postures. Available online: https://www.nsc.org/getmedia/d9{f3967-81d0-4bfc-b3d3-
eB8aBaeab3abf/msd-awkward-postures-risk-spotlight.pdf (accessed on 10 October 2025).

Mariconda, M.; Galasso, O.; Imbimbo, L.; Lotti, G.; Milano, C. Relationship between Alterations of the Lumbar Spine,
Visualized with Magnetic Resonance Imaging, and Occupational Variables. Eur. Spine J. 2007, 16, 255-266. [Google Scholar]
[CrossRef]

Osborne, A.; Blake, C.; Fullen, B.M.; Meredith, D.; Phelan, J.; Mcnamara, J.; Cunningham, C. Risk Factors for Musculoskeletal
Disorders among Farm Owners and Farm Workers: A Systematic Review. Am. |. Ind. Med. 2012, 55, 376-389. [Google Scholar]
[CrossRef]

Tiwari, R.R.; Saha, A. An Epidemiological Study of Low Back Pain among Oil Drilling Workers in India. Toxicol. Ind. Health
2014, 30, 60-63. [Google Scholar] [CrossRef]

Hincapié, C.A.; Kroismayr, D.; Hofstetter, L.; Kurmann, A.; Cancelliere, C.; Raja Rampersaud, Y.; Boyle, E.; Tomlinson, G.A;
Jadad, A.R.; Hartvigsen, J.; et al. Incidence of and Risk Factors for Lumbar Disc Herniation with Radiculopathy in Adults: A
Systematic Review. Eur. Spine J. 2025, 34, 263-294. [Google Scholar] [CrossRef]

Baucher, G.; Taskovic, J.; Troude, L.; Molliqaj, G.; Nouri, A.; Tessitore, E. Risk Factors for the Development of Degenerative
Cervical Myelopathy: A Review of the Literature. Neurosurg. Rev. 2022, 45, 1675-1689. [Google Scholar] [CrossRef] [PubMed]
Jackson, J.A; Liv, P; Sayed-Noor, A.S.; Punnett, L.; Wahlstrom, ]. Risk Factors for Surgically Treated Cervical Spondylosis in
Male Construction Workers: A 20-Year Prospective Study. Spine J. 2023, 23, 136-145. [Google Scholar] [CrossRef] [PubMed]
Huang, C.C; Kuo, PJ.; Hsu, C.C.; Lin, HJ.; Su, S.B.; Wang, J.J.; Weng, S.F. Risk for Cervical Herniated Intervertebral Disc in
Dentists: A Nationwide Population-Based Study. BMC Musculoskelet. Disord. 2019, 20, 189. [Google Scholar] [CrossRef]

Lotters, F.; Burdorf, A.; Kuiper, J.; Miedema, H. Model for the Work-Relatedness of Low-Back Pain. Scand. ]. Work 2003, 29,
431-440. [Google Scholar] [CrossRef] [PubMed]

Williams, E.M.K.; Sambrook, PN. Neck and Back Pain and Intervertebral Disc Degeneration: Role of Occupational Factors. Best
Pract. Res. Clin. Rheumatol. 2011, 25, 69-79. [Google Scholar] [CrossRef] [PubMed]

Zawilla, N.H.; Darweesh, H.; Mansour, N.; Helal, S.; Taha, F.M.; Awadallah, M.; El Shazly, R. Matrix Metalloproteinase-3,
Vitamin D Receptor Gene Polymorphisms, and Occupational Risk Factors in Lumbar Disc Degeneration. J. Occup. Rehabil.
2014, 24, 370-381. [Google Scholar] [CrossRef] [PubMed]

Tandazo, O.; Jaramillo-Carrién, V.; Valarezo, E.; Sanchis-Almenara, M.; Montalban-Domingo, L.; Catala-Alis, J. Ergonomic Risk
Assessment in Construction: Case Study Ecuador. Heliyon 2025, 11, e42751. [Google Scholar] [CrossRef]

Norton, K.; Whittingham, N.; Carter, L.; Kerr, D.; Gore, C.; Marfell-Jones, M. Measurement Techniques in Anthropometry. In
Anthropometrica; Norton, K., Olds, T., Eds.; NewSouth Publishing: Sydney, Australia, 1996; Volume 1, pp. 25-75. [Google
Scholar]

Mantilla Toloza, S.C.; Gomez Conesa, A.A. El Cuestionario Internacional de Actividad Fisica: Un Instrumento Adecuado En El
Seguimiento de La Actividad Fisica Poblacional. Rev. Iberoam. Fisioter. Kinesiol. 2007, 10, 48-52. [Google Scholar] [CrossRef]
Krawczky, B.; Pacheco, A.G.; Mainenti, M.R.M. A Systematic Review of the Angular Values Obtained by Computerized
Photogrammetry in Sagittal Plane: A Proposal for Reference Values. |. Manip. Physiol. Ther. 2014, 37, 269-275. [Google Scholar]
[CrossRef]

https://doi.org/10.3390/jfmk11010087


https://scholar.google.com/scholar_lookup?title=An+Overview+of+REBA+Method+Applications+in+the+World&author=Hita-Guti%C3%A9rrez,+M.&author=G%C3%B3mez-Gal%C3%A1n,+M.&author=D%C3%ADaz-P%C3%A9rez,+M.&author=Callej%C3%B3n-Ferre,+%C3%81.J.&publication_year=2020&doi=10.3390/ijerph17082635&pages=2635&journal=Int.+J.+Environ.+Res.+Public+Health&volume=17&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=An+Overview+of+REBA+Method+Applications+in+the+World&author=Hita-Guti%C3%A9rrez,+M.&author=G%C3%B3mez-Gal%C3%A1n,+M.&author=D%C3%ADaz-P%C3%A9rez,+M.&author=Callej%C3%B3n-Ferre,+%C3%81.J.&publication_year=2020&doi=10.3390/ijerph17082635&pages=2635&journal=Int.+J.+Environ.+Res.+Public+Health&volume=17&issue=&pmid=
https://doi.org/10.3390/ijerph17082635
https://scholar.google.com/scholar_lookup?title=Differences+in+Upper+Body+Posture+between+Patients+with+Lumbar+Spine+Syndrome+and+Healthy+Individuals+under+the+Consideration+of+Sex,+Age+and+BMI&author=Holzgreve,+F.&author=Nazzal,+C.&author=Nazzal,+R.&author=Golbach,+R.&author=Groneberg,+D.A.&author=Maurer-Grubinger,+C.&author=Wanke,+E.M.&author=Ohlendorf,+D.&publication_year=2024&doi=10.1186/s12995-024-00405-w&pages=6&journal=J.+Occup.+Med.+Toxicol.&volume=19&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Differences+in+Upper+Body+Posture+between+Patients+with+Lumbar+Spine+Syndrome+and+Healthy+Individuals+under+the+Consideration+of+Sex,+Age+and+BMI&author=Holzgreve,+F.&author=Nazzal,+C.&author=Nazzal,+R.&author=Golbach,+R.&author=Groneberg,+D.A.&author=Maurer-Grubinger,+C.&author=Wanke,+E.M.&author=Ohlendorf,+D.&publication_year=2024&doi=10.1186/s12995-024-00405-w&pages=6&journal=J.+Occup.+Med.+Toxicol.&volume=19&issue=&pmid=
https://doi.org/10.1186/s12995-024-00405-w
https://oshwiki.osha.europa.eu/en/themes/risk-factors-musculoskeletal-disorders-working-postures
https://oshwiki.osha.europa.eu/en/themes/risk-factors-musculoskeletal-disorders-working-postures
https://www.nsc.org/getmedia/d9ff3967-81d0-4bfc-b3d3-e8a8aeab3abf/msd-awkward-postures-risk-spotlight.pdf
https://www.nsc.org/getmedia/d9ff3967-81d0-4bfc-b3d3-e8a8aeab3abf/msd-awkward-postures-risk-spotlight.pdf
https://scholar.google.com/scholar_lookup?title=Relationship+between+Alterations+of+the+Lumbar+Spine,+Visualized+with+Magnetic+Resonance+Imaging,+and+Occupational+Variables&author=Mariconda,+M.&author=Galasso,+O.&author=Imbimbo,+L.&author=Lotti,+G.&author=Milano,+C.&publication_year=2007&doi=10.1007/s00586-005-0036-1&pages=255-266&journal=Eur.+Spine+J.&volume=16&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Relationship+between+Alterations+of+the+Lumbar+Spine,+Visualized+with+Magnetic+Resonance+Imaging,+and+Occupational+Variables&author=Mariconda,+M.&author=Galasso,+O.&author=Imbimbo,+L.&author=Lotti,+G.&author=Milano,+C.&publication_year=2007&doi=10.1007/s00586-005-0036-1&pages=255-266&journal=Eur.+Spine+J.&volume=16&issue=&pmid=
https://doi.org/10.1007/s00586-005-0036-1
https://scholar.google.com/scholar_lookup?title=Risk+Factors+for+Musculoskeletal+Disorders+among+Farm+Owners+and+Farm+Workers:+A+Systematic+Review&author=Osborne,+A.&author=Blake,+C.&author=Fullen,+B.M.&author=Meredith,+D.&author=Phelan,+J.&author=Mcnamara,+J.&author=Cunningham,+C.&publication_year=2012&doi=10.1002/ajim.22001&pages=376-389&journal=Am.+J.+Ind.+Med.&volume=55&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Risk+Factors+for+Musculoskeletal+Disorders+among+Farm+Owners+and+Farm+Workers:+A+Systematic+Review&author=Osborne,+A.&author=Blake,+C.&author=Fullen,+B.M.&author=Meredith,+D.&author=Phelan,+J.&author=Mcnamara,+J.&author=Cunningham,+C.&publication_year=2012&doi=10.1002/ajim.22001&pages=376-389&journal=Am.+J.+Ind.+Med.&volume=55&issue=&pmid=
https://doi.org/10.1002/ajim.22001
https://scholar.google.com/scholar_lookup?title=An+Epidemiological+Study+of+Low+Back+Pain+among+Oil+Drilling+Workers+in+India&author=Tiwari,+R.R.&author=Saha,+A.&publication_year=2014&doi=10.1177/0748233712451771&pages=60-63&journal=Toxicol.+Ind.+Health&volume=30&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=An+Epidemiological+Study+of+Low+Back+Pain+among+Oil+Drilling+Workers+in+India&author=Tiwari,+R.R.&author=Saha,+A.&publication_year=2014&doi=10.1177/0748233712451771&pages=60-63&journal=Toxicol.+Ind.+Health&volume=30&issue=&pmid=
https://doi.org/10.1177/0748233712451771
https://scholar.google.com/scholar_lookup?title=Incidence+of+and+Risk+Factors+for+Lumbar+Disc+Herniation+with+Radiculopathy+in+Adults:+A+Systematic+Review&author=Hincapi%C3%A9,+C.A.&author=Kroismayr,+D.&author=Hofstetter,+L.&author=Kurmann,+A.&author=Cancelliere,+C.&author=Raja+Rampersaud,+Y.&author=Boyle,+E.&author=Tomlinson,+G.A.&author=Jadad,+A.R.&author=Hartvigsen,+J.&publication_year=2025&doi=10.1007/s00586-024-08528-8&pages=263-294&journal=Eur.+Spine+J.&volume=34&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Incidence+of+and+Risk+Factors+for+Lumbar+Disc+Herniation+with+Radiculopathy+in+Adults:+A+Systematic+Review&author=Hincapi%C3%A9,+C.A.&author=Kroismayr,+D.&author=Hofstetter,+L.&author=Kurmann,+A.&author=Cancelliere,+C.&author=Raja+Rampersaud,+Y.&author=Boyle,+E.&author=Tomlinson,+G.A.&author=Jadad,+A.R.&author=Hartvigsen,+J.&publication_year=2025&doi=10.1007/s00586-024-08528-8&pages=263-294&journal=Eur.+Spine+J.&volume=34&issue=&pmid=
https://doi.org/10.1007/s00586-024-08528-8
https://scholar.google.com/scholar_lookup?title=Risk+Factors+for+the+Development+of+Degenerative+Cervical+Myelopathy:+A+Review+of+the+Literature&author=Baucher,+G.&author=Taskovic,+J.&author=Troude,+L.&author=Molliqaj,+G.&author=Nouri,+A.&author=Tessitore,+E.&publication_year=2022&doi=10.1007/s10143-021-01698-9&pages=1675-1689&journal=Neurosurg.+Rev.&volume=45&issue=&pmid=34845577
https://scholar.google.com/scholar_lookup?title=Risk+Factors+for+the+Development+of+Degenerative+Cervical+Myelopathy:+A+Review+of+the+Literature&author=Baucher,+G.&author=Taskovic,+J.&author=Troude,+L.&author=Molliqaj,+G.&author=Nouri,+A.&author=Tessitore,+E.&publication_year=2022&doi=10.1007/s10143-021-01698-9&pages=1675-1689&journal=Neurosurg.+Rev.&volume=45&issue=&pmid=34845577
https://doi.org/10.1007/s10143-021-01698-9
https://pubmed.ncbi.nlm.nih.gov/34845577
https://scholar.google.com/scholar_lookup?title=Risk+Factors+for+Surgically+Treated+Cervical+Spondylosis+in+Male+Construction+Workers:+A+20-Year+Prospective+Study&author=Jackson,+J.A.&author=Liv,+P.&author=Sayed-Noor,+A.S.&author=Punnett,+L.&author=Wahlstr%C3%B6m,+J.&publication_year=2023&doi=10.1016/j.spinee.2022.08.009&pages=136-145&journal=Spine+J.&volume=23&issue=&pmid=36028215
https://scholar.google.com/scholar_lookup?title=Risk+Factors+for+Surgically+Treated+Cervical+Spondylosis+in+Male+Construction+Workers:+A+20-Year+Prospective+Study&author=Jackson,+J.A.&author=Liv,+P.&author=Sayed-Noor,+A.S.&author=Punnett,+L.&author=Wahlstr%C3%B6m,+J.&publication_year=2023&doi=10.1016/j.spinee.2022.08.009&pages=136-145&journal=Spine+J.&volume=23&issue=&pmid=36028215
https://doi.org/10.1016/j.spinee.2022.08.009
https://pubmed.ncbi.nlm.nih.gov/36028215
https://scholar.google.com/scholar_lookup?title=Risk+for+Cervical+Herniated+Intervertebral+Disc+in+Dentists:+A+Nationwide+Population-Based+Study&author=Huang,+C.C.&author=Kuo,+P.J.&author=Hsu,+C.C.&author=Lin,+H.J.&author=Su,+S.B.&author=Wang,+J.J.&author=Weng,+S.F.&publication_year=2019&doi=10.1186/s12891-019-2559-3&pages=189&journal=BMC+Musculoskelet.+Disord.&volume=20&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Risk+for+Cervical+Herniated+Intervertebral+Disc+in+Dentists:+A+Nationwide+Population-Based+Study&author=Huang,+C.C.&author=Kuo,+P.J.&author=Hsu,+C.C.&author=Lin,+H.J.&author=Su,+S.B.&author=Wang,+J.J.&author=Weng,+S.F.&publication_year=2019&doi=10.1186/s12891-019-2559-3&pages=189&journal=BMC+Musculoskelet.+Disord.&volume=20&issue=&pmid=
https://doi.org/10.1186/s12891-019-2559-3
https://scholar.google.com/scholar_lookup?title=Model+for+the+Work-Relatedness+of+Low-Back+Pain&author=L%C3%B6tters,+F.&author=Burdorf,+A.&author=Kuiper,+J.&author=Miedema,+H.&publication_year=2003&doi=10.5271/sjweh.749&pages=431-440&journal=Scand.+J.+Work&volume=29&issue=&pmid=14712849
https://scholar.google.com/scholar_lookup?title=Model+for+the+Work-Relatedness+of+Low-Back+Pain&author=L%C3%B6tters,+F.&author=Burdorf,+A.&author=Kuiper,+J.&author=Miedema,+H.&publication_year=2003&doi=10.5271/sjweh.749&pages=431-440&journal=Scand.+J.+Work&volume=29&issue=&pmid=14712849
https://doi.org/10.5271/sjweh.749
https://pubmed.ncbi.nlm.nih.gov/14712849
https://scholar.google.com/scholar_lookup?title=Neck+and+Back+Pain+and+Intervertebral+Disc+Degeneration:+Role+of+Occupational+Factors&author=Williams,+F.M.K.&author=Sambrook,+P.N.&publication_year=2011&doi=10.1016/j.berh.2011.01.007&pages=69-79&journal=Best+Pract.+Res.+Clin.+Rheumatol.&volume=25&issue=&pmid=21663851
https://scholar.google.com/scholar_lookup?title=Neck+and+Back+Pain+and+Intervertebral+Disc+Degeneration:+Role+of+Occupational+Factors&author=Williams,+F.M.K.&author=Sambrook,+P.N.&publication_year=2011&doi=10.1016/j.berh.2011.01.007&pages=69-79&journal=Best+Pract.+Res.+Clin.+Rheumatol.&volume=25&issue=&pmid=21663851
https://doi.org/10.1016/j.berh.2011.01.007
https://pubmed.ncbi.nlm.nih.gov/21663851
https://scholar.google.com/scholar_lookup?title=Matrix+Metalloproteinase-3,+Vitamin+D+Receptor+Gene+Polymorphisms,+and+Occupational+Risk+Factors+in+Lumbar+Disc+Degeneration&author=Zawilla,+N.H.&author=Darweesh,+H.&author=Mansour,+N.&author=Helal,+S.&author=Taha,+F.M.&author=Awadallah,+M.&author=El+Shazly,+R.&publication_year=2014&doi=10.1007/s10926-013-9472-7&pages=370-381&journal=J.+Occup.+Rehabil.&volume=24&issue=&pmid=23975061
https://scholar.google.com/scholar_lookup?title=Matrix+Metalloproteinase-3,+Vitamin+D+Receptor+Gene+Polymorphisms,+and+Occupational+Risk+Factors+in+Lumbar+Disc+Degeneration&author=Zawilla,+N.H.&author=Darweesh,+H.&author=Mansour,+N.&author=Helal,+S.&author=Taha,+F.M.&author=Awadallah,+M.&author=El+Shazly,+R.&publication_year=2014&doi=10.1007/s10926-013-9472-7&pages=370-381&journal=J.+Occup.+Rehabil.&volume=24&issue=&pmid=23975061
https://doi.org/10.1007/s10926-013-9472-7
https://pubmed.ncbi.nlm.nih.gov/23975061
https://scholar.google.com/scholar_lookup?title=Ergonomic+Risk+Assessment+in+Construction:+Case+Study+Ecuador&author=Tandazo,+O.&author=Jaramillo-Carri%C3%B3n,+V.&author=Valarezo,+E.&author=Sanch%C3%ADs-Almenara,+M.&author=Montalb%C3%A1n-Domingo,+L.&author=Catal%C3%A1-Al%C3%ADs,+J.&publication_year=2025&doi=10.1016/j.heliyon.2025.e42751&pages=e42751&journal=Heliyon&volume=11&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Ergonomic+Risk+Assessment+in+Construction:+Case+Study+Ecuador&author=Tandazo,+O.&author=Jaramillo-Carri%C3%B3n,+V.&author=Valarezo,+E.&author=Sanch%C3%ADs-Almenara,+M.&author=Montalb%C3%A1n-Domingo,+L.&author=Catal%C3%A1-Al%C3%ADs,+J.&publication_year=2025&doi=10.1016/j.heliyon.2025.e42751&pages=e42751&journal=Heliyon&volume=11&issue=&pmid=
https://doi.org/10.1016/j.heliyon.2025.e42751
https://scholar.google.com/scholar_lookup?title=Measurement+Techniques+in+Anthropometry&author=Norton,+K.&author=Whittingham,+N.&author=Carter,+L.&author=Kerr,+D.&author=Gore,+C.&author=Marfell-Jones,+M.&publication_year=1996&doi=&pages=25-75
https://scholar.google.com/scholar_lookup?title=Measurement+Techniques+in+Anthropometry&author=Norton,+K.&author=Whittingham,+N.&author=Carter,+L.&author=Kerr,+D.&author=Gore,+C.&author=Marfell-Jones,+M.&publication_year=1996&doi=&pages=25-75
https://scholar.google.com/scholar_lookup?title=El+Cuestionario+Internacional+de+Actividad+F%C3%ADsica:+Un+Instrumento+Adecuado+En+El+Seguimiento+de+La+Actividad+F%C3%ADsica+Poblacional&author=Mantilla+Toloza,+S.C.&author=G%C3%B3mez+Conesa,+A.A.&publication_year=2007&doi=10.1016/S1138-6045(07)73665-1&pages=48-52&journal=Rev.+Iberoam.+Fisioter.+Kinesiol.&volume=10&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=El+Cuestionario+Internacional+de+Actividad+F%C3%ADsica:+Un+Instrumento+Adecuado+En+El+Seguimiento+de+La+Actividad+F%C3%ADsica+Poblacional&author=Mantilla+Toloza,+S.C.&author=G%C3%B3mez+Conesa,+A.A.&publication_year=2007&doi=10.1016/S1138-6045(07)73665-1&pages=48-52&journal=Rev.+Iberoam.+Fisioter.+Kinesiol.&volume=10&issue=&pmid=
https://doi.org/10.1016/S1138-6045(07)73665-1
https://scholar.google.com/scholar_lookup?title=A+Systematic+Review+of+the+Angular+Values+Obtained+by+Computerized+Photogrammetry+in+Sagittal+Plane:+A+Proposal+for+Reference+Values&author=Krawczky,+B.&author=Pacheco,+A.G.&author=Mainenti,+M.R.M.&publication_year=2014&doi=10.1016/j.jmpt.2014.01.002&pages=269-275&journal=J.+Manip.+Physiol.+Ther.&volume=37&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=A+Systematic+Review+of+the+Angular+Values+Obtained+by+Computerized+Photogrammetry+in+Sagittal+Plane:+A+Proposal+for+Reference+Values&author=Krawczky,+B.&author=Pacheco,+A.G.&author=Mainenti,+M.R.M.&publication_year=2014&doi=10.1016/j.jmpt.2014.01.002&pages=269-275&journal=J.+Manip.+Physiol.+Ther.&volume=37&issue=&pmid=
https://doi.org/10.1016/j.jmpt.2014.01.002
https://doi.org/10.3390/jfmk11010087

J. Funct. Morphol. Kinesiol. 2026, 11, 87 17 of 19

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Ferreira, E.A.G.; Duarte, M.; Maldonado, E.P; Burke, T.N.; Marques, A.P. Postural Assessment Software (PAS/SAPO):
Validation and Reliabiliy. Clinics 2010, 65, 675-681. [Google Scholar] [CrossRef]

do Rosario, J.L.P. Photographic Analysis of Human Posture: A Literature Review. J. Bodyw. Mov. Ther. 2014, 18, 56-61. [Google
Scholar] [CrossRef]

Scoppa, E; Capra, R.; Gallamini, M.; Shiffer, R. Clinical Stabilometry Standardization. Basic Definitions — Acquisition Interval
—Sampling Frequency. Gait Posture 2013, 37, 290-292. [Google Scholar] [CrossRef]

Kapteyn, T.S.; Bles, W.; Njiokiktjien, C.J.; Kodde, L.; Massen, C.H.; Mol, ].M. Standardization in Platform Stabilometry Being a
Part of Posturography. Agressologie 1983, 24, 321-326. [Google Scholar]

Pausi¢, J.; Pedisi¢, 7.; Dizdar, D. Reliability of a Photographic Method for Assessing Standing Posture of Elementary School
Students. |. Manip. Physiol. Ther. 2010, 33, 425-431. [Google Scholar] [CrossRef] [PubMed]

Garcia-Remeseiro, T.; Gutiérrez-Sanchez, A.; Alonso-Fernandez, D. Interrater and Intrarater Reliability of the Postural
Assessment Software (PAS/SAPO): A Systematic Review. Rev. Andal. Med. Deport. 2019, 12, 286-290. [Google Scholar]
[CrossRef]

Leroux, M.A.; Zabjek, K.; Simard, G.; Badeaux, J.; Coillard, C.; Rivard, C.H. A Noninvasive Anthropometric Technique for
Measuring Kyphosis and Lordosis: An Application for Idiopathic Scoliosis. Spine 2000, 25, 1689-1694. [Google Scholar]
[CrossRef]

Ferreira, E.A.; Duarte, M.; Maldonado, E.P.; Bersanetti, A.A.; Marques, A.P. Quantitative Assessment of Postural Alignment in
Young Adults Based on Photographs of Anterior, Posterior, and Lateral Views. ]. Manip. Physiol. Ther. 2011, 34, 371-380.
[Google Scholar] [CrossRef]

Singla, D.; Veqar, Z.; Hussain, M.E. Photogrammetric Assessment of Upper Body Posture Using Postural Angles: A Literature
Review. J. Chiropr. Med. 2017, 16, 131-138. [Google Scholar] [CrossRef]

Vicente-Pina, L.; Sanchez-Rodriguez, R.; Ferrandez-Laliena, L.; Heredia-Jimenez, J.; Miiller-Thyssen-Uriarte, J.; Monti-Ballano,
S.; Hidalgo-Garcia, C.; Tricas-Moreno, J.M.; Lucha-Lopez, M.O. Validity and Reliability of Kinovea® for Pelvic Kinematic
Measurement in Standing Position and in Sitting Position with 45° of Hip Flexion. Sensors 2025, 25, 250. [Google Scholar]
[CrossRef] [PubMed]

Posturas Forzadas. Protocolo de Vigilancia Sanitaria Especifica. Available online: https://www.sanidad.gob.es/area
s/saludLaboral/guiasVigiTrabajadores/protocolosVigilancia/docs/posturas.pdf (accessed on 15 March 2020).

Cobhen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: Mahwah, NJ, USA, 1988.
[Google Scholar]

ILO. El Envejecimiento de La Poblacién Europea Tiene Un Lado Positivo | Organizacién Internacional Del Trabajo. Available
online: https://www.ilo.org/resource/news/europes-ageing-population-comes-silver-lining (accessed on 2 June 2025).

Instituto Nacional de Seguridad y Salud en el Trabajo. Encuesta Europea de Condiciones de Trabajo 2021. Datos de Espaiia; INSST:
Madrid, Spain, 2023. [CrossRef]

EFE. La Mitad de Los Trabajadores En Espafa Ya Tiene Mas de 45 Afios. Available online: https://efe.com/economia/2024-09-3
0/mitad-trabajadores-espana-tiene-mas-45-anos/ (accessed on 2 June 2025).

Shaghayeghfard, B.; Ahmadi, A.; Maroufi, N.; Sarrafzadeh, J. Evaluation of Forward Head Posture in Sitting and Standing
Positions. Eur. Spine |. 2016, 25, 3577-3582. [Google Scholar] [CrossRef]

Silva, A.G.; Punt, T.D.; Sharples, P; Vilas-Boas, ]J.P; Johnson, M.I. Head Posture and Neck Pain of Chronic Nontraumatic
Origin: A Comparison Between Patients and Pain-Free Persons. Arch. Phys. Med. Rehabil. 2009, 90, 669-674. [Google Scholar]
[CrossRef]

Molaeifar, S.; Yazdani, F.; Yoosefinejad, A.K.; Karimi, M.T. Correlation between Craniovertebral Angle in the Sagittal Plane and
Angles and Indices Measured in the Frontal Plane at the Moment of Inducing Forward Head Posture. Work 2021, 68, 1221-
1227. [Google Scholar] [CrossRef]

Richards, K.V.; Beales, D.].; Smith, A.].; O’Sullivan, P.B.; Straker, L.M. Neck Posture Clusters and Their Association With
Biopsychosocial Factors and Neck Pain in Australian Adolescents. Phys. Ther. 2016, 96, 1576-1587. [Google Scholar] [CrossRef]
Guan, X,; Fan, G.; Chen, Z; Zeng, Y.; Zhang, H.; Hu, A.; Gu, G.; Wu, X,; Gu, X.; He, S. Gender Difference in Mobile Phone Use
and the Impact of Digital Device Exposure on Neck Posture. Ergonomics 2016, 59, 1453-1461. [Google Scholar] [CrossRef]
Fabris De Souza, S.A.; Faintuch, J.; Valezi, A.C.; Sant’Anna, A.F.; Gama-Rodrigues, ].J.; De Batista Fonseca, I.C.; De Melo, R.D.
Postural Changes in Morbidly Obese Patients. Obes. Surg. 2005, 15, 1013-1016. [Google Scholar] [CrossRef] [PubMed]

https://doi.org/10.3390/jfmk11010087


https://scholar.google.com/scholar_lookup?title=Postural+Assessment+Software+(PAS/SAPO):+Validation+and+Reliabiliy&author=Ferreira,+E.A.G.&author=Duarte,+M.&author=Maldonado,+E.P.&author=Burke,+T.N.&author=Marques,+A.P.&publication_year=2010&doi=10.1590/S1807-59322010000700005&pages=675-681&journal=Clinics&volume=65&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Postural+Assessment+Software+(PAS/SAPO):+Validation+and+Reliabiliy&author=Ferreira,+E.A.G.&author=Duarte,+M.&author=Maldonado,+E.P.&author=Burke,+T.N.&author=Marques,+A.P.&publication_year=2010&doi=10.1590/S1807-59322010000700005&pages=675-681&journal=Clinics&volume=65&issue=&pmid=
https://doi.org/10.1590/S1807-59322010000700005
https://scholar.google.com/scholar_lookup?title=Photographic+Analysis+of+Human+Posture:+A+Literature+Review&author=do+Ros%C3%A1rio,+J.L.P.&publication_year=2014&doi=10.1016/j.jbmt.2013.05.008&pages=56-61&journal=J.+Bodyw.+Mov.+Ther.&volume=18&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Photographic+Analysis+of+Human+Posture:+A+Literature+Review&author=do+Ros%C3%A1rio,+J.L.P.&publication_year=2014&doi=10.1016/j.jbmt.2013.05.008&pages=56-61&journal=J.+Bodyw.+Mov.+Ther.&volume=18&issue=&pmid=
https://doi.org/10.1016/j.jbmt.2013.05.008
https://scholar.google.com/scholar_lookup?title=Clinical+Stabilometry+Standardization.+Basic+Definitions%E2%80%94Acquisition+Interval%E2%80%94Sampling+Frequency&author=Scoppa,+F.&author=Capra,+R.&author=Gallamini,+M.&author=Shiffer,+R.&publication_year=2013&doi=10.1016/j.gaitpost.2012.07.009&pages=290-292&journal=Gait+Posture&volume=37&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Clinical+Stabilometry+Standardization.+Basic+Definitions%E2%80%94Acquisition+Interval%E2%80%94Sampling+Frequency&author=Scoppa,+F.&author=Capra,+R.&author=Gallamini,+M.&author=Shiffer,+R.&publication_year=2013&doi=10.1016/j.gaitpost.2012.07.009&pages=290-292&journal=Gait+Posture&volume=37&issue=&pmid=
https://doi.org/10.1016/j.gaitpost.2012.07.009
https://scholar.google.com/scholar_lookup?title=Standardization+in+Platform+Stabilometry+Being+a+Part+of+Posturography&author=Kapteyn,+T.S.&author=Bles,+W.&author=Njiokiktjien,+C.J.&author=Kodde,+L.&author=Massen,+C.H.&author=Mol,+J.M.&publication_year=1983&doi=&pages=321-326&journal=Agressologie&volume=24&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Standardization+in+Platform+Stabilometry+Being+a+Part+of+Posturography&author=Kapteyn,+T.S.&author=Bles,+W.&author=Njiokiktjien,+C.J.&author=Kodde,+L.&author=Massen,+C.H.&author=Mol,+J.M.&publication_year=1983&doi=&pages=321-326&journal=Agressologie&volume=24&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Reliability+of+a+Photographic+Method+for+Assessing+Standing+Posture+of+Elementary+School+Students&author=Pau%C5%A1i%C4%87,+J.&author=Pedi%C5%A1i%C4%87,+%C5%BD.&author=Dizdar,+D.&publication_year=2010&doi=10.1016/j.jmpt.2010.06.002&pages=425-431&journal=J.+Manip.+Physiol.+Ther.&volume=33&issue=&pmid=20732579
https://scholar.google.com/scholar_lookup?title=Reliability+of+a+Photographic+Method+for+Assessing+Standing+Posture+of+Elementary+School+Students&author=Pau%C5%A1i%C4%87,+J.&author=Pedi%C5%A1i%C4%87,+%C5%BD.&author=Dizdar,+D.&publication_year=2010&doi=10.1016/j.jmpt.2010.06.002&pages=425-431&journal=J.+Manip.+Physiol.+Ther.&volume=33&issue=&pmid=20732579
https://doi.org/10.1016/j.jmpt.2010.06.002
https://pubmed.ncbi.nlm.nih.gov/20732579
https://scholar.google.com/scholar_lookup?title=Interrater+and+Intrarater+Reliability+of+the+Postural+Assessment+Software+(PAS/SAPO):+A+Systematic+Review&author=Garc%C3%ADa-Remeseiro,+T.&author=Guti%C3%A9rrez-S%C3%A1nchez,+A.&author=Alonso-Fern%C3%A1ndez,+D.&publication_year=2019&doi=10.33155/J.RAMD.2018.02.006&pages=286-290&journal=Rev.+Andal.+Med.+Deport.&volume=12&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Interrater+and+Intrarater+Reliability+of+the+Postural+Assessment+Software+(PAS/SAPO):+A+Systematic+Review&author=Garc%C3%ADa-Remeseiro,+T.&author=Guti%C3%A9rrez-S%C3%A1nchez,+A.&author=Alonso-Fern%C3%A1ndez,+D.&publication_year=2019&doi=10.33155/J.RAMD.2018.02.006&pages=286-290&journal=Rev.+Andal.+Med.+Deport.&volume=12&issue=&pmid=
https://doi.org/10.33155/J.RAMD.2018.02.006
https://scholar.google.com/scholar_lookup?title=A+Noninvasive+Anthropometric+Technique+for+Measuring+Kyphosis+and+Lordosis:+An+Application+for+Idiopathic+Scoliosis&author=Leroux,+M.A.&author=Zabjek,+K.&author=Simard,+G.&author=Badeaux,+J.&author=Coillard,+C.&author=Rivard,+C.H.&publication_year=2000&doi=10.1097/00007632-200007010-00012&pages=1689-1694&journal=Spine&volume=25&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=A+Noninvasive+Anthropometric+Technique+for+Measuring+Kyphosis+and+Lordosis:+An+Application+for+Idiopathic+Scoliosis&author=Leroux,+M.A.&author=Zabjek,+K.&author=Simard,+G.&author=Badeaux,+J.&author=Coillard,+C.&author=Rivard,+C.H.&publication_year=2000&doi=10.1097/00007632-200007010-00012&pages=1689-1694&journal=Spine&volume=25&issue=&pmid=
https://doi.org/10.1097/00007632-200007010-00012
https://scholar.google.com/scholar_lookup?title=Quantitative+Assessment+of+Postural+Alignment+in+Young+Adults+Based+on+Photographs+of+Anterior,+Posterior,+and+Lateral+Views&author=Ferreira,+E.A.&author=Duarte,+M.&author=Maldonado,+E.P.&author=Bersanetti,+A.A.&author=Marques,+A.P.&publication_year=2011&doi=10.1016/j.jmpt.2011.05.018&pages=371-380&journal=J.+Manip.+Physiol.+Ther.&volume=34&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Quantitative+Assessment+of+Postural+Alignment+in+Young+Adults+Based+on+Photographs+of+Anterior,+Posterior,+and+Lateral+Views&author=Ferreira,+E.A.&author=Duarte,+M.&author=Maldonado,+E.P.&author=Bersanetti,+A.A.&author=Marques,+A.P.&publication_year=2011&doi=10.1016/j.jmpt.2011.05.018&pages=371-380&journal=J.+Manip.+Physiol.+Ther.&volume=34&issue=&pmid=
https://doi.org/10.1016/j.jmpt.2011.05.018
https://scholar.google.com/scholar_lookup?title=Photogrammetric+Assessment+of+Upper+Body+Posture+Using+Postural+Angles:+A+Literature+Review&author=Singla,+D.&author=Veqar,+Z.&author=Hussain,+M.E.&publication_year=2017&doi=10.1016/j.jcm.2017.01.005&pages=131-138&journal=J.+Chiropr.+Med.&volume=16&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Photogrammetric+Assessment+of+Upper+Body+Posture+Using+Postural+Angles:+A+Literature+Review&author=Singla,+D.&author=Veqar,+Z.&author=Hussain,+M.E.&publication_year=2017&doi=10.1016/j.jcm.2017.01.005&pages=131-138&journal=J.+Chiropr.+Med.&volume=16&issue=&pmid=
https://doi.org/10.1016/j.jcm.2017.01.005
https://scholar.google.com/scholar_lookup?title=Validity+and+Reliability+of+Kinovea&author=Vicente-Pina,+L.&author=S%C3%A1nchez-Rodr%C3%ADguez,+R.&author=Ferr%C3%A1ndez-Laliena,+L.&author=Heredia-Jimenez,+J.&author=M%C3%BCller-Thyssen-Uriarte,+J.&author=Monti-Ballano,+S.&author=Hidalgo-Garc%C3%ADa,+C.&author=Tric%C3%A1s-Moreno,+J.M.&author=Lucha-L%C3%B3pez,+M.O.&publication_year=2025&doi=10.3390/s25010250&pages=250&journal=Sensors&volume=25&issue=&pmid=39797041
https://scholar.google.com/scholar_lookup?title=Validity+and+Reliability+of+Kinovea&author=Vicente-Pina,+L.&author=S%C3%A1nchez-Rodr%C3%ADguez,+R.&author=Ferr%C3%A1ndez-Laliena,+L.&author=Heredia-Jimenez,+J.&author=M%C3%BCller-Thyssen-Uriarte,+J.&author=Monti-Ballano,+S.&author=Hidalgo-Garc%C3%ADa,+C.&author=Tric%C3%A1s-Moreno,+J.M.&author=Lucha-L%C3%B3pez,+M.O.&publication_year=2025&doi=10.3390/s25010250&pages=250&journal=Sensors&volume=25&issue=&pmid=39797041
https://doi.org/10.3390/s25010250
https://pubmed.ncbi.nlm.nih.gov/39797041
https://www.sanidad.gob.es/areas/saludLaboral/guiasVigiTrabajadores/protocolosVigilancia/docs/posturas.pdf
https://www.sanidad.gob.es/areas/saludLaboral/guiasVigiTrabajadores/protocolosVigilancia/docs/posturas.pdf
https://scholar.google.com/scholar_lookup?title=Statistical+Power+Analysis+for+the+Behavioral+Sciences&author=Cohen,+J.&publication_year=1988&doi=&pages=
https://scholar.google.com/scholar_lookup?title=Statistical+Power+Analysis+for+the+Behavioral+Sciences&author=Cohen,+J.&publication_year=1988&doi=&pages=
https://www.ilo.org/resource/news/europes-ageing-population-comes-silver-lining
https://doi.org/10.5255/UKDA-SN-9026-3
https://efe.com/economia/2024-09-30/mitad-trabajadores-espana-tiene-mas-45-anos/
https://efe.com/economia/2024-09-30/mitad-trabajadores-espana-tiene-mas-45-anos/
https://scholar.google.com/scholar_lookup?title=Evaluation+of+Forward+Head+Posture+in+Sitting+and+Standing+Positions&author=Shaghayeghfard,+B.&author=Ahmadi,+A.&author=Maroufi,+N.&author=Sarrafzadeh,+J.&publication_year=2016&doi=10.1007/s00586-015-4254-x&pages=3577-3582&journal=Eur.+Spine+J.&volume=25&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Evaluation+of+Forward+Head+Posture+in+Sitting+and+Standing+Positions&author=Shaghayeghfard,+B.&author=Ahmadi,+A.&author=Maroufi,+N.&author=Sarrafzadeh,+J.&publication_year=2016&doi=10.1007/s00586-015-4254-x&pages=3577-3582&journal=Eur.+Spine+J.&volume=25&issue=&pmid=
https://doi.org/10.1007/s00586-015-4254-x
https://scholar.google.com/scholar_lookup?title=Head+Posture+and+Neck+Pain+of+Chronic+Nontraumatic+Origin:+A+Comparison+Between+Patients+and+Pain-Free+Persons&author=Silva,+A.G.&author=Punt,+T.D.&author=Sharples,+P.&author=Vilas-Boas,+J.P.&author=Johnson,+M.I.&publication_year=2009&doi=10.1016/j.apmr.2008.10.018&pages=669-674&journal=Arch.+Phys.+Med.+Rehabil.&volume=90&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Head+Posture+and+Neck+Pain+of+Chronic+Nontraumatic+Origin:+A+Comparison+Between+Patients+and+Pain-Free+Persons&author=Silva,+A.G.&author=Punt,+T.D.&author=Sharples,+P.&author=Vilas-Boas,+J.P.&author=Johnson,+M.I.&publication_year=2009&doi=10.1016/j.apmr.2008.10.018&pages=669-674&journal=Arch.+Phys.+Med.+Rehabil.&volume=90&issue=&pmid=
https://doi.org/10.1016/j.apmr.2008.10.018
https://scholar.google.com/scholar_lookup?title=Correlation+between+Craniovertebral+Angle+in+the+Sagittal+Plane+and+Angles+and+Indices+Measured+in+the+Frontal+Plane+at+the+Moment+of+Inducing+Forward+Head+Posture&author=Molaeifar,+S.&author=Yazdani,+F.&author=Yoosefinejad,+A.K.&author=Karimi,+M.T.&publication_year=2021&doi=10.3233/WOR-213451&pages=1221-1227&journal=Work&volume=68&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Correlation+between+Craniovertebral+Angle+in+the+Sagittal+Plane+and+Angles+and+Indices+Measured+in+the+Frontal+Plane+at+the+Moment+of+Inducing+Forward+Head+Posture&author=Molaeifar,+S.&author=Yazdani,+F.&author=Yoosefinejad,+A.K.&author=Karimi,+M.T.&publication_year=2021&doi=10.3233/WOR-213451&pages=1221-1227&journal=Work&volume=68&issue=&pmid=
https://doi.org/10.3233/WOR-213451
https://scholar.google.com/scholar_lookup?title=Neck+Posture+Clusters+and+Their+Association+With+Biopsychosocial+Factors+and+Neck+Pain+in+Australian+Adolescents&author=Richards,+K.V.&author=Beales,+D.J.&author=Smith,+A.J.&author=O%E2%80%99Sullivan,+P.B.&author=Straker,+L.M.&publication_year=2016&doi=10.2522/ptj.20150660&pages=1576-1587&journal=Phys.+Ther.&volume=96&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Neck+Posture+Clusters+and+Their+Association+With+Biopsychosocial+Factors+and+Neck+Pain+in+Australian+Adolescents&author=Richards,+K.V.&author=Beales,+D.J.&author=Smith,+A.J.&author=O%E2%80%99Sullivan,+P.B.&author=Straker,+L.M.&publication_year=2016&doi=10.2522/ptj.20150660&pages=1576-1587&journal=Phys.+Ther.&volume=96&issue=&pmid=
https://doi.org/10.2522/ptj.20150660
https://scholar.google.com/scholar_lookup?title=Gender+Difference+in+Mobile+Phone+Use+and+the+Impact+of+Digital+Device+Exposure+on+Neck+Posture&author=Guan,+X.&author=Fan,+G.&author=Chen,+Z.&author=Zeng,+Y.&author=Zhang,+H.&author=Hu,+A.&author=Gu,+G.&author=Wu,+X.&author=Gu,+X.&author=He,+S.&publication_year=2016&doi=10.1080/00140139.2016.1147614&pages=1453-1461&journal=Ergonomics&volume=59&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Gender+Difference+in+Mobile+Phone+Use+and+the+Impact+of+Digital+Device+Exposure+on+Neck+Posture&author=Guan,+X.&author=Fan,+G.&author=Chen,+Z.&author=Zeng,+Y.&author=Zhang,+H.&author=Hu,+A.&author=Gu,+G.&author=Wu,+X.&author=Gu,+X.&author=He,+S.&publication_year=2016&doi=10.1080/00140139.2016.1147614&pages=1453-1461&journal=Ergonomics&volume=59&issue=&pmid=
https://doi.org/10.1080/00140139.2016.1147614
https://scholar.google.com/scholar_lookup?title=Postural+Changes+in+Morbidly+Obese+Patients&author=Fabris+De+Souza,+S.A.&author=Faintuch,+J.&author=Valezi,+A.C.&author=Sant%E2%80%99Anna,+A.F.&author=Gama-Rodrigues,+J.J.&author=De+Batista+Fonseca,+I.C.&author=De+Melo,+R.D.&publication_year=2005&doi=10.1381/0960892054621224&pages=1013-1016&journal=Obes.+Surg.&volume=15&issue=&pmid=16105399
https://scholar.google.com/scholar_lookup?title=Postural+Changes+in+Morbidly+Obese+Patients&author=Fabris+De+Souza,+S.A.&author=Faintuch,+J.&author=Valezi,+A.C.&author=Sant%E2%80%99Anna,+A.F.&author=Gama-Rodrigues,+J.J.&author=De+Batista+Fonseca,+I.C.&author=De+Melo,+R.D.&publication_year=2005&doi=10.1381/0960892054621224&pages=1013-1016&journal=Obes.+Surg.&volume=15&issue=&pmid=16105399
https://doi.org/10.1381/0960892054621224
https://pubmed.ncbi.nlm.nih.gov/16105399
https://doi.org/10.3390/jfmk11010087

J. Funct. Morphol. Kinesiol. 2026, 11, 87 18 of 19

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Kocur, P; Tomczak, M.; Wiernicka, M.; Goliwas, M.; Lewandowski, J.; Lochynski, D. Relationship between Age, BMI, Head
Posture and Superficial Neck Muscle Stiffness and Elasticity in Adult Women. Sci. Rep. 2019, 9, 8515. [Google Scholar]
[CrossRef] [PubMed]

Titcomb, D.A.; Melton, B.F.; Bland, H.W.; Miyashita, T. Evaluation of the Craniovertebral Angle in Standing versus Sitting
Positions in Young Adults with and without Severe Forward Head Posture. Int. |. Exerc. Sci. 2024, 17, 73-85. [Google Scholar]
[CrossRef]

de Lima, M.V,; de Lima, F.V,; Akkari, M.; de Resende, V.R.; Santili, C. Roentgenographic Evaluation of the Spine in Patients
With Osteogenesis Imperfecta. Medicine 2015, 94, €1841. [Google Scholar] [CrossRef] [PubMed]

Moon, M.S,; Kim, S.S.; Lee, B.].; Moon, J.L. (lii) Sagittal Spinal Alignment and Its Clinical Implications. Orthop. Trauma 2013,
27,201-214. [Google Scholar] [CrossRef]

Giglio, C.A.; Volpon, J.B. Development and Evaluation of Thoracic Kyphosis and Lumbar Lordosis during Growth. J. Child.
Orthop. 2007, 1, 187-193. [Google Scholar] [CrossRef]

Ohlendorf, D.; Erbe, C.; Hauck, I.; Nowak, J.; Hermanns, I; Ditchen, D.; Ellegast, R.; Groneberg, D.A. Kinematic Analysis of
Work-Related Musculoskeletal Loading of Trunk among Dentists in Germany. BMC Musculoskelet. Disord. 2016, 17, 427.
[Google Scholar] [CrossRef]

Ohlendorf, D.; Erbe, C.; Hauck, I.; Nowak, J.; Hermanns, I; Ditchen, D.; Ellegast, R.; Groneberg, D.A. Restricted Posture in
Dentistry — A Kinematic Analysis of Orthodontists. BMC Musculoskelet. Disord. 2017, 18, 275. [Google Scholar] [CrossRef]
Ohlendorf, D.; Schneidereit, L.; Hermanns, I.; Holzgreve, F.; Maltry, L.; Ellegast, R.; Wanke, E.M.; Nienhaus, A.; Groneberg,
D.A. The Burden of Conveyor Belt Work in the Canteen Kitchen: A Question of Working Height? Work 2022, 73, 881-894.
[Google Scholar] [CrossRef]

Ohlendorf, D.; Erbe, C.; Nowak, J.; Hauck, I.; Hermanns, I.; Ditchen, D.; Ellegast, R.; Groneberg, D.A. Constrained Posture in
Dentistry — A Kinematic Analysis of Dentists. BMC Musculoskelet. Disord. 2017, 18, 291. [Google Scholar] [CrossRef]

Pan, F; Firouzabadi, A.; Reitmaier, S.; Zander, T.; Schmidt, H. The Shape and Mobility of the Thoracic Spine in Asymptomatic
Adults— A Systematic Review of in Vivo Studies. ]. Biomech. 2018, 78, 21-35. [Google Scholar] [CrossRef] [PubMed]

Dionne, A.C.; Gorroochurn, P; Miller, R.; Katiyar, P.; Bennion, S.; Bonsignore-Opp, L.; Coury, J.R.; Hassan, F.M.; Lombardji,
J.M.; Lenke, L.G.; et al. Normative Thoracic, Lumbar, Pelvic, and Global Sagittal Alignment Parameters for Asymptomatic
Adults: A Systematic Review and Meta-Analysis of >35,900 Volunteers. Spine 2025, 50, 1188-1200. [Google Scholar] [CrossRef]
[PubMed]

Asai, Y.; Tsutsui, S.; Oka, H.; Yoshimura, N.; Hashizume, H.; Yamada, H.; Akune, T.; Muraki, S.; Matsudaira, K.; Kawaguchi,
H.; et al. Sagittal Spino-Pelvic Alignment in Adults: The Wakayama Spine Study. PLoS ONE 2017, 12, e0178697. [Google
Scholar] [CrossRef]

Zappald, M.; Lightbourne, S.; Heneghan, N.R. The Relationship between Thoracic Kyphosis and Age, and Normative Values
across Age Groups: A Systematic Review of Healthy Adults. J. Orthop. Surg. Res. 2021, 16, 447. [Google Scholar] [CrossRef]
[PubMed]

Urrutia, J.; Besa, P.; Narvaez, F.; Meissner-Haecker, A.; Rios, C.; Piza, C. Mid and Lower Thoracic Kyphosis Changes during
Adulthood: The Influence of Age, Sex and Thoracic Coronal Curvature. Arch. Orthop. Trauma Surg. 2022, 142, 1731-1737.
[Google Scholar] [CrossRef]

Fon, GJ.; Pitt, M.].; Thies, A.C. Thoracic Kyphosis: Range in Normal Subjects. AJR Am. |. Roentgenol. 1980, 134, 979-983.
[Google Scholar] [CrossRef]

Woods, G.N.; Huang, M.H.; Lee, J.H.; Cawthon, PM.; Fink, H.A.; Schousboe, ].T.; Kado, D.M. Factors Associated With
Kyphosis and Kyphosis Progression in Older Men: The MrOS Study. . Bone Miner. Res. 2020, 35, 2193-2198. [Google Scholar]
[CrossRef]

Ohlendorf, D.; Avaniadi, I.; Adjami, F.; Christian, W.; Doerry, C.; Fay, V.; Fisch, V.; Gerez, A.; Goecke, J.; Kaya, U.; et al.
Standard Values of the Upper Body Posture in Healthy Adults with Special Regard to Age, Sex and BMI. Sci. Rep. 2023, 13,
873. [Google Scholar] [CrossRef]

Steele, ].R.; Coltman, C.E.; McGhee, D.E. Effects of Obesity on Breast Size, Thoracic Spine Structure and Function, Upper Torso
Musculoskeletal Pain and Physical Activity in Women. ]. Sport Health Sci. 2020, 9, 140-148. [Google Scholar] [CrossRef]
[PubMed]

Lorbergs, A.L.; Murabito, ].M.; Jarraya, M.; Guermazi, A.; Allaire, B.T.; Yang, L.; Kiel, D.P; Cupples, L.A.; Bouxsein, M.L.;
Travison, T.G.; et al. Thoracic Kyphosis and Physical Function: The Framingham Study. J. Am. Geriatr. Soc. 2017, 65, 2257-2264.

https://doi.org/10.3390/jfmk11010087


https://scholar.google.com/scholar_lookup?title=Relationship+between+Age,+BMI,+Head+Posture+and+Superficial+Neck+Muscle+Stiffness+and+Elasticity+in+Adult+Women&author=Kocur,+P.&author=Tomczak,+M.&author=Wiernicka,+M.&author=Goliw%C4%85s,+M.&author=Lewandowski,+J.&author=%C5%81ochy%C5%84ski,+D.&publication_year=2019&doi=10.1038/s41598-019-44837-5&pages=8515&journal=Sci.+Rep.&volume=9&issue=&pmid=31186509
https://scholar.google.com/scholar_lookup?title=Relationship+between+Age,+BMI,+Head+Posture+and+Superficial+Neck+Muscle+Stiffness+and+Elasticity+in+Adult+Women&author=Kocur,+P.&author=Tomczak,+M.&author=Wiernicka,+M.&author=Goliw%C4%85s,+M.&author=Lewandowski,+J.&author=%C5%81ochy%C5%84ski,+D.&publication_year=2019&doi=10.1038/s41598-019-44837-5&pages=8515&journal=Sci.+Rep.&volume=9&issue=&pmid=31186509
https://doi.org/10.1038/s41598-019-44837-5
https://pubmed.ncbi.nlm.nih.gov/31186509
https://scholar.google.com/scholar_lookup?title=Evaluation+of+the+Craniovertebral+Angle+in+Standing+versus+Sitting+Positions+in+Young+Adults+with+and+without+Severe+Forward+Head+Posture&author=Titcomb,+D.A.&author=Melton,+B.F.&author=Bland,+H.W.&author=Miyashita,+T.&publication_year=2024&doi=10.70252/gdnn4363&pages=73-85&journal=Int.+J.+Exerc.+Sci.&volume=17&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Evaluation+of+the+Craniovertebral+Angle+in+Standing+versus+Sitting+Positions+in+Young+Adults+with+and+without+Severe+Forward+Head+Posture&author=Titcomb,+D.A.&author=Melton,+B.F.&author=Bland,+H.W.&author=Miyashita,+T.&publication_year=2024&doi=10.70252/gdnn4363&pages=73-85&journal=Int.+J.+Exerc.+Sci.&volume=17&issue=&pmid=
https://doi.org/10.70252/gdnn4363
https://scholar.google.com/scholar_lookup?title=Roentgenographic+Evaluation+of+the+Spine+in+Patients+With+Osteogenesis+Imperfecta&author=de+Lima,+M.V.&author=de+Lima,+F.V.&author=Akkari,+M.&author=de+Resende,+V.R.&author=Santili,+C.&publication_year=2015&doi=10.1097/MD.0000000000001841&pages=e1841&journal=Medicine&volume=94&issue=&pmid=26632680
https://scholar.google.com/scholar_lookup?title=Roentgenographic+Evaluation+of+the+Spine+in+Patients+With+Osteogenesis+Imperfecta&author=de+Lima,+M.V.&author=de+Lima,+F.V.&author=Akkari,+M.&author=de+Resende,+V.R.&author=Santili,+C.&publication_year=2015&doi=10.1097/MD.0000000000001841&pages=e1841&journal=Medicine&volume=94&issue=&pmid=26632680
https://doi.org/10.1097/MD.0000000000001841
https://pubmed.ncbi.nlm.nih.gov/26632680
https://scholar.google.com/scholar_lookup?title=(Iii)+Sagittal+Spinal+Alignment+and+Its+Clinical+Implications&author=Moon,+M.S.&author=Kim,+S.S.&author=Lee,+B.J.&author=Moon,+J.L.&publication_year=2013&doi=10.1016/j.mporth.2013.07.003&pages=201-214&journal=Orthop.+Trauma&volume=27&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=(Iii)+Sagittal+Spinal+Alignment+and+Its+Clinical+Implications&author=Moon,+M.S.&author=Kim,+S.S.&author=Lee,+B.J.&author=Moon,+J.L.&publication_year=2013&doi=10.1016/j.mporth.2013.07.003&pages=201-214&journal=Orthop.+Trauma&volume=27&issue=&pmid=
https://doi.org/10.1016/j.mporth.2013.07.003
https://scholar.google.com/scholar_lookup?title=Development+and+Evaluation+of+Thoracic+Kyphosis+and+Lumbar+Lordosis+during+Growth&author=Giglio,+C.A.&author=Volpon,+J.B.&publication_year=2007&doi=10.1007/s11832-007-0033-5&pages=187-193&journal=J.+Child.+Orthop.&volume=1&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Development+and+Evaluation+of+Thoracic+Kyphosis+and+Lumbar+Lordosis+during+Growth&author=Giglio,+C.A.&author=Volpon,+J.B.&publication_year=2007&doi=10.1007/s11832-007-0033-5&pages=187-193&journal=J.+Child.+Orthop.&volume=1&issue=&pmid=
https://doi.org/10.1007/s11832-007-0033-5
https://scholar.google.com/scholar_lookup?title=Kinematic+Analysis+of+Work-Related+Musculoskeletal+Loading+of+Trunk+among+Dentists+in+Germany&author=Ohlendorf,+D.&author=Erbe,+C.&author=Hauck,+I.&author=Nowak,+J.&author=Hermanns,+I.&author=Ditchen,+D.&author=Ellegast,+R.&author=Groneberg,+D.A.&publication_year=2016&doi=10.1186/s12891-016-1288-0&pages=427&journal=BMC+Musculoskelet.+Disord.&volume=17&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Kinematic+Analysis+of+Work-Related+Musculoskeletal+Loading+of+Trunk+among+Dentists+in+Germany&author=Ohlendorf,+D.&author=Erbe,+C.&author=Hauck,+I.&author=Nowak,+J.&author=Hermanns,+I.&author=Ditchen,+D.&author=Ellegast,+R.&author=Groneberg,+D.A.&publication_year=2016&doi=10.1186/s12891-016-1288-0&pages=427&journal=BMC+Musculoskelet.+Disord.&volume=17&issue=&pmid=
https://doi.org/10.1186/s12891-016-1288-0
https://scholar.google.com/scholar_lookup?title=Restricted+Posture+in+Dentistry%E2%80%94A+Kinematic+Analysis+of+Orthodontists&author=Ohlendorf,+D.&author=Erbe,+C.&author=Hauck,+I.&author=Nowak,+J.&author=Hermanns,+I.&author=Ditchen,+D.&author=Ellegast,+R.&author=Groneberg,+D.A.&publication_year=2017&doi=10.1186/s12891-017-1629-7&pages=275&journal=BMC+Musculoskelet.+Disord.&volume=18&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Restricted+Posture+in+Dentistry%E2%80%94A+Kinematic+Analysis+of+Orthodontists&author=Ohlendorf,+D.&author=Erbe,+C.&author=Hauck,+I.&author=Nowak,+J.&author=Hermanns,+I.&author=Ditchen,+D.&author=Ellegast,+R.&author=Groneberg,+D.A.&publication_year=2017&doi=10.1186/s12891-017-1629-7&pages=275&journal=BMC+Musculoskelet.+Disord.&volume=18&issue=&pmid=
https://doi.org/10.1186/s12891-017-1629-7
https://scholar.google.com/scholar_lookup?title=The+Burden+of+Conveyor+Belt+Work+in+the+Canteen+Kitchen:+A+Question+of+Working+Height?&author=Ohlendorf,+D.&author=Schneidereit,+L.&author=Hermanns,+I.&author=Holzgreve,+F.&author=Maltry,+L.&author=Ellegast,+R.&author=Wanke,+E.M.&author=Nienhaus,+A.&author=Groneberg,+D.A.&publication_year=2022&doi=10.3233/WOR-205170&pages=881-894&journal=Work&volume=73&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=The+Burden+of+Conveyor+Belt+Work+in+the+Canteen+Kitchen:+A+Question+of+Working+Height?&author=Ohlendorf,+D.&author=Schneidereit,+L.&author=Hermanns,+I.&author=Holzgreve,+F.&author=Maltry,+L.&author=Ellegast,+R.&author=Wanke,+E.M.&author=Nienhaus,+A.&author=Groneberg,+D.A.&publication_year=2022&doi=10.3233/WOR-205170&pages=881-894&journal=Work&volume=73&issue=&pmid=
https://doi.org/10.3233/WOR-205170
https://scholar.google.com/scholar_lookup?title=Constrained+Posture+in+Dentistry%E2%80%94A+Kinematic+Analysis+of+Dentists&author=Ohlendorf,+D.&author=Erbe,+C.&author=Nowak,+J.&author=Hauck,+I.&author=Hermanns,+I.&author=Ditchen,+D.&author=Ellegast,+R.&author=Groneberg,+D.A.&publication_year=2017&doi=10.1186/s12891-017-1650-x&pages=291&journal=BMC+Musculoskelet.+Disord.&volume=18&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Constrained+Posture+in+Dentistry%E2%80%94A+Kinematic+Analysis+of+Dentists&author=Ohlendorf,+D.&author=Erbe,+C.&author=Nowak,+J.&author=Hauck,+I.&author=Hermanns,+I.&author=Ditchen,+D.&author=Ellegast,+R.&author=Groneberg,+D.A.&publication_year=2017&doi=10.1186/s12891-017-1650-x&pages=291&journal=BMC+Musculoskelet.+Disord.&volume=18&issue=&pmid=
https://doi.org/10.1186/s12891-017-1650-x
https://scholar.google.com/scholar_lookup?title=The+Shape+and+Mobility+of+the+Thoracic+Spine+in+Asymptomatic+Adults%E2%80%94A+Systematic+Review+of+in+Vivo+Studies&author=Pan,+F.&author=Firouzabadi,+A.&author=Reitmaier,+S.&author=Zander,+T.&author=Schmidt,+H.&publication_year=2018&doi=10.1016/j.jbiomech.2018.07.041&pages=21-35&journal=J.+Biomech.&volume=78&issue=&pmid=30100219
https://scholar.google.com/scholar_lookup?title=The+Shape+and+Mobility+of+the+Thoracic+Spine+in+Asymptomatic+Adults%E2%80%94A+Systematic+Review+of+in+Vivo+Studies&author=Pan,+F.&author=Firouzabadi,+A.&author=Reitmaier,+S.&author=Zander,+T.&author=Schmidt,+H.&publication_year=2018&doi=10.1016/j.jbiomech.2018.07.041&pages=21-35&journal=J.+Biomech.&volume=78&issue=&pmid=30100219
https://doi.org/10.1016/j.jbiomech.2018.07.041
https://pubmed.ncbi.nlm.nih.gov/30100219
https://scholar.google.com/scholar_lookup?title=Normative+Thoracic,+Lumbar,+Pelvic,+and+Global+Sagittal+Alignment+Parameters+for+Asymptomatic+Adults:+A+Systematic+Review+and+Meta-Analysis+of+%3E35,900+Volunteers&author=Dionne,+A.C.&author=Gorroochurn,+P.&author=Miller,+R.&author=Katiyar,+P.&author=Bennion,+S.&author=Bonsignore-Opp,+L.&author=Coury,+J.R.&author=Hassan,+F.M.&author=Lombardi,+J.M.&author=Lenke,+L.G.&publication_year=2025&doi=10.1097/BRS.0000000000005274&pages=1188-1200&journal=Spine&volume=50&issue=&pmid=40407040
https://scholar.google.com/scholar_lookup?title=Normative+Thoracic,+Lumbar,+Pelvic,+and+Global+Sagittal+Alignment+Parameters+for+Asymptomatic+Adults:+A+Systematic+Review+and+Meta-Analysis+of+%3E35,900+Volunteers&author=Dionne,+A.C.&author=Gorroochurn,+P.&author=Miller,+R.&author=Katiyar,+P.&author=Bennion,+S.&author=Bonsignore-Opp,+L.&author=Coury,+J.R.&author=Hassan,+F.M.&author=Lombardi,+J.M.&author=Lenke,+L.G.&publication_year=2025&doi=10.1097/BRS.0000000000005274&pages=1188-1200&journal=Spine&volume=50&issue=&pmid=40407040
https://doi.org/10.1097/BRS.0000000000005274
https://pubmed.ncbi.nlm.nih.gov/40407040
https://scholar.google.com/scholar_lookup?title=Sagittal+Spino-Pelvic+Alignment+in+Adults:+The+Wakayama+Spine+Study&author=Asai,+Y.&author=Tsutsui,+S.&author=Oka,+H.&author=Yoshimura,+N.&author=Hashizume,+H.&author=Yamada,+H.&author=Akune,+T.&author=Muraki,+S.&author=Matsudaira,+K.&author=Kawaguchi,+H.&publication_year=2017&doi=10.1371/journal.pone.0178697&pages=e0178697&journal=PLoS+ONE&volume=12&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Sagittal+Spino-Pelvic+Alignment+in+Adults:+The+Wakayama+Spine+Study&author=Asai,+Y.&author=Tsutsui,+S.&author=Oka,+H.&author=Yoshimura,+N.&author=Hashizume,+H.&author=Yamada,+H.&author=Akune,+T.&author=Muraki,+S.&author=Matsudaira,+K.&author=Kawaguchi,+H.&publication_year=2017&doi=10.1371/journal.pone.0178697&pages=e0178697&journal=PLoS+ONE&volume=12&issue=&pmid=
https://doi.org/10.1371/journal.pone.0178697
https://scholar.google.com/scholar_lookup?title=The+Relationship+between+Thoracic+Kyphosis+and+Age,+and+Normative+Values+across+Age+Groups:+A+Systematic+Review+of+Healthy+Adults&author=Zappal%C3%A1,+M.&author=Lightbourne,+S.&author=Heneghan,+N.R.&publication_year=2021&doi=10.1186/s13018-021-02592-2&pages=447&journal=J.+Orthop.+Surg.+Res.&volume=16&issue=&pmid=34243795
https://scholar.google.com/scholar_lookup?title=The+Relationship+between+Thoracic+Kyphosis+and+Age,+and+Normative+Values+across+Age+Groups:+A+Systematic+Review+of+Healthy+Adults&author=Zappal%C3%A1,+M.&author=Lightbourne,+S.&author=Heneghan,+N.R.&publication_year=2021&doi=10.1186/s13018-021-02592-2&pages=447&journal=J.+Orthop.+Surg.+Res.&volume=16&issue=&pmid=34243795
https://doi.org/10.1186/s13018-021-02592-2
https://pubmed.ncbi.nlm.nih.gov/34243795
https://scholar.google.com/scholar_lookup?title=Mid+and+Lower+Thoracic+Kyphosis+Changes+during+Adulthood:+The+Influence+of+Age,+Sex+and+Thoracic+Coronal+Curvature&author=Urrutia,+J.&author=Besa,+P.&author=Narvaez,+F.&author=Meissner-Haecker,+A.&author=Rios,+C.&author=Piza,+C.&publication_year=2022&doi=10.1007/s00402-021-03798-z&pages=1731-1737&journal=Arch.+Orthop.+Trauma+Surg.&volume=142&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Mid+and+Lower+Thoracic+Kyphosis+Changes+during+Adulthood:+The+Influence+of+Age,+Sex+and+Thoracic+Coronal+Curvature&author=Urrutia,+J.&author=Besa,+P.&author=Narvaez,+F.&author=Meissner-Haecker,+A.&author=Rios,+C.&author=Piza,+C.&publication_year=2022&doi=10.1007/s00402-021-03798-z&pages=1731-1737&journal=Arch.+Orthop.+Trauma+Surg.&volume=142&issue=&pmid=
https://doi.org/10.1007/s00402-021-03798-z
https://scholar.google.com/scholar_lookup?title=Thoracic+Kyphosis:+Range+in+Normal+Subjects&author=Fon,+G.J.&author=Pitt,+M.J.&author=Thies,+A.C.&publication_year=1980&doi=10.2214/ajr.134.5.979&pages=979-983&journal=AJR+Am.+J.+Roentgenol.&volume=134&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Thoracic+Kyphosis:+Range+in+Normal+Subjects&author=Fon,+G.J.&author=Pitt,+M.J.&author=Thies,+A.C.&publication_year=1980&doi=10.2214/ajr.134.5.979&pages=979-983&journal=AJR+Am.+J.+Roentgenol.&volume=134&issue=&pmid=
https://doi.org/10.2214/ajr.134.5.979
https://scholar.google.com/scholar_lookup?title=Factors+Associated+With+Kyphosis+and+Kyphosis+Progression+in+Older+Men:+The+MrOS+Study&author=Woods,+G.N.&author=Huang,+M.H.&author=Lee,+J.H.&author=Cawthon,+P.M.&author=Fink,+H.A.&author=Schousboe,+J.T.&author=Kado,+D.M.&publication_year=2020&doi=10.1002/jbmr.4123&pages=2193-2198&journal=J.+Bone+Miner.+Res.&volume=35&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Factors+Associated+With+Kyphosis+and+Kyphosis+Progression+in+Older+Men:+The+MrOS+Study&author=Woods,+G.N.&author=Huang,+M.H.&author=Lee,+J.H.&author=Cawthon,+P.M.&author=Fink,+H.A.&author=Schousboe,+J.T.&author=Kado,+D.M.&publication_year=2020&doi=10.1002/jbmr.4123&pages=2193-2198&journal=J.+Bone+Miner.+Res.&volume=35&issue=&pmid=
https://doi.org/10.1002/jbmr.4123
https://scholar.google.com/scholar_lookup?title=Standard+Values+of+the+Upper+Body+Posture+in+Healthy+Adults+with+Special+Regard+to+Age,+Sex+and+BMI&author=Ohlendorf,+D.&author=Avaniadi,+I.&author=Adjami,+F.&author=Christian,+W.&author=Doerry,+C.&author=Fay,+V.&author=Fisch,+V.&author=Gerez,+A.&author=Goecke,+J.&author=Kaya,+U.&publication_year=2023&doi=10.1038/s41598-023-27976-8&pages=873&journal=Sci.+Rep.&volume=13&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Standard+Values+of+the+Upper+Body+Posture+in+Healthy+Adults+with+Special+Regard+to+Age,+Sex+and+BMI&author=Ohlendorf,+D.&author=Avaniadi,+I.&author=Adjami,+F.&author=Christian,+W.&author=Doerry,+C.&author=Fay,+V.&author=Fisch,+V.&author=Gerez,+A.&author=Goecke,+J.&author=Kaya,+U.&publication_year=2023&doi=10.1038/s41598-023-27976-8&pages=873&journal=Sci.+Rep.&volume=13&issue=&pmid=
https://doi.org/10.1038/s41598-023-27976-8
https://scholar.google.com/scholar_lookup?title=Effects+of+Obesity+on+Breast+Size,+Thoracic+Spine+Structure+and+Function,+Upper+Torso+Musculoskeletal+Pain+and+Physical+Activity+in+Women&author=Steele,+J.R.&author=Coltman,+C.E.&author=McGhee,+D.E.&publication_year=2020&doi=10.1016/j.jshs.2019.05.003&pages=140-148&journal=J.+Sport+Health+Sci.&volume=9&issue=&pmid=32099722
https://scholar.google.com/scholar_lookup?title=Effects+of+Obesity+on+Breast+Size,+Thoracic+Spine+Structure+and+Function,+Upper+Torso+Musculoskeletal+Pain+and+Physical+Activity+in+Women&author=Steele,+J.R.&author=Coltman,+C.E.&author=McGhee,+D.E.&publication_year=2020&doi=10.1016/j.jshs.2019.05.003&pages=140-148&journal=J.+Sport+Health+Sci.&volume=9&issue=&pmid=32099722
https://doi.org/10.1016/j.jshs.2019.05.003
https://pubmed.ncbi.nlm.nih.gov/32099722
https://doi.org/10.3390/jfmk11010087

J. Funct. Morphol. Kinesiol. 2026, 11, 87 19 of 19

69.

70.

71.

72.

73.

74.

75.

76.

[Google Scholar] [CrossRef] [PubMed]

Salem, W.; Coomans, Y.; Brismee, ].M.; Klein, P.; Sobczak, S.; Dugailly, PM. Sagittal Thoracic and Lumbar Spine Profiles in
Upright Standing and Lying Prone Positions Among Healthy Subjects: Influence of Various Biometric Features. Spine 2015, 40,
E900-E908. [Google Scholar] [CrossRef]

Drza-Grabiec, J.; Truszczyniska, A.; Fabjariska, M.; Trzaskoma, Z. Changes of the Body Posture Parameters in the Standing ver-
sus Relaxed Sitting and Corrected Sitting Position. J. Back Musculoskelet. Rehabil. 2016, 29, 211-217. [Google Scholar] [CrossRef]
Ohlendorf, D.; Marx, J.; Clasen, K.; Wanke, E.M.; Kopp, S.; Groneberg, D.A.; Uibel, S. Comparison between the Musician-
Specific Seating Position of High String Bow Players and Their Habitual Seating Position— A Video Raster Stereographic Study
of the Dorsal Upper Body Posture. J. Occup. Med. Toxicol. 2018, 13, 34. [Google Scholar] [CrossRef] [PubMed]

Lin, F,; Parthasarathy, S.; Taylor, S.J.; Pucci, D.; Hendrix, RW.; Makhsous, M. Effect of Different Sitting Postures on Lung
Capacity, Expiratory Flow, and Lumbar Lordosis. Arch. Phys. Med. Rehabil. 2006, 87, 504-509. [Google Scholar] [CrossRef]
Kiebzak, W.P; Ha, S.Y.; Kosztotowicz, M.; Zurawski, A. Forced Straightening of the Back Does Not Improve Body Shape.
Diagnostics 2024, 14, 250. [Google Scholar] [CrossRef]

Whistance, R.S.; Adams, L.P; van Geems, B.A.; Bridger, R.S. Postural Adaptations to Workbench Modifications in Standing
Workers. Ergonomics 1995, 38, 2485-2503. [Google Scholar] [CrossRef]

Ghasemi, M.S.; Koohpayehzadeh, ].; Kadkhodaei, H.; Ehsani, A.A. The Effect of Foot Hyperpronation on Spine Alignment in
Standing Position. Med. |. Islam. Repub. Iran 2016, 30, 466. [Google Scholar]

Instituto Nacional de Seguridad e Higiene en el Trabajo (INSHT). Encuesta Nacional de Condiciones de Trabajo. 2015 6* EWCS —
Espaiia; Instituto Nacional de Seguridad e Higiene en el Trabajo (INSHT): Madrid, Spain, 2017, pp. 1-134.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury

to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jfmk11010087


https://scholar.google.com/scholar_lookup?title=Thoracic+Kyphosis+and+Physical+Function:+The+Framingham+Study&author=Lorbergs,+A.L.&author=Murabito,+J.M.&author=Jarraya,+M.&author=Guermazi,+A.&author=Allaire,+B.T.&author=Yang,+L.&author=Kiel,+D.P.&author=Cupples,+L.A.&author=Bouxsein,+M.L.&author=Travison,+T.G.&publication_year=2017&doi=10.1111/jgs.15038&pages=2257-2264&journal=J.+Am.+Geriatr.+Soc.&volume=65&issue=&pmid=28832926
https://scholar.google.com/scholar_lookup?title=Thoracic+Kyphosis+and+Physical+Function:+The+Framingham+Study&author=Lorbergs,+A.L.&author=Murabito,+J.M.&author=Jarraya,+M.&author=Guermazi,+A.&author=Allaire,+B.T.&author=Yang,+L.&author=Kiel,+D.P.&author=Cupples,+L.A.&author=Bouxsein,+M.L.&author=Travison,+T.G.&publication_year=2017&doi=10.1111/jgs.15038&pages=2257-2264&journal=J.+Am.+Geriatr.+Soc.&volume=65&issue=&pmid=28832926
https://doi.org/10.1111/jgs.15038
https://pubmed.ncbi.nlm.nih.gov/28832926
https://scholar.google.com/scholar_lookup?title=Sagittal+Thoracic+and+Lumbar+Spine+Profiles+in+Upright+Standing+and+Lying+Prone+Positions+Among+Healthy+Subjects:+Influence+of+Various+Biometric+Features&author=Salem,+W.&author=Coomans,+Y.&author=Brismee,+J.M.&author=Klein,+P.&author=Sobczak,+S.&author=Dugailly,+P.M.&publication_year=2015&doi=10.1097/BRS.0000000000000918&pages=E900-E908&journal=Spine&volume=40&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Sagittal+Thoracic+and+Lumbar+Spine+Profiles+in+Upright+Standing+and+Lying+Prone+Positions+Among+Healthy+Subjects:+Influence+of+Various+Biometric+Features&author=Salem,+W.&author=Coomans,+Y.&author=Brismee,+J.M.&author=Klein,+P.&author=Sobczak,+S.&author=Dugailly,+P.M.&publication_year=2015&doi=10.1097/BRS.0000000000000918&pages=E900-E908&journal=Spine&volume=40&issue=&pmid=
https://doi.org/10.1097/BRS.0000000000000918
https://scholar.google.com/scholar_lookup?title=Changes+of+the+Body+Posture+Parameters+in+the+Standing+versus+Relaxed+Sitting+and+Corrected+Sitting+Position&author=Drza-Grabiec,+J.&author=Truszczy%C5%84ska,+A.&author=Fabja%C5%84ska,+M.&author=Trzaskoma,+Z.&publication_year=2016&doi=10.3233/BMR-150616&pages=211-217&journal=J.+Back+Musculoskelet.+Rehabil.&volume=29&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Changes+of+the+Body+Posture+Parameters+in+the+Standing+versus+Relaxed+Sitting+and+Corrected+Sitting+Position&author=Drza-Grabiec,+J.&author=Truszczy%C5%84ska,+A.&author=Fabja%C5%84ska,+M.&author=Trzaskoma,+Z.&publication_year=2016&doi=10.3233/BMR-150616&pages=211-217&journal=J.+Back+Musculoskelet.+Rehabil.&volume=29&issue=&pmid=
https://doi.org/10.3233/BMR-150616
https://scholar.google.com/scholar_lookup?title=Comparison+between+the+Musician-Specific+Seating+Position+of+High+String+Bow+Players+and+Their+Habitual+Seating+Position%E2%80%94A+Video+Raster+Stereographic+Study+of+the+Dorsal+Upper+Body+Posture&author=Ohlendorf,+D.&author=Marx,+J.&author=Clasen,+K.&author=Wanke,+E.M.&author=Kopp,+S.&author=Groneberg,+D.A.&author=Uibel,+S.&publication_year=2018&doi=10.1186/s12995-018-0217-6&pages=34&journal=J.+Occup.+Med.+Toxicol.&volume=13&issue=&pmid=30450121
https://scholar.google.com/scholar_lookup?title=Comparison+between+the+Musician-Specific+Seating+Position+of+High+String+Bow+Players+and+Their+Habitual+Seating+Position%E2%80%94A+Video+Raster+Stereographic+Study+of+the+Dorsal+Upper+Body+Posture&author=Ohlendorf,+D.&author=Marx,+J.&author=Clasen,+K.&author=Wanke,+E.M.&author=Kopp,+S.&author=Groneberg,+D.A.&author=Uibel,+S.&publication_year=2018&doi=10.1186/s12995-018-0217-6&pages=34&journal=J.+Occup.+Med.+Toxicol.&volume=13&issue=&pmid=30450121
https://doi.org/10.1186/s12995-018-0217-6
https://pubmed.ncbi.nlm.nih.gov/30450121
https://scholar.google.com/scholar_lookup?title=Effect+of+Different+Sitting+Postures+on+Lung+Capacity,+Expiratory+Flow,+and+Lumbar+Lordosis&author=Lin,+F.&author=Parthasarathy,+S.&author=Taylor,+S.J.&author=Pucci,+D.&author=Hendrix,+R.W.&author=Makhsous,+M.&publication_year=2006&doi=10.1016/j.apmr.2005.11.031&pages=504-509&journal=Arch.+Phys.+Med.+Rehabil.&volume=87&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Effect+of+Different+Sitting+Postures+on+Lung+Capacity,+Expiratory+Flow,+and+Lumbar+Lordosis&author=Lin,+F.&author=Parthasarathy,+S.&author=Taylor,+S.J.&author=Pucci,+D.&author=Hendrix,+R.W.&author=Makhsous,+M.&publication_year=2006&doi=10.1016/j.apmr.2005.11.031&pages=504-509&journal=Arch.+Phys.+Med.+Rehabil.&volume=87&issue=&pmid=
https://doi.org/10.1016/j.apmr.2005.11.031
https://scholar.google.com/scholar_lookup?title=Forced+Straightening+of+the+Back+Does+Not+Improve+Body+Shape&author=Kiebzak,+W.P.&author=Ha,+S.Y.&author=Koszto%C5%82owicz,+M.&author=%C5%BBurawski,+A.&publication_year=2024&doi=10.3390/diagnostics14030250&pages=250&journal=Diagnostics&volume=14&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Forced+Straightening+of+the+Back+Does+Not+Improve+Body+Shape&author=Kiebzak,+W.P.&author=Ha,+S.Y.&author=Koszto%C5%82owicz,+M.&author=%C5%BBurawski,+A.&publication_year=2024&doi=10.3390/diagnostics14030250&pages=250&journal=Diagnostics&volume=14&issue=&pmid=
https://doi.org/10.3390/diagnostics14030250
https://scholar.google.com/scholar_lookup?title=Postural+Adaptations+to+Workbench+Modifications+in+Standing+Workers&author=Whistance,+R.S.&author=Adams,+L.P.&author=van+Geems,+B.A.&author=Bridger,+R.S.&publication_year=1995&doi=10.1080/00140139508925282&pages=2485-2503&journal=Ergonomics&volume=38&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=Postural+Adaptations+to+Workbench+Modifications+in+Standing+Workers&author=Whistance,+R.S.&author=Adams,+L.P.&author=van+Geems,+B.A.&author=Bridger,+R.S.&publication_year=1995&doi=10.1080/00140139508925282&pages=2485-2503&journal=Ergonomics&volume=38&issue=&pmid=
https://doi.org/10.1080/00140139508925282
https://scholar.google.com/scholar_lookup?title=The+Effect+of+Foot+Hyperpronation+on+Spine+Alignment+in+Standing+Position&author=Ghasemi,+M.S.&author=Koohpayehzadeh,+J.&author=Kadkhodaei,+H.&author=Ehsani,+A.A.&publication_year=2016&doi=&pages=466&journal=Med.+J.+Islam.+Repub.+Iran&volume=30&issue=&pmid=
https://scholar.google.com/scholar_lookup?title=The+Effect+of+Foot+Hyperpronation+on+Spine+Alignment+in+Standing+Position&author=Ghasemi,+M.S.&author=Koohpayehzadeh,+J.&author=Kadkhodaei,+H.&author=Ehsani,+A.A.&publication_year=2016&doi=&pages=466&journal=Med.+J.+Islam.+Repub.+Iran&volume=30&issue=&pmid=
https://doi.org/10.3390/jfmk11010087

