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Abstract 

Background/Objectives: Body posture and temperament share common neurophysiological 

determinants related to muscle tone regulation, motor activity and behavioural reactivity. Despite 

this shared biological basis, posture has primarily been investigated within biomechanics and 

medicine, whereas temperament, in psychology. Integrating these perspectives may not only 

improve psychomotor development understanding, but also provide a foundation for more 

individualised preventive and rehabilitation strategies. The study aim was to analyse the relationship 

between body posture and temperament types in adolescents and determine posture type prevalence 

in the sagittal plane, particularly focusing on potential clinical relevance. Methods: The study 

included 272 students aged 16-17 years. Body posture was assessed using the DIERS Formetric III 4D 

system based on rasterstereography, enabling non-invasive three-dimensional spinal curvature 

analysis. Nine posture types were identified based on  thoracic kyphosis and lumbar lordosis 

parameters. Temperament traits were evaluated using the Pavlovian Temperament Survey, assessing 

excitation and inhibition strength, and mobility of nervous processes. Statistical analyses included 

descriptive statistics and chi-square tests, with significance at p < 0.05. Results: Normal spinal 

curvature configuration was observed in 27.6% of participants, while 72.4% presented deviations. 

The most common pattern was reduced thoracic kyphosis combined with normal or reduced lumbar 

lordosis, indicating predominance of flattened physiological spinal curvatures. Melancholic 

temperament was the most frequent type in both groups (40.1% in participants with abnormal 

posture and 37.3% in those demonstrating normal posture). No statistically significant associations 

between posture type and temperament were found in the majority of configurations (p > 0.05). A 

significant relationship was identified between reduced thoracic kyphosis and increased lumbar 

lordosis (p = 0.024), with predominance of melancholic and sanguine types (40% each). A significant 

result was also observed for increased thoracic kyphosis with reduced lumbar lordosis (p = 0.001); 

however, this finding should be interpreted cautiously due to the small sample size. Conclusions: 

Adolescent body posture is characterised by high variability and predominance of abnormal patterns. 

Relationship between posture and temperament appear selective rather than general. Temperament 

may act as a modulating factor in postural regulation, particularly in specific spinal curvature 

configurations. These findings suggest incorporating temperamental characteristics into postural 

assessment may support development of more individualised prevention and rehabilitation 

strategies in adolescents. 

Keywords: body posture; temperament; thoracic kyphosis; lumbar lordosis; rasterstereography; 

prevention; rehabilitation 
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1. Introduction 

Investigating the relationship between body posture and temperament types is justified not only 

by theoretical considerations, but also due to its potential clinical relevance for preventive and 

rehabilitation strategies. Body posture is a complex psychomotor habit that develops during 

childhood as a result of interactions between multiple mechanisms regulated by the central nervous 

system [1–3]. These include the regulation of postural and muscle tone, balance control, integration 

of sensory input and coordination of muscular activity [4,5]. This process leads to the formation of 

relatively stable motor and postural patterns that enable efficient maintenance of body alignment 

when subjected to gravitational forces and in dynamically changing environmental conditions [6,7]. 

Temperament, in turn, represents a biologically determined characteristic of central nervous system 

functioning, reflected in individual differences regarding emotional reactivity, psychomotor activity 

and responsiveness to environmental stimuli [8–10]. These traits are associated with the properties 

of excitation and inhibition processes, as well as their balance and mobility within the nervous system 

[8,9]. From a neurophysiological perspective, temperament may influence regulatory mechanisms 

responsible for muscle tone organisation, core stability, postural control and the development of 

motor patterns [11–13]. Consequently, it may act as an important modulating factor shaping 

individual postural strategies.  

The school-age period is particularly important from a developmental standpoint, as it is 

characterised by intensive motor development and consolidation of postural habits [12,13]. At the 

same time, relatively stable temperamental traits emerge, which may influence levels of physical 

activity, movement patterns and adaptation to environmental demands, including those related to 

school conditions [9,10]. Therefore, analysing the interaction between posture and temperament may 

contribute to achieving a deeper understanding of the mechanisms underlying psychomotor 

development and variability in postural control.  

Despite these premises, body posture and temperament have typically been examined in 

previous research separately, within different scientific paradigms. Studies on posture have 

predominantly been focused on biomechanical and environmental determinants [13–15], whereas 

temperament has been investigated mainly within psychological frameworks [8–10]. As a result, 

there is a clear lack of integrative approaches that consider the shared neurophysiological basis of 

these phenomena within a unified research model. Moreover, the potential role of temperament as a 

factor modulating postural control and influencing individual responses to preventive or therapeutic 

interventions remains insufficiently explored [3,11]. From a clinical perspective, incorporating 

temperamental traits into the analysis of postural determinants may have important practical 

implications. Better comprehension of the relationship between temperament and postural regulation 

mechanisms may support the development of more individualised approaches in prevention, 

rehabilitation and health education. In particular, recognising individual neurophysiological 

predispositions may facilitate the design of targeted interventions aimed at improving postural 

control, optimising muscle tone and enhancing motor function. Consequently, such an approach may 

increase the effectiveness of strategies for preventing postural disorders and supporting proper 

motor development in children and adolescents [16–18].  

Therefore, the aim of the present study was to analyse the relationship between body posture 

and temperament types in adolescents. In particular, the study sought to identify temperament 

configurations—understood as patterns of central nervous system regulatory properties—that may 

be associated with specific postural strategies and have potential relevance for the development of 

individualised preventive and rehabilitation programmes. 
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2. Materials and Methods 

2.1. Participant Characteristics 

The study comprised 272 secondary school students aged 16-17 years. The research was 

conducted at the Posturology Laboratory of Collegium Medicum, Jan Kochanowski University in 

Kielce. Prior to participation, both the students and their parents or legal guardians were given 

information on the aim and procedures of the study, as well as their right to withdraw at any stage. 

Inclusion required written informed consent from the participants as well as their  parents or legal 

guardians. The study was conducted in conditions ensuring the participants’ psychological comfort. 

Ethical approval was obtained from the Bioethics Committee of Collegium Medicum, Jan 

Kochanowski University in Kielce (No. 55/2021). The inclusion criteria were: age 16-17 years, 

attending a secondary school, absence of diagnosed congenital musculoskeletal disorders or central 

nervous system diseases that could affect psychomotor development, lack of physical or intellectual 

disability, and written informed consent for participation from the participants’ parents or legal 

guardians. 

2.2. Methods and Research Instruments 

A diagnostic survey method was used in the study. Body posture measurement and 

questionnaire techniques were applied. The research instruments included the DIERS Formetric III 

4D optoelectronic system and the Pavlovian Temperament Survey (PTS). 

Assessment of body posture types 

Assessment of body posture was performed using the DIERS Formetric III 4D system, which 

enables three-dimensional analysis of the back surface based on rasterstereography [20]. During the 

examination, a light grid pattern is projected onto the back surface, and its deformation is recorded 

by a digital camera [19–22]. On this basis, a three-dimensional model of the back surface is created, 

and parameters regarding the spatial alignment of the spine and pelvis are calculated [20]. 

An advantage of this method is the absence of exposure to ionising radiation, which allows to 

carry out repeated follow-up measurements [20]. The system enables objective assessment of body 

statics, spinal curvatures, trunk rotation and pelvic alignment [20–22]. 

The examination was performed in a dimly lit room to eliminate light interference. Participants 

stood at a distance of approximately 2-3 metres from the device in a relaxed, habitual standing 

position. The subjects wore only shorts, and reflective elements were removed prior to the 

measurement. 

The measurement was performed using DiCAM software using the ‘Average mode’, in which 

12 consecutive images are recorded and then averaged. This procedure increases the accuracy and 

repeatability of the results. Based on the obtained data, the following parameters were analysed: 

thoracic kyphosis and lumbar lordosis angles, and nine body posture types were identified (Figure 

1) [20]. 

 
1. Reduced thoracic kyphosis, 

reduced lumbar lordosis (K < 42°; L 

< 33°) 

 
2. Reduced thoracic kyphosis, 

normal lumbar lordosis (K < 42°; 

33° ≤ L ≤  47°) 

 
3 .Reduced thoracic kyphosis, 

increased lumbar lordosis 

(K < 42°; L > 47°) 
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4. Normal thoracic kyphosis, 

reduced lumbar lordosis (42° ≤ K ≤ 

55°; L <  33°) 

 
5. Normal thoracic kyphosis, 

normal lumbar lordosis 

(42° ≤ K ≤ 55°; 33° ≤ L ≤ 47°) 

 
6. Normal thoracic kyphosis, 

increased lumbar lordosis 

(42° ≤ K ≤ 55°; L > 47°) 

 
7. Increased thoracic kyphosis, 

reduced lumbar lordosis 

(K > 55°, L < 33°) 

 
8. Increased thoracic kyphosis, 

normal lumbar lordosis  

(K > 55°; 33° ≤ L ≤ 47°) 

 
9. Increased thoracic kyphosis, 

increased lumbar lordosis  

(K > 55°; L > 47°)  

Figure 1. Body posture types [20]. 

Assessment of temperament type 

Temperament traits were assessed using the PTS developed by J. Strelau, A. Angleitner and B. 

Zawadzki [8]. This instrument is used to diagnose behavioural characteristics regarding the basic 

properties of the nervous system in accordance with the concept of nervous system types [9]. 

The PTS enables assessment of three basic nervous system properties: strength of excitation 

(SE)—the body’s ability to respond to strong and long-lasting stimuli; strength of inhibition (SI)—the 

ability to suppress and control responses; and mobility of nervous processes (MNP)—the ability to 

rapidly change responses in reaction to changing environmental conditions [9]. 

The questionnaire consists of 57 statements, rated on a four-point response scale. Scores are 

calculated by summing points in individual scales and then interpreting the results in relation to sten 

norms [9]. 

Based on the configuration of nervous system properties, four classical temperament types are 

distinguished: sanguine, phlegmatic, choleric, and melancholic [8–10]. 

Statistical analysis 

Statistical analysis was performed using standard methods applied to quantitative and 

qualitative variables. Continuous variables were described using the arithmetic mean, standard 

deviation, median, minimum and maximum values, and 95% confidence intervals. The normality of 

distribution was assessed using the Shapiro-Wilk test. For qualitative variables, such as body posture 

types and temperament types, frequencies and percentages were calculated. Relationships between 

variables were analysed using Pearson’s chi-square (χ²) test in contingency tables. In the case of small 

subgroup sizes, the results were interpreted with caution due to the limitations of the χ² test. The 

effect size for analyses based on categorical variables was estimated using Cramér’s V coefficient, 

which is a measure of association strength independent of sample size. The interpretation of the 

coefficient was based on conventional thresholds: values of approximately 0.1 indicate a small effect, 

approx. 0.3 a medium effect and above 0.5, a large effect. The level of statistical significance was set 

at p < 0.05. All analyses were performed using licensed Statistica 13.3 software.  
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3. Results 

In the analysed group of 272 students aged 16-17 years, considerable variability concerning body 

posture configuration in the sagittal plane was observed. Only 75 participants (27.6%) presented a 

normal spinal curvature pattern, whereas the majority of respondents—197 individuals (72.4%)—

exhibited various deviations from the norm. The most frequently observed abnormalities were 

configurations associated with reduced thoracic kyphosis, coexisting with either normal or reduced 

lumbar lordosis. The distribution of posture types indicates a predominance of patterns characterised 

by flattening of physiological spinal curvatures, which may suggest a predominance of global 

stabilisation strategies over segmental postural control. The analysis of the relationship between 

posture type and temperament type showed that among children with abnormal posture, the most 

frequent temperament was melancholic—79 individuals (40.1%). In the case of children with normal 

posture, this temperament type also predominated—28 participants (37.3%). Other temperament 

types occurred less frequently: phlegmatic (26.4% in the abnormal posture group), sanguine (23.4%), 

and choleric (10.2%) (Table 1). 

Table 1. Prevalence of normal and abnormal sagittal plane postures across temperament types (boys). 

 Body posture type 

 

Total 
 

Temperament type 

 

Normal 

 

Abnormal 

N % N % 

1 - Melancholic 28 37.3 79 40.1 107 

2 - Choleric 1 1.3 20 10.2 21 

3 - Sanguine 23 30.7 46 23.4 69 

4 - Phlegmatic 23 30.7 52 26.4 75 

Total 75 100 197 100 272 

A detailed analysis of body posture structure in relation to temperament revealed variability in 

the frequency of individual spinal curvature configurations. In the majority of the analysed cases, 

these differences did not reach a level of statistical significance (p > 0.05), indicating a lack of clear 

relationships between temperament type and most of the examined posture types. However, a 

statistically significant association was found for the configuration involving reduced thoracic 

kyphosis and increased lumbar lordosis (p = 0.024). In this situation, a clearly higher proportion of 

individuals with melancholic and sanguine temperament types was observed (40% each), compared 

to the remaining ones (10% each). Additionally, statistical significance was noted for a rarely 
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occurring configuration characterised by increased thoracic kyphosis and reduced lumbar lordosis (p 

= 0.001). Nonetheless, due to the very small sample size, the interpretation of this result should be 

carried out with caution.  

In summary, the obtained results indicate a clear predominance of abnormal body posture 

patterns in the studied population as well as moderate, selective associations between specific posture 

configurations and temperament types. The most pronounced relationship concerns the 

configuration of reduced thoracic kyphosis and increased lumbar lordosis, which may suggest the 

involvement of neurophysiological mechanisms related to the regulation of muscle tone and nervous 

system reactivity in the development of body posture (Table 2). 

Table 2. Body posture and temperament types. 

 Body posture 

Melancholi

c 
Sanguine Phlegmatic Choleric 

p-value 

N % N % N % N % 

Reduced 

kyphosis, 

reduced lordosis 

28 36 18 23 23 29 9 12 0.90 

Reduced 

kyphosis, 

normal lordosis 

26 57 8 17 8 17 4 9 0.08 

Reduced 

kyphosis, 

increased 

lordosis 

4 40 4 40 1 10 1 10 0.024 

Normal 

kyphosis, 

reduced lordosis 

21 47 12 27 10 22 2 4 0.91 

Normal 

physiological 

spinal curvature 

28 37 23 31 23 31 1 1 0.083 

Normal 

kyphosis, 

increased 

lordosis 

6 35 5 29 4 24 2 12 0.85 

Increased 

kyphosis, 

normal lordosis 

6 32 6 32 5 26 2 11 0.086 

Increased 

kyphosis, 

increased 

lordosis 

4 31 1 8 5 38 3 23 0.85 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 April 2026 doi:10.20944/preprints202604.1398.v1

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

https://doi.org/10.20944/preprints202604.1398.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 11 

 

Increased 

kyphosis, 

reduced lordosis 

2 100 0 100 0 100 0 100 0.001 

Total 125  77  79  24   

The effect sizes estimated using Cramér’s V coefficient indicate that the majority of the analysed 

associations between body posture type and temperament are characterised by a small effect size (V 

= 0.060.26). Moderate effect sizes (V ≈ 0.35) were observed only for configurations involving reduced 

thoracic kyphosis combined with either normal or increased lumbar lordosis, which confirms the 

selective nature of the observed relationships. The high coefficient value (V = 1.00) observed for one 

configuration most likely resulted from the very small subgroup size and therefore, is of no 

interpretative relevance (Table 3). 

Table 3. Effect sizes calculated using Cramér’s coefficient. 

Body posture types N χ²  
Cramér’s 

V 
Interpretation 

Reduced kyphosis, 

reduced lordosis 
78 8.7 0.19 Small effect 

Reduced kyphosis, 

normal lordosis 
46 16.6 0.35 Moderate effect 

Reduced kyphosis, 

increased lordosis 
10 3.6 0.35 Moderate effect 

Normal kyphosis, 

reduced lordosis 
45 10.6 0.28 

Small/moderate 

effect 

Normal physiological 

spinal curvatures 
75 14.1 0.25 Small effect 

Normal kyphosis, 

increased lordosis 
17 1.3 0.16 Small effect 

Increased kyphosis, 

normal lordosis 
19 0.2 0.06 Negligible 

Increased kyphosis, 

increased lordosis 
13 2.7 0.26 Small effect 

Increased kyphosis, 

reduced lordosis 
2 6.0 1.00 Artifact (N=2) 

4. Discussion  

The obtained results confirm that sagittal plane body posture in adolescents aged 16-17 years is 

characterised by considerable inter-individual variability, and the predominance of deviations from 

the physiological pattern indicates the widespread occurrence of non-optimal postural strategies in 

this population [10,13,14]. The finding that only 27.6% of participants presented a normal spinal 

curvature configuration is consistent with the literature, in which an increasing prevalence of 

postural disorders among adolescents is highlighted. This is primarily associated with a sedentary 

lifestyle, limited physical activity and prolonged static loads related to school conditions [10,13].  

A particularly important finding of the present study is the predominance of configurations 

associated with reduced thoracic kyphosis, often accompanied by normal or reduced lumbar 

lordosis. This pattern may be interpreted as a manifestation of global stabilisation strategies 

prevailing over precise segmental control [1,3,12]. From a neurophysiological perspective, it may 
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reflect less selective activation of the muscular system, associated with reduced function of the deep 

stabilising muscles and increased compensatory activity of the superficial ones, leading to flattening 

of physiological spinal curvatures and reduced postural efficiency [23–25]. From a clinical standpoint, 

such patterns may require targeted interventions focused on restoring segmental control, improving 

neuromuscular coordination and optimising muscle tone distribution.  

The inclusion of temperament as a variable represents a significant extension of the classical 

biomechanical approach to body posture and is consistent with the concept of integrating 

neurophysiological and behavioural determinants in the assessment of postural control. The obtained 

results suggest that, in most cases, the relationships between temperament and posture type did not 

reach statistical significance, indicating the absence of a universal association between these variables. 

At the same time, a detailed analysis revealed variability in the frequency of specific spinal curvature 

configurations across temperament types, suggesting a selective rather than general relationship. A 

statistically significant association was identified for the configuration involving reduced thoracic 

kyphosis and increased lumbar lordosis (p = 0.024), with a predominance of melancholic and 

sanguine temperament types (40% each). Additionally, statistical significance was observed for a 

rarely occurring configuration characterised by increased thoracic kyphosis and reduced lumbar 

lordosis (p = 0.001); however, due to the very small sample size, this result should be interpreted with 

caution and requires confirmation in studies with greater statistical power.  

Interpretation of these findings should be grounded in the regulatory properties of the central 

nervous system [8,9]. The melancholic temperament—characterised by high emotional reactivity and 

low resistance to stimuli—may predispose individuals to increased muscle tension and postural 

rigidity. In contrast, the sanguine temperament—associated with high mobility of nervous 

processes—may favour greater variability in postural strategies and more frequent compensatory 

adaptations [8–10]. These observations suggest that different temperament profiles may be associated 

with distinct patterns of neuromuscular regulation, which can be of relevance when designing 

individualised therapeutic approaches. At the same time, the lack of significant associations in most 

configurations indicates that temperament does not directly determine body posture. It should rather 

be considered a modulating factor interacting with biomechanical, environmental and behavioural 

determinants [24]. Therefore, body posture should be interpreted as the result of a complex, multi-

level regulatory system. The relatively high proportion of melancholic temperament in both normal 

and abnormal posture groups further supports the relative independence of temperament 

distribution and posture quality, limiting the possibility of simple causal interpretations and 

highlighting the need for multivariate analytical models.  

An important aspect of interpretation is also the role of compensatory mechanisms. According 

to contemporary biomechanical and neurophysiological models, changes in one segment of the spine 

lead to adaptive modifications in other elements of the kinetic chain [23]. Thus, posture should be 

interpreted not as a set of isolated curvature abnormalities but as a global strategy of muscular tone 

organisation and postural control. This perspective is particularly relevant in the context of clinical 

practice, where the entire postural system should be addressed in therapeutic interventions and not 

only isolated segments.  

The applied classification of nine posture types represents a more advanced approach than the 

traditional dichotomous division into normal and abnormal posture. It enables identification of 

specific compensatory patterns and their interpretation in the context of sensorimotor integration, 

consistent with concepts of modern posturology.  

Recent evidence also indicates that body composition and sensory integration processes 

significantly influence postural control mechanisms in children, further supporting the multifactorial 

nature of postural organisation during development [25–28].  

The novelty of the present study lies in the application of an integrated analytical model 

combining objective three-dimensional posture assessment with a neurophysiological 

conceptualisation of temperament. This approach allows posture to be interpreted not as a static 

morphological feature, but as a dynamic regulatory phenotype resulting from neuromuscular tone 
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organisation and nervous system properties. Importantly, such a perspective creates a foundation for 

translating research findings into clinical practice. The practical implications of the findings are 

directly aligned with the concept of individualised prevention and rehabilitation strategies. 

Incorporating temperamental characteristics into postural assessment may support more precise 

identification of risk profiles and enable the design of targeted interventions tailored to individual 

neurophysiological predispositions. In particular, rehabilitation programmes may benefit from 

integrating strategies aimed at improving segmental stabilisation, optimising breathing patterns, 

enhancing motor control and regulating muscle tone, while also considering behavioural and 

psychophysiological factors.  

However, several research limitations must be acknowledged. The cross-sectional design of the 

study prevents causal inference. The small size of some subgroups reduces statistical power, 

particularly for rare posture configurations. Temperament assessment based on questionnaires, 

despite standardisation, may be subject to response bias. Additionally, the homogeneity of the study 

population limits generalisability.  

In future research, longitudinal designs should be adopted to analyse posture changes in relation 

to temperament over time and additional variables, such as physical activity, deep muscle function, 

breathing patterns and psychosocial factors, should be included. The application of machine learning 

methods to identify complex patterns of interaction between posture and neurophysiological traits 

also appears promising.  

In conclusion, the relationship between body posture and temperament is complex and selective. 

Temperament does not act as a direct determinant of posture but rather functions a modulating factor 

within a multifactorial system of postural regulation. These findings support the need for integrated, 

individualised approaches in the prevention and rehabilitation of postural disorders in adolescents. 

5. Conclusions 

Body posture in adolescents aged 16-17 years is highly variable, with a predominance of 

abnormal patterns, indicating substantial influence of contemporary environmental factors on the 

development of non-optimal postural strategies. The most common finding—flattening of 

physiological spinal curvatures, particularly reduced thoracic kyphosis—reflects the predominance 

of global stabilisation strategies over segmental control and supports the interpretation of posture as 

an expression of neuromuscular tone organisation. The relationship between posture and 

temperament appears selective rather than universal. Temperament does not directly determine 

posture but acts as a modulating factor within a multifactorial system of postural regulation, as 

reflected by the limited predictive value of the dominant melancholic temperament. From a clinical 

perspective, these findings support the inclusion of temperamental characteristics in postural 

assessment and intervention planning. This may facilitate the development of more individualised 

prevention and rehabilitation strategies aimed at improving segmental stabilisation, motor control 

and muscle tone regulation. The results also highlight the need for further longitudinal and 

multivariate studies to support the development of integrated diagnostic and therapeutic models. 
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