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Summary
Background. The aim of this pilot study was to investigate the status of spine curvature and the
level of physical activity in physiotherapy students.
Material and methods. The study included 47 participants with an average age of 20.34+1.3 years,
38 women and 9 men. The Spinal Mouse® diagnostic device and the IPAQ-LF questionnaire were
used in the study. Statistical analysis of the data was performed using Jamovi 2.3.28 software.
Results. Hyperkyphosis presence in the thoracic region was found in 19.1% of cases, physiological
spine curvature in 74.5% of cases, and hypokyphosis in 6.4% of cases. Most respondents showed
a high or average level of physical activity; however, 25.5% of students had a low level of physical
activity. Differences in spine curvature in groups with different levels of physical activity were not
significant (p>0.05).
Conclusions. There is no significant difference of spine curvature in variable physical activity
level. According to the research results, the physical activity level does not affect spine curvature.
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Introduction

The human spine consists of a series of reciprocal curvatures in the sagittal plane. These
physiological curvatures are crucial for maintaining proper spine posture while standing by
facilitating the upright position [1]. In addition, these curvatures also define the anatomical position
of segments in different regions of the spine, thereby affecting its function, mobility, and ability to
absorb mechanical shock [2]. Under physiological conditions, the cervical and lumbar vertebrae
are in a naturally convex position ventrally and concave dorsally, and this curvature is called
lordosis. The degree of lordosis is usually smaller in the cervical region than in the lumbar region.
In contrast, the thoracic and sacrococcygeal regions show a natural curvature into kyphosis, i.e. the
curve is concave on the ventral side and convex on the dorsal side [3]. Curvature in the frontal
plane is considered physiological only in the Th3-5 region towards the dominant upper limb [4].
The physiological shape of spine curvature in the sagittal plane is important for the proper loading
of passive spine structures and other segments of the musculoskeletal system, which are
functionally and anatomically interconnected with the spine [5].

Musculoskeletal disorders are related to poor lifestyle, including insufficient physical
activity (PA). Proper PA is essential for healthy spine [6]. Back pain is the most common issue
affecting a large number of people worldwide [7]. This can also be diagnosed in the younger
generation and significantly affects people over 45 years of age. It is the 5™ most common issue
leading to hospitalization [8]. When speaking of back pain in adolescents, the most frequent cause
is improper spinal biomechanics due to posture disorders [9]. Physical inactivity is directly
responsible for many common diseases such as cardiovascular, metabolic, mental, and many others
[10]. Exercise has been shown to be an effective preventive and therapeutic approach to this

disorder in terms of reducing pain and disability and improving quality of life and motor function
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[11]. The education in combination with exercises is the best way to decrease the back pain and
other symptoms due to possible returning to patient’s wrong habitual and movement stereotypes
[12].

The lifestyle and sedentary behavior of university students is an important determinant
influencing the normal and healthy musculoskeletal system and can directly contribute to the
development of postural deviations, non-physiological spine curvature, and the occurrence of

irreversible changes in the musculoskeletal system [13].

Aim of the work

The aim of this pilot study was to analyze the level of PA and the configuration of spine
curvature in physiotherapy students, as well as to investigate the characteristics of spine curvature

dependence on the level of PA in the given population.

Material and methods

This pilot study included 47 university students (19.15% men and 80.85% women), with
an average age of 20.34 (£ 1.3 years).
The inclusion criteria were as follows:
— age between 20 and 23 years,
— first-year full-time physiotherapy student status,
— absence of any comorbidities or musculoskeletal surgery in the 12 months prior to data

collection,



Health Problems of Civilization
eISSN: 2354-0265, ISSN: 2353-6942

— o history of professional sports participation (neither currently nor in the past),

— engagement in non-competitive PA not exceeding three times per week.

The exclusion criteria were as follows:

— practicing sports at a professional level (current or former),

— engaging in regular high-level PA on unprofessional capacity (e.g. running, cycling, or
other intensive sports) four or more times per week,

— meeting the [IPAQ criteria for high PA, which include: high intensity activity at least 3 days
per week achieving >1500 MET-minutes/week, or entire PA level accumulating >4000
MET-minutes/week.

The goal of this selection was to create a homogeneous sample composed of individuals
without a specialized sports background, representing a low to moderate PA lifestyle. This allowed
for the investigation of spinal curvature characteristics in a typical student population with
relatively sedentary habits.

All research procedures were carried out in October 2024 in the diagnostic laboratory of
the Faculty of Health Care at the University of PreSov, Slovakia.

The Spinal Mouse® diagnostic device was used for the physical examination of spine
curvature [14], which allows for an accurate analysis of the postural status of the spine [15]. The
device consists of a manual tool that contains sensitive wheels that copy the surface of the spine.
The device is connected to a computer, on which data such as the spinal curve, the state of
physiological curvature, and the position of individual spine segments is immediately displayed
[15]. The data in our research was recorded with a frequency of 150 Hz in real time, which allows
for detailed monitoring of dynamic changes in the postural status of the spine. Measurements of

spine curvature were performed in an upright position, in maximum forward flexion, and in
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backward extension of the spine with the upper limbs crossed on the chest. At the beginning of the
examination, we marked the standard measurement limits for the Spinal Mouse® device
examination, namely the spinal process of C7 and L5. In all three examination positions, we copied
the surface of the spine with the device within the marked limits. Based on the examination, angles
are defined that are formed by the spine segments (vertebrae) and sections of the spine (thoracic
spine, lumbar spine). For the overall curvature in the sagittal plane, we categorized patients as
follows: normokyphosis (20-45°), hypokyphosis (<20°), hyperkyphosis (>45°), and for the lumbar
spine: normolordosis (20-40°), hypolordosis (<20°), hyperlordosis (>40°) [16].

To assess the level of PA, we used the International Physical Activity Questionnaire — Long
Form (IPAQ-LF). The standardized questionnaire was designed to evaluate PA based on general
recommendations of global standards [16]. The questionnaire consists of 31 items to assess the
performance of PA in four areas: work, home, transport, and leisure. The result of the questionnaire
is numerical expressions in MET units (Metabolic Equivalent of Task), where 1 MET is the amount
of energy consumed at rest. For a more appropriate expression, the unit MET minute is also used,
which is an expression of the given activity and its total duration [17].

Based on the determined MET units in the examination of PA level, we divided the
respondents into three categories: highly active respondents (n=7), respondents with moderate PA
(n=27), and low-active respondents (n=13). We categorized the respondents according to the
following inclusion criteria:

— low PA: no PA is reported, or some activity is reported, but not to a sufficient extent to
include the respondent in categories moderate PA and high PA;

— moderate PA: 3 or more days of vigorous PA at least 20 minutes/day, 5 or more days of
moderate PA or walking at least 30 minutes/day, 5 or more days of any combination of

walking, moderate intensity PA (activities reaching at least 600 MET-minutes/week);
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— high PA: vigorous PA at least 3 days and achieving at least 1500 MET-minutes/week, 7 or
more days of any combination of walking, moderate intensity or vigorous activity with an
accumulation of at least 3000 MET-minutes/week [18].

The measured and determined results were subjected to statistical analysis using the Jamovi
2.3.28 program. Quantitative variables were presented using descriptive statistics, including mean,
standard deviation, first quartile, median, third quartile, minimum and maximum values. The
normality of the distribution of individual variables was determined by the Shapiro-Wilk test. For
the overall curvature, we used descriptive statistics, separately for the thoracic region and the
lumbar region, and we calculated the frequency of the above values for the overall curvature. To
compare the degree of spine curvature depending on the performance of PA, we used statistical

analysis of variance ANOVA. A significance level of p<0.05 was adopted.

Results

Using the IPAQ questionnaire, we found an average value of low PA of 1957.87 METs for
all the participants, 782.61 for moderate PA, and 1173.04 METs for high PA per week. The average
value of PA together was 3913.52. We found an average time spent sitting of 2681.84 minutes per

week among the respondents (Table 1).

Table 1. IPAQ entire set

Time in sitting Moderate PA High PA .
ftinoes) Low PA (METs) (METs) (METs) Entire PA (METs)
2681.84 1957.87 782.61 1173.04 3913.52

Notes: METs — Metabolic Equivalent Task unit, PA — physical activity, min — minutes.

Through the examination of spine curvature using the Spinal Mouse® device, we found
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normokyphosis in the thoracic spine in 74.5% of cases, hyperkyphosis in 19.1% of cases, and
hypokyphosis in 6.4% of cases. In the lumbar region, physiological curvature was present in 51.1%
of students, hyperlordosis was present in 10.6% of students, and hypolordosis was present in 38.3%
of students in the lumbar region.

To compare the state of spine curvature with PA, we verified the distribution of data using
the Shapiro-Wilk test for the thoracic spine (p=0.149) and lumbar spine (p=0.630). To compare
more than two groups in the variable "Physical activity", we used ANOVA. The results are shown
in Tables 2 and 3. In both cases, we did not find a significant differences between the given

variables.

Table 2. PA/Thoracic spine

Variable S df hCE F D (0%
Squares Square
Entire model 325 2 163 1.52 0.229 -
PA 325 2 163 1.52 0.229 0.022
Notes: df — degrees of freedom, F — F-value, p — p-value (significance), ®*> — omega squared.
Table 3. PA/Lumbar spine
Variable S df WG F D (0%
Squares Square
Entire model 126 2 63.2 0.439 0.647 -
PA 126 2 63.2 0.439 0.647 -0.024

Notes: df — degrees of freedom, F — F-value, p — p-value (significance), ®* — omega squared.

Discussion

We found that the average total curvature value for the thoracic spine was 35.0°, and for

the lumbar spine, it was -22.6°. We categorized these findings based on physiological norms.

Specifically, 74.5% of the participants fell into the normolordosis category for the thoracic spine,
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indicating values within physiological ranges. Hyperkyphosis (increased dorsal curvature) was
observed in 19.1% of participants, and hypolordosis (reduced curvature) in 6.4%. When comparing
our results for thoracic kyphosis (average 35°) with reference values from literature, we observe
both agreements and deviations. For example, the research by Pan et al. [19] reported a range of
thoracic kyphosis values from 29° to 45°, with an average of 34°. Our finding, with an average of
35°, differs from this reference value by only one degree, suggesting that the overall curvature of
the thoracic spine in our student population is very close to the average in the broader population.
The slight deviation may be influenced by the specifics of our cohort (students) or minor
methodological differences in measurement. Regarding lumbar spine curvature, 51.1% of
participants exhibited normolordosis, while 10.6% fell into the hyperlordosis category, and a
significantly larger percentage (38.3%) into the hypolordosis category. This relatively high
proportion of individuals with lumbar hypolordosis is interesting and warrants further analysis. For
comparison, the study by Lang-Tapia et al. [20] focusing on the 20-29 age category reported an
average lumbar lordosis value of 23.7°. Our results, with an average of 22.6° for lumbar lordosis
in our student sample, are very similar to these reference values. This suggests that despite the
higher proportion of hypolordosis, the overall average in our group aligns with the known
physiological range for the given age category. Possible explanations for the distribution of
categories (especially for hypolordosis) could include a sedentary lifestyle, posture during
studying, or the use of electronic devices, which are factors often discussed in the context of their
impact on postural habits in the young population. In the frontal plane, we recorded an average
total spine curvature of -4.05°, with a maximum curvature value of -13.3° and a minimum of -0.1°.
For the lumbar spine, the average value was 6.56°, with a maximum of 16.2° and a minimum of
0.0°. Negative values represent a curve to the left, and positive values represent a curve to the right.

Focusing on deviations greater than 10°, we found that only 4.3% (two students) had such a
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deviation in the thoracic spine, while the vast majority (95.7%) were below this threshold. In the
lumbar spine, this proportion was higher, with 19.1% (9 respondents) showing a deviation >10°
and 80.9% below 10°. These findings regarding deviations in the frontal plane are important for
identifying potential lateral imbalances or scoliotic tendencies in the student population. Although
the cited sources [19,20] do not primarily focus on extensive comparison in this plane, our findings
provide valuable data for this specific group. The higher incidence of frontal plane deviations in
the lumbar region compared to the thoracic spine suggests that this area in our population requires
increased attention concerning potential postural asymmetries [19,20].

In the comparable study by Bingdl et al. [21], with a larger sample size (n=252) focusing
on males aged 20-28 engaged in fitness and strength training, statistically significant differences
were found in thoracic kyphosis, lumbar lordosis, and sacral kyphosis between the physically active
and sedentary groups (p<0.05). However, these differences remained within physiological limits
and did not indicate pathological deviations. Unlike our study, which did not demonstrate a
significant effect of physical activity level on spinal curvature (p>0.05), this study suggests that
the specific type and intensity of physical activity may influence certain posture parameters, though
without adverse effects on spinal health.

The study by Marijancic et al. [22] that utilized the Spinal Mouse® device to measure spinal
curvatures (thoracic kyphosis and lumbar lordosis angles) and the IPAQ-LF to assess PA and
sedentary behavior in young adults (18-25 years) concluded that the angles of thoracic kyphosis
and lumbar lordosis showed no correlation with PA or time spent sitting in their overall sample.
These conclusions corelate to our findings; however, we did not evaluate the sitting position,
though an interesting result was that PA did not influence spine curvature.

We found that the majority of participants has physiological spine curvature; however, there

is a question if there exist any possible differences between genders in this regard. The research of
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Cepkova et al. [23], in which the spine curvature was measured by the Spinal Mouse® device in
59 university students, showed that 80% of females had physiological thoracic spine curvature, but
only 69% of males had normal thoracic spine curvature. In the lumbar spine, a physiological
curvature was found in 90% of females and in 97% of males.

Conversely, our findings align more closely with the recent cross-sectional study by Wang
et al. [24] investigating the association between general PA and spinal posture. In another study by
Hakobyan et al. [25] on Chinese university students, no strong significant correlation between self-
reported PA levels and sagittal spinal alignment was found. The results suggested that while PA is
crucial for overall health, factors such as prolonged sitting time inherent to academic life,
ergonomic habits, and individual biomechanical predispositions might exert a more dominant
influence on spinal curvature in young adult populations. This supports our conclusion that general
PA, as measured in this pilot study, may not be the primary determinant of spinal curvature
variations. Given the cross-sectional design and relatively small sample size of our pilot study,
these findings should be interpreted cautiously. Future research, ideally employing longitudinal
designs with objective measures of diverse PA and considering a broader spectrum of lifestyle and
ergonomic factors, would be beneficial to further unravel the complex interplay between PA and
spinal morphology in young adults [25,26].

Despite our findings, for mitigation of spinal disorders, the society attitude to PA could be
enhanced by improvement of physical education in schools, such as the integration of postural
exercises, ergonomics rules, and behavioral habits into the teaching process. A similar suggestion
is presented in the study by Szigethy et al. [26], in which it was proven that the occurrence of
incorrect posture is less common in participants of sport. Therefore, sport instructors and physical
education teachers should evolve a positive relation to sport and foster a passion for PA. Due to

this fact, it is necessary to determine how postural education influences the condition of the spine.
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It is known that knowledge about postural habits, as well as postural hygiene, decreases the
occurrence of lower back pain in students [27,28]. Therefore, here are some possible
recommendations for the general public: applying exercises for proper posture, i.e. correct postural
habits, breathing and relaxation exercises, regular PA, and appropriate conditioning exercises ; and
avoiding limited static strength exercises, inappropriate loading of the musculoskeletal system,
insufficient correction of existing disorders, unsuitable static positions and prolonged standing, and
extreme sports [29].

A limitation of this research is the subjective method of PA evaluation. In the future, it
would be advisable to use an accelerometer. Another limitation is that research should include

participants with different levels of physical and sport activity and compare the conclusions.

Conclusions

Analysis of the relationship between the state of spine curvature and the level of PA did not
show a statistically significant difference (p>0.05), which confirms that there is no clear association
between these two variables. It can be assumed that the factors influencing spine curvature are
more complex and may include other aspects such as genetic predispositions, work and living
environment, or other health factors, which deserve further attention in future research.

It is important to prevent the occurrence of vertebrogenic disorders by lifestyle changes,

early correction of muscle imbalance, and emphasizing psychosocial and psychosomatic aspects.
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