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Highlights
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e No significant relationships were found between thoracic kyphosis, lower back lordosis, and the craniovertebral
angle (CVA) with the balance error scoring system (BESS), except for men, where a significant relationship was

observed between BESS scores and kyphosis (P=0.01).

e A significant relationship was observed between BESS scores and kyphosis angle in the male group.

Plain Language Summary

Among the 120 males and females studied, no significant relationships were found between the BESS test and either
lower back lordosis or CVA. However, a significant relationship was observed between BESS scores and kyphosis in

recreationally active male adults.

Introduction

he human spine is a complex structure that

continuously adapts, especially during the

critical developmental phases of adoles-

cence and early adulthood. Sagittal plane

curvature, including cervical and lumbar

lordosis and thoracic kyphosis, is essen-
tial for spinal alignment, mobility, and postural stabil-
ity [1]. Understanding the relationship between sagittal
plane curvature and postural stability, especially in the
context of gender differences, is essential for optimizing
musculoskeletal health and preventing postural-related
disorders in young adults [2]. Research on the dispari-
ties in spinal curvatures between genders has attracted
considerable interest in recent years. Studies have high-
lighted differences in sagittal plane curvature between
men and women that are attributed to biomechanical
and anthropometric factors [3]. For example, women
frequently display greater lumbar lordosis and thoracic
kyphosis than men, while men exhibit more pronounced
cervical lordosis [4, 5]. Gender disparities in spinal cur-
vatures may contribute to variations in postural stabil-
ity and susceptibility to musculoskeletal conditions [3].
While the relationship between gender and spinal curva-
tures has been studied, there remains limited consensus
on its implications for postural stability, particularly in
young adults. Recent advancements in biomechanical
assessments and postural analysis techniques provide
opportunities to clarify these relationships with greater
precision and objectivity. To address this gap, we pro-
pose a cross-sectional study examining the correlation
between sagittal plane curvature and postural stability
in young adults of both genders. Our study will utilize
cutting-edge methodologies, including three-dimension-
al spinal imaging, surface electromyography, and force
platform analysis, to evaluate spinal curvature param-

eters and postural stability metrics in a cohort of young
adults. By exploring gender-specific patterns of sagit-
tal plane curvature and their relationship with postural
stability parameters, we aim to offer novel insights into
musculoskeletal health disparities and guide targeted in-
terventions to enhance postural control and mitigate the
risk of spinal disorders in young men and women.

Through comprehensive analysis and interpretation of
our results, we aspire to advance the understanding of
gender differences in spinal curvatures and their influ-
ence on postural stability. Ultimately, our research aims
to contribute to evidence-based strategies to promote
musculoskeletal health and well-being among young
adults.

Materials and Methods
Design

We conducted a cross-sectional study to examine the
correlation between sagittal plane curvature and postural
stability in young adults. We adhered to the guidelines
set forth by strengthening the reporting of observational
studies in epidemiology [6] when compiling our report.
The research was conducted in the laboratory of the
Faculty of Physical Education and Sport Sciences at the
University of Guilan from May 2023 to July 2023. All
participants voluntarily agreed to participate in the study
and were given a thorough explanation of the research
objectives. They provided their consent by signing a
written document, by the principles outlined in the Dec-
laration of Helsinki.
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Participants

The statistical population of this study comprised all
recreationally active university students who volun-
teered to participate. Before conducting the study, a
power analysis was performed using G'Power software,
version 3.1. This analysis determined that a sample size
of 108 participants was necessary to achieve 80% statis-
tical power, with an a level of 0.05 and an effect size of
0.56 for a standard two-tailed hypothesis [7]. To account
for potential dropouts (10% dropout rate), the target re-
cruitment sample size was increased to 120 participants.
The study’s participants were categorized by gender,
with 60 male and 60 female individuals in each group.
The study included participants who were between the
ages of 18 and 35 years, regularly engaged in physical
activity for a minimum of 30 minutes per session, at least
four times per week (definition of a recreationally active
adult) [8], not exhibiting any noticeable musculoskeletal
abnormalities, having no history of surgery in the trunk
or lower extremity and having no visual, vestibular or
neuromuscular impairments.

Research instruments and procedures

In our study, we utilized the approach proposed by
Salisbury and Porter [9] to measure spinal curvature
angles. Specifically, we measured the kyphosis angle by
assessing the T2 and T12 vertebrae, while the lordosis
angle was determined by referencing the T12 and S2
points. The palpation method, used to identify vertebral
levels, demonstrated a high accuracy rate of 97%. The
participants were positioned in a natural standing pos-
ture with their legs shoulder-width apart and their backs
facing the examiner. They were instructed to maintain
a forward gaze to facilitate the identification of the spi-
nous processes. To locate the C7 spinous process, the
participant was asked to bend their head down while
the examiner placed their index and middle fingers over
the two vertebrae protruding from the neck. The partici-
pant was then asked to perform neck extension; during
this movement, the C7 spinous process remained under
the examiner’s fingers. From this point, the T2 vertebra
was located by counting down. To identify the T12 ver-
tebra, the participant was asked to place their hands on
the edge of the table and shift their body weight onto
their hands, which allowed for proper identification of
the T12 vertebra [10]. Then, Youdas’s instruction was
followed [11]. The location of the T12 spinous process
was estimated by palpating the bottom edge of the 12th
rib with the thumb and moving upward and inward until
it disappeared into soft tissue. A straight line was then
drawn from the tip of the finger at the last palpable point
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to the midline of the spine [12]. The posterior superi-
or iliac spine, located in the posterior hip region, was
identified by two dimples. These dimples were located
through tactile examination using the index and middle
fingers to determine the S2 point [13]. Connecting these
points with a line would lead to the S2 spinous process.
After the desired vertebrae were identified and marked,
a flexible ruler (calibrated in 1/16-inch measurements on
one side and 1 mm increments on the other side. Made
of plastic) was placed on them with some pressure, and
then T2, T12, and S2 points were identified on the ruler.
Without altering the ruler’s position, it was transferred
to a screen board with the side in contact with the skin
facing up. A schematic representation of the ruler was
drawn on paper, and subsequently, the T2 and T12 points
were connected before linking the T12 and S2 points.
The resulting measurements for thoracic length, lumbar
length, and deepest arcs were then substituted for L and
H in Equation 1 to calculate the angles [10].

1:

0=4Arctg %

T12

S2

0: Thoracic or lumbar angle, L: Arc length, H: The lon-
gest point curve drawn from a straight line (arc width).

The craniovertebral angle (CVA) was measured using
a valid and reliable photographic method, following the
measurement protocol established by Falla et al. [14].
A lateral view image was captured with the participants
sitting on a chair, allowing for the establishment of the
CVA. A digital camera (Xiaomi Note 10 Pro mobile)
mounted on a tripod was placed 0.8 meters away from
the individual. The camera lens axis was perpendicular
to the individual’s sagittal plane at a height correspond-
ing to the seventh cervical vertebrae. Markers were at-
tached to the tragus of the ear and the spinous processes
of the seventh cervical vertebrae and securely fixed. The
CVA was measured as the angle between a line drawn
from the tragus of the ear to the seventh cervical verte-
brae and a horizontal line, using the Kinovea software,
(Figure 1).
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Figure 1. CVA measurement
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a) C7 Spinous process, b) The Tragus of the ear, c) CVA, d) Horizontal line

To measure postural stability, the balance error scoring
system (BESS) was utilized [15]. This tool has been uti-
lized in previous research conducted among recreational-
ly active individuals, defined as those engaging in physi-
cal activity for at least 30 minutes, a minimum of four
times per week, as reported in previous studies [8, 16].
The BESS comprised three stances, double-leg stance,
single-leg stance, and tandem stance. These stances were
performed on both a firm surface and a medium-density
foam block (Danesh Salar Iranian Co., Tehran, Iran),
with eyes closed, resulting in six conditions. Each trial
lasted for 20 s, measured using a stopwatch. Errors were
counted based on predefined criteria, including actions,
such as opening eyes, lifting hands off hips, stepping,
stumbling or falling out of position, lifting forefoot or
heel, abducting the hip by more than 30, or failing to re-
turn to the test position within a timeframe of 5 seconds
[15]. The error scores from each of the six conditions
were aggregated to derive the total BESS score. Partici-
pants were instructed to assume a tandem stance, with
their nondominant foot positioned behind the dominant
foot while maintaining contact between their great toe
and heel. They were directed to remain motionless with
their eyes closed and hands on hips throughout all condi-
tions. Before data collection, each participant completed
two familiarization trials for each condition. To maintain
scoring consistency, a single examiner positioned 2.5-3
m from the participant observed the eyes, hips, and feet
simultaneously, and scored all participants and trials [8,
16]. Intra-tester reliability was established by videotap-

ing and subsequently scoring both live and recorded con-
ditions. The resulting intra-class correlation coefficient
for total BESS scores was 0.92, indicating strong consis-
tency in scoring.

Before participating in the study, all participants provid-
ed written consent, signifying their voluntary agreement
to take part. Additionally, participants were informed of
their right to withdraw from the study at any point with-
out facing negative consequences. Ethical considerations
guided the study to ensure participant confidentiality and
privacy. Data collected from participants were handled
with utmost care, and securely stored, and any identify-
ing information was strictly kept confidential.

Data analysis

Data were analyzed using IBM SPSS (IBM Corp. Re-
leased 2021. IBM SPSS Statistics for Windows, Version
28.0. Armonk, NY: IBM Corp). The Shapiro-Wilk test
was employed to assess the normality of the data distri-
bution. Descriptive statistics, including Mean+SD, were
calculated for the study variables. Correlation analyses
were conducted using Pearson’s and Spearman’s tests at
a significance level of P<0.05 to examine relationships
between variables.
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Table 1. Baseline characteristics of study’s participants
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MeantSD

Characteristics

Men (n=60) Women (n=60)
Age (y) 20.85+2.52 26.91+4.5
Height (cm) 178.16+6.4 162.65+5.35
Weight (kg) 73.5+£12.36 58.89+7.25

Results

Table 1 presents the baseline study participant’s charac-
teristics, and Table 2 presents the baseline variables that
were examined in both groups.

Based on the results of the normality test, it was de-
termined that all variables, except for CVA, had a non-
normal distribution. Consequently, Pearson’s correlation
coefficient was utilized to examine the relationship be-
tween CVA and BESS, while Spearman’s rank correla-
tion coefficient was employed for the remaining vari-
ables.

We examined the relationship between BESS and ky-
phosis, lower back lordosis, and CVA. The results re-
vealed no significant relationships between these vari-
ables, except for the male group, where a significant
relationship was observed between BESS and kyphosis
(Table 3).

Discussion

This study was conducted to investigate the relation-
ship between spinal curvature and postural stability for
optimal spinal health. The results showed no significant
relationships between thoracic kyphosis, lower back lor-
dosis, and CVA with BESS scores, except for the male
group, where a significant relationship was observed
between BESS and kyphosis (P=0.01). Nault et al. [17]
demonstrated that increasing thoracic kyphosis is associ-
ated with greater displacement of the center of gravity,
while Norasteh et al. [18] found that higher degrees of

Table 2. Baseline variables of both groups
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kyphosis lead to reduced static and dynamic balance.
Indeed, hyperkyphosis is associated with lower balance
compared to hypokyphosis [ 18]. One potential reason for
this decline in balance with increased kyphosis can be
the forward and downward shift of the body’s center of
gravity. This shift alters the body’s biomechanics, mak-
ing it more challenging to maintain stability and balance
[5, 19]. Additionally, the risk of falls due to poor balance
increases with kyphosis in older adults [20]. Eshraghi
et al. [21] analyzed the balance in adolescent girls with
hyperkyphosis and observed differences compared to
those without posture issues. They found that gender and
age influence balance parameters, with girls typically
performing better in static balance tests, while boys ex-
celled in dynamic balance tests. Indeed, these results un-
derscore the nuanced relationship between gender, age,
and balance performance, highlighting the necessity of
considering these factors when evaluating postural sta-
bility. By recognizing the influence of gender and age on
balance parameters, healthcare professionals can tailor
interventions and strategies to address individual needs
effectively, ultimately promoting better postural health
outcomes [22]. However, Sedaghati et al. [23] found no
correlation between kyphosis and postural control.

In our study, we observed no relationship between
lordosis and BESS scores among young athletes. This
lack of correlation can potentially be attributed to their
extensive sports participation, which may have contrib-
uted to their adept postural control and stability. Previous
research has suggested that lumbar kyphosis, rather than
thoracic kyphosis, is associated with postural instability,
especially in elderly osteoporotic patients. These results

Mean+SD
Groups
Thoracic Kyphosis Lower Back Lordosis CVA BESS
Men (n=60) 2.78+1.44 6.8314.56 55.03+4.69 12.95+8.79
Women (n=60) 3.16+1.42 5.4242.09 49.95+6.58 6.5+6.03

PHYSICAL TREATMENTS

CVA: Craniovertebral angle; BESS: Balance error scoring system.
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Table 3. Correlation between BESS and spine curvature variables

Variables Thoracic Kyphosis Lower Back Lordosis CVA
_ Spearman Z=0.12 Spearman Z=0.1 Pearson Z=0.11
Total (n=120) BESS P=0.18 P=0.25 P=0.21
_ Spearman Z=0.33 Spearman Z=-0.08 Pearson Z=0.06
Men (n=60) BESS P=0.01" P=0.53 P=0.63
Women (n=60) BESS Spearman Z=0.01 Spearman Z=0.12 Pearson Z=-0.18

P=0.91

P=0.35 P=0.15

CVA: Craniovertebral angle.
“Statistically significant difference (P<0.05).

highlighted the multifactorial nature of postural stabil-
ity and suggested that different factors may influence
balance outcomes across various populations and age
groups [24]. Lumbar kyphosis indeed has a more signifi-
cant impact on spine posture compared to thoracic ky-
phosis. Changes in the lumbar lordosis angle have been
found to correlate with various balance parameters. This
suggests that alterations in lumbar curvature may play a
crucial role in determining postural stability and balance
outcomes. Understanding these relationships can help
inform interventions aimed at optimizing spinal align-
ment and improving overall postural control [24].

In the present study, no significant relationship was
found between CVA and BESS scores among young
athletes. However, CVA and spine curvature are inter-
connected parameters that play significant roles in spi-
nal alignment, biomechanics, and clinical outcomes.
Research suggests that alterations in CVA and spine
curvature may be associated with various musculoskel-
etal conditions, including scoliosis, low back pain, and
cervico-craniofacial pain. Understanding the relation-
ship between these parameters and their implications for
musculoskeletal health is crucial for informing clinical
assessment, treatment planning, and rehabilitation strat-
egies [25]. Research has delved into the relationship
between CVA and BESS scores, a widely used tool to
assess postural stability. Brascher et al. explored the re-
lationship between CVA posture and clinical features in
patients with cervico-craniofacial pain. They discovered
the relationships between abnormal CVA and symp-
toms, such as headaches and temporomandibular joint
disorders, underscoring the significance of evaluating
CVA alignment in patients with neck and craniofacial
pain. This emphasizes the intricate connection between
CVA posture and musculoskeletal symptoms, shedding
light on the importance of comprehensive assessment
and management strategies for individuals with such
conditions [26]. While the direct relationship between
CVA and BESS scores has not been extensively studied,
understanding the role of CVA posture in musculoskel-
etal function and symptomatology can offer valuable

PHYSICAL TREATMENTS

insights into postural stability and balance. Further re-
search is warranted to elucidate the specific relationship
between CVA and BESS scores in various populations
and clinical contexts.

The study’s main limitations include the small sample
size, which may hinder the ability to fully assess the cor-
relation between sagittal plane curvature of the upright
human spine and postural stability. Additionally, the
study assessed CVA instead of the forward head angle,
which can provide valuable insights into the relationship
between head and neck positioning and overall spinal
alignment. The wide age range of the participants may
have introduced additional variability in the results, as
spinal curvatures and postural stability can vary signifi-
cantly with age. Furthermore, the reliance on self-report-
ed data about participants’ medical history, including any
history of surgery in the trunk or lower extremity and the
absence of visual, vestibular or neuromuscular impair-
ments, may not capture all relevant medical conditions
that could potentially influence the study outcomes. To
address these limitations, future studies can benefit from
evaluating these spinal angles in both young and older
non-athlete populations to enhance our understanding of
their role in postural stability and balance across differ-
ent age groups, while also considering a larger sample
size and more comprehensive medical assessments to
ensure a more robust and reliable analysis of the relation-
ship between sagittal plane spinal curvature and postural
stability.

Conclusion

According to our study’s results, we discovered no
significant correlations between BESS and lower back
lordosis or CVA. However, a notable relationship was
observed between BESS and kyphosis among male rec-
reational active adults. These results imply that thoracic
kyphosis can be a crucial element in evaluating postural
stability in recreational adult populations, given the rela-
tionship between spinal curvature, particularly kyphosis
angle, and balance. Additional research is warranted to
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validate these results and investigate possible interven-
tions targeting balance improvement in recreational
adults with kyphosis.
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