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Abstract: Objectives: This study aimed to find if a relationship exists between antero-posterior
malocclusions and the level of musculoskeletal disorders in adults, including body posture and
static foot analysis. Methods: In all, 420 participants were recruited through convenience sampling
(Kraków University students and patients of a local dentist’s practice). Following general medical
interviews, dental examinations and consideration of inclusion and exclusion criteria, 90 healthy
volunteers (ages 19–35) were enrolled and assigned to three groups (n = 30) based on occlusion type
(Angle’s molar Class I, II or III). The research procedure involved occlusion and temporomandibular
disorder assessment conducted by a dental specialist. Comprehensive morphological measurements
of body asymmetry were performed using the Videography 2D package and FreeSTEP software,
which calculated the parameters determined from anterior, posterior and lateral projection photos.
Foot loading distribution was analyzed using the FreeMED baropodometric platform. Results:
Significant differences were demonstrated in the positioning of the head, cervical and lumbar spine
in the sagittal plane among individuals with the analyzed occlusal classes (p < 0.05). Individuals
with Angle’s Class II exhibited significantly greater forward head positions and greater depths
of cervical and lumbar lordosis compared with individuals with Class III or Class I. Those with
overbites had higher forefoot loading. The Class III individuals exhibited greater L-R displacement,
indicating a larger angle of displacement of the centers of the right and left feet relative to the lower
edge of the measurement platform, suggesting pelvic rotation. Conclusions: An inclination for
concurrent occurrences of malocclusions and posture deviations in the sagittal plane was observed.
An interdisciplinary approach involving dentistry and physiotherapy specialists which utilizes tools
for comprehensive posture assessment is crucial for diagnosing and treating such conditions.

Keywords: body posture; head position; malocclusion; podal system; TMD

1. Introduction

The human body is a complex system of interacting elements where disorders in one
organ or system can lead to the malfunctioning of others [1,2]. This coherence is crucial
when considering body posture, defined as the natural, unforced and habitual upright
position of the body in space. Posture development is individualized and heavily influenced
by the structural and functional integrity of skeletal and myofascial components, whose
tension is essential for maintaining proper alignment and movement of body segments or
their displacement [1–3].

Numerous factors influencing human body posture have been documented, includ-
ing genetic, environmental and lifestyle factors [4–6]. Recently, an increasing number of
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researchers have suggested that disorders of the stomatognathic system, such as maloc-
clusions, may also affect body posture and stability [6–10]. It has even been demonstrated
that artificially induced occlusal changes can have both immediate (observed within sec-
onds) [11] and long-term effects on the musculoskeletal system [12]. However, research
findings in this area are inconsistent [2,13]. Furthermore, there are significant controversies
regarding whether the correlations observed in experimental studies have clinical significance.

The World Health Organization (WHO) identifies malocclusions as the third most
prevalent oral health problem in adults, coming after dental caries and periodontal dis-
eases [14]. Studies indicate that the prevalence of malocclusions in the general population
is around 56% and increases with age [15]. The consequences of malocclusions are mul-
tifaceted, impacting the medical, economic and social dimensions. They can affect basic
functions such as breathing and chewing and lead to psychosocial issues related to facial
aesthetics, influencing one’s self-esteem and quality of life. Additionally, malocclusions
can disrupt the harmony of oral and maxillofacial structures, potentially leading to broader
musculoskeletal imbalances [16].

Researchers suggest that abnormalities in the craniofacial area may lead to alterations
in the stimulation of proprioceptors, transmitting incorrect neural information to the
reticular formation. This misinformation can then affect the muscles of the neck and
shoulder girdle, propagating through neuromuscular-fascial chains to more distal areas.
Over time, as compensatory mechanisms are exhausted, this can result in pain symptoms,
misalignment of individual body segments and the perpetuation of postural and foot
abnormalities [6,17–19].

Despite the growing body of research, most studies focused on analyzing single areas
of the body [8,9,20–22]. There is still a lack of high-quality analyses considering a global
assessment of posture. Research has also typically concentrated on temporomandibular
disorders (TMDs) [23,24] or artificially induced occlusal changes [25,26]. These studies
often face limitations such as a lack of control groups, incomplete sample descriptions,
unequal group sizes and a limited number of tested parameters [27,28].

Given the increasing prevalence of malocclusions, it is imperative to evaluate their
potential consequences, which can develop from a young age and progressively worsen,
exerting long-term effects on the musculoskeletal system. Raising awareness among
individuals with malocclusions, as well as dental and physiotherapy professionals, is
crucial, highlighting the necessity for comprehensive diagnostic and therapeutic protocols.

Therefore, this study aimed to find if a relation exists between antero-posterior mal-
occlusions and the level of musculoskeletal disorders in adults, including body posture
and static foot analysis. Understanding these relationships can enhance clinical practices
and improve patient outcomes by providing insights into the broader implications of
dental malocclusions.

2. Materials and Methods

Three groups of subjects presenting different types of occlusions (Angle’s Class I, II
and III) were subjected to the analysis of parameters characterizing global body posture
and a static analysis of their feet. This research was carried out following the principles
outlined in the Declaration of Helsinki. Participants were given thorough verbal and
written explanations about the trial and provided consent to participate in this study. The
study was approved by the ethics committee of the District Medical Chamber in Krakow
University (reference number 35/KBL/OIL/2019; consent obtained on 19 February 2019).

This study was conducted from April 2020 to August 2021 at the Biomechanics Lab-
oratory located within the Faculty of Medicine and Health Sciences at the Andrzej Frycz
Modrzewski Krakow University. The study involved volunteers of Caucasian descent from
the Lesser Poland Voivodeship aged 19–35.

A total of 420 participants were recruited through convenience sampling (including
Kraków University students and patients of a local dental clinic) without prior selection.
Information about the study was disseminated through informational posters placed in
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university campuses and the dental clinic, ensuring broad visibility and accessibility. Inter-
ested individuals were then provided with further details about the study. Upon expressing
interest and consenting to participate, they underwent a general medical interview and
dental examination to meet the inclusion and exclusion criteria for the study.

The inclusion criteria encompassed individuals aged between 18 and 35 years with
Angle’s Class I, II, or III occlusions and possessing at least 28 permanent teeth. Exclusion
criteria included the presence of braces, neurological or osteoarticular conditions or perma-
nent consequences of traumatic musculoskeletal system injuries that could affect posture
and balance.

Following screening and application of the above criteria, 90 individuals were included,
consisting of 52 females (57.78%) and 38 males (42.2%).

The subjects were assigned to three groups based on the type of occlusion diagnosed
during the dental examination using the molar Angle classification. The first group con-
sisted of 30 individuals identified with Angle’s Class I (proper occlusions). The second
group comprised 30 individuals diagnosed with Angle’s Class II, commonly referred to as
distal occlusions. The third group included 30 individuals identified with Angle’s Class III,
indicating anterior occlusions.

After detailing the participant recruitment process, this study proceeded to implement
the research procedures, which involved dental examinations. The occlusions were evalu-
ated through both intraoral and extraoral examinations using the molar Angle classification
as previously mentioned. Angle’s classification assesses the correctness of an occlusion
based on the position of the upper first molar relative to the lower dental arch [29]. Next,
a functional examination of the masticatory system was conducted using the Research
Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) protocol (Axes I and
II). The examinations were performed by the same specialist in dental prosthetics, who was
trained in and calibrated to the RDC/TMD procedure.

An assessment of the spatial positions of individual body segments was carried out
using the Videography 2D package (Sensor Medica, Guidonia Montecelio, Italy), consisting
of a camera, tripod and FreeSTEP 2.0 software (Sensor Medica, Guidonia Montecelio, Italy)
used to collect, analyze and calculate the analyzed variables. A C920 Logitech HD Pro
Webcam digital camera was used for digital photographic posture measurements. The
camera captured images in Full HD quality (1080 pixels), enabling detailed analysis of each
participant’s body posture. The camera with a tripod and laser spirit level was positioned
at a distance of 170 cm from the examination site (participant’s position) and at the level of
the umbilicus, following the manufacturer’s instructions for the FreeSTEP program.

The assessment of the spatial position of individual body segments was carried out by
the same proficient researcher, ensuring consistency and reliability in the measurements.
Prior to taking digital photographs, select bony landmarks were marked on the participants’
bodies (C7 spinous process, acromion processes of the scapulae, anterior superior iliac
spines and posterior superior iliac spines), allowing for more precise identification of the
same points on a computer after importing the images into the FreeSTEP software. Next,
the participant stood at the photographic examination station. They were asked to assume
a relaxed position, gaze straight ahead, place their feet hip-width apart and keep their
upper limbs slightly bent at the shoulder joints at approximately 10–20◦. Photographs of
the participants’ body postures were taken under static conditions in anterior, posterior
and lateral (left and right side) projections (Figure 1). To assess the postures and calculate
potential asymmetries in each occlusion class, the same experienced researcher marked the
required bony landmarks on the photographs using the FreeSTEP software as mentioned
earlier. After importing the images into the FreeSTEP program and determining the bony
landmarks on the computer, the program analyzed and calculated the following variables:

• In the sagittal plane, the depth of cervical lordosis, thoracic kyphosis and lumbar
lordosis (in millimeters) were assessed (Figure 1). Additionally, a photographic mea-
surement of the head protraction angle (in degrees) was performed, which is the angle
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between the line from the junction of cervical lordosis to thoracic kyphosis to the
external auditory meatus and a horizontal line [30].

• In the frontal plane, the symmetry of shoulder alignment, pelvis alignment (relative to
the horizontal line connecting the acromion processes of the scapulae and the anterior
superior iliac spines) and deviation of the trunk and head (relative to the vertical line)
were assessed (in degrees) (Figure 1).
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Figure 1. Parameters for the videographic examinations, determined by the FreeStep program in a
photo taken from the anterior projection (A), posterior projection (B) and lateral projection (C, left
side facing the camera).

The analysis of foot pressure distribution in static posture was conducted utilizing a
baropodometric platform (FreeMED Base, Sensor Medica, Guidonia Montecelio, Italy), con-
sisting of an active (40 × 40 cm) track with a sampling frequency of up to 400 Hz (Figure 2),
along with the FreeSTEP 2.0 software. The measurement outcomes were presented in a
software-generated report, which included details on the evaluated parameters.

The static analysis was conducted in a well-lit room with a temperature ranging
between 21 and 22 ◦C. The subjects were instructed to stand barefoot on the measurement
platform and assume a relaxed position, with their arms alongside their torsos and their
feet hip-width apart. They were asked to fix their gaze on a point on the opposite wall.
Three measurements of static foot analysis were conducted, followed by calculation of their
average value. The static analysis was conducted in the habitual bite position, assessing
parameters such as the percentage load on each foot, L-R displacement (in degrees) and
the value of the plantar angle of the right and left foot (in degrees). The L-R displacement
value represents the angle formed by the line connecting the resultant pressure points of
the right and left foot and the lower edge of the measurement platform. According to the
platform producers, this angle may indicate pelvic rotation. In turn, the plantar angle is
formed by extending the line connecting the most protruding point of the forefoot and the
rearfoot. In the literature, it corresponds to the gamma heel angle, where values ranging
from 15◦ to 18◦ are considered normal [31].

Statistical calculations were conducted utilizing R software, version 4.1.1. The signifi-
cance threshold was set at p < 0.05. The comparison of quantitative variables among the
three groups was carried out using the Kruskal–Wallis test. In cases where statistically
significant differences were observed, post hoc analysis with Dunn’s test was utilized to
identify significantly distinct groups in terms of statistics. A comparison of the qualitative
variables was conducted using a chi-squared test or Fisher’s exact test, where low expected
counts appeared in the tables.
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Figure 2. The measurement station equipped with a force platform along with a sample report from
the conducted analyses.

The homogeneity analysis of the sample was conducted using ANOVA and a chi-
squared test. ANOVA was employed to assess the homogeneity of groups in terms of age,
weight and height, while the chi-squared test was used to analyze the homogeneity of the
groups concerning gender.
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3. Results

The analysis of the ages and body structures of participants with various occlusal
types (Angle’s Class I, II and III) indicated that both the ages and body proportions across
these groups were similar. Basic data describing each group are shown in Table 1.

Table 1. Basic anthropometric characteristics of the analyzed groups, including individuals with
Angle’s Class I, II, and III.

Whole Group
(n = 90)

Angle’s Class I
(n = 30)

Average (SD)

Angle’s Class II
(n = 30)

Average (SD)

Angle’s Class III
(n = 30)

Average (SD)
p

Gender 17♀/13♂ 16♀/14♂ 19♀/11♂ 0.225

Age (years) 22.63 (2.65) 23.87 (3.90) 22.77 (2.24) 0.263

Height (cm) 170.93 (10.10) 172.8 (10.0) 171.73 (11.20) 0.590

Body mass (kg) 68.23 (12.9) 66.93 (11.93) 67.27 (12.20) 0.727

p: chi-squared test (gender); ANOVA (age, height and body mass).

Based on the measurements provided by the RDC/TMD form, it was possible to
diagnose and categorize the subjects’ symptoms into one of three TMD disorder groups: I
(myofascial), II (disc displacement) or III (arthralgia, inflammation and degenerative joint
disease of the temporomandibular joint (TMJ)). Correlation analysis revealed no significant
relationship between the occlusion type and the occurrence of TMJ disorders (p > 0.05) at
either the myofascial level or within the disc or TMJ.

The digital photographic posture analysis (Videography 2D) enabled the assessment
of postures in the sagittal plane and the determination of the angle of head protraction
(in degrees) and the depth of cervical lordosis, thoracic kyphosis and lumbar lordosis
(in millimeters).

The highest values of the head protraction angle were observed in individuals with
Class III occlusions, and the lowest was found in those with Class II occlusions (Table 2).
The smaller the head protraction angle, the greater the head’s position forward. Figure 3
illustrates examples of the photographic measurements and the size of the head protraction
angle in individuals with Angle’s Class I, II and III. The analysis of the results for each
group revealed that individuals with Class II occlusions exhibited the highest means both
in terms of the depth of cervical lordosis (in millimeters) and lumbar lordosis, while those
with Class III occlusions demonstrated the lowest means.
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Table 2. Selected parameters for videographic examination in the sagittal plane in people with
particular types of occlusions.

Parameters
Angle’s Class

p
I II III

Depth of cervical
lordosis (mm)

Average (SD) 67.83 (18.41) 79.03 (14.28) 66.07 (17.38) p = 0.006 *
Median 69 77.5 65

Quartiles 60–78.5 69.25–86 55–78.5 II > I, III

Depth of thoracic
kyphosis (mm)

Average (SD) 2.9 (9.81) 3.57 (7.66) 3.4 (8.14) p = 0.491
Median 0 0 0

Quartiles 0–0 0–0 0–0

Depth of lumbar
lordosis (mm)

Average (SD) 54.67 (12.21) 64.23 (16.07) 51.2 (10.69) p = 0.001 *
Median 54.5 62 52.5

Quartiles 48.25–59 54.5–68.75 47–55.75 lI > I, III

Angle of head
protraction

(degree)

Average (SD) 62.13 (3.91) 58.8 (3.25) 62.37 (3.17) p < 0.001 **
Median 62 59 62.5

Quartiles 60–64 56–61.75 60–66 III, I > II

* Significant at p < 0.05. ** Significant at p < 0.001. p: Kruskal–Wallis test + post hoc analysis (Dunn’s test).
SD = standard deviation. I, II and III are in relation to Angle’s classes.

The statistical analysis of the results obtained during the posture photographic mea-
surements revealed significant differences between the examined groups (p < 0.05). The an-
gle of head protraction was significantly greater in individuals with Class I and III occlusions
compared with those with Class II occlusions (p < 0.001) (Table 2). The depths of cervical
and lumbar lordosis were significantly greater in the individuals with Class II occlusions
compared with those with Class I and III occlusions (p < 0.05).

In the frontal plane, the following parameters were calculated: the positioning of
the shoulder line and pelvis, as well as the positioning of the trunk and head in lateral
flexion. An oblique position of the shoulders in relation to the ground occurred in the
highest percentage (23.33%) in the people with Class II occlusions. The highest mean
oblique position of the line connecting the scapular acromion in the frontal plane was
observed in the subjects with Class III occlusions (Table 3). Asymmetric positioning of
the horizontal line relative to the ground, connecting the anterior superior iliac spines,
was most commonly observed in the individuals with Class II occlusions (56.66%). The
highest mean values of inclination were noted in the group with proper occlusions and
the lowest in the group with Class III occlusions (Table 3). The correct head positioning in
the frontal plane was most frequently observed in people with proper occlusions (40%).
In turn, the tendency for head deviation was most pronounced in the group with Class
II occlusions (76.66%). The same pattern was observed in the analysis of the mean angle of
head positioning in lateral flexion, where the highest values were also noted in the group
with Class II occlusions and the lowest in individuals with Class I occlusions (Table 3).

There were no significant differences between the studied groups in all parameters
analyzed in relation to the frontal plane (Table 3) as well as the direction of deviation and
inclination of the assessed body areas (i.e., positioning of the shoulder (p = 0.127) and pelvis
(p = 0.506) line, trunk (p = 0.621) and head (p = 0.714) deviation).

When using a platform to assess the ground reaction forces in terms of statics, the
following parameters were analyzed: the percentage load distribution of the right and
left foot and forefoot-rearfoot distribution (as a percentage), L-R displacement value (in
degrees) and the values of the plantar angles of the right and left foot (in degrees).
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Table 3. Selected parameters of videographic examination for the frontal plane in people with Angle’s
Class I, II and III occlusions.

Parameters
Angle’s Class

p
I II III

Oblique shoulder line
positioning (degrees)

Average (SD) 1.37 (0.89) 1.3 (0.99) 1.73 (0.98) p = 0.151
Median 1 1 2

Quartiles 1–2 1–2 1–2

Oblique pelvic position
(degrees)

Average (SD) 0.73 (0.78) 0.67 (0.66) 0.6 (0.89) p = 0.581
Median 1 1 0

Quartiles 0–1 0–1 0–1

Lateral inclination of the torso
(degrees)

Average (SD) 89.27 (0.94) 89.43 (1.07) 89.77 (0.77) p = 0.161
Median 89 90 90

Quartiles 89–90 89–90 89–90

Lateral head tilt (degrees)
Average (SD) 1.03 (1.25) 1.67 (1.37) 1.5 (1.43) p = 0.123

Median 1 2 2
Quartiles 0–1 1–2 0–2

Asymmetric positioning of the
lower blade angles (degrees)

Average (SD) 1.63 (1.16) 1.77 (1.52) 1.73 (1.14) p = 0.954
Median 1.5 1 1.5

Quartiles 1–2 1–3 1–2

p: Kruskal–Wallis test + post hoc analysis (Dunn’s test). SD = standard deviation.

As a result of the conducted research, the average values of the percentage load
distribution on each foot among individuals with different occlusal classes were determined,
as presented in Table 4. According to the FreeSTEP software, the results indicating proper
load distribution fell within the range of 47–53%, with a maximum difference of 3% between
the examined feet. Data analysis revealed correct load distribution only in 53.33% of
individuals with proper occlusions, 50% with Class II occlusions and 43.33% with Class
III occlusions.

Table 4. Results of selected parameters of static foot examination in subjects with Angle’s Class I, II,
and III occlusions.

Parameters
Angle’s Class

p
I II III

Percentage load
LF (%)

Average 50.90 49.23 50.27 p = 0.555
Mediana 51 49.5 52
Quartiles 47.25–53.75 46.5–53 46.25–55

Percentage load
RF (%]

Average 49.10 50.77 49.73 p = 0.555
Median 49 50.5 48

Quartiles 46.25–52.75 47–53.5 45–53.75

Forefoot percentage
weight-bearing

LF (%)

Average 36.73 45.53 31.43 p = 0.002 *
Median 36 42.5 30

Quartiles 27.25–43.75 35.5–52 21–40.25 II > I, III

Forefoot percentage
weight-bearing

RF (%]

Average 37.1 46.7 29.57 p < 0.001 **
Median 38 46 28

Quartiles 29.25–44.5 35.25–57.75 21.25–36 II > I > III

Hindfoot percentage
weight-bearing

LF (%)

Average 63.27 54.47 67.07 p = 0.004 *
Median 64 57.5 70

Quartiles 56.25–72.75 48–64.5 57.5–79 III, I > II

Hindfoot percentage
weight-bearing

RF (%]

Average 62.90 53.30 68.60 p < 0.001 **
Median 62 54 71

Quartiles 55.5–70.75 42.25–64.75 61.75–74.75 III, I > II
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Table 4. Cont.

Parameters
Angle’s Class

p
I II III

L-R displacement
(degrees)

Average 2.83 3.53 3.67 p = 0.416
Median 3 3 3

Quartiles 0–4 0–6 3–4

Plantar angle
LF (degrees)

Average 16.17 19.30 16.77 p = 0.058
Median 15.5 19 16.5

Quartiles 13.25–19 15–21 14.25–19.5

Plantar angle
RF (degrees)

Average 17.73 18.53 16 p = 0.079
Median 17 19 16.5

Quartiles 14–20.7 16–21 12.25–18

* Significant at p < 0.05. ** Significant at p < 0.001. p: Kruskal–Wallis test + post hoc analysis (Dunn’s test);
LF = left foot; RF = right foot; I, II and III are in relation to Angle’s classes.

When analyzing the distribution of loads in the forefoot and hindfoot among the
subjects, it was shown that the highest average values of the percentage load on the
forefoot were observed in people with Class II occlusions and the lowest in those with
Class III occlusions. When examining the load on the hindfoot, the results obtained were
inversely proportional (Table 4).

No significant relationships were found between the type of malocclusion and the
overall percentage load on the right (p = 0.555) and left (p = 0.555) feet. Regarding the left
forefoot, a significantly higher percentage load was observed in individuals with Class
II occlusions compared with people with Class I and III occlusions. A significantly higher
percentage load on the right forefoot was noted in individuals with Class II occlusions
compared with those with Class I occlusions, while it was significantly higher in individuals
with Class I occlusions compared with those with Class III occlusions. The load on the
rearfoot for both lower limbs was significantly higher in individuals with Class III and
I occlusions compared with those with Class II occlusions (p < 0.05) (Table 4).

The highest mean value of L-R displacement was observed in the group with Class
III occlusions, while the lowest mean value was in those with Class I occlusions (Table 4).
The norms for L-R displacement according to FreeSTEP software ranged from 0 to 2◦.
The correlation analysis between L-R displacement and malocclusion type did not reveal
statistically significant differences between the examined groups (p > 0.05) (Table 4). Values
above the norm were significantly more frequent in individuals with Class III occlusions
compared with those with Class I occlusions (p = 0.049).

Then, the values of the plantar angles of the right and left feet were analyzed in
individuals from each skeletal class. The highest average values of the plantar angle in the
right and left foot occurred in people with Class II occlusions (Table 4).

The normative values ranged from 15 to 18 degrees. Values above 18 degrees, indicat-
ing the presence of flat feet or anterior displacement in foot loading, were predominantly
observed in individuals with Class II occlusions, with 76.6% in the left foot and 83.3%
in the right foot. In turn, values below 15 degrees, indicative of excessive supination or
foot hypermobility, were predominantly found in the right feet of individuals with Class
III occlusions (26.7%) and in the left feet of those with proper occlusions (23.3%). There
were no significant differences between the analyzed groups in terms of the plantar angle
of the right or left foot (p > 0.05).

4. Discussion

In accordance with current medical principles, which are aimed toward a holistic
perspective of the human body, this interdisciplinary study aimed to assess the coexistence
of malocclusions alongside disturbances in global body posture and abnormalities in the
selected parameters of static foot analysis.
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Certain tendencies toward the coexistence of anteroposterior malocclusions and ab-
normalities in sagittal plane body posture were demonstrated, as well as differences in
foot load distribution. In summary, individuals with Angle’s Class II occlusions exhibited
significantly greater forward head positions and greater depths of cervical and lumbar
lordosis compared with individuals with Class III and I occlusions, characterized by a
retracted head position. Biomechanical analysis of the feet in terms of statics revealed
significantly higher percentages of forefoot loading in individuals with Class II occlusions
compared with those with Class III and I occlusions. Values of L-R displacement above the
norm were significantly more common in individuals with Class III occlusions than those
with Class I occlusions.

The human body posture is commonly understood as the shape and position of its
individual elements relative to each other in an unforced upright position [3]. In our own
research, Videography 2D was used to assess the spatial positioning of individual body
segments in people with malocclusions. This method relies on digital body photography
techniques, enabling calculation of the basic quantitative features of human posture. This
method is characterized by noninvasiveness, repeatability and measurement sensitivity [32].
In the reports of other authors, digital photography was used for evaluating the body pos-
ture of both children and adults with various dysfunctions and disorders [30,32,33]. In our
own research, the use of modern software (FreeSTEP) allowed for precise calculation and
analysis of the selected parameters, which is significant from the perspective of objectifying
the obtained results [34].

The co-occurrence of disorders within the stomatognathic system with postural ab-
normalities has been the subject of previous studies, mostly being limited to analysis of
the head and neck area [8,21–23,35]. There is a lack of analyses concerning comprehensive
posture assessment encompassing various body segments and planes in individuals with
specific malocclusions. In the presented studies, where body posture was evaluated in both
the sagittal and frontal planes, it was observed that antero-posterior malocclusions result
in deviations in body posture primarily in the sagittal plane. Furthermore, the presented
results may suggest that if a malocclusion conditions or influences other body areas, then
these interactions especially occur in regions directly related to and in close proximity to the
stomatognathic system, namely the head and neck area. Clinicians have long demonstrated
the existence of neuroanatomical connections between the oral cavity and the cervical spine,
where afferents from the dental apparatus, masticatory muscles and temporomandibular
joints converge at the trigeminal nucleus along with sensory information from the cervical
spine [19,36]. According to Sforza [19], balanced tension between the structures of the head
and neck is largely correlated with occlusion and jaw positioning. Occlusal disorders can
lead to changes in dental proprioceptor stimulation, thus causing disorganization of the
neck muscles and postural muscles as well as changes in head position [6,19].

In this study, the photographic head protraction angle was used to assess head po-
sitioning in the sagittal plane, employing the measurement method proposed by Bolzan
et al. [30]. It was found that the photographic head protraction angle was significantly
smaller in individuals with Angle’s Class II occlusions compared with those with Class I
and III occlusions, suggesting that individuals with Class II occlusions exhibited greater
forward head postures. The depths of cervical lordosis and lumbar lordosis were also
significantly greater in individuals with Class II occlusions. Clinicians suggest that ex-
cessive forward head positions in individuals with Class II occlusions, characterized by
a retrognathic mandibular position relative to the maxilla, may be dictated by the need
to open the upper airway in this manner to enhance its functional capacity [37]. Others
have suggested that anterior positioning of the human head reduces the field of vision,
and attempts to improve the field of vision increase lordosis in the cervical spine [38]. The
results of our own research are supported by the cited reports, as individuals with Class II
occlusions were observed to have a significantly higher incidence of both of these features
(anterior head positioning and increased lordosis in the cervical spine). Bricot [39] also
reported that individuals with Class II occlusions are characterized by anterior positioning
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of the head and shoulders, unlike prognathic individuals. The author explained this as an
attempt to balance the body in response to afferent information emitted by the position of
the temporomandibular joint [39]. In reports by Sandoval et al. [8] and D’Attilio et al. [21],
it was also demonstrated that individuals with Class II occlusions exhibited significantly
greater anterior head protrusion than those with Class I or III occlusions, and in individuals
with Class III occlusions, similar to the findings of this study, flattening of the cervical
lordosis was observed significantly more frequently. Deda et al. [22], like in the present
study, compared head positions in different malocclusions using photogrammetry and a
significantly smaller sample size than that in the present study. During clinical examination,
they observed a pattern in the head positions of individuals with Class II occlusions where,
as reported, 100% had their heads protruded forward, while in the Class I group, 73.3% had
a neutral head position. Lippold [40] conducted an analysis of individual spinal segments
in relation to the morphology of the craniofacial complex in individuals with Class II and III
occlusions, demonstrating differences in pelvic tilt and the size of the lumbar lordosis angle
between the examined groups. Similarly, in our own studies, significant differences in the
depth of lumbar lordosis were also demonstrated, depending on the Angle’s classification.

In our own research, an attempt was made to assess the relationship between the
stomatognathic system and the biomechanical characteristics of the feet, where the selected
parameters of static examination, including load distribution, L-R displacement and the
plantar angle of the feet, were evaluated in individuals with various types of malocclusions.

Valentino et al. [20], in a study based on electromyography, observed a correlation be-
tween the occlusal plane and the muscles supporting the foot arches. Marchena-Rodríguez
et al. [41] demonstrated that Clarke’s angle, which determines the state of longitudinal arch
of the foot, tends to decrease with an increase in malocclusion classification from Class I to
III. In our own research, the shape of the transverse arch of the feet was assessed by deter-
mining the value of the plantar angle, but no significant differences were found between the
examined types of malocclusion. On the other hand, Cuccia [42] conducted studies using a
podobarographic platform and compared footprints between individuals with TMD and
healthy controls. They demonstrated differences in the foot arches between both groups
and also observed changes in the distribution of load on the forefoot and rearfoot after
artificially inducing occlusal imbalance. However, the authors did not find a relationship
between the percentage load on the lower limbs and different occlusal conditions. The
results of our own research in this regard are consistent with the findings of Cuccia [42],
where no significant differences were found between various types of malocclusions and
the percentage load on the lower limbs in statics. However, significant differences were
observed in the load on the forefoot and rearfoot depending on the occlusion, with indi-
viduals with Class II occlusions showing significantly higher percentages of load on the
forefoot compared with those with proper occlusion and Class III occlusions. Similarly, a
significantly higher percentage load on the rearfoot was noted in individuals with Class
III and I occlusions. In our own studies, tendencies for the forward head posture were
observed in the same group in which a significantly higher percentage load on the forefoot
was recorded in static analysis, namely individuals with Angle’s Class II occlusions. The
same observation applied to individuals with Class III occlusions, where a significantly
more frequent occurrence of head retraction and a higher percentage load on the rearfoot
were observed compared with individuals with Class II occlusions. This may suggest that
the changes observed in the feet in terms of load distribution could be due to the positions
of the head and neck, which according to some authors influence the position of the body’s
center of gravity [4]. The L-R displacement, which represents the angle formed by the
connection of the resultant points of pressure forces for the left and right foot and the lower
edge of the platform, was significantly more frequently above the norm in individuals with
Class III occlusions, which according to the FreeSTEP software manufacturer may indicate
pelvic rotation in the subjects [43]. Lippold et al. [44] also demonstrated correlations be-
tween the morphology of the craniofacial region in adults, specifically the presence of Class
II and III occlusions and pelvic rotation.
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This study, in addition to its primary objectives, aimed to emphasize the significance of
the stomatognathic system in the context of the proper functioning of other areas of the body,
which are part of the human musculoskeletal system. Its goal was also to present novel
approaches for diagnosing and treating various dental disorders and postural disturbances.
It would be beneficial to develop an interdisciplinary treatment protocol which could
facilitate early diagnosis and therapy. Considering the results of our own research and
reports from other authors, a holistic model of human assessment and evaluation of the
craniofacial area in the overall functional examination of a patient is recommended. This
integrated perspective may lead to better outcomes for therapeutic interventions.

Despite providing significant data regarding the relationship between Angle’s classifi-
cation and body posture (taking into account a comprehensive assessment of individual
body segments and planes) as well as select parameters of static foot examination which,
when combined, fill a gap in the available scientific research, these studies have certain
limitations that need to be considered. Firstly, the sample size (n = 90) was relatively small,
limiting the ability to generalize the results to a larger population. Secondly, our study was
based on assessing malocclusions in a molar relationship. Typically, relationships between
malocclusions and associated health outcomes are assessed using skeletal classification,
which better reflects jaw misalignments than dental assessments. However, as our study
represents a preliminary analysis, we opted to utilize dental classification due to its wide ap-
plicability, availability and technical feasibility. It serves as a preliminary exploration which
may pave the way for more advanced research incorporating skeletal classification assessed
through cephalometry. Additionally, the results of the presented studies may suggest the
presence of certain tendencies in individuals with malocclusions, postural disorders and
changes in foot loading in statics. Nevertheless, it is important to note that these studies
did not explain and could not determine the causality of the observed associations. A
more detailed analysis is needed with a larger sample size using electromyography, spinal
radiographs or advanced motion analysis systems to better determine the relationships
between these variables.

5. Conclusions

In conclusion, the obtained results indicate tendencies toward the co-occurrence of
antero-posterior malocclusions and deviations in sagittal plane body posture, encompassing
the area of the head and spine, as well as differences in foot loading distribution, depending
on the Angle’s classification. These preliminary findings highlight the importance of
considering both body posture and malocclusion in diagnosing and treating orthopedic
and dental patients. A multidisciplinary approach involving dentists and physiotherapy
specialists is necessary, with the development of shared diagnostic protocols and the
utilization of tools for comprehensive body posture assessment. This study opens the way
to investigating whether orthodontic treatment affects body posture.
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4. Szczygieł, E.; Piotrowski, K.; Golec, J.; Czechowska, D.; Masłoń, A.; Bac, A.; Golec, E. Head position influence on stabilographic

variables. Acta Bioeng. Biomech. 2016, 18, 49–54. [CrossRef] [PubMed]
5. Silva, A.G.; Punt, T.D.; Sharples, 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. [CrossRef]
6. Cuccia, A.; Caradonna, C. The relationship between the stomatognathic system and body posture. Clinics 2009, 64, 61–63.

[CrossRef]
7. Pérez-Belloso, A.J.; Coheña-Jiménez, M.; Cabrera-Domínguez, M.E.; Galan-González, A.F.; Domínguez-Reyes, A.; Pabón-Carrasco,

M. Influence of dental malocclusion on body posture and foot posture in children: A cross-sectional study. Healthcare 2020, 8, 485.
[CrossRef]

8. Sandoval, C.; Díaz, A.; Manríquez, G. Relationship between craniocervical posture and skeletal class: A statistical multivariate
approach for studying Class II and Class III malocclusions. Cranio 2021, 39, 133–140. [CrossRef]

9. Cabrera-Domínguez, M.E.; Domínguez-Reyes, A.; Pabón-Carrasco, M.; Pérez-Belloso, A.J.; Coheña-Jiménez, M.; Galán-González,
A.F. Dental malocclusion and its relation to the podal system. Front. Pediatr. 2021, 22, e654229. [CrossRef]

10. Nowak, M.; Golec, J.; Wieczorek, A.; Golec, P. Is there a correlation between dental occlusion, postural stability and selected gait
parameters in adults? Int. J. Environ. Res. Public Health 2023, 20, 1652. [CrossRef]

11. Tecco, S.; Polimeni, A.; Saccucci, M.; Festa, F. Postural loads during walking after an imbalance of occlusion created with unilateral
cotton rolls. BMC Res. Notes 2010, 3, 141. [CrossRef]

12. Oliveira, S.S.I.; Pannuti, C.M.; Paranhos, K.S.; Tanganeli, J.P.C.; Laganá, D.C.; Sesma, N.; Frigerio, M.L.M.A.; Duarte, M.; Cho, S.C.
Effect of occlusal splint and therapeutic exercises on postural balance of patients with signs and symptoms of temporomandibular
disorder. Clin. Exp. Dent. Res. 2019, 5, 109–115. [CrossRef] [PubMed]

13. Álvarez Solano, C.; González Camacho, L.A.; Castaño Duque, S.P.; Cortés Velosa, T.; Vanoy Martin, J.A.; Chambrone, L. To
evaluate whether there is a relationship between occlusion and body posture as delineated by a stabilometric platform: A
systematic review. Cranio 2023, 41, 368–379. [CrossRef] [PubMed]

14. Cenzato, N.; Nobili, A.; Maspero, C. Prevalence of dental malocclusions in different geographical areas: Scoping review. Dent. J.
2021, 9, 117. [CrossRef]

15. Lombardo, G.; Vena, F.; Negr, P.; Pagano, S.; Barilotti, C.; Paglia, L.; Colombo, S.; Orso, M.; Cianetti, S. Worldwide prevalence of
malocclusion in the different stages of dentition: A systematic review and meta-analysis. Eur. J. Paediatr. Dent. 2020, 2, 115–122.
[CrossRef]

16. Bernabé, E.; Sheiham, A.; de Oliveira, C.M. Condition-specific impacts on quality of life attributed to malocclusion by adolescents
with normal occlusion and Class I, II and III malocclusion. Angle Orthod. 2008, 78, 977–982. [CrossRef] [PubMed]

17. Maurer, C.; Holzgreve, F.; Erbe, C.; Wanke, E.M.; Kopp, S.; Groneberg, D.A.; Ohlendorf, D. Influence of dental occlusion conditions
on plantar pressure distribution during standing and walking—A gender perspective. Med. Eng. Phys. 2021, 88, 47–53. [CrossRef]
[PubMed]

18. Gangloff, P.; Louis, J.P.; Perrin, P.P. Dental occlusion modifies gaze and posture stabilization in human subjects. Neurosci. Lett.
2000, 293, 203–206. [CrossRef]

19. Sforza, C.; Tartaglia, G.M.; Solimene, U.; Morgan, V.; Kaspranskiy, R.R.; Ferrario, V.F. Occlusion, sternocleidomastoid muscle
activity, and body sway: A pilot study in male astronauts. Cranio 2006, 24, 43–49. [CrossRef] [PubMed]

20. Valentino, B.; Valentino, T.; Melito, F. Correlation between interdental occlusal plane and plantar arches. An EMG study. Pain
Clin. 2002, 14, 259–262. [CrossRef]

21. D’Attilio, M.; Caputi, S.; Epifania, E.; Festa, F.; Tecco, S. Evaluation of cervical posture of children in skeletal class I, II, and III.
Cranio 2005, 23, 219–228. [CrossRef]

22. Deda, M.R.C.; Mello-Filho, F.V.; Xavier, S.P.; Trawitzki, L.V.V. Head posture in the presence of Class II and Class III dentofacial
deformities. Rev. CEFAC 2012, 14, 274–280. [CrossRef]

23. Olmos, S.R.; Kritz-Silverstein, D.; Halligan, W.; Silverstein, S.T. The effect of condyle fossa relationships on head posture. Cranio
2005, 23, 48–52. [CrossRef] [PubMed]

24. Joy, T.E.; Tanuja, S.; Pillai, R.R.; Manchil, P.R.D.; Raveendranathan, R. Assessment of craniocervical posture in TMJ disorders
using lateral radiographic view: A cross-sectional study. Cranio 2019, 39, 1–7. [CrossRef]

25. Bracco, P.; Deregibus, A.; Piscetta, R. Effects of different jaw relations on postural stability in human subjects. Neurosci. Lett. 2004,
356, 228–230. [CrossRef]

26. Baldini, A.; Nota, A.; Tripodi, D.; Longoni, S.; Cozza, P. Evaluation of the correlation between dental occlusion and posture using
a force platform. Clinics 2013, 68, 45–49. [CrossRef]

27. Michelotti, A.; Buonocore, G.; Manzo, P.; Pellegrino, G.; Farella, M. Dental occlusion and posture: An overview. Prog. Orthod.
2011, 12, 53–58. [CrossRef] [PubMed]

https://doi.org/10.3389/fnins.2018.00171
https://doi.org/10.23750/abm.v88i1.5309
https://doi.org/10.5277/ABB-00433-2015-02
https://www.ncbi.nlm.nih.gov/pubmed/28133378
https://doi.org/10.1016/j.apmr.2008.10.018
https://doi.org/10.1590/S1807-59322009000100011
https://doi.org/10.3390/healthcare8040485
https://doi.org/10.1080/08869634.2019.1603795
https://doi.org/10.3389/fped.2021.654229
https://doi.org/10.3390/ijerph20021652
https://doi.org/10.1186/1756-0500-3-141
https://doi.org/10.1002/cre2.136
https://www.ncbi.nlm.nih.gov/pubmed/31049212
https://doi.org/10.1080/08869634.2020.1857614
https://www.ncbi.nlm.nih.gov/pubmed/33357146
https://doi.org/10.3390/dj9100117
https://doi.org/10.23804/ejpd.2020.21.02.05
https://doi.org/10.2319/091707-444.1
https://www.ncbi.nlm.nih.gov/pubmed/18947272
https://doi.org/10.1016/j.medengphy.2020.12.011
https://www.ncbi.nlm.nih.gov/pubmed/33485513
https://doi.org/10.1016/S0304-3940(00)01528-7
https://doi.org/10.1179/crn.2006.008
https://www.ncbi.nlm.nih.gov/pubmed/16541845
https://doi.org/10.1163/156856902320761487
https://doi.org/10.1179/crn.2005.031
https://doi.org/10.1590/S1516-18462011005000074
https://doi.org/10.1179/crn.2005.008
https://www.ncbi.nlm.nih.gov/pubmed/15727321
https://doi.org/10.1080/08869634.2019.1665227
https://doi.org/10.1016/j.neulet.2003.11.055
https://doi.org/10.6061/clinics/2013(01)OA07
https://doi.org/10.1016/j.pio.2010.09.010
https://www.ncbi.nlm.nih.gov/pubmed/21515232


J. Clin. Med. 2024, 13, 3808 14 of 14

28. Perinetti, G.; Contardo, L.; Silvestrini-Biavati, A.; Perdoni, L.; Castaldo, A. Dental malocclusion and body posture in young
subjects: A multiple regression study. Clinics 2010, 65, 689–695. [CrossRef]

29. Okeson, J.P. Magement of Temporomandibular Disorders and Occlusion; Elsevier: Amsterdam, The Netherlands, 2019; pp. 87–100.
30. Bolzan, G.D.P.; Souza, J.A.; Boton, L.D.M.; Silva, A.M.; Corrêa, E.C. Facial type and head posture of nasal and mouth-breathing

children. J. Soc. Bras. Fonoaudiol. 2011, 23, 315–320. [CrossRef]
31. Puszczalowska-Lizis, E.; Bujas, P.; Omorczyk, J.; Jandzis, S.; Zak, M. Feet deformities are correlated with impaired balance and

postural stability in seniors over 75. PLoS ONE 2017, 12, e0183227. [CrossRef]
32. Fortin, C.; Feldman, D.E.; Cheriet, F.; Labelle, H. Validity of a quantitative clinical measurement tool of trunk posture in idiopathic

scoliosis. Spine 2010, 35, 988–994. [CrossRef]
33. Canales, J.Z.; Cordás, T.A.; Fiquer, J.T.; Cavalcante, A.F.; Moreno, R.A. Posture and body image in individuals with major

depressive disorder: A controlled study. Braz. J. Psychiatry 2010, 32, 375–380. [CrossRef]
34. Herbert, R.; Jamtvedt, G.; Mead, J.; Hagen, K.B. Practical Evidence-Based Physiotheraphy; Elsevier, Butterworth Heinemann:

Edinburg, Scotland, 2005; pp. 2–10.
35. Hedayati, Z.; Paknahad, M.; Zorriasatine, F. Comparison of natural head position in different anteroposterior malocclusions. J.

Dent. 2013, 10, 210–220.
36. Armijo Olivo, S.; Magee, D.J.; Parfitt, M.; Major, P.; Thie, N.M. The association between the cervical spine, the stomatognathic

system, and craniofacial pain: A critical review. J. Orofac. Pain 2006, 20, 271–287.
37. Kołciuk, L.; Kołciuk, A.; Dylewski, Ł.; Zadurska, M. The effects of the morphology of the facial skeleton and occlusion on the

dimension of the upper respiratory tract—A literature review. Forum Ortod. 2017, 13, 178–189.
38. Fernández-de-las-Peñas, C.; Alonso-Blanco, C.; Cuadrado, M.L.; Gerwin, R.D.; Pareja, J.A. Trigger points in the suboccipital

muscles and forward head posture in tension-type headache. Headache 2006, 4, 454–460. [CrossRef]
39. Bricot, B. Posturologia, 2nd ed.; Icone: Sao Paulo, Brazil, 2001; pp. 151–162.
40. Lippold, C.; Danesh, G.; Schilgen, M.; Derup, B.; Hackenberg, L. Relationship between thoracic, lordotic, and pelvic inclination

and craniofacial morphology in adults. Angle Orthod. 2006, 76, 779–785. [CrossRef]
41. Marchena-Rodríguez, A.; Moreno-Morales, N.; Ramírez-Parga, E.; Labajo-Manzanares, M.T.; Luque-Suárez, A.; Gijon-Nogueron,

G. Relationship between foot posture and dental malocclusions in children aged 6 to 9 years. A cross-sectional study. Medicine
2018, 97, e0701. [CrossRef]

42. Cuccia, A.M. Interrelationships between dental occlusion and plantar arch. J. Bodyw. Mov. Ther. 2011, 15, 242–250. [CrossRef]
43. Strzecha, M. Podoskop.pl. 2009. Available online: https://www.podoskop.pl/faq (accessed on 4 February 2024).
44. Lippold, C.; Danesh, G.; Hoppe, G.; Drerup, B.; Hackenberg, L. Trunk inclination, pelvic tilt and pelvic rotation in relation to the

craniofacial morphology in adults. Angle Orthod. 2007, 77, 29–35. [CrossRef]

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/10.1590/S1807-59322010000700007
https://doi.org/10.1590/S2179-64912011000400005
https://doi.org/10.1371/journal.pone.0183227
https://doi.org/10.1097/BRS.0b013e3181cd2cd2
https://doi.org/10.1590/S1516-44462010000400010
https://doi.org/10.1111/j.1526-4610.2006.00288.x
https://doi.org/10.1043/0003-3219(2006)076[0779:RBTLAP]2.0.CO;2
https://doi.org/10.1097/MD.0000000000010701
https://doi.org/10.1016/j.jbmt.2010.10.007
https://www.podoskop.pl/faq
https://doi.org/10.2319/121205-434R.1

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

