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Abstract
Objectives The aim of this study was to investigate the relationship between anamnestic, axiographic and occlusal parameters
and postural control in healthy women aged between 41 and 50 years.
Materials and methods A total of 100 female participants aged between 41 and 50 (45.12 ± 2.96) years participated in the study.
In addition to completing a general anamnesis questionnaire, lower jaw movements were measured axiographically, dental
occlusion parameters were determined using a model analysis and postural parameters were recorded using a pressure measure-
ment platform. The significance level was 5%.
Results An increasing weight and a rising BMI lead to a weight shifted from the rearfoot (p ≤ 0.01/0.04) to the forefoot (p ≤ 0.01/
0.02). A limited laterotrusion on the right resulted in a lower forefoot load and an increased rearfoot load (p ≤ 0.01). Laterotrusion
to the left (extended above the standard) showed a lower frontal sway (p ≤ 0.02) and a reduced elliptical area, height and width
(p ≤ 0.01, 0.02, 0.03). Thus, the extent of deviation correlated with reduced right forefoot loading (p ≤ 0.03) and the extent of
deflection correlated with increased left foot loading (p ≤ 0.01). The higher the extent of angle class II malocclusion, the larger the
ellipse area (p ≤ 0.04) and the ellipse height (p ≤ 0.02) resulted.
Conclusions There is a connection between weight, BMI and laterotrusion, as well as between angle class II malocclusion and
postural control in women aged between 41 and 50 years. Interdisciplinary functional examinations of mandibular movements
treating possible limitations can be conducive for an improvement of postural control.
Clinical relevance Angle class II malocclusion has a negative influence on postural control.
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Introduction

Control over posture and balance is an essential skill that
is indispensable in everyday life and highly relevant to
almost any movement or action. An upright posture can
only be guaranteed by a muscular balance [1–6]. This is
achieved by a balanced interaction of muscles and their

counterparts and can compensate for possible disruptive
factors [3, 5–7]. Postural control thus forms a complex
interaction in the organism on many neuronal and
sensomotoric levels [1, 3, 8]. Amongst others, a central
role is attributed to trigeminal afferences which contain
information from the muscle spindles of the masticatory
muscles [9–11]. Therefore, a connection between postural
control and the temporo-mandibular system can be as-
sumed [5, 9, 11]. Whether an interference actually exists
has been discussed for some time in literature [5, 11–19];
in some studies, correlations could be verified which
proved changes in the postural control by different occlu-
sion positions [5, 12, 13]. Accordingly, Ohlendorf et al.
[12] found a reduced frontal and sagittal extension of the
body’s centre of gravity by blocking the occlusion in con-
trast to the resting position. Hellmann et al. [20]
succeeded in demonstrating that postural control is influ-
enced by various motor tasks of the jaw, such as resting
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position, maximum biting on bilaterally placed cotton
rolls or one-sided chewing. The results showed a statisti-
cally significant reduction of the elliptical area during
force-controlled biting in contrast to the resting position.
On the other hand, some studies [15, 17, 18] do not see
any influence of different mandibular positions on postur-
al control; this can be explained by compensation mech-
anisms covering changes in the temporo-mandibular sys-
tem as well as trigeminal proprioception, for example.
Thus, Tardieu et al. [17] could not demonstrate a differ-
ence in postural parameters between mandibular rest,
maximum intercuspidation and simulated malocclusion
on a stable base. Perinetti [15] also found no significant
relationship between different mandibular positions and
postural control.

Possible correlations between dental parameters and pos-
tural control are also discussed in literature [13, 14, 16, 19, 21,
22]. Accordingly, Perinetti et al. [16] found some weak cor-
relations between malocclusions and postural control; the
overbite showed correlations with anterior–posterior and lat-
eral fluctuations [16]. Isaia et al. [19] found no correlation
between dental parameters, such as angle class, overbite,
overjet, crossbite, deviation and postural control in young
and middle-aged subjects (23–44 years), which were investi-
gated in static and dynamic conditions.

Regarding the dynamic movements of the mandible,
Ohlendorf et al. [23] demonstrated a changed laterotrusion
in subjects with hip arthritis in contrast to the control group.
Accordingly, for the left laterotrusion, lower mean values ex-
ist for the limit values in the transverse plane in the left and
right temporomandibular joint than in the control group. With
regard to laterotrusion on the right side, higher values in the
sagittal plane were found in the control group in the left tem-
poromandibular joint. This demonstrates an effect of posture
on mandibular movements. In another study, Heil et al. [24]
also found a weakly significant change in movement during
protrusion in subjects before and after total knee arthroplasty
in contrast to the control group.

Therefore, the aim of this study was to investigate whether
there exist correlations between the parameters of postural
control and anamnestic, axiographic and dental parameters
in women aged 41–50 years. The hypotheses were as follows:

1 The mobility of the lower jaw, and thus the extent of
laterotrusion and protrusion movements in particular, is
associated with changes in the load distribution of the
forefoot and rearfoot.

2 There is a connection between a transverse deviation of the
dental arches and percentage plantar load differences be-
tween the right and left foot.

3 Dental anomalies (angle classes, cross bite, overjet)
are associated with fluctuations in the frontal and
sagittal plane.

Material and methods

Subjects

In this study, 100 healthy female subjects aged 41 to 50
(45.12 ± 2.96) years with an average BMI of 25.36 ±
5.24 kg/m2 were enrolled without ongoing anamnesis.
“Healthy” means that the subjects have no acute symptoms
and subjectively described themselves as healthy at the time of
measurement. According to the WHO classification [25], 60
subjects were of normal weight, 20 preadiposed and 18 obese.
One person with a BMI below 18.4 kg/m2 was classified as
being underweight.

At the beginning, all participants completed a medi-
cal history questionnaire of the Center for Dental, Oral
and Maxillofacial Medicine of the Goethe University
Frankfurt am Main (Germany) [26] regarding general
diseases, such as diabetes mellitus, tinnitus, osteoporosis
or rheumatism. Questions were also asked about pain in
joints, in the musculoskeletal system, headaches and
migraine, noises in the temporomandibular joint acci-
dents and operations in the musculoskeletal system and
medication. Furthermore, a short clinical examination in
the sense of palpation was conducted with the test per-
sons who reported occasional noises or pain in the tem-
poromandibular joint. On the basis of this information,
it was considered whether the existence of a temporo-
mandibular disorder is likely, which is a strict exclusion
criterion. Information about possible orthodontic treat-
ments and sports activities was also included in the
questionnaire; about 53% of the participants regularly
engaged in sports, whilst the remaining 47% did not.

Further exclusion criteria for participation in this
study were acute complaints or even injuries of the
musculoskeletal system or the temporo-mandibular sys-
tem, intake of muscle relaxants, medically diagnosed
physical malpositions and current physiotherapeutic or
orthopaedic therapies.

Due to non-evaluable measured values of one study partic-
ipant, her data were not integrated into the evaluation.

The rights of these subjects were protected, and they were
thoroughly familiarized with the study design before giving
written informed consent to participate in this study. This
study was approved by the local ethics committee of the med-
ical faculty of the Goethe-University (Nr. 103/16) in accor-
dance with the 1964 Helsinki Declaration and its later
amendments.

Measurement systems

Axiography The jaw registration system Jaw Motion
Analyzer (Zebris Medical GmbH, Isny, Germany) is a mea-
suring device with which function-analytical examinations
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can be carried out in the temporo-mandibular apparatus. The
data acquisition is based on a radiation-free, ultrasound-
supported system. According to the manufacturer, the
JMAnalyser records the lower jaw mobility via a measuring
sensor which contains four markers having a radiation and
opening angle of 180° and which operate in a frequency range
of 50 Hz. The measuring error is given as 0.1–0.2 mm
[27–29]. The measuring system consists of a face bow with
receiver modules, a lower jaw/pointer sensor, a basic unit with
power supply, a wireless footswitch and the attachment. To
register the jaw movements, an attachment must first be fixed
to the lower teeth row; this was achieved with a bite registra-
tion material (“Luxabite,” DMG Dental Material GmbH,
Hamburg, Germany). The measuring system is connected to
a computer via USB. With the corresponding WINJAW+
software, motion and function analyses can be evaluated.

Posturography The postural control was determined by using
the pressure measuring platform GP MultiSens (GeBioM
GmbH, Münster, Germany). This sensor plate has a measur-
ing area of 38.5 cm by 38.5 cm and contains 2304 matrix-
shaped sensors. The size of a sensor is about 8.8 mm. The
measuring frequency is 100 Hz per sensor (a total sampling
rate of approximately 500 kHz). The sensors are scanned by
an internal USB measuring interface.

Plantar pressure distribution was detected by the
matrix-shaped arrangement and a high-impedance gain
and transferred to software via the USB connection.
The measuring error is ± 5%. The GPManager pro-
gramme is used as evaluation software.

Impression and orthodontic model analysis To perform a
model analysis, impressions were taken using alginate
(Trealgin Chromatic, Schütz Dental group, Rosbach von der
Höhe, Germany) in the maxilla and mandible. Using a model-
ling wax (modelling wax standard 175/80, 1.25 mm,
Gebrüder Steinhart Wachswarenfabrik GmbH & Co. KG), a
bite registration was carried out. The dental casts were pro-
duced with hard plaster (Natura DIN EN ISO 6873 Type 3,
Siladent Dr. Böhme & Schöps GmbH, Goslar).

Medical history questionnaire

The medical history questionnaire of the Centre for
Dental, Oral and Maxillofacial Medicine of the Goethe
University Frankfurt am Main [26] was used and in-
cludes questions about the following: allergies, osteopo-
rosis, rheumatism, diabetes, tinnitus, neurological dis-
eases, headache/migraine, pain in joints, pain/sound in
the temporomandibular joint, pain in the back, accidents
on the face/accidents on shoulders and/or back and/or
pelvis, previous operations, orthopaedic therapy, regular
drug intake, orthodontic therapy or sporting activity.

Examination procedure

When conducting the measurements, all test subjects undergo
the axiography, the posturographic measurement and the im-
pression of the dental casts one after the other:

Axiography For the position analysis of the mandible, a pre-
bent attachment had to be fixed buccally to the mandibular
row using Luxabite (DMGDental Material GmbH, Hamburg,
Germany). The attachment must be stable and resist move-
ments including the process of attaching the receiver module
without interfering with static and dynamic occlusion. After
adjusting the facebow, the receiver module was calibrated and
fixed to the attachment. The measurements were performed
with the eyes open, and each subject was asked to focus their
gaze straight ahead in the direction of vision at eye level.

With the “Function” module of the corresponding
WINJAW+ software, various jawmovements were performed
within the physiological boundary space. The lower jaw
movements were measured three times in succession. The
following parameters were recorded: maximum mouth open-
ing (mm), maximum protrusion (mm), maximum
laterotrusion to the right and left (mm) and the deviation and
deflection of the mandible (mm). Depending on the length of
the laterotrusion path, a division into a normal range group (7–
12 mm), hypomobility (< 7 mm) and hypermobility (12 >
mm) groups was performed [30].

Posturography For posturography, the subjects were placed
on the pressure measuring plate without footwear and posi-
tioned into the habitual posture to be adopted; the arms loosely
suspended from the body and the lower jaw positioned in a
resting position and looking straight ahead in the direction of
vision at eye level with open eyes. The subjects were asked to
remain in this position during the entire measurement without
speaking or moving. In this position, three measurements
were performed for 30 s per subject.

The load distributions of the entire right and left foot,
as well as the forefoot and rearfoot, right and left, plus
the entire forefoot and rearfoot, are presented as a per-
centage. Frontal and sagittal sway were recorded in mm.
Further parameters to be measured were the elliptical
area with the unit cm2, the area of which is composed
of the fluctuation of movement in the area of the centre
of gravity, the height of the ellipse (cm), the width of
the ellipse (cm) and the angle (°).

Dental casts and model analysis The impressions were taken
with alginate in the upper and lower jaw and the dental casts
were subsequently fabricated with hard plaster. The dental
casts were used for evaluation and in a simplified model anal-
ysis according to the Frankfurt principle. The following pa-
rameters had to be determined: midline shifts, overjet,
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overbite, crossbite, Angle class molar relationsships and trans-
verse width difference.

The study participants were divided into groups according
to the parameters of the model analysis.

Midline shifts Deviations from the midline were given in
mm in both the upper and lower jaw and then divided
into three groups according to direction: no deviation,
deviation to the left and deviation to the right. In the
upper jaw, the number of a midline shift to the left was
only 8; due to the small number, this parameter was
taken from the evaluation.

Transversal width The transverse width was measured in
mm and compared with the nominal value. The target
value is taken from the target value table from
“Curriculum Kieferorthopädie” [31]. The difference
was given in mm.

Occlusion The occlusion was divided into neutral (angle class
I), distal (angle class II) and mesial (angle class III) occlusion.
The respective distal or mesial deviation was indicated in mm.

Overjet/overbite Overjet and overbite were measured in mm.

Cross bite/edge-to-edge bite/buccal occlusion A division
into 2 groups was made in each case, whether a cross,
edge-to-edge bite or buccal occlusion was present or
not.

Due to the small number of samples, the following
parameters were not considered in the evaluation: cross
bite on the left (n = 9) and buccal occlusion on the right
(n = 2) and left (n = 0).

Statistical analysis The collected values were evaluated with
the statistic programme BiAS 11.10 (epsilon-Verlag,
Darmstadt, Germany). Initially, all parameters were tested
for normal distribution using the Kolmogorov-Smirnov test.
According to the distribution, the following tests were used:
theWilcoxon-Mann-WhitneyU test, two-sample t test and the
Kruskal-Wallis test with post-doc-tests (Conover-Iman com-
parison). All p values undercut the Bonferroni-Holm
correction.

For correlations, the Spearman and Kendall rank correla-
tion test for non-normally distributed data and the Pearson
simple linear regression test for normally distributed data were
applied.

The significance level for all tests was set to a p value of
less than 0.05. The p value for all tests was 0.05. The effect
strength serves to evaluate the correlation coefficient rho ac-
cording to Evans and is defined as follows: 1 = < 0.2: poor;
2 = 0.2–0.4: weak; 3 = 0.4–0.6: moderate; 4 = 0.6–0.8: strong;
5 = > 0.8: optimal.

Results

Anamnestic parameters

The correlations of the demographic parameters (height,
weight and BMI) prove that body height has no significant
influence on postural control whereas weight and body mass
index show significance for the load on the left forefoot (p ≤
0.02 and 0.01, respectively), the left rearfoot (p ≤ 0.01 and
0.04, respectively) and the entire forefoot (p ≤ 0.01 and 0.02,
respectively) and rearfoot (p ≤ 0.01) (Fig. 1a–1h). The effect

Fig. 1 Significant correlations between the load parameter and the
weight/BMI. The positive correlation illustrates that with increasing
weight there is a higher load on the left forefoot (a). The load
distribution of the left forefoot decreases with increasing weight (b). An

increasing weight is accompanied by a higher load on the entire forefoot
and a lower load on the entire rearfoot (c, d). The higher the BMI, the
greater the load is found on the left forefoot (e) and the entire forefoot (f),
whilst a lower load is found on the left (g) and the entire rear foot (h)
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strength is weak or poor. For all other parameters, there are no
significances (p ≥ 0.05).

When the three different BMI classifications (normal, pre-
adipose and obese) are compared with each other with the
parameters of the postural control, significances can be ob-
served in the load distribution of the left forefoot (p ≤ 0.01)
and the entire rearfoot (p ≤ 0.04). All other parameters show
no significance (p ≥ 0.05). The following Conover-Iman test
showed, with p ≤ 0.04 significances between the group of the
“normal” BMI versus the “pre-obese” group regarding the left
forefoot load, that they differ in the median value by 4%. The
comparisons of “normal” versus “obese” and “pre-obese” ver-
sus “obese” are also significant with p values of p ≤ 0.05. The
total load on the rearfoot showed exclusively a global signif-
icance (Fig. 2).

Mandibular movements

Table 1 gives an overview of the extent of the laterotrusion to
the left and right, as well as the protrusion and opening move-
ment. The laterotrusion to the right was 9.37 ± 2.44 mm on
average and 9.95 ± 2.16 mm to the left. The length of the
protrusion line was 9.90 ± 1.91 mm. The mouth opening had
an average value of 43.54 ± 6.3 mm.

Laterotrusion

For the laterotrusion, correlation tests were performed on the
one hand, whilst, on the other, the individual groups were
compared; these were set up according to the length of the
laterotrusive path (see the “Axiography” section).

The extent of a laterotrusion to the right or to the left was
not found to correlate with the postural parameters.

In contrast, significance can be demonstrated for the group
comparisons with respect to the laterotrusion to the right
(Table 2). The groups were divided according to the length
of the laterotrusion path and, thus, the mobility both on the

right and on the left side. Significant group differences can be
found with p ≤ 0.04 and 0.01, respectively, in the forefoot,
hindfoot and forefoot right parameters. For all other parame-
ters there are no significances (p ≥ 0.05).

After Bonferroni-Holm correction, the Conover-Iman test
showed a significance of p ≤ 0.04 between the group in the
normal range and the group of hypomobility with a difference
of 6.99% in the median value of the right forefoot.
Laterotrusion to the right results in a low load on the right
forefoot in the normal range compared with laterotrusion be-
low the normal range (Fig. 3).

With regard to the loading of the entire forefoot, there is
also a significance between the groups normal range of the
right laterotrusion and the laterotrusion (right) below the nor-
mal range (p ≤ 0.01). The load on the forefoot was found to be
11.5% lower in women with a laterotrusion in the normal
range than in women with a laterotrusion below the normal
range (Fig. 3).

For the loading of the entire rearfoot, the significance con-
cerns the two groups of laterotrusion in the normal range and
laterotrusion below the normal range (p ≤ 0.01). Women with
a laterotrusion to the right in the normal range were found to
load their rearfoot median by 11.5% more than women with
hypomobility to the right laterotrusion (Fig. 3).

In the following, the comparisons of the laterotrusion to the
left were divided into groups with a movement in the normal
range, the hypomobility range or the hypermobility range
(Table 2).

Statistical significances were found in the load on the right
forefoot (p ≤ 0.01), the frontal sway (p ≤ 0.02), the elliptical
surface (p ≤ 0.01), the elliptical width (p ≤ 0.02) and the ellip-
tical height (p ≤ 0.03). For all other parameters, there were no
significances (p ≥ 0.05).

The Conover-Iman test showed that a significance (p ≤
0.02) was observed for the right forefoot load between the
groups with a laterotrusion in the normal range and
hypomobility. The study participants, whose laterotrusion to

Fig. 2 Comparison of the
postural parameters forefoot left
and rearfoot in the respective BMI
classes (normal, pre-obese,
obese). The lower red line
represents the median value of the
forefoot left at BMI 1 (normal),
and the upper red line represents
the median value of the rearfoot at
BMI 1 (normal)
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the left was within the normal range, loaded their right fore-
foot by 7.17% median less than those with hypomobility.

The difference between the elliptical area of the study par-
ticipants in the normal range and that of the study participants
with hypermobility of the left laterotrusion was found to be
0.72 cm2 (p ≤ 0.01, Fig. 4). The width of the ellipse was found
to differ significantly in its median values by 0.21 cm (p ≤
0.01) between the group with the laterotrusion left in the nor-
mal range and the group with the hypermobility (Fig. 4).

The median value of the ellipse height in the group of the
normal range was 0.46 cm and that of the group of hypermo-
bility was 0.31 cm; thus, a difference of 0.15 cm was calcu-
lated for the height of the ellipse (p ≤ 0.04, Fig. 4).

For the frontal sway, the hypermobility group was found to
have a 3.33 mm lower sway than the group in the normal
range (p ≤ 0.03, Fig. 5).

Mouth opening/protrusion/deviation/deflection

There were no statistically significant p values with regard to a
correlation between the extent of the mouth opening or pro-
trusion and the postural parameters.

There is one significant correlation between the extent of
deviation and the percentage load on the right forefoot (p ≤
0.03, rho: − 0.22, Fig. 6a) and the deflection and percentage
load on the left foot and right foot (p ≤ 0.01; rho left: − 0.26,
rho right: 0.26, Fig. 6b+c).

The comparison between deflection/deviation to the right
and left and a regular mouth opening without deviation related
to the posturographic parameters do not give significant data
values for the load distribution when comparing all three
groups with each other.

Model analysis

There were no significant correlations (p ≥ 0.05) for the pos-
tural parameters and the extent of a midline shift in both the
mandible and the maxilla. There were also no statistically
significant correlations for the postural control and the extent
of a transverse width difference between the actual and target
value.

Below, the results of the influence of occlusal parameters
on postural control are presented. A total of 51 of the study
participants had an angle class I molar relationship on the right
side and 38 on the left side. An angle class II molar

relationship was present in 34 of the study participants on
the right and 37 on the left. The proportion of an angle class
III molar relationship was found to be the lowest with 14 of
the study participants on the right and 24 on the left.

Table 3 shows that the extent of distal occlusion in the left
affects the ellipse surface (p ≥ 0.04; rho: 0.35; effect strength
“weak”).

The greater the extent of distal occlusion, the larger the
ellipse area. There was also a correlation with the height of
the ellipse (p ≥ 0.02, rho: 0.38, effect strength “weak”). There
are no correlations for all other parameters (p ≥ 0.05). With
regard to mesial occlusion, no statistically relevant effects on
postural control were evident.

Overjet and overbite revealed no significant correlation
with the parameters of posturography.

A crossbite was observed in 19 study participants on the
right side and in 9 on the left side, whilst 7 study participants
had a crossbite on both sides. 15 of the volunteers had an
edge-to-edge bite on the right as well as on the left side and
7 of the volunteers had an edge-to-edge bite on both sides.
Due to the small number of samples of a crossbite on the left
side, this group was not integrated into the calculations, as was
buccal occlusion.

Whether a crossbite is present on the right or not, this does
not have a statistically significant effect on the postural stress
parameters (p ≥ 0.05).

Similar to the crossbite, the presence of an edge-to-edge
bite on both the right and left side was found to have no
significant influence on the postural control (p ≥ 0.05).

Discussion

The aim of this study was to investigate whether there is a
correlation between postural control parameters and anamnes-
tic, axiographic and dental parameters in a homogeneous age-
group of 100 women aged between 41 and 50 years. The
objective was to minimize age-specific and gender-specific
influencing factors, such as differences in hormonal balance
and body constitution [32, 33], in order to ensure good com-
parability of the test results. The 41–50 years age group rep-
resents an interesting group of female volunteers as they are
exactly in their middle years [34], and their physical condition
does not correspond to those of 20 to 30 year olds or mid to
late 50 year olds. Women at this age are just pre-menopause.

Table 1 Mean values and extent
of mandibular movements Mean value ± SD Minimum Maximum

Laterotrusion to the right (mm) 9.37 ± 2.44 3.00 14.00

Laterotrusion tot the left (mm) 9.95 ± 2.16 4.00 15.00

Protrusion (mm) 9.90 ± 1.91 4.00 16.00

Mouth opening (mm) 43.54 ± 6.3 22.00 56.50
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The onset of menopause is variably defined in different data
sets and is subject to individual fluctuations [35–37]. In most
cases, however, menopause does not occur until the beginning
of the 50s [35]. Accordingly, the influence of hormonal
changes in the present age group is not yet, or hardly, present.
Nevertheless, the first ageing processes do become noticeable
in this age group [38].

According to the WHO, between 30–80% of adults and
about 30% of children in Europe are overweight (BMI above
25 kg/m2) [39]. In addition to cardiovascular diseases and the
development of type 2 diabetes, being overweight also has an

effect on body geometry and posture [32, 40]. For example,
the position of the centre of gravity is adjusted and shifted
anteriorly due to the excess weight in the abdominal region
of overweight people; in addition, there is an increased ankle
joint moment in order to maintain balance [40–42].

For the constitutional parameters, this study showed the
same tendencies for both weight and the BMI for the collec-
tive. An increased weight and an increased BMI correlate with
an increasing load on the forefoot and a decreasing load on the
rearfoot. Heavier and overweight women shift their centre of
gravity anteriorly when compared to women of normal

Table 2 Median, minimum, and maximum of posturographic parameters for the extent of lower jaw movements regarding the laterotrusion right and
left. Comparison between movements in the normal range, hypomobility, and hypermobility of the mandible. Significant p values are printed in bold

Laterotrusion to the right

Normal range
(7–12 mm)
n = 72

Hypomobility/below normal range
n = 14

Hypermobility/above normal range
n = 13

p value

Median Min./max. Median Min./max. Median Min./max.

Forefoot left (%) 17.67 4.33/45.33 23.00 10.67/35.67 16.00 7.33/31.33 0.15

Forefoot right (%) 12.34 2.50/29.67 19.33 7.00/26.33 12.33 2.00/22.67 0.04

Rearfoot left (%) 32.67 15.67/52.00 27.84 16.67/40.33 29.00 22.50/44.33 0.05

Rearfoot right (%) 35.00 2.67/55.33 36.00 14.67/46.67 37.00 19.67/63.00 0.72

Leftfoot (%) 51.78 28.33/73.00 50.17 38.67/66.67 50.00 35.00/60.00 0.34

Rightfoot (%) 48.22 27.00/71.67 49.84 33.33/61.33 50.00 40.00/65.00 0.33

Forefoot (%) 28.50 15.33/69.67 40.00 27.67/54.67 33.00 15.00/53.67 0.01

Rearfoot (%) 71.50 30.33/84.67 60.00 45.33/72.33 67.00 46.33/85.00 0.01

Frontal sway (mm) 13.00 4.00/38.00 12.67 7.33/26.67 14.00 6.00/25.50 0.10

Sagittal sway (mm) 16.50 1.50/43.67 19.50 6.33/26.67 15.33 2.33/25.67 0.49

Elliptical surface (cm2) 1.35 0.06/8.79 1.73 0.29/3.38 1.16 0.23/4.20 0.56

Ellipse width (cm) 0.98 0.26/2.26 1.15 0.49/.32 0.85 0.46/1.74 0.82

Elliptical height (cm) 0.44 0.05/1.28 0.49 0.18/0.80 0.46 0.10/6.49 0.65

Angle (°) − 23.68 − 87.16/73.11 − 8.52 − 52.08/58.50 − 27.05 − 79.93/86.08 0.30

Laterotrusion to the left

Normal range
(7–12 mm)
n = 76

Hypomobility/below normal range
n = 10

Hypermobility/above normal range
n = 13

p value

Median Min./max. Median Min./max. Median Min./max.

Forefoot left (%) 19.00 4.33/45.33 21.17 9.00/28.33 16.00 7.33/31.33 0.60

Forefoot right (%) 12.00 2.00/25.67 19.17 10.44/28.00 18.33 3.33/29.67 0.01

Rearfoot left (%) 32.17 15.67/52.00 28.95 16.67/50.00 28.67 26.33/36.00 0.53

Rearfoot right (%) 35.33 2.67/63.00 27.34 21.00/44.11 36.33 19.67/51.67 0.13

Left foot (%) 52.11 28.33/73.00 51.17 38.67/60.33 49.33 35.00/60.00 0.26

Right foot (%) 47.89 27.00/71.67 48.50 39.67/61.33 50.67 40.00/65.00 0.25

Forefoot(%) 29.00 15.00/69.67 42.00 23.00/52.00 33.00 19.67/53.67 0.07

Rearfoot (%) 71.00 30.33/85.00 58.00 48.00/77.00 67.00 46.33/80.33 0.09

Frontal sway (mm) 14.33 5.00/27.33 11.33 9.00/22.33 11.00 4.00/16.00 0.02

Sagittal sway (mm) 17.42 1.50/27.67 19.00 6.33/28.33 11.00 2.33/23.33 0.06

Elliptical surface (cm2) 1.49 0.06/4.43 1.38 0.29/3.43 0.77 0.23/2.47 0.01

Ellipse width (cm) 1.06 0.43/2.02 1.00 0.26/2.28 0.85 0.42/1.31 0.02

Elliptical height (cm) 0.46 0.05/1.09 0.49 0.18/1.28 0.31 0.10/0.59 0.03

Angle (°) − 18.99 − 87.16/73.11 − 16.61 − 52.08/54.07 − 24.63 − 84.01/86.08 0.89
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weight. The detailed group comparison shows that pre-obese
women put 5% more load on their left forefoot (21.84%) than
normal-weight women (15.84%). An average forefoot and
rearfoot load is 33 to 66% [43, 44]. The rearfoot load tends
to be higher in the case of normal-weight women (71.67%)
than in the case of pre-obese (64.84%) and obese women
(64.67%).

Rezaeipour [40] raised the assumption that the anterior
shift of the centre of gravity is due to the increase in weight
in the abdominal area. This study reinforces their assumption
since an increase in the weight of the breast, especially in
overweight women, can be found. According to Menegoni
et al. [32], overweight men and women show instability in
the anterior–posterior region whilst overweight men also
show a shift of the centre of gravity in the mediolateral region;
the different body constitution or fat distribution between the

sexes is the reason for this [45, 46]. In this study, however, no
correlations could be observed with regard to sway and being
overweight, which may be associated with a biomechanical
adaptation of posture control in being overweight [47].
Nevertheless, it must be taken into account that the partici-
pants were not selected according to the corresponding BMI
category; therefore, unequal group sizes were present which
limits a clinically relevant statement.

The analysis of lower jaw movements is an important part
of the diagnosis of the temporomandibular system.
Accordingly, deviations in the motion sequence and extent
of movement can lead to disturbances and dysfunctions in this
area or be the result of dysfunctions in the masticatory system
[48].

In this context, it must be taken into account that although
diagnostic criteria for temporomandibular disorder (TMD)

Fig. 4 Comparison of the
postural parameters for the
elliptical surface, ellipse width,
and elliptical height with different
degrees of movement of the left
laterotrusion. The red line
represents the median value for
the group in the normal range

Fig. 3 Comparison of postural
parameters forefoot right, total
forefoot, and total rearfoot with
different extents of movement of
the right laterotrusion
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represent an improvement over RDC/TMD, their immediate
implementation in research and health care does not yet seem
sufficiently justified [49]. Therefore, we have decided to use
the medical history questionnaire of the Center for Dental,
Oral and Maxillofacial Medicine of the Goethe University
Frankfurt amMain (Germany), which was designed, validated
and evaluated by Kopp [26].

In this study, correlations between mandibular movements
and postural control could be proven. In the case of
laterotrusion to the right, the entire forefoot and, in particular,
the right forefoot is loaded 11.5 and 6.99% less in subjects
with a movement in the normal range than in those below the
normal range; equivalent to this, more load was placed on the
rear foot. Furthermore, in women with a greater extent of
movement of the left lateral extrusion, a lower frontal sway

Fig. 6 Significant correlations between the load of the right forefoot or
the left and right entire foot. (a) Illustrates the higher the extent of
deviation, the lower the load on the right forefoot results. (b) Illustrates
the correlation that the lower the deflection, the higher the load on the left

foot results. Similarly, the correlation between deflection and the load on
the right foot (c) shows that the greater the deflection, the greater the load
on the right foot becomes

Fig. 5 Comparison of the
postural parameters for the frontal
sway with different degrees of
movement of the left
laterotrusion. The red line
represents the median value of the
group in the normal range

2603Clin Oral Invest (2021) 25:2595–2607



and a smaller elliptical area, height and width could be deter-
mined. The median load on the right forefoot was 7.17%
greater in women with laterotrusion in the normal range than
in those with hypomobility. Presumably, a large range of mo-
tion of the mandible reflects a well-balanced and well-
functioning muscle activity which indicates a balance without
functional disturbances in the craniomandibular system.
Therefore, it can be assumed that limited mandibular move-
ment triggers an imbalance that may be reflected in postural
control. Proven connections between disorders in the mastica-
tory system and cervical spine posture, as well as the general
posture, support this assumption [50, 51]. Although none of
the subjects reported complaints in the masticatory system,
restricted mandibular movements are a factor that can cause
temporomandibular dysfunction [52]. Limitations of the man-
dible can be caused by an increase in collagen fibres; this can
occur, for example, through scarring after tissue damage,
through increased muscle tension or dislocations of the discus
articularis [52]. Therefore, mandibular movements are mea-
sured in diagnostic procedures and classified according to
severity [48, 53]. For this reason, the results presented here
are compared with studies investigating correlations between
postural control and TMD patients as the limitation of man-
dibular movements is often present in TMD patients [52].
Data on mandibular movements in healthy subjects and pos-
tural control are currently not available.

However, when interpreting the data with regard to the
axiography, it must be taken into account that this measuring
method was not familiar to the participants. Under these cir-
cumstances, movement artefacts or “out-of-round” move-
ments may have been performed, which may not exactly cor-
respond to the real movement and could give insight into the

presence of a pathology. Since we cannot differentiate be-
tween patients who have real restrictions or whether this is
due to an improper measurement, this should not be chosen
as a definitive criterion for the evaluation of restrictions of the
mouth opening or lateral movement.

In the present study, there were relatively small differences
of 3.3 mm in the frontal sway and 0.72cm2 in the elliptical area
and, therefore, these were clinically less relevant, however,
these tendencies should not be neglected. Furthermore, chang-
es in the weight distribution can be observed. The 1st hypoth-
esis, which states that jaw mobility is associated with the per-
centage change in plantar foot pressure distribution, can be
verified, but only small changes are detectable, which are
hardly of clinical relevance. These correlations only apply to
laterotrusion movements; no correlations could be established
for protrusion and mouth opening. Nota et al. [8] confirmed
the results obtained in this study since an increased fluctuation
area could be demonstrated in subjects with TMD in compar-
ison to the control group. On the contrary, Manfredini et al.
[54] and Oltramari-Navarro et al. [55] presented the opinion
that there are no measurable occlusal and postural abnormal-
ities associated with craniomandibular dysfunctions.

Weakly significant correlations result for deviations and
deflections in the entire left and right foot; the higher the
extent of deviation, the lower the load on the right forefoot
results and, the lower the deflection, the higher the load on the
left foot becomes. Deviations of the lower jaw in opening
movements can lead to a changed chewing pattern which, in
turn, has effects on the craniomandibular function [56].
Wakano et al. [57] achieved deterioration of postural control
on unstable ground by using a splint which forced an experi-
mentally temporary deviation. The authors assume that the

Table 3 Correlation of the extent
of distal occlusion with postural
parameters. Significant p values
are marked in bold

Right Left

p value rho Effect-size p value rho Effect-size

Forefoot left (%) 0.60 0.09 Poor 0.58 − 0.1 Poor

Forefoot right (%) 0.54 − 0.11 Poor 0.35 0.16 Poor

Rearfoot left (%) 0.50 − 0.12 Poor 0.99 − 0.002 Poor

Rearfoot right (%) 0.79 − 0.05 Poor 0.60 0.09 Poor

Left foot (%) 0.91 0.02 Poor 0.69 − 0.07 Poor

Right foot (%) 0.91 − 0.02 Poor 0.69 0.07 Poor

Forefoot(%) 0.77 0.05 Poor 0.54 0.10 Poor

Rearfoot (%) 0.77 − 0.05 Poor 0.54 − 0.10 Poor

Frontal sway (mm) 0.13 0.27 Poor 0.99 − 0.002 Poor

Sagittal sway (mm) 0.05 0.36 Weak 0.05 0.32 Weak

Elliptical surface (cm2) 0.26 0.2 Weak 0.04 0.35 Weak

Ellipse width (cm) 0.13 0.26 Weak 0.17 0.23 Weak

Elliptical height (cm) 0.86 0.03 Weak 0.02 0.38 Weak

Angle (°) 0.50 − 0.12 Poor 0.11 0.27 Weak
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provoked occlusal interference is a supposed stressor that in-
duces muscle tension that affects the maintenance of dynamic
balance via anti-gravity muscle and ankle strategies. Due to
the weak correlations, these results have little clinical rele-
vance; however, present tendencies do prove the connection
between the craniomandibular system and postural control [6,
9, 11, 14, 20].

The model-analytical evaluation of the dental casts revealed
only a few significant correlations with postural control. Midline
shifts were more frequent in the lower jaw (63%) than in the
upper jaw (23%). In general, deviations of the midline can affect
the entire occlusion and the temporomandibular joint [58]; how-
ever, no effects on postural control were observed in this study by
these deviations. With regard to the transversal width difference
and crossbite, no measurable effects could be observed in the
postural parameters. A discrepancy of the transverse width from
the nominal value does not necessarily have to be accompanied
by an irregular occlusion or muscular imbalance; this could be
indicated by a crossbite or a forced bite. The body has the poten-
tial to adapt to this permanent dysbalance over a long period of
time so that no differences in postural control can be detected.
Therefore, the second hypothesis, which states that there is a
connection between a transverse deviation of the dental arches
and percentage plantar load differences between the right and left
foot must be falsified.

In contrast, there are weak correlations between the molar
relationship and postural control: the stronger the degree of distal
occlusion (angle class II), the larger the elliptical area and height
become. Malocclusions are associated with functional changes,
ranging from chewing and jaw joint dysfunction to changes in
the neck and spine [59]. To compensate for this, the body prob-
ably needs to do more work on the compensation mechanisms
which produces a negative effect on postural control. Opposing
to angle class IImalocclusion subjects, no significancewas found
for subjects with mesial occlusion (angle class III). It should be
mentioned, however, that the number of class III subjects was
significantly smaller, which also reflects the current data with
regard to the prevalence of malocclusions. [60]

Crossbites and edge-to-edge bites were observed only in a
small number of subjects. Although these malocclusions lead
to forced bites and can, therefore, be associated with functional
disorders [31], no significant correlations with postural control
could be demonstrated in this study. This was confirmed by
further studies in children and young adults [61], as well as in
adults, by comparisons with their respective control groups [21].

In middle-aged women, dental anomalies, therefore, have no
significant influence on postural control. The third hypothesis,
which states that dental anomalies are associated with fluctua-
tions in the frontal and sagittal plane cannot be verified.
Significances can be recorded for individual parameters with
angle class II malocclusion playing a role. The craniomandibular
system can generate compensations which may initially be lim-
ited to the head/neck area, but this altered head posture

consequently results in causing small imbalances in posture
[16, 19]. Scharnweber et al. [13] also refuted a connection be-
tween dental malpositions and postural control in men (18–
35 years) and explained this by compensation mechanisms of
the body. In contrast, Cuccia [14] postulates that there is a de-
tectable relationship between the craniomandibular system and
postural control which is clinically relevant. Accordingly, dy-
namic postural control correlates with changes in occlusion both
in subjectswith craniomandibular dysfunctions and in the control
group. [14]

This study confirmed interferences between postural control
and the craniomandibular system in females aged between 41
and 50 years. There is a negative influence of angle class II
malocclusion on postural control. In addition, when planning
and fabricating dentures, a dental position in distal occlusion
should be avoided in women between 41 and 50 years of age.
Conversely, an interdisciplinary approach in dentistry could be
applied to postural control disorders by functional analysis, so
that possible limitations in lateral movements can be diagnosed
and treated accordingly. In addition, weight-reduction measures
are necessary as increasing weight and increased BMI have a
negative effect on postural control. To what extent, however,
these findings are relevant to everyday clinical practice, would
have to be investigated in further studies. A comparison with
other age groups would also be an interesting aspect at this point.

Conclusion

In the case of subjectively healthy women between 41 and
50 years of age, an increase in weight and BMI leads to a shift
in weight from the rearfoot to the forefoot. A limited laterotrusion
to the right tends to result in a lower forefoot load and an increased
rearfoot load. Laterotrusion to the left, which is above the norm,
tends to show a lower frontal sway as well as a reduced elliptical
area, height and width. Weak significant correlations regarding
deviation and deflectionwere found. Thus, the extent of deviation
correlates with reduced right forefoot loading, whilst the extent of
deflection correlates with increased right foot loading and a re-
duced left foot loading. The higher the extent of angle class II
malocclusion, the larger the ellipse area and height become. There
are no significant correlations for midline shifts, transversal width
differences or for crossbites and edge-to-edge bites.
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