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A B S T R A C T   

Conflicting results on the effects of occlusal proprioceptive information on standing sway have 
been reported in the literature, partly due to the heterogeneity of the occlusal criterion studied 
and the experimental protocol used. In this study, occlusal functions, different mandibular po
sitions and visual conditions were used to investigate the involvement of occlusal proprioception 
information in static postural balance. Postural adjustments of 26 healthy young adults, divided 
into Class I malocclusion and Class I normocclusion groups, were studied in upright position, in 
five mandibular positions (1 free, 2 centric and 2 eccentric), with and without vision. Due to 
different reported test durations, postural parameters were examined for the first and last halves 
of the 51.2 s acquisition time. A permutation ANOVA with 4 factors was used: group, mandibular 
position, vision, time window. 

Mean length of CoP displacement was shorter with vision (ES = 0.30) and more affected by 
vision loss in the free than in the intercuspal mandibular position (ES = 0.76 vs. 0.39), which has 
more tooth contacts. The malocclusion group was more affected by vision loss (ES = 0.64). 
Unexpectedly, with vision, the mean length was smaller in one eccentric occlusion side compared 
to the other (ES = 0.51), but independent of the left or right side, and more affected by vision loss 
(ES = 1.04 vs. ES = 0.71). The first-time window of the acquisition time, i.e. 25.6 s, was sufficient 
to demonstrate the impact of dental occlusion, except for the sway area. 

Comparison of the two visual conditions was informative. With vision, the weight of occlusal 
proprioception was not strictly related to occlusal characteristics (number of teeth in contact; 
centered or eccentric mandibular position), and it was asymmetrical. Without vision, the lack of 
difference between groups and mandibular positions suggested a sensory reweighting, probably 
to limit postural disturbance.   

1. Introduction 

Postural stability in a standing position is only possible through a constant interaction of sensory information from different 
sensors, as evidenced by the observed disturbance when one of these sensors tends to dysfunction. In this interaction, the studies by 
Gangloff and Perrin [1] and Petrosini and Troiani [2] have demonstrated the influence of trigeminal afferents in postural control via 
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vestibulospinal pathways and vestibular nuclei, respectively. However, as highlighted in the review by Sánchez et al. [3], the 
involvement of proprioceptive information from the masticatory apparatus remains controversial. Part of this controversy stems from 
its limited use in postural adjustments, making its involvement difficult to demonstrate. It may also be due to the type of the occlusal 
criterion used to select experimental participants and/or to methodological differences. In most of these postural studies, the occlusal 
criterion was defined according to either skeletal typology (maxillary-mandibular relationship) [4] or Angle classification (max
illary-mandibular tooth relationship) [1]. It has rarely been defined in terms of occlusal functions, namely occlusal stability in the 
intercuspal position (ICP), mandibular centering in the ICP, and anterior dental guidance of mandibular movements [5]. These 
occlusal functions, by regulating mandibular function through proprioception of the masticatory apparatus, could be the most involved 
in postural regulation. Furthemore, interocclusal devices or cotton rolls have been used to disturb occlusion in studies that have 
focused on the effect of dental occlusion on postural adjustment [6,7]. The disadvantage of these devices is that, by interfering with the 
teeth, gums, and jugular or labial mucosa, they impair not only dental occlusion but also many of the sensory afferents of the 
masticatory apparatus. Finally, postural assessment has been performed under different acquisition conditions that are likely to in
fluence the postural parameters: the test duration (shorter [8,9], equal [4] or longer [10] than 30 s), the visual condition (with and 
without vision [6] or only in one of these two situations [11]) and the mandibular position adopted [4,11,12]. 

Among these mandibular positions, the rest position (RP) and the intercuspal position (ICP) are often used separately or together 
[3,13]. These two positions are opposite in terms of the amount of occlusal proprioceptive information from the mechanoreceptors of 
the periodontal ligaments: RP has no inter-occlusal contact, whereas ICP has maximum occlusal contact between the teeth. Conversely, 
eccentric occlusion (EO), which corresponds to the end of the lateral guidance pathway (either left or right), has been reported to play a 
major role in muscle activity and masticatory function along with the ICP [14,15], but has been less studied [16]. Similarly, while in 
stabilometric studies the mandibular position is generally freely chosen by the participants, this FREE position was rarely used in 
stabilometric studies focusing on the role of occlusion. 

Manipulating the availability and/or amplitude of sensory information from one or more sensory system is one way to investigate 
the corresponding contribution to postural control, and the sensory reweighting that may result [17]. In the present stabilometric 
study, the effect of occlusal proprioception on postural adjustments was quantified in the standing position as a function of Class I 
occlusal characteristics (normocclusion vs. anterior open bite malocclusion) (Fig. 1), mandibular position (RP, FREE, ICP and EO) and 
visual condition (with or without). Due to the large variability in the test duration between studies, all parameters were compared 
between the first and last halves of the 51.2 s acquisition time recommended by the French Association of Posturology [18]. 

The first hypothesis was that static postural balance would be influenced by the amount of occlusal proprioceptive information, 
with more disturbances in the malocclusion group than in the normocclusion group, and in the mandibular positions with no (RP) or a 
reduced number (FREE) of occlusal contacts compared to the ICP position, especially without vision. 

The second hypothesis was that eccentric mandibular occlusion (EO), regardless of its side, would result in less stability than ICP 
due to the reduced number of mechanoreceptors involved, but with similar effects in both normal and malocclusion groups. 

2. Materials and methods 

2.1. Participants 

Prior to the experiment, the sample size was calculated using G*Power (Version 3.1.9.7) [19]. According to the experimental design 
and for a medium effect size (i.e. η2 = 0.06), 14 participants in each group were required to obtain a statistical power of 80%. As 
summarized in the flowchart (Fig. 2), participants, age-matched between 20 and 24 years, were selected based on a health ques
tionnaire, followed by a clinical assessment of their masticatory apparatus by a dentist (Temporo-Mandibular Specialist) and a clinical 
postural examination by a physiotherapist (inclusion and exclusion criteria are detailed below). After a complete clinical examination, 
30 healthy adults with a Class I Angle occlusion, defined as a normal sagittal intermaxillary position of both the first molar and the 
canine [20], were selected for the stabilometric study and completed all test sessions. However, after additional drops out (dental pain, 
discomfort, ankle sprain after recruitment, not previously reported by the participants, and poor recording quality), only the results of 
26 of them were retained (Table 1; Supplementary Table 1 for individual values). The normocclusion group consisted of 16 participants 
(10 males and 6 females). The malocclusion group consisted of only 10 participants (3 males and 7 females). Despite a lower than 
expected number of participants, the statistical power obtained was greater than 65% (for a medium effect size), which is correct 
according to various studies in the field of biomechanics (statistical power <50%) [e.g. [21]]. 

Fig. 1. Two types of Angle Class I occlusion. Class I normocclusion (A) and anterior open bite malocclusion (B).  

A. Giraudeau et al.                                                                                                                                                                                                    



Heliyon 9 (2023) e20309

3

The clinical assessment of the masticatory apparatus included examination of the temporo-mandibular joint, muscles, and dental 
occlusion in accordance with international recommendations on diagnostic criteria for temporo-mandibular disorders for clinical and 
research applications [22] and the occlusal analysis reported by Okeson [20]. Dental occlusion was accurately analyzed using marker 
tapes (Bausch 8 μm) of three different colors and a Miller clamp. Inclusion criteria used for each group were as follows: The nor
mocclusion group consisted of participants of Class I without malocclusion according to Casazza et al. [5], with anterior guidance 
(group or canine guidance in laterotrusion), stable intercuspal position (ICP) (equal distribution and simultaneity of occlusal contacts) 
and centered ICP (no difference between centric relation and ICP greater than 1 mm antero-posteriorly and 0.5 mm mediolaterally) 
(Fig. 1A). The malocclusion group included participants of Class I with anterior open bite of more than 4 anterior teeth (Fig. 1B). The 
following exclusion criteria were applied: Temporo-Mandibular Disorders, grinding, crown, 3 or more restored teeth, asymmetrical 
ICP due to the loss of 1 or 2 M, uncentered ICP, neuropathology, postural or visual disorders, vestibular syndrome, nicotine or alcohol 
use in the last 24 h, difficulty in achieving requested mandibular positions. 

Clinical postural examination was designed to detect any major anatomical postural disorder (e.g., scoliosis) while standing in an 
erect position facing a grid-patterned wallpaper in a controlled standardized foot position. 

2.2. Ethics statement 

This study was conducted in accordance with the Declaration of Helsinki. All procedures were reviewed and approved by the local 
Ethics Committee of Sud Méditerranée II (n◦ ID-RCB2012-AOO510-35). The participants provided their written informed consent to 
participate in this study. 

Fig. 2. Flowchart of Materials and Methods. Tmd, temporo-mandibular disorders.  

Table 1 
Characteristics of participants (mean ± SD) per group.   

Whole group (n = 26) Normocclusion group (n = 16) Malocclusion group (n = 10) 

Gender 13♂/13♀ 10♂/6♀ 3♂/7♀ 
Age (yr.) 22.1 ± 1.5 22.1 ± 1.3 22.1 ± 1.7 
Height (cm) 171 ± 10 171 ± 12 170 ± 7 
Body mass (kg) 61.7 ± 9.9 62.1 ± 9.9 61.0 ± 10.2  

A. Giraudeau et al.                                                                                                                                                                                                    
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2.3. Static stabilometric tests 

All tests took place in the same laboratory environment and were performed by the same experimenters. The experimenter 
responsible for the postural assessment was unaware whether the participant was in the normocclusion or malocclusion group. 

The stabilometric postural tests were performed under 10 random static standing conditions: 5 mandibular positions, with and 
without vision. Reliable stabilometric parameters have been reported when using a single trial of 25–40 s [23]. Due to the number of 
testing conditions and the total testing time, only one trial was performed for each condition. Each trial lasted 51.2 s, with a rest period 
of 30 s between trials. During each trial, participants stood as still as possible, barefoot, on a stabilometric platform. A removable 
wedge was used to ensure a given standardized foot position (heels 2 cm apart, opening angle of 30◦). In all testing conditions, the 
participant wore a mask that laterally restricted the visual field. In the tests performed with vision, the participant was instructed to 
look straight ahead while standing 90 cm away from a visual target covered with randomly displaced printed geometric patterns to 
prevent exploratory saccades [24]. In the tests without vision, the mask was covered by a movable opaque visor while the participant 
was instructed to keep on looking straight ahead with both eyes opened. Five mandibular positions were tested: (1) the freely chosen 
position (FREE), without any instruction regarding tooth contact and tongue position, (2) the resting position (RP), in which the teeth 
are not in contact and tongue is not between the teeth [25], (3) the intercuspal position (ICP), in which the teeth make a maximum 
number of inter-occlusal contacts without clenching [26], (4 and 5) the eccentric lateral occlusion (EO) on edge-to-edge left and right 
obtained when the first pair of antagonist teeth make contact on the left or right side [8]. A phase of familiarization with these 
mandibular positions (except for FREE) preceded the acquisition phase. 

All postural tests were performed on a double tray SATEL-SCAIME 2D-static force platform dimensioned: 2*(480 × 480 × 65 mm), 
equipped with 8 piezoelectric sensors. The force sensors are of SP4 “constant moment beams” type, with a precision of “C3 weighing 
class” and a sensitivity of 0.017% (2.0 mV/V ± 0.1). The acquisition time was 51.2 s at a sampling frequency of 40 Hz. The stabi
lometric platform was connected by USB port to a PC computer with a 24-bit analog-to-digital converter. The device was previously 
tested for reliability and validity [27]. 

2.4. Data analyses 

Data were processed using MATLAB software (version 9.3-R2017b-Mathworks Inc., Novi, USA). The 4 variables commonly used to 
qualify postural balance were calculated from the force platform sensor data: length (in mm) and sway area (area of the 95% con
fidence ellipse in mm2) of the CoP displacement, mean position of the CoP on the anteroposterior and mediolateral axes (in mm relative 
to the center point (0,0) of the stabilometric platform). These dependent variables were calculated for each of the 10 tested conditions 
(5 mandibular positions, with and without vision) and for the first and last 25.6 s time periods. A 5th variable, the Romberg Quotient 
(100*area without vision/area with vision) was also computed [28]. The Romberg Quotient was used to determine individuals for 
whom visual information can be considered preponderant (>1) or not (≤1) in static postural control in standing position. For eccentric 
dental occlusion (EO), the sways area revealed significant inter-individual differences, with some participants being more stable on the 
left edge-to-edge side and others on the right side. We therefore distinguished the EO side for which the body sway area with vision was 
the smallest, called EOmin, from the other EOmax. The individually obtained EOmin and EOmax were retained for subsequent analysis of 
all other variables (e.g., displacement length) with and without vision. 

2.5. Statistical analysis 

Statistical analyses were performed with R software (v3.6.3, R Core Team, 2020, R Foundation for Statistical Computing, Vienna, 
Austria) and JASP (version 0.13.1). The Shapiro-Wilk test was used to check the normality of the data based on the residuals. As the 
data did not follow a normal distribution, a permutation ANOVA (lmPerm package for R, the R Core Team, 2020) was performed for 
the 5 dependent variables. The within-participant factors were vision (with vision, without), mandibular position (FREE, RP, ICP, 

Fig. 3. Sway area as a function of mandibular position. Data are presented as median ± interquartile range. Extreme values are indicated by dots. 
***p < 0.001 between mandibular positions. 
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Table 2 
Effect of the experimental conditions on postural parameters. Mean values (±SD) of postural parameters showing a significant experimental condition effect.  

Parameters Vision condition Mandibular position Acquisition time 

Sway area (mm2) 
Planned contrasts 

V: 204 ± 127 
NV: 297 ± 205 
—————————————————————— 
V < NV *** 
ES = 0.56 

EOmin: 200 ± 171 
EOmax: 311 ± 287 
——————————————————— 
EOmin < EOmax *** 
ES = 0.55 

First 25.6 s: 227 ± 132 
Last 25.6 s: 274 ± 196 
—————————————————————— 
First < Last 25.6 s * 
ES ¼ 0.28 

Romberg Quotient 
Planned contrasts 

NS EOmin: 2.19 ± 1.36 
EOmax: 1.63 ± 0.74 
ICP: 1.58 ± 0.82 
———————————————————— 
EOmin > EOmax* 
ES = 0.53 
EOmin>ICP** 
ES = 0.56 

NS 

Mean Length (mm) 
Planned contrasts 

V: 210 ± 69 
NV: 274 ± 87 
—————————————————————— 
V < NV*** 
ES = 0.82 

NS NS 

Mean antero-posterior position (mm) 
Planned contrasts 

V: 4 ± 22 
NV: 1 ± 22 
—————————————————————— 
V < NV*** 
ES = 0,21 

NS NS 

V: with vision, NV: without vision; ES: effect size; *p < 0.05, **p < 0.01, ***p < 0.001; NS: not significant. 

A
. G
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Heliyon 9 (2023) e20309

6

EOmin, EOmax), and acquisition time (first and last 25.6 s). The between factor was the occlusion group (normocclusion, malocclusion). 
When a significant effect was found, planned contrasts were performed to assess factor-specific changes and to limit the number of 
pairwise comparisons. Indeed, it is not relevant to compare the effects of a given mandibular position in a condition with vision with 
those of another mandibular position without vision or the effects of FREE and RP with those of EOmin and EOmax. The alpha level was 
set at 0.05. Effect size (ES) was computed using Cohen’s d coefficient [29]. It was assessed using the following thresholds: <0.2, 0.2 to 
<0.6, 0.6–1.2, and >1.2 for trivial, small, moderate and large effects, respectively [30]. Trivial effects (ES < 0.2) are not reported. 

3. Results 

3.1. Sway area 

The analysis revealed significant effects of mandibular position (F(4,96) = 4.532, p < 0.001), acquisition time (F(1,24) = 6.061, p <
0.01) and vision (F(1,24) = 17.912, p < 0.001). As shown in Fig. 3, there was a difference between EOmin and EOmax resulting from the 
selection of these two eccentric positions. Independently of the visual condition, the sway area was also larger during the last 25.6 s 
compared to the first, and for without vision compared to the visual condition (Table 2). 

3.2. Romberg Quotient 

This analysis revealed a significant effect of mandibular position (F(4,96) = 2.148; p < 0.05). The Romberg quotient was greater in 
EOmin than in ICP and EOmax (Table 2). No difference was found between the 3 centered mandibular positions (FREE, RP and ICP). 

3.3. Mean length of CoP displacement 

This analysis revealed a significant main effect of vision (F(1,24) = 50.368; p < 0.001). Independently of mandibular positions, the 
mean length of CoP displacement was longer (28% average increase) without vision than with vision (Table 2). 

A significant interaction vision × mandibular position was found (F(4,96) = 3.185; p < 0.01). As shown by Fig. 4, the length of CoP 
displacement was less affected by the loss of vision in ICP than in all other mandibular positions (Table 3). This interaction vision ×
mandibular position resulted from the lack of difference between mandibular positions without vision, while significant differences 
were found with vision. Mean length of CoP displacement was longer in ICP than in FREE (p < 0.05; ES = 0.30) and was smaller in 
EOmin than in EOmax (p < 0.01; ES = 0.51) and ICP (p < 0.001; ES = 0.51). 

A significant interaction vision × group was found (F(1, 24) = 3.928; p < 0.001). The increase of CoP displacement length between 
the visual conditions was larger for the malocclusion group than for the normocclusion group (88 ± 50 mm, ES = 1.37 vs. 61 ± 47 mm, 
ES = 0.64; p < 0.001) (Fig. 5). However, no group effect was found in each visual condition. 

3.4. Mean CoP positions 

Analyses of the mean CoP position revealed significant main effect and interactions along the antero-posterior, but not the medio- 
lateral axis. A significant effect of vision (F(1, 24) = 14.107; p < 0.001) was found for the antero-posterior axis: the no-vision condition 
was associated with a more forward mean CoP positioning than the vision condition. A vision × mandibular position interaction was 
found (F(4,96) = 2.053; p < 0.05), a more forward displacement being observed in FREE, ICP and EOmax with the vision loss (Table 4). 

A triple interaction vision × mandibular position × group (F(4, 96)=2.199; p < 0.01) was also identified. The vision loss affected 
differently the two groups (Table 4). In the centric mandibular positions: the normocclusion group adopted a more forward positioning 
in FREE and RP, but not in ICP. For the malocclusion group, this more forward positioning was observed in ICP only. Regarding the 
eccentric mandibular positions, both groups showed a forward displacement with the vision loss in EOmax only. For the with-vision 

Fig. 4. Mean length of CoP displacement as a function of mandibular position and visual condition. Mean (±SD) length of CoP displacement with 
vision (V) and without vision (NV). *p < 0.05 and ***p < 0.001 between visual conditions. #p < 0.05, ##p < 0.01, ###p < 0.001 between 
mandibular positions in the condition with vision. 

A. Giraudeau et al.                                                                                                                                                                                                    
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condition, the normocclusion group was positioned further forward in EOmin than in EOmax (p < 0.05; ES = 0.23) and the malocclusion 
group in EOmin than in ICP (p < 0.05; ES = 0.30). 

4. Discussion 

To our knowledge, this is the first study to compare various postural parameters in centric and eccentric occlusion conditions 
without the use of interocclusal devices or wax. Regardless of mandibular position and group, most of the stabilometric parameters 
studied showed significant differences between the two visual conditions, confirming the stabilizing role of visual information in 
postural control classically reported in the literature [26,31,32]. The loss of vision led to the adoption of a slightly more forward 
position, which could be explained by the loss of perception of visual verticality. In all experimental conditions, all postural parameters 
studied (except for the sway area) did not differ between the first and last halves of the total acquisition time. Thus, a test duration of 
25.6 s should be sufficient to highlight some effects of occlusal proprioceptive information on postural control. 

Our first hypothesis that static postural balance would be influenced by the amount of occlusal proprioceptive information, 
especially in the absence of vision, was partially confirmed. Differences between mandibular positions were found with vision rather 
than without vision, and interactions with the mandibular position or with the group were found between the two visual conditions. 

For the sway area and the mean length of CoP displacement, regardless of the visual condition, no significant differences were 
found between the RP and ICP mandibular positions, or between the groups. This agrees with the absence of effect of mandibular 
position and/or occlusal characteristics on posturographic parameters, except for excessive “overbite” [e.g., [31,33]]. In contrast, in 

Table 3 
Absolute change in mean length of CoP displacement between visual conditions in each mandibular position.  

Mandibular 
Position 

Difference in Length of CoP displacement (mm) Effect Size 

FREE 
RP 
ICP 
EOmin 

EOmax 

61 ± 68 ** 
75 ± 77 *** 
36 ± 82 * 
86 ± 74 *** 
62 ± 64 *** 

0.76 
0.83 
0.39 
1.04 
0.71 

*p < 0.05, **p < 0.01, ***p < 0.001. 

Fig. 5. Mean length of CoP displacement as a function of visual condition in each group. Mean length (±SD) of CoP displacement for the nor
mocclusion (N) and malocclusion (M) groups. ***: p < 0.001 between the conditions with vision (V) and without vision (NV) for each group. 

Table 4 
Absolute changes in mean CoP position on the antero-posterior axis (mm) between visual conditions.    

Mandibular position Whole Group Normocclusion Malocclusion  

Mean ± SD ES Mean ± SD ES Mean ± SD ES 

FREE 6 ± 12 * 0.26 10 ± 13 *** 0.39 NS  
RP NS  5 ± 9 * 0.21 NS  
ICP 6 ± 11 ** 0.25 4 ± 12  9 ± 8 ** 0.43 
EOmin NS  NS  NS  
EOmax 7 ± 9 *** 0.31 7 ± 8 ** 0.31 6 ± 11 * 0.33 

ES, effect size; *p < 0.05, **p < 0.01, ***p < 0.001; NS, not significant. 

A. Giraudeau et al.                                                                                                                                                                                                    
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asymptomatic participants and with vision, Sakaguchi et al. [8] reported a longer length in RP than in ICP, whereas Amaricai et al. [13] 
reported a smaller sway area in RP than in ICP. Other studies, such as Nowak et al. [28], focused only on the influence of severe 
malocclusion in ICP. They reported an increased instability (increased mean length and sway area) in case of malocclusion (Class II and 
III) compared to normocclusion (Class I), but no inter-group difference in RQ. The latter result is in line with our own observations. The 
conflicting results between RP and ICP could be attributed to the large variability in the mandibular position adopted in RP [34], which 
may have contributed to the large dispersion observed for the sway area in the current study. Regarding the effects of malocclusion on 
postural stabilization, additional factors such as occlusal criterion and malocclusion severity may explain the heterogeneity of results. 

Interestingly, a shorter length was found in the freely chosen (FREE) mandibular position than in the ICP with vision, while a larger 
increase was found in FREE between the two visual conditions (with and without vision). FREE is expected to have fewer contacts and 
therefore less occlusal proprioceptive information compared to ICP. Based on the relative contribution of sensory information to 
postural control and its variation according to its availability and environmental conditions, known as “sensory reweighting” [35], the 
weight of visual information in postural balance should be greater in FREE than in ICP. Furthermore, when test conditions induce a 
change in the weight of one sensory information, that change is compensated for by changes in the weight of other sensory systems 
[36]. In this line, the current loss of vision had a greater effect in FREE, as shown by a greater increase in the mean length of CoP 
displacement than in ICP. This is also supported by the Vision × Group interaction found for the mean length parameter: With loss of 
vision, it increased more for the malocclusion group (with less relevant occlusal proprioceptive information) than for the normoc
clusion group. 

Regarding the change in mean CoP position along the antero-posterior axis with vision loss, only the normocclusion group moved 
forward in FREE and RP. The lack of significant shift in the malocclusion group could be attributed to the additional proprioceptive 
information provided by the lingual interposition in these two mandibular positions [37]. In ICP, only the malocclusion group moved 
forward, possibly because reduced anterior occlusal contact resulted in less proprioceptive information. 

These overall results suggest that proprioceptive afferents of occlusal origin are involved in stabilizing the upright position under 
visual condition. Without vision, however, their influence was negligible, suggesting a sensory reweighting to limit postural distur
bances, characterized by an increased contribution of other sensory inputs, especially vestibular, as hypothesized by Gangloff and 
Perrin [1]. 

Our second hypothesis regarding eccentric (EO) mandibular positions was partially supported: As expected, EO mandibular po
sitions showed similar effects on postural adjustments in both groups. However, despite the limited number of tooth contacts, the 
stability was not lower than in ICP. Regardless of the group, in the visual condition, postural stability did not differ between ICP and 
EOmax, and it was even improved in EOmin (smaller sway area and mean length of CoP displacement). Interestingly, the loss of vision 
resulted in similar Romberg Quotient in ICP and EOmax, EOmin showing a larger one. 

Based on sensory reweighting, if proprioceptive information of occlusal origin would have been the source of the greater postural 
stability in EOmin, removal of visual information should have had little effect. However, this was rather observed in EOmax. These 
results suggest a relatively greater influence of visual information in EOmin and occlusal proprioceptive information in EOmax. This 
asymmetry was observed in all participants and cannot be explained by the type of dental guidance or by an asymmetry in the 
masticatory cycle. Indeed, the participants with normocclusion had similar lateral occlusal guidance on both sides, whereas those with 
malocclusion should have been affected by a masticatory cycle asymmetry [38,39]. Furthermore, since suppression of vision resulted 
in both groups in an anterior shift in EOmax but not in EOmin, this asymmetry appears to be independent of occlusal characteristics. This 
could be related to a hemispheric predominance, as reported during mastication [40,41]. 

This study has limitations. Firstly, the diversity of protocols reported in the literature, particularly in terms of acquisition time, 
number of trials, standardization data, mandibular positions, and occlusal criteria, made it difficult to identify a protocol that would 
allow direct comparisons [4,42,43]. Secondly, although several studies [12,44,45] suggested the use of 3 repetitions to obtain reliable 
CoP parameters, the present protocol included only one trial for each test per session. Each participant completed 10 trials of 51.2 s 
each, with 30 s rest period in between. This choice was made to limit the decline in attention over the trials [46]. In the literature, 
stable and reliable stabilometric parameters have been reported for acquisition times of 25–40 s [23], whereas increased 
inter-individual variability has been found for repeated trials [47]. Thirdly, although a robust statistical analysis was used, it does not 
compensate for the imbalance and large inter-individual variability in the normocclusion and malocclusion groups. Finally, although 
some authors considered postural parameters to be gender dependent, others disagreed [48]. 

5. Conclusion 

This study showed, with an acquisition time close to or equal to 30 s, that periodontal proprioceptive afferents had some influence 
on postural adjustments in the standing position. This effect was evident on the basis of the comparison of the postural parameters 
between the visual conditions (with and without vision). It showed a relatively greater role for visual information with fewer tooth 
contacts (freely chosen mandibular position) than with more (intercuspal mandibular position) and for participants with Class I 
anterior openbite malocclusion. It showed also an asymmetric weight of eccentric occlusal information. To assess the role of occlusal 
information in static postural balance, the rest mandibular position was not the most appropriate. Although these results are not 
clinically relevant, future studies of standing postural regulation should consider dental occlusion criteria and investigate the potential 
existence of a lateral dominance of occlusal proprioceptive information. 
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