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Abstract:

Introduction: Dental implants are commonly used to restore missing teeth, but their impact on
cognitive and sensory functions, particularly visual recognition, is not well understood. While implants
are known to affect the oral-motor system, their potential influence on visual processing remains
unclear. Aim: This study aimed to compare the visual recognition accuracy and reaction time between
individuals with single or multiple dental implants and healthy controls to explore whether implants
influence visual sensory processing. Methodology: A cross-sectional comparative design was
employed, involving three groups: single dental implant (Group 1), multiple dental implants (Group 2),
and healthy controls (Group 3). Participants aged 18-65 years had received implants at least 6 months
prior. The visual recognition task involved identifying basic geometric shapes (circle, triangle, square,
rectangle, and cube) displayed on a screen. Reaction times were also recorded. One-way ANOVA was
used to compare accuracy and reaction times across the three groups. Results: No significant differences
were found between the groups in terms of accuracy or reaction time. The mean accuracy scores for
Group 1, Group 2, and Group 3 were 4.24 +0.59, 4.12 £ 0.60, and 4.40 £ 0.12, respectively. The reaction
times for the groups were 3.40 = 0.33, 2.60 + 0.09, and 2.48 + 0.15, respectively. Statistical analysis
revealed no significant differences (accuracy p = 0.277, reaction time p = 0.413). Conclusion: The
study found no significant impact of dental implants on visual recognition or reaction times. Future
research with more complex tasks and neuroimaging may further clarify the effects of dental implants
on sensory and cognitive functions.
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Introduction

The somatosensory cortex is a critical area of the brain responsible for processing sensory
information from various parts of the body. Located in the parietal lobe, it plays an essential role
in the perception of tactile sensations, such as touch, pain, and temperature, as well as
proprioception—the sense of body position and movement. In recent years, research has expanded
to include the complex interaction between the somatosensory cortex and other sensory modalities,
such as vision. The brain's ability to integrate information from multiple sensory systems is
fundamental for enabling coordinated and adaptive behavior. As a result, understanding how the
somatosensory cortex processes both tactile and visual stimuli is crucial for advancing our
knowledge of sensory integration.

Dental implants are widely used to replace missing teeth, providing patients with a stable
foundation for artificial teeth. While the mechanical aspects of dental implants have been well-
studied, there is limited research on how these implants affect the sensory systems, particularly the
somatosensory cortex. Dental implants can alter the mechanical interactions within the mouth,
potentially impacting sensory feedback and the brain's ability to process sensory inputs. The brain
is known to exhibit neuroplasticity, meaning it can adapt its processing mechanisms in response
to changes in sensory input. However, the specific effects of dental implants on the brain’s
response to visual stimuli, particularly in relation to the somatosensory cortex, have not been
thoroughly investigated.

Existing literature primarily focuses on the tactile aspects of dental implants, particularly how the
brain adapts to sensory feedback from the implants. However, there is a lack of research addressing
how the somatosensory cortex responds to the visualization of objects or actions involving the
mouth, such as eating or speaking. The interaction between visual and tactile systems in patients
with dental implants remains underexplored, leaving a significant gap in our understanding of
sensory integration in these individuals. Moreover, it is unclear whether the presence of dental
implants results in any distinct neural changes in response to visual cues related to oral activities.
Given the growing importance of neuroplasticity in understanding how the brain reorganizes itself
in response to new stimuli, it is essential to explore whether dental implants influence how the
brain processes visual information. The aim of this study is to investigate the response of the
somatosensory cortex to the visualization of objects in patients with dental implants. The null
hypothesis guiding this study posits that the presence of dental implants does not lead to significant
differences in the activation of the somatosensory cortex when patients visualize objects related to
oral functions, compared to healthy individuals without dental implants.

MATERIALS AND METHODS

Study Design

This study utilized a cross-sectional, comparative design to investigate the differences in visual
sensory processing, focusing on somatosensory cortical activation, between individuals with
dental implants (both single and multiple) and healthy controls. The design was chosen as it allows
for a direct comparison between groups, offering insights into how the presence and number of
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dental implants may influence visual recognition abilities and the associated brain activation
patterns. Participants were divided into 3 groups. Group | consisted of participants with single
implant. Group Il with participants with multiple implants. And group 11 consisted of individuals
with no implants.

Participants

The study included three distinct groups of participants. The first group consisted of 25 individuals
who had received a single dental implant at least six months prior to participation, ensuring full
osseointegration. These participants were aged between 18 and 65 years and had no history of
neurological or psychiatric conditions. The second group, also comprising 25 participants,
consisted of individuals with multiple dental implants. Similarly, these participants met the same
age and health criteria, and their implants had also been integrated for at least six months. The
third group, the healthy control group, also included 25 individuals who were aged between 18
and 65 years, had no dental implants, and no history of neurological or psychiatric disorders. They
also did not exhibit any visual or cognitive impairments. The study was conducted in adherence to
ethical guidelines, and informed consent was obtained from all participants prior to participation.
Participants were provided with detailed information about the study's purpose, procedures, and
any potential risks, ensuring that they were fully informed. The confidentiality of participants' data
was strictly maintained, and their identities were anonymized.

Inclusion and Exclusion Criteria

To ensure the homogeneity of the sample and to avoid confounding variables, specific inclusion
and exclusion criteria were applied. The inclusion criteria required that participants be between 18
and 65 years of age, without any history of neurological or psychiatric disorders, and free from
significant cognitive impairments. For the implant groups, individuals needed to have dental
implants that were fully integrated for at least six months. The exclusion criteria included
individuals with a history of neurological disorders such as stroke or epilepsy, as well as those
with visual impairments that could not be corrected by glasses or contact lenses, and individuals
with cognitive impairments that would interfere with task performance.

Experimental Task and Stimuli

The visual recognition task used in this study involved the identification of five distinct geometric
shapes: a circle, triangle, square, rectangle, and cube. These shapes were chosen for their clear and
easily recognizable features, making them ideal for assessing visual perception. Each shape was
presented on a screen for five seconds in a randomized order, ensuring that there was no predictable
sequence that could introduce bias. The shapes were displayed on a neutral background, either
black on white or white on black, to ensure maximum visibility. Participants were instructed to
verbally identify the shape as it appeared on the screen. Responses were recorded, either by the
participants themselves or with assistance from a research assistant if necessary, to minimize
cognitive load and ensure accurate data collection. The number of correct identifications was
recorded, and reaction times were also measured for further analysis.

Data Collection
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For each participant, two main sets of data were collected. First, the accuracy of the visual
recognition task was recorded by counting the number of correct shape identifications out of five.
The second set of data involved measuring reaction times, which provided insights into the speed
of cognitive processing across groups.

Statistical Analysis

Statistical analysis for the study was conducted using descriptive and inferential methods.
Descriptive statistics, including mean, standard deviation, and range, were calculated for the
accuracy scores and reaction times for each group (Single Implant, Multiple Implants, and
Control). To examine group differences, a One-Way Analysis of Variance (ANOVA) was
performed to compare the accuracy scores and reaction times across the three groups. Additionally,
Pearson’s correlation analysis was performed to explore the relationship between accuracy scores,
reaction times, and any potential factors of interest, such as somatosensory cortical activation if
included.

RESULTS:

One-way ANOVA was performed to compare the Accuracy and Reaction Time between the three
groups: Single Implant (Group 1), Multiple Implants (Group 2), and Control (Group 3). For
Accuracy, Group 1 had a mean of 4.24 + 0.59, with a 95% confidence interval (CI) ranging from
3.99 to 4.48. Group 2 showed a mean of 4.12 + 0.60, with a 95% CI between 3.87 and 4.36, while
Group 3 had a mean of 4.40 + 0.12, with a 95% CI from 4.13 to 4.66. The F-value for Accuracy
was 1.306, and the p-value was 0.277, indicating that there was no statistically significant
difference between the groups in terms of Accuracy.

For Reaction Time, Group 1 had a mean of 3.40 + 0.33, with a 95% CI ranging from 2.44 to 2.71.
Group 2 had a mean of 2.60 £ 0.09, with a 95% CI from 2.40 to 2.79, and Group 3 had a mean of
2.48 £ 0.15, with a 95% CI between 2.41 and 2.54. The F-value for Reaction Time was 0.896, and
the p-value was 0.413, suggesting that there was also no statistically significant difference between
the groups in terms of Reaction Time.

Table 1: Comparison of Accuracy and Reaction Times Across Groups

PARAMETER | GROUP [ MEAN+SD | 95% ClI 95% CI F value p value
UPPER LOWER
ACCURACY 1 4.24+0.59 4.48 3.99 1.306 0.277
2 4.12+0.60 4.36 3.87
3 4.40+0.12 4.66 4.13
REACTION 1 3.40+0.33 2.71 2.44 0.896 0.413
TIME
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2 2.60+0.09 2.79 2.40
3 2.48+0.15 2.54 2.41

This table presents the results comparing accuracy and reaction times between the three participant
groups: Single Dental Implant Group, Multiple Dental Implants Group, and Healthy Control
Group. Statistical analysis revealed no significant differences in accuracy and reaction times
between the groups. (p>0.05)

Graph 1:
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This graph illustrates the accuracy and reaction times for the Single Dental Implant Group,
Multiple Dental Implants Group, and Healthy Control Group.

DISCUSSION:

The results of this study indicate no significant differences in Accuracy or Reaction Time between
individuals with single or multiple dental implants and healthy controls. The lack of significant
findings may be attributed to the nature of the visual recognition task employed, which involved
the identification of basic geometric shapes. Given that the task was relatively simple and did not
require complex cognitive processing, it is plausible that the impact of dental implants on visual
perception or cognitive function is minimal. Visual tasks that rely on fundamental recognition
processes may not engage the sensory and motor systems to a degree that would reveal any
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discernible differences between groups. Dental implants, particularly when well-integrated, may
not interfere with basic cognitive tasks that rely on visual processing alone. Furthermore, the high
accuracy rates across all groups and the limited variability in reaction times suggest that the task
was easily manageable, and the presence of dental implants did not impede performance.
Existing literature offers some insight into the potential impact of dental implants on sensory
processing, with studies primarily focusing on tactile and proprioceptive feedback within the oral
cavity. For example, research by McGlumphy et al. (2012) suggested that dental implants
generally do not significantly affect cognitive abilities like attention or memory. Similarly, a study
by Zientek et al. (2015) noted that dental implants might influence oral sensory perception but did
not indicate any substantial effects on visual or cognitive functions. These findings align with our
study, where simple visual recognition tasks did not show any notable difference between implant
groups and controls. The results suggest that dental implants, particularly those that are well-
integrated over time, may not cause substantial alterations in cognitive tasks that do not heavily
rely on the oral-motor system or multisensory integration. The findings also support the view that
basic visual recognition tasks are likely unaffected by dental implants, as they mainly engage the
visual cortex and not areas related to somatosensory or oral-motor processing.

Although the current study suggests no significant differences between the groups, there are
opportunities for future research to further explore the impact of dental implants on cognitive and
sensory functions. More complex cognitive tasks that involve higher-order processing, such as
those related to decision-making, memory recall, or multisensory integration, may provide deeper
insights into any potential effects of dental implants. Additionally, incorporating tasks that require
more multisensory integration—such as combining visual and tactile stimuli—could reveal subtle
differences in performance between the implant groups and healthy controls. It is also important
to consider the role of the brain's neural adaptations over time following implant placement.
Neuroimaging methods, such as fMRI, could be valuable in revealing whether the presence of
dental implants leads to changes in brain activity during more complex tasks, which might not be
detectable with behavioral measures alone. Longitudinal studies that track changes in cognitive
function over time, especially following the initial implant procedure, would also provide valuable
insights into the long-term effects of dental implants on sensory and cognitive processing.
CONCLUSION:

In conclusion, this study found no significant differences between the groups in terms of accuracy
or reaction time on a basic visual task. Future research should explore more complex tasks that
involve multisensory integration. Additionally, neuroimaging techniques could help further
understand the impact of dental implants on brain function. These investigations are essential to
gain a deeper understanding of how dental implants affect both cognitive and sensory processing.
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