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Abstract: Due to their lack of periodontal ligaments (PLs) and the differences between dental implants
and natural teeth, it is necessary to improve and generate a new occlusal scheme to prolong the life of
implants and prostheses. The age and the sex of patients must be considered because of their effects
on the stomatognathic system’s physiology. Operators must manage all the changes to obtain good
sensations during mastication and a better occlusal scheme for implanting fixed partial prostheses.
Dentists should try to protect this type of prosthesis using adjacent teeth and the PL. This is why new
digital systems were created. The combination of T-Scan® (digital software for occlusal analysis) and
electromyography (EMG) could allow doctors to find areas where it is necessary to act and to find
suitable solutions for the problems generated by using conventional methods of occlusal analysis
(such as articulating paper). In this study, a new method for establishing occlusion on fixed partial
implant prostheses has been created, combining digital systems with conventional articulating paper.
This method consists of asking the patient to bite down with different forces and situations in an
attempt to achieve Implant-Protected Occlusion (IPO). The use of digital systems has been shown
to be more effective than using only conventional systems. This new method allows a safer mode
of occlusion which protects implants and prostheses, saving all the differences between them and
natural teeth, and increasing the satisfaction of patients. This method also helps to overcome the
changes in the stomatognathic system as age increases, adjusting the occlusion to changes in PLs
with age.
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1. Introduction

Currently, implantological treatments are used in cases requiring dental restorations,
leading to an improvement in masticatory function and occlusion [1]. However, their use
is not exempt from disadvantages and issues that need to be evaluated and addressed to
avoid potential treatment failures [2].

Until now, when rehabilitating with partially implant-supported prostheses, the same
occlusal scheme used in natural dentition was often adopted, disregarding that they pos-
sess certain characteristics that make them susceptible to long-term problems if specific
measures are not taken [3].

To study these biological and biomechanical differences, it is essential to understand
the divergences between a natural tooth and an implant with regard to the occlusal forces
to which they will be subjected. The main difference lies in the presence of a periodontal
ligament (PL) that surrounds the root surface of natural teeth, connecting them to the
adjacent teeth. Its thickness is approximately 0.2 mm [4]. This area is rich in innervation
and contains many mechanoreceptors that capture information to be transmitted to higher
enters, thus regulating the muscular activity responsible for mastication. In contrast, a
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dental implant is encompassed and integrated into the bone (osseointegration) without the
presence of PLs [5].

According to Lim, PLs are influenced by the patient’s age, so that with increasing age,
the PL space decreases, experiencing a reduction in width due to continuous mineralization
of the root cement occupying the PL space [6]. Additionally, the mechanoreceptors it
possesses undergo aging and dysfunction [7].

Maintaining proper occlusal alignment is essential for the health of the stomatognathic
system [8]. Both natural teeth and placed prostheses must possess a physiological and
harmonious occlusion for the stomatognathic system to function correctly, thereby avoiding
undesired effects [9].

Due to the anatomical and physiological differences between teeth and implants, it
becomes necessary to design a specific occlusal system for partially implant-supported pros-
theses, providing them with defense mechanisms against potential occlusal abnormalities
that may arise [10].

Thus, the concept of Implant-Protective Occlusion (IPO) emerges, which allows Maxi-
mum Intercuspation (MI) to be achieved when the natural teeth come into contact while
reducing the occlusal load on the implant and prosthetic structures, protecting them [10].
In static occlusion, the objective is to achieve CR (centric relation) along with MI (centric oc-
clusion), with a long centric of approximately 1 to 1.5 mm, which allows for the elimination
of interferences [11,12].

The movement of a natural tooth under occlusal load is not linear. It starts with a phase
in which the movement occurs due to the compression of the PL, resulting in the lowering
of the tooth’s occlusal level. If the load on the tooth continues, it enters the second phase of
movement, produced by the elastic deformation of the alveolar bone. The implant only
experiences the second phase of movement [9–13]. This necessitates the development of
new occlusal schemes that can accommodate the described discrepancy in movements [10].

When the patient performs MI without a conscious effort to clench (without exerting
force, only contacting the teeth), there should be contact on the natural teeth but not on the
implant-supported prostheses.

Conversely, when the patient performs MI with a conscious biting effort (clenching
with force), there should be strong contact on the natural teeth and light contact on the
implant-supported pieces. When the patient performs MI without clenching, the PLs of
the natural teeth are not compressed, while during forceful MI, the PLs of the natural
teeth compress, and at that point, the prosthesis comes into play. If there is contact in the
prosthesis without clenching, when a strong clench occurs and the PL contracts, there will
be occlusal overload on the prosthesis [10–14]. Michalakis found that, under the same
force, a natural tooth intrudes approximately 50 µm while an implant intrudes around
2 µm. If, during light contact, there is the same occlusal force on natural teeth and implant-
supported crowns, when there is a conscious biting effort, an occlusal overload will occur
on the implant-supported prosthesis [4–11].

The most common way to analyze occlusal contacts is using articulating paper. Sub-
jectively, intense and extensive occlusal marks are usually associated with premature and
high-intensity contact, while contact with small surface area and lower intensity is often
associated with correct occlusal contact. The presence of numerous contacts with equal
intensity and surface area is associated with a balanced occlusion. However, certain stud-
ies using digital occlusal analysis devices demonstrate that such correlations are often
inaccurate [15,16].

Nowadays, more and more dentists rely on digital methods of occlusal analysis as
they are more reliable and provide an added value of objectivity and precision. Articulating
paper, in this case, is used solely to locate regions where contact occurs without considering
their size or intensity. By combining different computerized systems, the functionality of
the masticatory system and prosthetic components can be improved [17].

In 1987, the T-Scan occlusal analysis system was created by Tekscan (Tekscan Inc.,
South Boston, MA, USA). When the patient bites, an electric current is generated and
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collected by the software. It is capable of recording the first contact with the MI and
faithfully reproducing it to analyze the contact sequence. It evaluates it in intervals of
0.003 s, registering the relative forces of each contact, contact sequence over time, and
representing the force of contacts in color-coded bar graphs [18,19].

However, digital occlusal analysis systems still have their limitations. They lack the
ability to measure the absolute force of each contact. The sensor has a thickness of 0.1 mm,
which, after MI, will compress to 0.06 mm, which is still insufficient and may potentially
lead to the appearance of certain interferences during analysis, as well as the possibility of
distorting some data. Moreover, they require a relatively steep learning curve and more
time in the dental consultation with each patient (pre-practice for occlusal study), making
them more time-consuming than conventional methods, and necessitating patients to learn
specific movements [14,15].

New research is directed towards the combined use of digital occlusal analysis systems
with electromyography (EMG). This symbiosis can reveal dysfunctions of occlusion and the
stomatognathic system, allowing control over various parameters such as the center of force,
generated balance, time of disocclusion, mandibular position, and occlusal stability [15–20].

EMG is another digital system that can be used to monitor occlusal balance in oral
rehabilitations. Muscle activity in the temporal and masseter muscles increases when
high-intensity contacts are present, supporting the combined use of T-Scan with EMG [21].

The objective of this study is to observe the differences between natural teeth and
implants due to the presence of the PL and to assess how patient age affects the PL and
patient satisfaction with chewing, in patients with partially implant-supported prostheses.
A comparison will be made between the group treated with conventional methods and the
group treated with new technologies, following the implementation of Implant Protective
Occlusion (IPO).

2. Materials and Methods

The study was conducted in an office equipped with all the technology, instruments,
and apparatus necessary for this purpose. The instruments used included an examination
kit, coarse-grain button turbine burrs of the Komet® (Lemgo, Germany) brand, ceramic
polishing burrs of the Komet® brand, 40 µm articulating paper in blue and red by Bausch®,
and Miller forceps. In addition to the mentioned instruments, the T-Scan III occlusal analysis
software (TekScan®, South Boston, MA, USA) and the MyoMuscle electromyography
software by Noraxon® (Scottsdale, AZ, USA) were used.

The T-Scan III software consists of a handheld device connected to a computer, con-
taining a U-shaped digital sensor that is pressure-sensitive. This sensor, with a thickness of
0.06 mm, is composed of 1500 sensory receptors, which are inserted into the oral cavity.

A total of 120 patients were included in the study. In this study, we chose patients
with fixed partial implant prostheses. These prostheses were metal–ceramic. The extension
of the prostheses was between 1 crown and a bridge of 3 crowns.

2.1. Methodology of the Project

A randomized double-blind clinical trial was conducted, involving 120 patients who
met the inclusion and exclusion criteria.

Inclusion criteria were as follows:

• Patients with partially implant-supported prostheses.
• Patients with Angle Class I occlusion.
• Patients without dental absences, excluding third molars.
• Adult patients.

Exclusion criteria were as follows:

• Patients over 80 years of age.
• Patients with disabilities that hindered proper understanding and execution of the study.
• Patients with temporomandibular joint pathologies.
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• Patients without occlusal stability, preventing reliable and repetitive attainment of MI.
• Patients unwilling to participate or desiring to withdraw from the study.

The included patients were educated about the procedure they would undergo and the
advantages and potential inconveniences of participating in the project, and they provided
informed consent. Upon signing the informed consent form, each patient was randomly
assigned to one of the two groups:

• Group 1: 60 patients with partially implant-supported prostheses, where occlusal
adjustment and the necessary procedures to establish IPO were performed using
conventional methods with articulating paper, along with simultaneous EMG.

• Group 2: 60 patients with partially implant-supported prostheses, where IPO was
established using T-Scan III software, along with simultaneous EMG.

2.1.1. Common Methodology for Both Groups

Once the patient was seated in the dental office, their personal data and dental and
medical history were collected.

A pre-study survey was conducted, inquiring about the patient’s overall satisfaction
with their current prosthesis (their sensation while biting, and any discomfort or issues
encountered during MI).

After completing the survey, the electromyographic activity was measured prior to
the occlusal analysis. This provides a general overview of the muscular activity before
intervening in the stomatognathic system, serving as a baseline for comparison after the
implementation of IPO.

The EMG software requires inputting the patient’s age, gender, and weight to calibrate
sensitivity. Once the patient was registered, the skin surface corresponding to the masseter
region was cleaned with an alcohol solution to remove skin oil and substances like makeup
or cream. After cleaning the surface, the patient was asked to clench in MI to palpate the
contraction of the masseter muscles and determine the ideal placement of the electrodes.
Typically, the electrodes were placed at the mandibular angle, below the zygomatic arch,
oriented vertically along the fibers of the masseter muscle. Once the electrodes were
positioned (one in each masseter muscle), the information transmitters were connected,
sending data to the computer via Bluetooth.

Before recording the electromyographic activity, the patient was instructed on the
movements they should perform during the recording. They were trained to perform a
clench without a conscious biting effort (contacting the teeth without exerting force) and to
perform a clench with the maximum force possible. Once the patient was familiar with the
instructed movements, the MI was measured: first without a conscious biting effort and
then with maximum force during MI.

To proceed with the T-Scan measurements, the patient’s personal data and dental chart
were recorded first. Once completed, the size of the T-Scan III sensor was chosen (according
to the patient’s oral cavity size), and the mesio-distal width of the upper right central
incisor was measured. This automatically calculated the width of all teeth in both arches to
achieve maximum measurement precision. Subsequently, before the measurements, the
patient was instructed on the movements they should perform to avoid confusion during
the process, ensuring that the movements were performed in MI and with the appropriate
force in each situation. Next, the patient was asked to bite without exerting force during MI
and to bite with force during MI. In each phase, the action was repeated a minimum of two
times to check if it had been performed correctly and to ensure that no different closure
acts occurred other than MI. In all patients from both groups and before beginning the
measurements and occlusal adjustment, the T-Scan III was calibrated to each patient’s force.

After completing all the EMG and T-Scan measurements, the establishment of IPO was
initiated, which was carried out differently depending on the patient’s group. IPO aims
to eliminate premature contact points and interferences first, and then prevent implanted-
supported prostheses from experiencing contact during a clench without a conscious biting
effort, while achieving similar contact to adjacent natural teeth when clenching with force.
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This step was performed differently depending on the group, with Group 1 using only
conventional methods and Group 2 combining conventional and digital methods.

2.1.2. Specific Methodology of Group 1

In Group 1, after performing EMG to monitor the muscular activity of the stomatog-
nathic system, the patients were instructed to bite in MI without consciously exerting force,
using only blue articulating paper. In this first phase, premature contacts were eliminated,
and the implant-supported prostheses were released from occlusion. Once this first phase
was completed, the goal was to achieve light contacts in the prostheses when the patient
was asked to clench with force, adjusting the occlusion to achieve stronger contacts in
natural teeth and gentle but consistent contacts in the prostheses. Finally, with the red
articulating paper, lateral and protrusive movements were performed by the patient to
eliminate unwanted contacts and interferences.

After completing the adjustment process, all retouched surfaces were polished with ce-
ramic polishing stones, and the occlusion was checked again using T-Scan III measurements.
Lastly, the electromyographic activity was measured again to conclude the study.

2.1.3. Specific Methodology of Group 2

In Group 2, after the initial EMG was performed, all movements described earlier
were recorded using T-Scan. Once the T-Scan results were analyzed, and the areas for
occlusal adjustment were determined, blue articulating paper was used solely to identify
the exact location of the dental contact that needed to be eliminated. In this case, the
articulating paper was not used to analyze the patient’s occlusion but only to pinpoint the
specific contact identified by T-Scan for removal or smoothing. The occlusal adjustment
was performed, and we periodically checked our work with the articulating paper and
T-Scan to ensure that the targeted contacts were being appropriately modified. Like the
previous group, the goal was to ensure that the prostheses had no contact during MI
without consciously exerting force, while in strong clenching MI, there should be balanced
contact on all teeth, with the prostheses having slightly lighter contact. After completing
the occlusal adjustment for both strong clenching MI and without conscious clenching,
red articulating paper was used to eliminate interferences, and the patient was asked to
perform lateral and protrusive movements for this purpose. Once the occlusal adjustment
was finished, all surfaces were polished using ceramic polishing stones. Subsequently,
T-Scan III measurements were performed again to observe the results of the prior work,
and the muscular activity of the masseter muscles was re-measured using EMG.

In Group 2, if someone wanted to eliminate the articulating paper, they could use an
intraoral scanner. By combining an STL of the dental arch and the information provided by
T-Scan, dentists can determine the exact location of occlusal contacts without the necessity
of articulating paper. The use of articulating paper is only necessary to identify the positions
of occlusal points that T-Scan shows required adjustment.

Table 1 provides an overview of the differences in methodology between Group 1 and
Group 2. In both groups, after the final EMG was performed, patients were asked about
their perception of chewing during MI. Additionally, they were requested to describe their
comfort level compared to their state before the study.

Table 1. Summary table of methodology in each group.

Group 1 Group 2

60 patients 60 patients
Partial implant-supported prosthesis wearers Partial implant-supported prosthesis wearers
EMG recording EMG recording
NO recording with T-Scan III Occlusal recording with T-Scan III
Articulating paper used to observe existing occlusion and
subsequently study and interpret occlusion

Articulating paper used solely to identify occlusal points that
need to be modified/eliminated after T-Scan III
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Table 1. Cont.

Group 1 Group 2

Occlusal adjustment Occlusal adjustment
T-Scan measurement to verify the outcome of
occlusal adjustment

T-Scan measurement to verify the outcome of
occlusal adjustment

EMG recording EMG recording
Satisfaction survey Satisfaction survey

2.2. Variables

During the clinical trial, the following variables were analyzed:

• Age. Patients were divided intro subgroups based on age intervals: 20 to 49; 50 to 59;
60 to 69; and 70 to 79 years. The aim was to observe if other variables and IPO differed
with age.

• Sex. This study aimed to determine if sex influenced other variables and the body’s
response to the implementation of IPO.

• Pre-IPO prosthesis contact. The presence of contact between the implant-supported
prosthesis and the opposing tooth when the patient was asked to bite without applying
conscious force (without exerting force) before the occlusal adjustment for IPO. This
variable aimed to determine if the patient had an existing IPO and if this situation
could be improved after implementing IPO.

• Post-IPO prosthesis contact. The presence of contact between the prosthesis and the op-
posing tooth when the patient was asked to perform an MI position without conscious
force after the IPO was installed. These data were extracted from T-Scan analysis.
This variable aimed to assess the effectiveness of the methodology implemented in
establishing IPO and to compare conventional methods with digital systems.

• Time to first contact. The time in seconds (s) it took for the prosthesis to make its first
contact with the opposing tooth when the patient performed a forceful MI. These data
were extracted from T-Scan analysis and helped to verify theories about the PL space
around the teeth, serving as evidence to assess the correct implementation of IPO.

• Post-IPO patient sensation. The patient’s perception of comfort and conformity after
the completion of the study, compared to their previous state. This variable aimed
to involve the patient and gather their opinion on comfort after the implementation
of IPO.

• Electromyographic data. Measured in microvolts (µv), these data represent the mus-
cular activity of the masseter muscles. Values were extracted before and after the
implementation of IPO for comparison. These data are useful to assess the reactivity
of the stomatognathic system to changes in the dental arch. The goal was to achieve
an occlusal balance that also allowed for a balance in muscular electrical activity.

2.3. Statistical Analysis

Quantitative data in this study were represented as X ± SEM (mean ± standard error
of the mean). To identify and remove outliers, the Tukey test was applied. The statistical
inference for quantitative results (numerical values from independent random samples
obtained from the studied populations) was performed using the following methods:

1. One-way analysis of variance (ANOVA) with the following statistical tests, depending
on the type of distribution and variances:

a. For normally distributed variables with equal variances, the Scheffe test and
Tukey–Kramer test were used.

b. For normally distributed variables with unequal variances, stabilizing trans-
formations were applied, followed by the Scheffe test.

c. For variables with any other distribution, either equal or unequal variances,
non-parametric methods were used: Kruskal–Wallis Z-value multiple compar-
ison (Dunn’s Test) with Regular Test or Bonferroni Test.
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2. Two-sample T-test, in which, depending on the type of distribution and variances, the
following tests were applied:

d. For normally distributed variables with equal variances, Student’s T-test was
used.

e. For normally distributed variables with unequal variances, the Aspin–Welch
test was applied.

f. For variables with any other distribution, either equal or unequal variances,
the Kolmogorov–Smirnov test was used.

g. For differences between medians, the Mann–Whitney U or Wilcoxon Rank-
Sum test was applied.

3. Correlation of matrices was determined using the following tests:

h. Pearson correlation
i. Spearman correlation

Qualitative data in this study have been represented as frequency tables. The statistical
inference for qualitative results was performed using the Chi-square test and Fisher’s
exact test. A significance level of p < 0.05 was accepted for all the above-mentioned
studies. The statistical software used for the study was NCSS 2007 and Gess 2006—Version:
07.1.21—Released 1 June 2011 (Dr. Jerry L. Hintze, Utah USA).

3. Results
3.1. Descriptive Statistics

A total of 120 patients were enrolled in the clinical trial, who were divided into two
groups of 60 individuals each, randomly. The mean age of Group 1 was 61.18 years with a
standard error of 1.29. Regarding the mean age of Group 2, it was lower than Group 1, at
56.53 years with a standard error of 1.54.

Based on the patients’ ages, four intervals were created and distributed as follows:
20 to 49 years; 50 to 59 years; 60 to 69 years; and 70 to 79 years (Figure 1). Considering
the gender distribution of the patients, as shown in Figure 2, a higher number of males
participated compared to females, although no significant differences were observed.
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3.2. Analysis of Data by Groups
3.2.1. Group 1

Once the IPO was performed, and after asking the patients to compare their perceived
sensation at this moment with how they felt at the beginning of the project, it was revealed
that 32 patients had an improved perceived sensation, while 28 subjects did not perceive
any change compared to their previous sensation (Figure 3).
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3.2.2. Group 2

After the completion of the project and following inquiries about their subjective
sensation compared to their previous state, 60% of the patients (47) reported feeling an
improvement in their biting sensation, while 13 individuals stated that they had the same
sensation as before their participation in the clinical trial (Figure 4).
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3.3. Analysis of Data between Groups 1 and 2

Regarding the subjective sensation of patients after IPO implementation, a significant
relationship in favor of Group 2 compared to Group 1 was observed (there were more
patients with an improved sensation than before IPO implementation) (Table 2). In this
comparison, the p-value is 0.004.

Table 2. Patient sensations after IPO implementation.

Group Equal Better Total

1 28 32 60
2 13 47 60

Total 41 79 120

In terms of contacts in prosthesis, there was a significant difference between pre and
post-IPO contact in the groups. Group 2 showed more improvement between pre-IPO and
post-IPO contact than Group 1. The p-value was 0.0025.

The comparison of the time taken for prosthetic contact between the two groups did
not show significant results. In both cases, the mean time was similar (Table 3).

Table 3. Comparison of the time taken for the prosthesis to make its first contact after IPO.

Mean Standard Error

Group 1 0.09 0.095
Group 2 0.08 0.08

3.4. Analysis of Data via Age Intervals

It is important to understand the differences in the time required to achieve contact
with the prosthesis depending on the age group (Figure 5).

It is also to know the differences between different age groups regarding overall patient
satisfaction after the implementation of IPO. As shown in Table 4, younger patients tended
to experience a higher level of satisfaction, having a better subjective sensation compared
to the time before IPO was performed. Patients in older age groups had a percentage of
“better” responses similar to those patients who described their sensation as “same” as
before the study.
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Table 4. Patient perception post-IPO in different age groups.

20–49 Years 50–59 Years 60–69 Years 70–79 Years

Better 16 10 8 8
Equal 3 10 8 7

4. Discussion

This clinical trial aimed to establish an appropriate working methodology for imple-
menting IPO by combining digital systems with conventional methods.

The allocation of patients to the groups was performed randomly, prior to the collection
of clinical history and measurements, which added an element of objectivity and scientific
rigor to the study. The statistical analysis was conducted without knowing which of the
two groups was examined using digital methods, thus eliminating the subjective element
that could influence the results. The same variables were extracted and studied in both
groups for the purpose of comparison.

The obtained results lead us to believe that digital systems offer an advantage for
dentists. The objectives of this study were achieved using an established methodology that
can be followed by other dentists, demonstrating that conventional methods should be
complemented by digital systems. The subjective assessment by the patients improved
before and after the implementation of IPO, suggesting the utility of IPO for patients
with implant-supported partial dentures. Additionally, it has been demonstrated that
this improvement in patients’ subjective sensation was more pronounced in the group of
patients who used digital systems, highlighting the effectiveness of these systems.

Moreover, there is a necessity to increase the number of patients in order to obtain a
larger amount of data. This could increase the significance of our statistical analysis and
could increase the benefits of our methodology, which is important due to the number of
people who use fixed partial implant prostheses. One of our options to increase the number
of patients is to perform a multicentric clinical trial. Teaching other dentists and making
this occlusal analysis available to more patients would increase the data and would help
many more people.

There are various studies advocating against the need for specific occlusal schemes for
implant-supported partial dentures, relying on the neuroplasticity of the stomatognathic
system to adapt mastication to the new occlusal structures [22]. However, most studies on
the subject agree on the necessity of paying greater attention to these situations, emphasiz-
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ing the need for a specific occlusal system. This is due to the differences in the peri-implant
structure, which differs from the periodontal ligaments of natural teeth [23].

The need to differentiate between light contacts and contacts under force becomes
evident due to the presence of PLs in natural teeth. This is why this study suggested a differ-
entiation between maximum clenching and light contact during MI. This approach aims to
cover and study the peculiarities observed in the introduction, as well as the differences be-
tween teeth and implants explained in the first section of this work. Excursive movements,
which produce non-axial force vectors, must be eliminated for the same reasons.

Compared to natural teeth, implant-supported prostheses should bear a lower per-
centage of load, as they lack the periodontal ligament’s ability to withstand generated
overloads. By enabling contact in the prosthesis only during forceful clenching in MI, a
lower percentage of load is transmitted to the implant-supported tooth compared to the
adjacent teeth. Greater load is received by natural teeth with PLs, allowing for a perfect
balance across the dental arch [10–24].

In our study, it can be observed that Group 2, in which occlusal adjustment and
IPO implementation were performed using digital methods, achieved better outcomes
compared to Group 1. Zhou also emphasizes the neuroplasticity present in the bony surface
when an implant-supported prosthesis is perfectly adapted and has a well-established IPO.
This feedback mechanism contributes to the optimal functioning of the stomatognathic
system. This has a positive impact on overall patient satisfaction, as a well-executed IPO
results in an ideal occlusal balance, promoting comfort and minimizing future issues within
the stomatognathic system [25,26]. Figures 6 and 7 show how the use of T-Scan can improve
occlusal adjustment in order to establish an IPO on fixed partial implant prostheses.
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To minimize occlusal loads on implant-supported teeth, Luo confirmed that the ideal
approach is to achieve light contacts in MI on these teeth. His technique involved obtaining
contacts on prostheses that differed from contacts on natural teeth by fractions of a second,
which was also achieved in our study through data analysis. We can observe that, following
the implementation of IPO, contacts on implant-supported prostheses occurred fractions of
a second after contacts on natural teeth. This highlights the presence of a period of time
in which the occlusion is compressed when maximum force is exerted, emphasizing the
need to protect implants, which lack the anatomical structure of the PL for protection [25].
The absence of this time gap between contacts in natural teeth and implant-supported
prostheses leads to problems in both prostheses and implants [27]. It was observed that
patient sensation during chewing was improved in both groups, confirming that the
application of IPO allows for greater comfort in the stomatognathic system, thus enhancing
patients’ quality of life.

The objective of delayed contact on the prostheses was achieved by observing the
number of protheses that did not make contact when the patient was asked to perform
an MI without conscious biting demand after the implementation of IPO. As previously
discussed, most of the prostheses did not make contact during an MI without conscious
biting demand, while in forceful MI, theses prostheses exhibited loading and acted against
their antagonist. This demonstrated that the implementation of IPO protects anatomical
structures and enhances the physiology of the stomatognathic system [28,29].

In our study, we assessed how gender and age can impact patients’ occlusion and their
implications for the health of implant-supported prostheses. Omiri concluded that women
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exert less occlusal force than men. The reasons cited were lower muscle mass and a smaller
PL space. However, this was not reflected in our study, possibly due to an insufficient
sample size [30].

Age does indeed influence the force exerted on the masticatory system, especially
on implant-supported structures. With increasing age, tactile sensitivity and sensation
decrease, particularly in implanted areas. This was confirmed by the data obtained in
our study. As observed in Table 3, the subjective sensation of patients improved in many
individuals under the age of 50, whereas in patients over 50, that subjective sensation often
remained the same after IPO. Kazemi discovered that the older the patients are, the less
sensations and sensitivity they have, so the subjective benefits obtained after IPO are not
perceived as clearly [31].

Age also influences the behavior of the PL. Studies like those conducted by Benatti
suggest that there is a certain involution of the cells involved in maintaining the PL as one
ages. This leads to thinning and decreased keratinization, a reduction in cell density within
the PL, and a decrease in collagen synthesis and the osteogenic capacity of PL cells. The
osteoblastic capacity and osteoblast regeneration also diminish with age [32]. The presented
results demonstrate how the time required for the prosthesis to contact with the antagonist
decreases with age. This is in line with what Benatti has postulated, as the dysfunction
experienced by the PL as one ages causes it to lose width and function. When we instructed
patients to bite down in MI with conscious force, the PLs of older patients traveled a shorter
distance to compress and were less elastic, resulting in a shorter compression time. Ohi
showed that aging leads to hypermethylation of the genes responsible for the metabolism
of collagen type I and type III, which are found in the PL [33]. Other studies, like those by
Denes, indicated that dysfunction in the remaining teeth and alveolar processes leads to
atrophy and dysfunction of PL cells. Consequently, when implants are placed, there are
insufficient remaining cells capable of facilitating proper neurointegration [34].

Over the years, it has become evident that dentistry has ceased to be an analog
activity and is rapidly entering the digital realm. While this digital world brings numerous
advantages, it also comes with its own set of challenges and a steep learning curve to
contend with. In our methodology, we aimed to incorporate two of the currently emerging
digital systems to harness their full potential and use them to enhance the quality of life
for patients. The EMG of the stomatognathic system does not differ significantly between
dentate patients and patients with partial implant-supported dentures when chewing
soft-textured foods. However, when hard foods are introduced, a lack of adaptability in the
masticatory muscles of patients with partial implant-supported dentures becomes evident.
Due to the absence of receptors (primarily due to the lack of a periodontal ligament in
implants), the muscles lose feedback and fail to adapt to the generated changes. This is
evident in the curves traced by the electrical impulses generated by muscles in an EMG,
as demonstrated by Grigoriadis’ studies [35]. Dutour concluded in 2008 that implant-
supported bridges have minimal impact on muscular activity during chewing due to the
low percentage of load received by the prosthesis after IPO [36].

EMG does not exhibit significant changes following the balance of an implant-supported
partial denture; thus, there will not be changes in the patient’s subjective sensation either.
Regarding age-related EMG, it was concluded that there were no significant differences
among different age groups [37]. The relationship between age and EMG can be explained
through differences in the width of the PL with age. Over time, the PL loses thickness and
its normal activity, potentially leading to the appearance of prematurities and interferences,
or occlusal overload resulting in changes in EMG. However, this aspect was not reflected
in the EMG values in our study, although a trend toward decreasing EMG values was
observed when the time to achieve prosthesis contact decreased. This could be attributed
to better adjustment and occlusal balance achieved with lower contact time, reducing the
likelihood of prematurities and interferences, which in turn could promote the relaxation
of the masticatory muscles.
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Regarding methods for analyzing patient occlusion, conventional occlusal analysis
methods have proven to be less efficient in achieving their objectives in this study. It was
observed that Group 2 achieved better results than those patients who underwent the
study using conventional methods. This translates to easier implementation of IPO when
digital methods are used, compared to Group 1 where only conventional methods were
employed [38–40].

After analyzing the obtained data, there is a recognized need for expanding the sample
size through multicenter trials.

This study provides us with information that confirms the importance of occlusion
in odontology, and particularly in fixed partial implant prostheses. Due to the differences
between natural teeth and fixed implant prostheses, it is necessary to advance in new
methods of occlusal adjustment in order to increase the life of prostheses.

As a result of this new method, it has been demonstrated that PL width becomes
smaller with the age of patients. The importance of this demonstration provides us with
the information to ensure better actuation when a fixed implant prosthesis is placed. This
provides patients with more satisfaction and a healthier stomatognathic system.

5. Conclusions

• It has been shown that there are many differences between dental implants and teeth.
• The use of digital software improves the results of occlusal adjustment.
• Age affects the sensitivity of patients and the results of the adjustment.
• LPO is influenced by age: the older the person is, the more time is needed to compress

the LPO.
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