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Abstract: Background and Objectives: Proprioceptive information from natural dentition and adja-
cent oral tissues enables correct masticatory function, avoiding damage to the teeth. Periodontium
is the main source of this relevant information, and when a tooth is lost, all this proprioceptive
sensibility relies on receptors from muscles, the mucous membrane or the temporomandibular joint,
and this sensibility gets worse. Active tactile sensibility measures this proprioceptive capability
in microns by psychophysical studies consisting of introducing thin metal foils between patients’
dental arches during chewing to see if they are able to notice them or not. Osseoperception is a
complex phenomenon that seems to improve this sensibility in patients wearing dental implants.
The objective of this investigation is to measure this sensibility in different prosthetic situations by
performing a psychophysical investigation. Material and Methods: We divided 67 patients in three
groups depending on their prosthetic situation and performed a psychophysical study by introducing
aluminium foils of different thicknesses in order to establish an active tactile sensibility threshold in
every group. We also measured variables such as prosthetic wearing time, age or gender to see how
they may influence threshold values. We used Student’s t-test and Mann–Whitney U tests to analyse
these results. Results: Active tactile sensibility threshold values in implants are lower than those from
complete dentures but higher than values in natural dentition. However, values in implants are closer
to natural dentition than complete denture values. Age, gender or prosthetic wearing time have no
influence in active tactile sensibility thresholds. Conclusion: Active tactile sensibility threshold values
depend on prosthetic rehabilitations and the mechanoreceptors involved in every situation. Implant
prosthesis presents an increased active tactile sensibility thanks to osseoperception phenomenon.

Keywords: osseoperception; tactile sensibility; interocclusal thickness; interocclusal perception

1. Introduction

Proprioceptive mechanoreceptors provide a lot of information to the brain cortex in order
to perform masticatory function in a proper way [1]. The main source of these receptors is
located in the periodontal ligament [2–8]. Additionally, there are proprioceptive receptors in
adjacent tissues, such as masticatory muscles, mucous membranes or the temporomandibular
joint; however, these are not as accurate as those from periodontium [9–12]. For instance, these
receptors inform about the hardness of food or the force used while chewing, preventing us
from harming our teeth [13–16].

When a tooth is extracted, the periodontium gets lost, as well; as well as this important
information, so useful during masticatory function. When a patient is fully edentulous and
wears a complete denture, there is also a lack of sensitive information due to the absence of
periodontium. Then, receptors from adjacent tissues must embrace all the proprioceptive
information during chewing, and the masticatory function gets worse [17–20].

This proprioceptive information seems to be improved in patients rehabilitated with
implant prosthesis, thanks to a phenomenon called osseoperception [21–28]. This phe-
nomenon is not well known yet, but it seems to be associated to mechanoreceptors from
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peri-implant tissues. Its definition consists of the sensation arising from the mechani-
cal stimulation of implant prosthesis after the activation of receptors from peri-implant
bone [29,30]. The information obtained by receptors from adjacent tissues, together with
osseoperception, allows these patients to present a more increased proprioceptive sensibil-
ity than those rehabilitated with complete dentures [31–33]. Corpas investigation [34] has
helped to understand this phenomenon by discovering the presence of nerve fibres around
peri-implant bone surrounding dental implants extracted due to mechanical failure.

After the rehabilitation with dental implants, there is not only a change in oral afferent
pathways but also an adjustment in the primary somatosensorial cortex [35–38]. The influence
of these rehabilitations in the brain cortex has been studied by Habre-Hallage [39–41], who
used fMRI (functional magnetic resonance imaging) while stimulating implant abutments
with specific devices in order to see how the cortex is activated. These kinds of studies are
neurophysiological investigations and are very scarce in literature, as they are less relevant to
our dental office routine. On the other hand, psychophysical investigations are more useful as
they are easier to reproduce in our offices and provide information about afferent pathways
and their relationship with prosthetic rehabilitations. These studies are focused on tactile
sensibility, which is used to evaluate proprioception of mechanoreceptors from the masticatory
system [25,26,42–44].

There are two kinds of tactile sensibility depending on the receptors activated during
the psychophysical studies, and they are measured in different values. Passive tactile
sensibility is measured by Newtons, as it consists of the minimum force a patient can
perceive when a device, designed to apply pressure at different intensities and directions,
stimulates a tooth or an implant abutment [45,46]. In this case, only receptors from peri-
odontium or peri-implant tissues are activated. Since receptors from adjacent tissues are
not stimulated, this sensibility cannot be measured in complete denture wearers. This fact,
along with the complexity of designing these devices, makes these investigations very
scarce in literature. Active tactile sensibility is measured by micrometres, and its thresholds
are evaluated by introducing thin metal foils between teeth during chewing to check if
patients are able to perceive them or not [47–53]. These studies are easier to perform as they
are very similar to those we make during occlusal adjustment in our prosthesis. Besides
that, the forces received by the teeth in these investigations are better reproduced with
natural mandibular movements. Finally, active tactile sensibility studies involve all kinds
of oral mechanoreceptors stimulated during masticatory function, so it can be measured in
patients rehabilitated with complete dentures, as well [54–57].

After performing psychophysical investigations, it is possible to obtain threshold
values of every patient and group of study in order to be able to compare these results.
Specifically, it is really useful to contrast mean values between groups to see if there are any
differences in tactile sensibility. Thus, every prosthetic situation can be measured in terms
of active tactile sensibility, as well as which mechanoreceptors are stimulated in each group
and their influences in threshold values [58–60]. The purpose of this investigation is to
perform a psychophysical study about active tactile sensibility in complete denture wearers
and patients rehabilitated with dental implants. This procedure will allow us to obtain
sensibility values of each kind of prosthesis in order to compare them and check which one
presents an increased sensibility and more natural functioning. The null hypothesis is that
prosthetic rehabilitations do not influence active tactile sensibility values. The alternative
hypothesis assumes that implant prosthesis presents an increased sensibility value with
respect to complete dentures.

Besides that, other variables such as age, gender or prosthetic wearing time will be
taken into account to see their influence in mean threshold values of tactile sensibility.
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2. Materials and Methods
2.1. Study Design

A psychophysical study has been carried out to measure active tactile sensibility in
three groups of patients with different prosthetic rehabilitations. In total, 67 patients with
different prosthetic rehabilitations were included in this investigation.

Group A is formed by 17 patients wearing complete dentures in both arches. Group B
is made up of 20 patients with implant prosthesis, whose antagonist is also an implant re-
habilitation. Finally, group C is formed by 30 patients rehabilitated with implant prosthesis
whose antagonist is natural dentition. Active tactile sensibility is measured in micrometres
by introducing metal foils from different thicknesses while patients are chewing. The
thinnest foil perceived by every patient is considered as the minimum threshold value.
Mean values in each group are calculated to compare active tactile sensibility in different
prosthetic situations.

In this study, aluminium foils from three thicknesses (14, 30 and 50 micrometres)
were introduced between the dental arches of every patient in each group. The values of
these foils have been chosen as they coincide with mean threshold values of prosthetic
rehabilitations that are present in literature [60]. Methodologies and protocols of the main
psychophysical studies that measure active tactile sensibility have been unified in this
investigation [47–58].

The study consisted of a random sequence of twenty introductions of each aluminium
foil that was carried inside the mouth by a Miller forceps. In order to avoid incorrect
responses and to obtain reliable results, we designed a placebo test. This placebo test
consisted of the introduction of Miller forceps inside the mouth without carrying any
aluminium foil attached. In this way, we were able to check if the patient understood the
procedure or if he was telling us the truth, since, during this intervention, the patient must
not perceive the foil between his or her dental arches.

In addition, every patient was sitting in a comfortable position in a dental chair,
blindfolded and acoustically isolated. This isolation was performed by putting headphones
in the patient’s ears and playing pink noise. This procedure prevented patients from
auditorily perceiving foils during chewing.

Threshold values were obtained by following the 50% rule of correct answers during
the introduction of foils [48–51,54]. Every patient must perceive each foil in at least half of all
introductions in order to set an active tactile sensibility threshold value. After collecting the
results, mean values were calculated and statistically evaluated by using Student’s t-tests
and Mann–Whitney U tests. This investigation is registered in the ISRCTN registry with
number ISRCTN44091392, and the Bioethics Committee from the University of Salamanca
approved its ethical clearance.

2.2. Inclusion Criteria

Patients from the University of Salamanca dental clinic and Diego González Gil’s
private office have participated in this investigation voluntarily. Every patient has been
examined in detail by investigators to make sure that they meet inclusion criteria. Only
adults and healthy patients, rehabilitated with complete dentures or implant prosthesis
with a proper adjustment, were included in this investigation.

2.3. Exlusion Criteria

Patients with maladjusted prosthesis or patients suffering from temporomandibular
disorders were not included in this investigation, as well as patients unable to understand
how this procedure works. Furthermore, patients that do not pass the placebo test were
excluded from the study in order to obtain reliable values.

2.4. Variables

Four different variables were taken into account to measure active tactile sensibility in
each group: type of prosthetic situation, age, gender and prosthesis wearing time, measured
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in years. In this way, we were able to ascertain whether these variables influenced active
tactile sensibility values.

2.5. Resources

This investigation was performed in dental facilities from Diego González Gil’s private
office and in the University of Salamanca Dental Clinic. Each one is equipped with every
material needed to perform the psychophysical study.

3. Results

A total of 70 patients were included in this investigation, but 3 of them were excluded
as a result of not passing the placebo test. The remaining 67 patients were divided into
different groups depending on their prosthetic situation, as is represented in Table 1. After
obtaining the minimum threshold values of every patient, measured in micrometres and
related to the thinnest foil perceived by each one, mean values from three groups were
calculated, and they are represented in Table 2. Then, we performed descriptive statistics
of each group to obtain mean and median values of age and prosthetic wearing time, as
well as their distribution according to gender. Additionally, statistical analysis by using
Student’s t-test and Mann–Whitney U test was carried out to obtain p-values of groups A,
B and C. These results are represented in Table 3.

Table 1. Sample size.

Group A Group B Group C

Prosthetic situation
Complete denture

wearers in both
arches

Implant prosthesis
wearers in both

arches

Implant prosthesis
wearers which
antagonistic are

natural teeth

Number of patients
included 17 20 30

Table 2. Mean values of active tactile sensibility thresholds.

Group A B C

Mean threshold value 48.82 µm 24.4 µm 14.5 µm

Standard deviation 4.85 µm 7.83 µm 2.97 µm

Table 3. Group A, B and C statistics.

Group A Men Women

Mean ± SD Median (IR) Media ± SD Median (IR) Mean ± SD Median (IR) p-Value

Age 77.59 ± 10.98 79 (58–95) 75.38 ± 12.33 75.50 (58–95) 79.56 ± 9.94 79 (66–92) 0.451

PWT 2.24 ± 2.71 2 (0–10) 2.25 ± 3.41 1 (0–10) 2.22 ± 2,11 2 (0–7) 0.541

Group B Men Women

Mean ± SD Median (IR) Mean ± SD Median (IR) Mean ± SD Median (IR) p-Value

Age 59.20 ± 7.09 58 (45–72) 59.80 ± 4.20 55 (53–70) 57.40 ± 7.16 61 (45–72) 0.527

PWT 6.05 ± 4.58 5 (0–15) 5.80 ± 4.2 5 (0–13) 6.80 ± 6.10 5 (0–15) 0.684

Group C Men Women

Mean ± SD Median (IR) Mean ± SD Median (IR) Mean ± SD Median (IR) p-Value

Age 56.87 ± 11.74 60.50 (35–79) 55.22 ± 13.00 55 (53–70) 59.41 ± 9.57 61 (45–72) 0.34

PWT 4.70 ± 4.46 3 (80–15) 3.77 ± 3.84 5 (0–15) 6.08 ± 5.10 5 (0–13) 0.169

PWT: prosthesis wearing time (measured in years).
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4. Discussion

These results show that active tactile sensibility threshold values are increased in
patients from group A with respect to those from group B. In this way, our alternative
hypothesis is accepted, as implant prosthesis presents an increased active tactile sensibility
with respect to complete dentures. Specifically, active tactile sensibility thresholds in
complete denture wearers have twice the value of implant prosthesis wearers. These results
agree with those from other authors [54,56,60] which suggest that implant prosthesis
wearers had an increased active tactile sensibility over patients wearing complete dentures.
This fact is due to the presence of osseoperception phenomenon in implant prosthetic
rehabilitations. This phenomenon is still not fully understood. Its origin and functioning
are unknown. Corpas’ investigation [34] suggests that nerve fibres surrounding peri-
implant tissues may be involved in this complex phenomenon. These fibres, present in
Haversian canals adjacent to dental implants, could be responsible for an increased tactile
sensibility. Moreover, studies from Habre-Hallage [39,40] have demonstrated how the
primary somatosensory cortex responds while implants are stimulated, as well as how
neural pathways are readjusted in order to integrate implant prosthesis.

Therefore, this phenomenon enables a better proprioceptive performance of mastica-
tory function [25,26,29,30]. Further, the threshold values in group C are lower than those
from group B, although they are very similar to each other. As patients from group C
present natural teeth, proprioceptive information from the periodontium allows them to
present an increased sensibility that cannot be equated with that obtained by osseopercep-
tion in implant prosthesis wearers [47–52]. These results show how implant prosthesis
presents an improved tactile sensibility with respect to complete dentures. The clinical
importance of this study is to prove that dental implants are a better solution to restoring
edentulous patients than complete dentures, in terms of proprioception. For instance,
implant prosthesis wearers can perceive changes in food hardness during chewing more
easily than complete denture wearers. Moreover, these rehabilitations allow a better control
of masticatory function by applying proper forces while eating. In this investigation, we
have performed a psychophysical study by mixing the most reliable procedures in the
scarce literature. For instance, we conducted a systematic review to study active tactile
sensibility in different prosthetic situations, as we thought it could be useful before starting
our psychophysical investigation. In this way, we could adapt the thicknesses of the metal
foils in our study to the mean values of active tactile sensibility thresholds that we found in
our review. We also used other procedures such as visual or acoustic isolation or placebo
tests. The main limitation of this study is the partial ignorance about osseoperception
phenomenon, as it is still impossible to completely comprehend its function. Along with
this, multiple and single implant prostheses were included in group B without making a
distinction between both rehabilitations. Furthermore, more studies with a larger sample
size and representing more prosthetic situations can be recommended to obtain more
detailed values.

The active tactile sensibility thresholds of each group match with the mean values
obtained in our previous work [60]. After comparing values in both investigations, they
turned out to be very similar, with an increased sensibility in implant prosthesis wearers
with regard to complete denture wearers. However, this increased sensibility presents a
higher threshold value than active tactile sensibility in natural dentition.

Therefore, it is clear that active tactile sensibility is influenced by the prosthetic reha-
bilitation that every patient presents. Additionally, every kind of prosthetic rehabilitation
activates different proprioceptive receptors during masticatory function, which also influ-
ences threshold values. For instance, complete denture wearers only activate receptors from
muscles, mucous membranes or the temporomandibular joint during chewing, which has
a negative influence in active tactile sensibility threshold values [17–20]. Patients rehabili-
tated with dental implants also activate receptors from adjacent tissues but, thanks to the
osseoperception phenomenon, present improved threshold values over complete denture
wearers [54,56]. The lowest values of active tactile sensibility thresholds are those from nat-
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ural dentition due to the presence of periodontium, which presents a lot of proprioceptive
receptors that provide very relevant information during masticatory function [10,15,25,26].

There is not a consensus in literature about the influence of other variables such
as gender, age or prosthetic wearing time in active tactile sensibility threshold values.
While some studies claim that these variables do not influence threshold values [48,49],
another denies this fact [52]; therefore, we thought it would be interesting to study these
variables in our investigation. Thus, we performed a statistical analysis of the results in
each group by using Student’s t-test and Mann–Whitney U tests in order to discover this
potential influence.

The results of our analysis agree with those from Enkling’s study [49] in which other
variables different from the prosthetic situation do not influence active tactile sensibility
values. After performing statistical analysis in all groups, p-values were much higher than
the significance value of 0.05, as is shown in Table 3.

5. Conclusions

(1) Implant prosthesis presents an improved active tactile sensibility with respect to
complete dentures due to osseoperception; however, more studies are needed to understand
how this phenomenon works.

(2) Age, gender or prosthetic wearing time have no influence in active tactile sensibility
threshold values.

(3) Active tactile sensibility threshold values are influenced by the proprioceptive
receptors activated during masticatory function, which depend on the kind of prosthetic
rehabilitation existing in every situation.

Author Contributions: Data curation, D.G.-G.; formal analysis, D.G.-G.; funding acquisition, D.G.-G.;
investigation, D.G.-G., I.D.-Z. and J.L.-M.; methodology, D.G.-G., I.D.-Z. and J.L.-M.; project adminis-
tration, D.G.-G., J.F.-F. and J.L.-M.; resources, D.G.-G., I.D.-Z., J.F.-F. and J.L.-M.; software, D.G.-G.
and J.F.-F.; supervision, I.D.-Z., J.F.-F. and J.L.-M.; validation, I.D.-Z., J.F.-F. and J.L.-M.; visualization,
D.G.-G., I.D.-Z. and J.L.-M.; writing—original draft, D.G.-G.; writing—review and editing, D.G.-G.
and J.F.-F. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the declaration
of Helsinki, and approved by the committee of bioethics of the University of Salamanca.

Informed Consent Statement: Informed consent was obtained by all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Haggard, P.; de Boer, L. Oral Somatosensory awareness. Neurosci. Biobehav. Rev. 2014, 47, 469–484. [CrossRef] [PubMed]
2. Johnsen, S.E.; Trulsson, M. Receptive field properties of human periodontal afferents responding to loading of premolar and

molar teeth. J. Neurophysiol. 2002, 89, 1478–1487. [CrossRef] [PubMed]
3. Hoshino, N.; Harada, F.; Alkhamrah, B.A.; Aita, M.; Kawano, Y.; Hanada, K.; Maeda, T. Involvement of brain-derived neurotrophic

factor (BDNF) in the development of periodontal Ruffini endings. Anat. Rec. Part A Discov. Mol. Cell. Evol. Biol. 2003, 274, 807–816.
[CrossRef] [PubMed]

4. Van Steenberghe, D.; Jacobs, R. Jaw motor inputs originating from osseointegrated oral implants. J. Oral Rehabil. 2006, 33, 274–281.
[CrossRef] [PubMed]

5. Jacobs, R.; van Steenberghe, D. From osseoperception to implant-mediated sensory-motor interactions and related clinical
implications. J. Oral Rehabil. 2006, 33, 282–292. [CrossRef] [PubMed]

6. Trulsson, M. Sensory-motor function of human periodontal mechanoreceptors. J. Oral Rehabil. 2006, 33, 262–273. [CrossRef]
7. Nagata, K.; Itoh, S.; Tsuboi, A.; Takafuji, Y.; Tabata, T.; Watanabe, M. Response properties of periodontal mechanosensitive

neurons in the trigeminal ganglion of rabbit and neuronal activities during grinding-like jaw movement induced by cortical
stimulation. Arch. Oral Biol. 2008, 53, 1138–1148. [CrossRef]

8. Yilmaz, G.; Laine, C.M.; Tinastepe, N.; Özyurt, M.G.; Türker, K.S. Periodontal mechanoreceptors and bruxism at low bite forces.
Arch. Oral Biol. 2019, 98, 87–91. [CrossRef]

9. Türker, K.S.; Yeo, P.L.M.; Gandevia, S.C. Perceptual distortion of face deletion by local anaesthesia of the human lips and teeth.
Exp. Brain Res. 2005, 165, 37–43. [CrossRef]

http://doi.org/10.1016/j.neubiorev.2014.09.015
http://www.ncbi.nlm.nih.gov/pubmed/25284337
http://doi.org/10.1152/jn.00537.2002
http://www.ncbi.nlm.nih.gov/pubmed/12626623
http://doi.org/10.1002/ar.a.10094
http://www.ncbi.nlm.nih.gov/pubmed/12923891
http://doi.org/10.1111/j.1365-2842.2006.01620.x
http://www.ncbi.nlm.nih.gov/pubmed/16629882
http://doi.org/10.1111/j.1365-2842.2006.01621.x
http://www.ncbi.nlm.nih.gov/pubmed/16629883
http://doi.org/10.1111/j.1365-2842.2006.01629.x
http://doi.org/10.1016/j.archoralbio.2008.06.007
http://doi.org/10.1016/j.archoralbio.2018.11.011
http://doi.org/10.1007/s00221-005-2278-x


J. Clin. Med. 2022, 11, 6819 7 of 8

10. Türker, K.S.; Sowman, P.F.; Tuncer, M.; Tucker, K.J.; Brinkworth, R.S.A. The role of periodontal mechanoreceptors in mastication.
Arch. Oral Biol. 2007, 52, 361–364. [CrossRef]

11. Piancino, M.G.; Bracco, P.; Vallelonga, T.; Merlo, A.; Farina, D. Effect of bolus hardness on the chewing pattern and activation of
masticatory muscles in subjects with normal dental occlusion. J. Electromyogr. Kinesiol. 2008, 18, 931–937. [CrossRef] [PubMed]

12. Trulsson, M.; Essick, G.K. Sensations evoked by microestimulation of single mechanoreceptive afferents innervating the human
face and mouth. J. Neurophysiol. 2010, 103, 1741–1747. [CrossRef] [PubMed]

13. Svensson, K.G.; Trulsson, M. Impaired force control during food holding and biting in subjects with tooth- or implant-supported
fixed prostheses. J. Clin. Periodontol. 2011, 38, 1137–1146. [CrossRef]

14. Flanagan, D. Bite force and dental implant treatment: A short review. Med. Devices 2017, 10, 141–148. [CrossRef] [PubMed]
15. Piancino, M.G.; Isola, G.; Cannavale, R.; Cutroneo, G.; Vermiglio, G.; Bracco, P.; Anastasi, G.P. From Periodontal mechanoreceptors

to chewing motor control: A systematic review. Arch. Oral Biol. 2017, 78, 109–121. [CrossRef]
16. Poli, O.; Manzon, L.; Niglio, T.; Ettorre, E.; Vozza, I. Masticatory Force in Relation with Age in Subjects with Full Permanent

Dentition: A Cross-Sectional Study. Healthcare 2021, 9, 700. [CrossRef]
17. Klineberg, I.; Murray, G. Osseoperception: Sensory function and propioception. Adv. Dent. Res. 1999, 13, 120–129. [CrossRef]
18. Dalaya, M.V. A study of oral stereognostic proficiency in dentulous and edentulous persons. J. Clin. Diagn. Res. 2014, 8,

ZE01–ZE06. [CrossRef]
19. Mary, K.; Cherian, B. Evaluation of oral stereognosis, masticatory efficiency, and salivary flow rate in complete denture wearers. J.

Indian Prosthodon. Soc. 2020, 20, 290–296. [CrossRef]
20. Bhattacharjee, B.; Saneja, R.; Bhatnagar, A. Effect of complete dentures on oral stereognostic ability in edentulous patients: A

systematic review. J. Indian Prosthodont. Soc. 2021, 21, 109–115.
21. Linden, R.W.A.; Scott, B.J.J. Distribution of mesencephalic nucleus and trigeminal ganglion mechano receptors in the periodontal

ligament of the cat. J. Physiol. 1989, 410, 35–44. [CrossRef] [PubMed]
22. Weiner, S.; Sirois, D.; Ehrenberg, D.; Lehrmann, N.; Simon, B.; Zohn, H. Sensory responses from loading of implants: A pilot

study. Int J Oral Maxillofac Implants 2004, 19, 44–51. [PubMed]
23. Rowe, M.J.; Tracey, D.J.; Mahns, D.A.; Sahai, V.; Ivanusic, J.J. Mechanosensory perception: Are there contributions from

bone-associated receptors? Clin. Exp. Pharmacol. Physiol. 2005, 32, 100–108. [CrossRef]
24. Abarca, M.; Van Steenberghe, D.; Malevez, C.; Jacobs, R. The neurophysiology of osseointegrated oral implants. A clinically

underestimated aspect. J. Oral Rehabil. 2006, 33, 161–169. [CrossRef]
25. Bhatnagar, V.M.; Karani, J.T.; Khanna, A.; Badwaik, P.; Pai, A. Osseoperception: An Implant Mediated Sensory Motor Control- A

Review. J. Clin. Diagn. Res. 2015, 9, 18–20. [CrossRef] [PubMed]
26. Mishra, S.K.; Chowdhary, R.; Chrcanovic, B.R.; Brånemark, P.I. Osseoperception in Dental Implants: A Systematic Review. J.

Prosthodont. 2016, 25, 185–195. [CrossRef]
27. Clemente, F.; Håkansson, B.; Cipriani, C.; Wessberg, J.; Kulbacka-Ortiz, K.; Brånemark, R.; Fredén Jansson, K.J.; Ortiz-Catalan, M.

Touch and Hearing Mediate Osseoperception. Sci. Rep. 2017, 28, 45363. [CrossRef]
28. Mishra, S.K.; Chowdhary, R. Evolution of dental implants through the work of per-ingvar branemark: A systematic review. Indian

J. Dent. Res. 2020, 31, 930–956.
29. Klineberg, I. Introduction: From osseointegration to osseoperception. The functional translation. Clin. Exp. Pharmacol. Physiol.

2005, 32, 97–99. [CrossRef]
30. Klineberg, I.; Calford, M.B.; Dreher, B.; Henry, P.; Macefield, V.; Miles, T.; Rowe, M.; Sessle, B.; Trulsson, M. A consensus statement

on osseoperception. Clin. Exp. Pharmacol. Physiol. 2005, 32, 145–146. [CrossRef]
31. Kumar, L.; Singh, B.P.; Rao, J.; Singh, K. Osseoperception in implants supported prostheses—A review. J. Med. Med. Sci. Res. 2012,

1, 1–4.
32. Tanaka, M.; Bruno, C.; Jacobs, R.; Torisu, T.; Murata, H. Short-term follow-up of masticatory adaptation after rehabilitation with

an immediately loaded implant-supported prosthesis: A pilot assessment. Int. J. Implant. Dent. 2017, 3, 8. [CrossRef]
33. Song, D.; Shujaat, S.; Constantinus, P.; Orhan, K.; Jacobs, R. Osseoperception following dental implant treatment: A systematic

review. J. Oral Rehabil. 2021, 49, 573–585. [CrossRef] [PubMed]
34. dos Santos Corpas, L.; Lambrichts, I.; Quirynen, M.; Collaert, B.; Politis, C.; Vrielinck, L.; Martens, W.; Struys, T.; Jacobs, R.

Peri-implant bone innervation: Histological findings in humans. Eur. J. Oral Implantol. 2014, 7, 283–292.
35. Disbrow, E.A.; Hinkley, L.B.; Roberts, T.P. Ipsilateral representation of oral structures in human anterior parietal somatosensory

cortex and integration of inputs across the midline. J. Comp. Neurol. 2003, 467, 487–495. [CrossRef]
36. Henry, E.C.; Marasco, P.D.; Catania, K.C. Plasticity of the cortical dentition representation after tooth extraction in naked mole-rats.

J. Comp. Neurol. 2005, 485, 64–74. [CrossRef]
37. Ettlin, D.A.; Brügger, M.; Keller, T.; Luechinger, R.; Jäncke, L.; Palla, S.; Barlow, A.; Gallo, L.M.; Lutz, K. Interindividual differences

in the perception of dental stimulation and related brain activity. Eur. J. Oral Sci. 2009, 117, 27–33. [CrossRef]
38. Avivi-Arber, L.; Lee, J.C.; Sessle, B.J. Effects of incisor extraction on jaw and tongue motor representations within face sensorimotor

cortex of adult rats. J. Comp. Neurol. 2010, 518, 1030–1045. [CrossRef]
39. Habre-Hallage, P.; Hermoye, L.; Gradkowski, W.; Jacobs, R.; Reychler, H.; Grandin, C.B. A manually controlled new device for

punctuate mechanical stimulation of teeth during functional magnetic resonance imaging studies. J. Clin. Periodontol. 2010, 37,
863–872. [CrossRef]

http://doi.org/10.1016/j.archoralbio.2006.11.014
http://doi.org/10.1016/j.jelekin.2007.05.006
http://www.ncbi.nlm.nih.gov/pubmed/17616401
http://doi.org/10.1152/jn.01146.2009
http://www.ncbi.nlm.nih.gov/pubmed/20130037
http://doi.org/10.1111/j.1600-051X.2011.01781.x
http://doi.org/10.2147/MDER.S130314
http://www.ncbi.nlm.nih.gov/pubmed/28721107
http://doi.org/10.1016/j.archoralbio.2017.02.010
http://doi.org/10.3390/healthcare9060700
http://doi.org/10.1177/08959374990130010101
http://doi.org/10.7860/JCDR/2014/9212.4341
http://doi.org/10.4103/jips.jips_453_19
http://doi.org/10.1113/jphysiol.1989.sp017519
http://www.ncbi.nlm.nih.gov/pubmed/2795482
http://www.ncbi.nlm.nih.gov/pubmed/14982354
http://doi.org/10.1111/j.1440-1681.2005.04136.x
http://doi.org/10.1111/j.1365-2842.2005.01556.x
http://doi.org/10.7860/JCDR/2015/14349.6532
http://www.ncbi.nlm.nih.gov/pubmed/26501033
http://doi.org/10.1111/jopr.12310
http://doi.org/10.1038/srep45363
http://doi.org/10.1111/j.1440-1681.2005.04135.x
http://doi.org/10.1111/j.1440-1681.2005.04144.x
http://doi.org/10.1186/s40729-017-0070-x
http://doi.org/10.1111/joor.13296
http://www.ncbi.nlm.nih.gov/pubmed/34911146
http://doi.org/10.1002/cne.10935
http://doi.org/10.1002/cne.20511
http://doi.org/10.1111/j.1600-0722.2008.00590.x
http://doi.org/10.1002/cne.22261
http://doi.org/10.1111/j.1600-051X.2010.01596.x


J. Clin. Med. 2022, 11, 6819 8 of 8

40. Habre-Hallage, P.; Dricot, L.; Jacobs, R.; van Steenberghe, D.; Reychler, H.; Grandin, C.B. Brain plasticity and cortical correlates of
osseoperception revealed by punctate mechanical stimulation of osseointegrated oral implants during fMRI. Eur. J. Oral Implantol.
2012, 5, 175–190.

41. Habre-Hallage, P.; Dricot, L.; Hermoye, L.; Reychler, H.; van Steenberghe, D.; Jacobs, R.; Grandin, C.B. Cortical activation resulting
from the stimulation of periodontal mechanoreceptors measured by functional magnetic resonance imaging (fMRI). Clin. Oral
Investig. 2014, 18, 1949–1961. [CrossRef]

42. Mericske-Stern, R.; Assal, P.; Mericske, E.; Bürgin, W. Occlusal force and oral tactile sensibility measured in partially edentulous
patients with ITI implants. Int. J. Oral Maxillofac. Implant. 1995, 10, 345–353. [CrossRef]

43. Mericske-Stern, R.; Zarb, G.A. In vivo measurements of some functional aspects with mandibular fixed prostheses supported by
implants. Clin. Oral Implant. Res. 1996, 7, 153–161. [CrossRef] [PubMed]

44. Moraes, N.; Moraes, E.; Anastacio, T.; Silva, L.; Machado, A.; Schoichet, J.; Alto, R.M.; Mello-Machado, R.; Cardarelli, A.; Mourão,
C.F.A.B.; et al. Active Tactile Sensibility of Brånemark Protocol Prostheses: A Case-Control Clinical Study. Materials 2021, 14, 4644.
[CrossRef] [PubMed]

45. El-Sheikh, A.M.; Hobkirk, J.A.; Howell, P.G.T.; Gilthorpe, M.S. Passive tactile sensibility in edentulous subjects treated with dental
implants: A pilot study. J. Prosthet. Dent. 2004, 91, 26–32. [CrossRef]

46. Grieznis, L.; Apse, P.; Blumfelds, L. Passive tactile sensibility of teeth and osseointegrated dental implants in the maxilla.
Stomatologija 2010, 12, 80–86.

47. Reveredo, A.; Shetty, S.; Satish Babu, C.L.; Surendra Kumar, G.P.; Sneha Priya, K.; Pandurangappa, R.; Jnanadev, K.R.; Shetty, A.
Evaluation of active tactile perception of single tooth implant prosthesis. Int. J. Oral Implantol. Clin. Res. 2013, 4, 1–6.

48. Enkling, N.; Nicolay, C.; Utz, K.H.; Johren, P.; Wahl, G.; Mericske-Stern, R. Tactile sensibility of single-tooth implants and natural
teeth. Clin. Oral Implant. Res. 2007, 18, 231–233. [CrossRef]

49. Enkling, N.; Utz, K.H.; Bayer, S.; Stern, R.M. Osseoperception: Active tactile sensibility of osseointegrated dental implants. Int. J.
Oral Maxillofac. Implant. 2010, 25, 1159–1167.

50. Enkling, N.; Nicolay, C.; Bayer SMericske-Stern, R.; Utz, K.H. Investigating interocclusal perception in tactile teeth sensibility
using symmetric and asymmetric analysis. Clin. Oral Investig. 2010, 14, 683–690. [CrossRef]

51. Enkling, N.; Heussner, S.; Nicolay, C.; Bayer, S.; Mericske-Stern, R.; Utz, K.H. Tactile sensibility of single-tooth implants and
natural teeth under local anesthesia of the natural antagonistic teeth. Clin. Implant. Dent. Relat. Res. 2012, 14, 273–280. [CrossRef]
[PubMed]

52. Kazemi, M.; Geramipanah, F.; Negahdari, R.; Rakhshan, V. Active tactile sensibility of single-tooth implants versus natural
dentition: A split-mouth double-blind randomized clinical trial. Clin. Implant. Dent. Relat. Res. 2014, 16, 947–955. [CrossRef]

53. Bakshi, P.V.; Thakur, S.; Kulkami, S. Perception by Osseointegrated Dental Implants Supporting a Fixed Prosthesis: A Prospective
Study. Int. J. Oral Maxillofac. Implant. 2017, 32, 1346–1350. [CrossRef] [PubMed]

54. Batista, M.; Bonachela, W.; Soares, J. Progressive recovery of osseoperception as a function of the combination of implant-
supported prostheses. Clin Oral Implant. Res. 2008, 19, 565–569. [CrossRef] [PubMed]

55. Müller, F.; Hernandez, M.; Grütter, L.; Aracil-Kessler, L.; Weingart, D.; Schimmel, M. Masseter muscle thickness, chewing
efficiency and bite force in edentulous patients with fixed and removable implant-supported prostheses: A cross-sectional
multicenter study. Clin. Oral Implant. Res. 2012, 23, 144–150. [CrossRef]

56. Shala, K.S.; Dula, L.J.; Pustina-Krasniqi TBicaj, T.; Ahmedi, E.F.; Lila-Krasniqui, Z.; Tmava-Dragusha, A. Evaluation of Sensibility
Threshold for Interocclusal Thickness of Patients Wearing Complete Dentures. Int. J. Dent. 2017, 2017, 5138950. [CrossRef]
[PubMed]

57. Negahdari, R.; Ghavimi, M.; Ghanizadeh, M.; Bohlouli, S. Active tactile sensibility of three-unit implant-supported FPDs versus
natural dentition. J. Clin. Exp. Dent. 2019, 11, 636–641. [CrossRef] [PubMed]

58. Anastacio, T.H.; de Moraes, N.B.; de Moraes, E.J.; Quinelato, V.; Calasans-Maia, J.A.; Martins, C.C.; Aguiar, T.; Machado, A.N.;
Casado, P.L. Analysis of Active Oral Tactile Sensitivity in Individuals with Complete Natural Dentition. J. Contemp. Dent. Pract.
2021, 22, 268–272. [CrossRef]

59. González-Gil, D.; Dib-Zaitum, A.; Flores-Fraile, J.; López-Marcos, J. Importance of osseoperception and tactile sensibility during
masticatory function in different prosthetic rehabilitations: A review. Medicina (Kaunas) 2022, 58, 92. [CrossRef]

60. González-Gil, D.; Flores-Fraile, J.; López-Marcos, J. Tactile Sensibility Thresholds in Implant Prosthesis, Complete Dentures and
Natural Dentition: Review about Their Value in Literature. Medicina (Kaunas) 2022, 58, 501. [CrossRef]

http://doi.org/10.1007/s00784-013-1174-1
http://doi.org/10.1097/00008505-199600510-00032
http://doi.org/10.1034/j.1600-0501.1996.070209.x
http://www.ncbi.nlm.nih.gov/pubmed/9002834
http://doi.org/10.3390/ma14164644
http://www.ncbi.nlm.nih.gov/pubmed/34443165
http://doi.org/10.1016/j.prosdent.2003.10.015
http://doi.org/10.1111/j.1600-0501.2006.01321.x
http://doi.org/10.1007/s00784-009-0348-3
http://doi.org/10.1111/j.1708-8208.2009.00252.x
http://www.ncbi.nlm.nih.gov/pubmed/20030674
http://doi.org/10.1111/cid.12053
http://doi.org/10.11607/jomi.4515
http://www.ncbi.nlm.nih.gov/pubmed/29140378
http://doi.org/10.1111/j.1600-0501.2008.01529.x
http://www.ncbi.nlm.nih.gov/pubmed/18422982
http://doi.org/10.1111/j.1600-0501.2011.02213.x
http://doi.org/10.1155/2017/5138950
http://www.ncbi.nlm.nih.gov/pubmed/28702055
http://doi.org/10.4317/jced.55748
http://www.ncbi.nlm.nih.gov/pubmed/31516662
http://doi.org/10.5005/jp-journals-10024-3069
http://doi.org/10.3390/medicina58010092
http://doi.org/10.3390/medicina58040501

	Introduction 
	Materials and Methods 
	Study Design 
	Inclusion Criteria 
	Exlusion Criteria 
	Variables 
	Resources 

	Results 
	Discussion 
	Conclusions 
	References

