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ABSTRACT

Oral haptic perception (OHP) is a potential clinical tool for diagnostic/therapeutic procedures in
medical (endoscopy/intubation) and dental (oral appliances/prosthesis) science. This study was
aimed to evaluate the influence of age and tooth loss on OHP scores and the response time (RT)
alongwith the impact of denture wearing on the same. The study was conducted on 120 adult
subjects, distributed in two groups, Group A [Dentulous (D)] (n=40) and Group B [Edentulous
(E)] (n=80). Each group was further divided into subgroups [Group Al (20-30 yrs), Group A2
(60-70 yrs), Group B1 (No dentures), B2 (maxillary denture), B3 (mandibular denture) and B4
(both dentures)]. Six acrylic specimens (circle, semicircle, ellipse, square, rectangle and triangle)
in two different sizes were identified by the patient using oral cavity to quantify an OHP score.
Unpaired “t” test was used to compare the means while one way ANOVA (F-test) judged the
significance of the different p values. The OHP was found to decrease with age [46.05(20-30
yrs) vs 42.2 (60-70 yrs)] and tooth loss [42.2 (D) vs 24.95 (E) while RT was found to increase as
one ages [66.6 (20-30 yrs) vs 277.45 (60-70 yrs) and with loss of tooth [277.45 (D) vs 372.4
(E)]. While the differences for the OHP scores were statistically significant at different levels of
p values, the scores of RT were significantly different for only group. OHP scores improved with
wearing of both dentures (33.7) as compared to remaining edentulous (24.95). Sensory
capabilities of the oral cavity vary with individuals, age and the presence of teeth/dentures.
Determination of OHP can predict difficulties to be encountered in diagnostic/therapeutic
procedures like endoscopy/intubation/ denture wearing.
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Introduction

Oral sensory capability (stereognosis / haptic perception / tactile gnosis) and associated response
time (RT) of an individual can have both diagnostic and prognostic value in medical and dental
practice. Both can aid to predict the rapidity of adaptation by an individual to his new prosthesis,
which would allow the clinician to modify his treatment plan accordingly. Oral haptic perception
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(OHP) is the use of tactile discrimination to identify the shape of an object by means of manual
palpation (tongue and surrounding tissues), without the use of eyesight [1]. OHP is a protective
mechanism of oral cavity to identify objects that it may consider harmful. Increased or a
hypersensitive OHP capability complexed with a gag reflux at times acts as a deterrent in
introducing instruments/ tools associated with endotracheal intubation or endoscopic procedures.
Its significance to dentists is more clinically relevant where the patient is asked to wear an
appliance or a prosthesis for long term. Sensory abilities (visual, hearing, tactile and
chemosensory) of individuals diminishes with age [2]. Humans reach an optimum sensory
capacity by twenties, sustain the peak for several years and then decline varying individually [3].
OHP is also associated with masticatory efficiency as well as masticatory protection of an
individual [4],[5]. Decline of OHP is a significant factor linked to the masticatory disorder
especially those that lead to eating difficulties in older age [6]. Periodontal mechanoreceptors of
natural dentition play key role in sensory discrimination and control of jaw function. When teeth
are extracted, periodontal tissues break down, leaving some periodontal receptors within the
bone. The state of complete edentulism therefore lacks a significant source of tactile sensory
input to the brain [7]. OHP has been employed to evaluate the integrity of sensory feedback and
is used in the neurological evaluation of the central nervous system. It involves identification of
forms of objects without the aid of vision [3]. Oral recognition requires coordination between the
loci that collect sensed data and those that distinguish or perceive shapes. The science of OHP
has been studied in completely edentulous patients and has been related to denture satisfaction
[8].[9], food combination [10], shape perception [11], denture adaptation [12], denture success
[13], signs of aging [14] and masticatory performance [3],[15] with a complete denture
prosthesis. While a large number of studies have focussed on the stereognositic abilities in
elderly, very less studies have reported or compared OHP at different ages (young and old) and
differences between the natural dentition and artificial dentures. This study was objectively
aimed to analyze the OHP scores in young and old subjects, as well as influence of natural and
artificial dentition on OHP scores and associated RT. The study is intended to help in
understanding that why some young patients find it difficult to wear appliances like space
maintainers and why some prosthodontic patients take long time to adapt to the new dentures.
The study can also throw light on various difficulties involved in endotracheal intubation and
endoscopy procedures.

Methodology

Ethics: This in vivo study was conducted in the post graduate section of the department of
prosthodontics under the supervision of the college and the university ethical committee of a
recognized medical university in North India. All studies conducted are standardized by adhering
to the principles of ethics recommended in Helsinki Declaration. The sample studied was purely
North indian population who were the regular out patient department (OPD) patients. All
participants gave a written consent after being briefed about beneficience and the individuals
confidentiality.

Study design: This comparative, experimental clinical study was started in the first quarter of
year 2017 and completed in the second quarter of year 2018. The study was accomplished in
different stages. In the first stage a sample of 120 subjects were selected according to certain
study criteria. The second stage involved fabrication of test specimens for the study and
construction of standardized complete denture prosthesis for the completely edentulous subjects.
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The third stage included testing and data collection. Study design used both qualitiative and
quantitative approach to accomplish objectives.

Sample selection and grouping: The subjects participating in the study belonged to two age
ranges: 20 — 30 years (n=20) and 60 -70 years (n=100) [20 Dentulous (D) and 80 Edentulous
(E)]. General criteria for all subjects included no history of any congenital or systemic disease
(including dementia, depression or chronic drug use), no history of sensory impairment (visual,
hearing, tactile or chemosensory), tongue impairment (congenital or aquired), no history of
drug/alcohol use. Patients with philosphical mental attitude and cooperative nature were
prioritized. Dentulous subjects were chosen fulfilling the criteria for age (20-30 years and 60-70
years), full complement of permanent natural dentition with Class 1 molar and canine relations,
no history of any occlusal, temperomandibular joint or musculoskeltal disorders, no history of
orthodontic treatment and no history of trauma and endodontic treatment. Edentulous subjects
had to fulfill the criteria for age (60-70), no history of difficult extraction of natural teeth, no
history of traumatic loss of teeth, well formed completely edentulous residual alveolar ridges
(RAR) and were first time denture wearers. For fulfilling the requirement of efficiency,
representativeness, reliability and flexibility the sample size was calculated to be 40 patients in
GpA and 80 in GpB. The subjects were divided into two main groups, namely Group (Gp) A (D)
and Gp B (E). Each group was further divided into subgroups. In GpA, 20 subjects were divided
into GpAl (20-30 years) and GpA2 (60-70 years) depending upon the age. GpB had four
subgroups: Gp B1 (no prosthesis - control group), Gp B2 (single maxillary denture), Gp B3
(single mandibular denture) and Gp B4 (both dentures). Differences in OHP and RT were
obtained by comparing Gp A2 with Gp Al (both dentulous) and by comparing subgroups of B
with Gp A2 (same age) and between various subgroup of that group.

Preparing of the test specimens: Six different shapes (circle, ellipse, square, rectangle, triangle
and semicircle) in two different sizes (large - 12x12x3 mm, Small 8x8x2 mm) were prepared for
the study. The specimens were carved, finished and polished from hard wax (Bego,Wilhelm-
Herbst, Germany), following which they were used to form a mold. Using the compression
molding technique, [16] the final test specimens were obtained in heat cure denture base resin
(Dentine, Major, Moncalieri, Italy). A small hole (Imm) was drilled in all specimens so as to
hold a piece of thread (prevent accidental swallowing by the subject). All specimens were stored
in normal water at room temperature.

Construction of complete denture prosthesis: The complete denture treatment for the subjects in
Gp B was standardized in terms of total number of appointment (12/14 appointments), clinical
and laboratory procedures, prosthesis design, laboratory assistants and processing methods. All
patients were treated by postgraduates under a supervision of a two member team of experienced
prosthodontists (>8 years). Each prosthesis upon completion were evaluated by a separate team
of experienced prosthodontist (double blind) for prosthetic quality. Dissatisfactory prosthesis
were rejected and not included in the study. Patients were given instructions regarding the use
and maintenance of CD prosthesis.

Testing of the specimens: Random ordered specimen testing by the patients was done one month
after the patients last complaint during follow up was corrected. This was done to assure patients
complete adaptation to the prosthesis. Testing was performed in an isolated clinical setting
(sound proof) where there were minimum distracters. Instructions regarding the identification of
test specimens were given to the subjects without carrying any practice trial. This included
showing a picture of all test specimens to each subject before commencing the test. After
analyzing the shape of each test specimen with the tongue, the subjects had to point out the
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corresponding shape on a corresponding chart. Test pieces were sterilized by placing test pieces
in 2% glutaraldehyde (Cidex) for 15 minutes. A prevalidated scale (3 point) was used for
determining oral haptic perception (OHP) score. [17] The six different shape forms were grouped
into three pairs based on similarity of shape and were scored as 0 (Incorrect identification of
shape), 2 (Incorrect identification of shape within the same group) and 4 (Correct identification
of shape). [17] RT was set as the time between the subjects initiation of perception upon a signal
from the observer and the subject’s judgement at the completion of perception. The possible
range of OHP scores would be 0 (none correct) to 48 (all correct), thus higher scores meant
better OHP. For RT, the time was calculated in milliseconds with less time taken meaning better
RT.

Data Analysis

Collected data for each individuals OHP score and RT was reviewed, studied and coded
following which the entire data was analyzed using the statistical package of social science
(SPSS-25.0) software. Within both groups and subgroups, mean values, standard deviation (or
median with interquartile range) was calculated for both OHP score and RT. Unpaired “t” test
was used to compare the means between study groups and one way ANOVA (F-test) judged the
significance of the different values among each groups. Significance of differences between
various groups and subgroups was considered at various levels of p values that included the
range of P<0.05, P<0.01 and P<0.001.

Results

The OHP score of completely dentulous patients in Gp Al (20-30 yrs) was higher (m=46.05)
than the patient in Gp A2 (60-70 yrs) (m=42.2). There was also more than four times increase in
the RT between the two groups suggesting that both OHP score and RT is influenced by age.
When difference were compared between the two subgroups of completely dentulous patients,
both OHP score and RT were statistically significant at predetermined respective values (Table
1). Within the same age (60 -70 yrs), the OHP score was observed to decline from 42.2 to 24.9
when the transition takes place from dentulous to edentulous state while the RT increased from
277.45 to 372.4 with complete edentulism. The OHP score was observed to increase when a
person wore single maxillary complete denture (m=35.03) and both maxillary and mandibular
denture (m=33.7) while with mandibular denture there was not much increase in OHP score
(m=27.95). The differences between Gp B1 (No denture), Gp B2 (maxillary denture), Gp B3
(Mandibular denture) and Gp B4 (both dentures) to that of Gp A2 (completely dentulous, same
age) all showed statistically significant values at different levels of significance (Table 1).
Within the edentulous group there was statistically significant differences in OHP scores
between Gp B2 (Maxillary denture), Gp B4 (Mandibular denture) to that of Gp B1 (No denture).
The results show that the RT was more in patients of all the subgroups of Gp B (E) when
compared to the Gp A2 (D). However the differences for RT were only statistically significant
for Gp B1 (m=372.4) with Gp A2 (m=277.4) and that of Gp B4 (both dentures) with Gp A2 (D)
(Table 1). Among all the specimens tested, the elliptical (37%) specimens were found to be
identified more readily as compared to other specimens irrespective of the size (Graph 1).
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Table 1: Comparison of oral haptic perception (OHP) score and response time (RT)
between studied groups along with their relative significance (between and within groups)

Completely Dentulous | Completely Edentulous (Group B)

(Group A)
Parameters | Gp A1 | Gp A2 Gp B1 Gp B2 Gp B3 Gp B4
20-30 60-70 yrs Completely | Maxillary Mandibular Both
yrs (n=20) edentulous | denture denture dentures
(n=20) (n=20) (n=20) (n=20) (n=20)
OHP score | 46.05 + | 422 + 1122495 +|35.03+1.76(2795 + 178|337 +
1.67 ** | A+ Y 1.23 *** *xK Kokk 1.08 **’###
RT 66.65 * | 277.45 +|3724  +|3515+1.67 |363.25+1.87 |2928
1.88*** | 1.76 MV 1.92 1.76 *

n = number of patients , SD = Standard Deviation , OHP = oral haptic perception , RRT = reflex
response time

Data expressed as Mean + SD comparison of data between various groups as compared by
one- way ANOVA.

Signs for significance:

A Comparison with Gp Al

* Comparision with Gp A2

# Comparison with Gp B1

+ Comparison with group B2,

¥ Comparison with group B4

Level of significance: *P<0.05, **P<0.01, ***P<0.001, “* P < 0.001, *** P < 0.001, ** P<0.001,
M P<0.01, M P<0.001

Graph 1: Frequency distribution (%) of various shapes
successfully identified among all groups
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Discussions

This clinical study was performed on a group of 120 patients with dentulous patients acting as
control and edentulous patients acting as test group. The chief finding of the study are that the
OHP decreased with age [46.05(20-30 yrs) vs 42.2 (60-70 yrs)] and if teeth were lost [42.2 (D)
vs 24.95 (edentulous) as a result of which the RT was found to increase as one ages [66.6 (20-30
yrs) vs 277.45 (60-70 yrs) and if one looses teeth [277.45 (D) vs 372.4 (CE)]. Both parameters
showed variable differences that were statistically significant. Wearing of a complete denture
prosthesis improves the OHP [35.03- maxillary dentures, 33.7- both dentures] as compared to
remaining edentulous (24.95).

Aging and OHP: Age defines time and almost all living organisms deteriorate structurally and
functionally with time. Sensory proprioception of oral structures plays a major role in prosthesis
adaptation besides aiding many other oral diagnostic/therapeutic procedures in medical/dental
sciences. Various clinical applications include acceptance of orthodontic brackets, wires, elastic
bands, surgical wires for maxillofacial fractures and/or medical diagnostic procedures like
endoscopy, gastroscopy etc. Significant age changes in sensory mechanism are loss of neurons
and cellular interconnection, cerebral ischemia, dementia, depressive illnesses, decreased rate of
replacement of epithelial cells, decreased cell volume, density and decreased degree of mucosal
keratinisation [18-20]. Besides these changes, aging also brings oral mucosal thinning, loss of
elasticity and stippling, loss of papillae [21] and altered / deteriorated taste perception [22].
Changes in oral sensory function start taking place at a young age [23] and are affected by
medical and dental conditions [24]. Results of this study confirm higher OSA score in younger
dentulous individuals (Gp Al) than older dentulous individuals (Gp A2) which are in accordance
with various other studies [3],[7],[12],[13],[17],[23]. While our study was chiefly directed to
evaluate the influence of prosthesis in old age, the younger group was mandatory to determine
the age changes for OHP. The impact of age on OHP has been explained in relation to many
factors. Motor skills of the tongue and its masticatory performance decrease with increasing age.
The sensory inputs that are synthesized in the cortex needs to be compared with previous sensory
memories in order to permit identification of shapes. Since memory and cognition decline with
age in healthy people, [26] the resulting declining of OHP is understandable. Chief site for the
detection of a food particle or bolus is not between the teeth, but on the oral mucous membrane
[3], [27] and oral perception of size is a result of combination of sensory inputs from the tongue
and palate [(5],[28]. Results also indicate that young dentulous subjects responded more quickly
to identify test pieces than older subjects as oral sensory receptors decrease with age and spatial
acuity of the tongue also decreases with age. A study by Ikebe et al, however found higher oral
sterognostic scores in older dentate individuals and complete denture wearers than in younger
dentate subjects [29].

Among the various shapes, elliptical specimens were readily identified by the tongue (both small
and large) as compared to square which were most difficult. These findings are in agreement
with few studies [7], [13], while others have reported the circle to be identified readily by
subjects[3],[23]. These findings are important considerations while designing a prosthesis,
appliance or components of a medical diagnostic aid.

OHP and tooth loss: The OHP score within the completely edentulous group (Gp B)
demonstrated highest OHP scores in Gp (B2) (Maxillary denture) followed by Gp B4 (33.7) and
Gp B3 (27.9) with completely edentulous showing the least OHP score. All four subgroups
within group B (B1,B2,B3 and B4) had statistically significant differences when compared with
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the OHP score of Gp A2 (D). Within Gp B, significant differences were found for Gp B2, Gp B4
against the means score of Gp B1. These results suggest that tooth loss affects OHP score and
wearing of a maxillary denture or both dentures improves ones OHP, although maxillary denture
has a bigger role to play in restoring the OHP. While some authors have credited the tongue
being more responsible for OHP, [3] others have attributed more importance to the receptors of
the palate [30]. Tongue’s role in sensing the shape of the object seems to be more important than
input of palatal receptors. Placement of dentures may confine tongue within normal space which
in turn aids tongue in determining objects shape. The denture provides the surface against which
it can manipulate the outer boundaries of the object leading to recognizing the shape. These
results have been reported in other studies also [30], [31]. Patients with a higher OHP score
defines them as clinically sensitive, which renders these subjects to be less tolerant of minor
errors in dental prosthesis. Such patients have been reported to come with more post insertion
problems and consequently less satisfied with treatment during follow up[32]. Alrefaly et al [13]
has even related the mean stereognostic score with their subjective performance in relation to
retention and stability, mastication and speech with complete dentures.

RT is an indirect measure of the status of OHP. Our study shows, that the RT increased with age
and loss of teeth. However, the difference between two variables was not found to be statistically
significant except for the Gp B4 when compared to Gp A2. This is in agreement with various
other studies who have found increased time taken in older patients that subsequently decreased
with repetitions [17], [33].

Conclusion

This study concludes that oral haptic perception of an individual diminishes with age and loss of
permanent natural teeth. Determination of OHP score before any diagnostic /therapeutic oral
procedures can indicate the difficulties that will be encountered for that particular patient. Oral
perception of objects definitely improved if one wears a complete denture prosthesis. Since the
study is aimed to determine the relevance of diagnostic and therapeutic procedures and
treatment, all clinicians should ascertain their patients not to use their dentures or teeth to
determine various shapes during routine oral functions.

Limitations and Future Studies

The present study is based on an experimental, case control study done on a cross sectional
sample. Although such study designs have inherent flaws in drawing the cause and effect relation
between a dependent and independent variable, all efforts to minimize the effect of confounding
variables has been attempted in this study. Further studies are recommended to see if the positive
influence of OHP remains same after use of prosthesis for a long time. With passage of time,
there are internal changes in the denture foundation that alters functioning process of dentures.
Dentures may become loose and unstable. Whether, any impact on OHP is present needs to be
studied.
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