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Abstract 
Background: Splinting of the implants might improve the active tactile sensibility (ATS) of the pontic area due to 
cumulative effect of Osseo perception of two retainers; on the other hand, due to the lack of any supporting implant 
in the axis of occlusal force for the pontic area, ATS might be lower for this portion of FPDs. we evaluated the 
active tactile sensibility of natural teeth and three-unit implant-supported FPDs.
Material and Methods: The ATS of posterior 3-unit implant-supported FPD and contralateral teeth was measured 
in 50 patients, in a random order blinded to patients and assessor, carried out at two sessions. Based on the experi-
mental range of 0 to 70 um, the sigmoid shape of psychometric curve was estimated to locate the 50% values as the 
ATS thresholds for each tooth or implant. Data were analyzed using unpaired t-tests.
Results: The ATS of the teeth and implants differed significantly and compared to teeth, implants exhibited signi-
ficantly higher ATS thresholds in all the groups. The results of independent t-test showed the highest difference in 
the means of ATS between the pontic and the first molar tooth. Based on the equivalence testing approach, the 95% 
CIs indicated that the differences were clinically significant only in the Pontic/First Molar group.
Conclusions: In multi-unit implant-supported prostheses the tactile perception of the prosthesis that are placed on 
fixtures is similar to the natural teeth. In pontic areas there are significant statistical and clinical differences, with 
much lower tactile sensibility in pontics compared to the natural teeth.
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Introduction
The periodontal ligament sends tactile stimuli to the 
central nervous system (CNS) via its mechanoreceptors. 
These receptors exhibit sensitivity to direction and mag-
nitude of loads applied and mediate the adaptation of 
centrally generated biting and chewing patterns by trans-
mission of afferent information on the magnitude and 
direction of occlusal load (1). When an implant replaces 
a natural tooth, the periodontal ligament disappears; the-
refore, the periodontal ligament proprioceptive function 
cannot mediate sensorimotor regulation of masticatory 
functions (2). 
However, a phenomenon referred to as Osseo percep-
tion is an important step toward functional and physio-
logic integration of implants into the masticatory system 
(3,4). It has been proposed that Osseo perception might 
be induced by mechanoreceptors in the remote nerve 
endings, periradicular tissues of the antagonist teeth, 
cortical synaptic remodeling in the brain, or possibly 
from the innervation of peri-implant tissues (3-5). This 
reconstruction of the sensory-motor function which is 
mediated by the implant might help achieve a more na-
tural oral function, yielding important clinical outcomes 
(6). A highly sensible implant night result in the reco-
very of proper sensory-motor control mechanisms, im-
proving masticatory efficacy, inhibitory reflex responses 
in masticatory muscles (preventing traumatic occlusion) 
and sensory discriminative potentials, thus decreasing 
the risk of overloading the implants and remaining natu-
ral teeth (3,7,8).
Several studies have evaluated the tactile sensibility 
of dental implants and most of them have used passi-
ve assessment of tactile sensibility which applies cer-
tain loads on implants (5,9-13). Active tactile sensibility 
evaluation, however, results in better simulation which 
actually happens in clinical conditions (3). Passive tacti-
le perception is carried out by the application of certain 
loads on tooth/implant and records minimum detectable 
force by patient. Active tactile sensibility is measured by 
placing foreign bodies between tooth/implant and recor-
ding the minimum detectable thickness (3,5).
A meta-analysis by Higaki et al. showed that the tacti-
le sensibility of an implant was significantly lower than 
that of a natural tooth (higher foil-thickness discrimina-
tion) (14). In all the studies on this issue, tactile sen-
sibility was compared between teeth/implant-supported 
single-unit or implant/tissue-supported removable pros-
thesis (4,5,9-13,15,16). In a previous study, we explored 
the difference between the ATS of a natural tooth and 
single-unit implant-supported crowns in a split-mouth 
pattern. The results indicated that the tactile sensibility 
of natural teeth was higher than the implants (4). 
In the implant-supported FPDs, implants are splinted 
together with the pontic area between them; the ATS of 
the pontic area might be higher or lower than that of the 

retainers. Splinting of the implants might improve the 
ATS of the pontic area due to cumulative effect of Os-
seo perception of two retainers; on the other hand, due 
to the lack of any supporting implant in the axis of oc-
clusal force for the pontic area, ATS might be lower for 
this portion of FPDs. To clarify this, as continuation of 
the previous study (4) and regarding the fact that tactile 
sensation of multi-unit implant-supported FPDs has not 
been studied yet, in this study we evaluated the active 
tactile sensibility of natural teeth and three-unit im-
plant-supported FPDs.

Material and Methods
-Study design and patients
This split-mouth, double-blind, randomized clinical trial 
was performed on 50 patients with 50 posterior 3-unit 
implant-supported FPD with second premolar and se-
cond molar implant retainers (2013‒2015). The  inclu-
sion criteria consisted of patients’ willingness to parti-
cipate, a proper occlusion of a 3-unit implant-supported 
FDP with a porcelain fused-to-metal crown and its anta-
gonist teeth on one side and occlusion of the correspon-
ding pair of antagonist natural teeth (second premolar, 
first and second molar) on the contralateral side, a mi-
nimum of 6 months of successful implant function in a 
competent occlusion based on clinical and radiographic 
examinations, and absence of any root canal treatments, 
coronal restorations, or any pathologic mobility of the 
natural teeth, any bone loss around the teeth, and any 
evidence of malocclusion, any premature or open in-
terocclusal contacts, as well as any signs/symptoms of 
TMJ disorders. Five subjects were excluded from the 
study due to insufficient compliance or lack of stable 
occlusal contacts. Ninety implants used in this trial were 
of ITI Bone fit implants (Strauman GmbH, Freiburg, 
Germany). 
-Ethical Approvals
The protocol of the study was approved by the internal 
review board of the university in accordance with the 
Declaration of Helsinki, and signed written consents 
were taken from the patients prior to the study.
-Data collection
Despite the fact that the protocol of the study was explai-
ned to the patients in detail, the aim of the study was not 
described in order to prevent a bias in their responses. 
Both the patient and operator were unaware of the aims 
of the study to avoid the reporting bias (double-blind). 
The subjects were instructed to avoid eating or chewing 
1 hour prior to the study (17). The patients were sea-
ted in a semi-supine position on a dental unit in a quiet 
room, wearing eye-pads (6). They were asked to close 
their eyes during the experiments. Proper and stable 
occlusal contacts on the involved teeth and prostheses 
were confirmed by examining with a 15-um thin articu-
lation band (Arti-Foil, Bausch KG, Cologne, Germany) 
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in maximum intercuspation. The occlusal contacts were 
initially marked with the articulating paper (Arti-Foil, 
Bausch GmbH, Germany). Industrially manufactured 
24-karat gold foils were used (Mitotoyo, Japan), which 
measured 20 to 70 um in thickness, 3 mm in width and 
3 mm in length. They were held by a needle holder. Be-
fore asking each patient to bite on the foil, the foil was 
molded on the marked occlusal surface of the mandi-
bular tooth/prosthesis. Therefore, after each experiment, 
it was distorted and disposed of. The thickness of each 
foil was tested 5 times for two retainers and pontic area 
separately, based on a computer-generated random order 
unknown to the observer and the patient. The subjects 
were instructed to report the presence or absence of the 
foil after occluding. Both the implant and control sides 
were examined.
In order to include the 0-um foil thickness in the model, 
and exclude response bias/patient guessing, there was a 
mock trial in each row during the examination of each 
side (five trials per each tooth at each session). The pa-
tients had been informed of this before the study proce-
dures began.
Subjects claiming to sense a placebo (null) foil on both 
sides were to be excluded and no subject met this exclu-
sion criterion. Patient response to the placebo trials (0-
um thickness) were also used in estimating the psycho-
metric curve. The tests were repeated for each patient 
after at least 1 week.
Estimation of ATS by drawing the psychometric curve
Based on the responses provided by each patient on each 
side, to the range of 0‒70-um thicknesses, a sigmoid 
psychometric curve (fitted on the cumulative Weibull 
distribution) was computed for each tooth side in all the 
patients. Based on the estimated function of the psycho-
metric curve, the foil thickness at which the 50% value 
stood was located as the ATS threshold. The 50% values 
were recorded for each tooth and implant in each subject 
at each interval.
-Statistical analysis
Based on a pilot study on 10 subjects, the sample size 
was calculated at 50 implants and 50 teeth to obtain a 
test power of >0.90 (d = 8 um, SD = 8 um) at a 0.05 level 
of significance. The results of the pilot study were inclu-
ded in this research. Descriptive statistics were reported 
for the ATS thresholds (the 50% values) in all the sample 
at each session. There was a high rate of intra-observer 
agreement between the values obtained at the two inter-
vals (Cohen’s Kappa >0.92, P = 0.0001). Tactile percep-
tions (the 50% values) of the teeth were compared with 
the ATS values of the implants using unpaired samples 
t-test. Statistical significance was set at 0.05.
-Equivalence testing 
In order to investigate the clinical significance semi-ob-
jectively, 95% confidence intervals (CIs) were calcula-
ted for ATS differences between the teeth and implants. 

The CIs were compared with an 8-um thickness as the 
margin of clinical equivalence, similar to studies by 
Enkling et al. (5,15). Only when both CI bounds were 
simultaneously below and beyond the range of -8 to 8 
um, it could be certainly inferred (at 95% CI) that the 
difference between the tooth and implant varied from 
this margin and therefore might be clinically significant. 
Otherwise, the result would be inconclusive in terms of 
practical significance.

Results
Fifty patients with 50 posterior 3-unit implant-supported 
FPD with second premolar and second molar implant 
retainers were evaluated in this study and none was 
excluded due to falsely reporting perception of mock 
trials on both sides. Five subjects were excluded from 
the study due to insufficient compliance or lack of stable 
occlusal contacts. The results indicated that the ATS of 
the teeth and implants differed significantly and com-
pared to teeth, implants exhibited significantly higher 
ATS thresholds in all the groups. In addition, the results 
of independent t-test showed the highest difference in 
the means of ATS between the pontic and the first molar 
tooth and the minimum difference between the anterior 
retainer of the implant and the second premolar tooth 
(Table 1).
Based on the equivalence testing approach, the 95% CIs 
indicated that the differences were not clinically signi-
ficant in any of the groups except for the Pontic/First 
Molar group (Table 2).

Discussion
Elimination of PDL proprioceptive fibers during tooth 
extraction(6, 18) compromises sensory-motor control 
mechanisms. Rehabilitation of the sensory-motor inte-
raction with the use of implants might help achieve a 
more natural oral function, with important clinical out-
comes (6). A properly tactile-sensible implant is condu-
cive to appropriate sensory-motor control, improving 
masticatory efficacy, inhibitory reflex responses in mas-
ticatory muscles to prevent traumatic occlusion, and sen-
sory discriminative potentials; therefore, it can decrease 
the risk of overloading the remaining teeth and implants 
(3,7,8). Therefore, it is very important to assess the abili-
ty of implants to discern fine tactile stimuli and since the 
tactile sensation of multi-unit implant-supported FPDs 
has not been evaluated yet, this study was undertaken 
to evaluate the active tactile sensibility of natural tee-
th and three-unit implant-supported FPDs. Of the three 
studies that have compared implant and tooth ATS, one 
reported statistical significance only (8), while two used 
only the clinical significance with the equivalence tes-
ting approach, not the hypothesis testing (5,15). In this 
study both methods were used to improve the capacity 
to compare the results.
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95% CI(um)CV (%)SDMean(um)subgroupsIntervalGroup

31.2427.8719.025.6229.56Ant. Retainer1 stImplant

41.2838.2812.564.9939.78pontic

34.6631.5715.545.1433.11Pos. Retainer

30.1326.7619.775.6228.44Ant. Retainer2 nd

40.4937.2913.685.3238.89pontic

33.930.5417.375.632.22Pos. Retainer

27.9524.4921.955.7626.22Second Premolar1 stTooth

23.6420.8121.214.7122.22First Molar

28.7625.4620.245.4927.11Second Molar

26.4322.9023.835.8824.67Second Premolar2 nd

24.1621.1821.864.9522.67First Molar

28.8225.8418.134.9527.33Second Molar

Table 1: Active Tactile Sensibility Thresholds for the Implants and Teeth.

95% CI(um)P valueSDMean(um)Subgroups Interval
5.720.950.0071.193.33Ant. Retainer/ Second Premolar1 st
19.5915.52<0.0011.0217.56Pontic/ First Molar
8.233.77<0.0011.126Pos. Retainer/Second Molar
6.191.370.0021.213.78Ant. Retainer/ Second Premolar2 nd

18.3814.07<0.0011.0816.22Pontic/ First Molar
7.102.67<0.0011.114.89Pos. Retainer/Second Molar

Table 2: Active Tactile Sensibility Differences  between the Implants and Teeth.

The results of this study showed that compared to na-
tural teeth, implants exhibited significantly higher ATS 
thresholds in all the groups.
Such difference in the mean ATS of the pontic and the 
first molar tooth was statistically and clinically signifi-
cant. However, despite the statistically significant diffe-
rence between the mean ATS of the anterior and poste-
rior implant abutment teeth and the second premolar and 
second molar, the difference was not clinically signifi-
cant. Different studies have reported an ATS threshold 
3‒6 times that of natural teeth for implants (3,6,7,19). 
On the other hand, some researchers have reported ATS 
values of 50‒100 µm for implants (19,20). However, al-
though the sensibility of implants is much lower than 
that of natural teeth, dental implants have succeeded in 
satisfying patients in this respect (11,19).
Similar to the results of present study, Batista et al. have 
reported a significant but minor difference in the dis-
criminative ability between the teeth and implant(21). 
Enkling et al., too, reported an approximate difference 
of 2-3 µm and concluded that the tactile sensibility of 
single-unit implants is comparable to that of natural tee-
th (3). 

In a study by Kazemi et al., too, despite a minor statis-
tical difference, there was no clinical difference in ATS 
between the natural teeth and single-unit implants. In 
that study the ATS threshold in single-unit dental im-
plants was higher than that in natural teeth (4). In an 
animal study, Ysander et al. showed that implant mate-
rials are surrounded by the nerve fibers remaining from 
the periodontal tissues of the extracted tooth at implant‒
bone interface (22). However, since the density of these 
nerve fibers decrease around the dental implants with an 
increase in bone contact rate, it is expected that there 
will be a different tactile perception around the implants 
with a change in bone apposition rate in different areas 
of the jaw (22). This might explain why differences in 
tactile perception are reported in different areas of the 
jaws, with a significant difference in tactile perception at 
pontics, where there is no contact with bone.
In another study, Griezni et al. compared the passive 
tactile sensibility of dental implants and natural teeth 
and concluded that to achieve touch sensation in den-
tal implants, it is necessary to apply a greater force (9). 
Such a difference between active and passive thresholds 
might be attributed to several different receptor groups 
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that respond to active testing while the passive methods 
selectively stimulate periodontal ligament receptors (6).
Although similar to the present study, several studies 
have shown ATS values similar to natural teeth in im-
plant-supported prostheses that are placed on fixtures 
and are directly related to the jaw bone, in the present 
study lower ATS values were reported in the pontic 
areas of implant-supported prostheses. Therefore, it is 
very important to adjust the occlusal relationships of im-
plant-supported prostheses in the pontic areas because 
some occlusal interferences in the pontic areas of im-
plant-supported prostheses that are at a low level relati-
ve to the ATS of the areas will not be perceived by the 
patients and relying on the patient’s tactile perception 
during occlusal adjustment will possibly result in occlu-
sal overload and problems resulting from it. It appears 
during the process of occlusal adjustment of implant-su-
pported prostheses it is more logical to evaluate objec-
tive evidence and rely on the clinical judgment of the 
dentist, rather than the patient’s tactile perception. On 
the other hand, based on the results of the present study, 
it is necessary to include a greater number of implants 
in the treatment plan and decrease the number of pontic 
in order to increase the patients’ tactile perceptions and 
their satisfaction in implant-supported prostheses.
-Limitations and strengths 
This study was limited by some factors. One limitation 
was the difficulty of standardization of the intensity of 
static occlusal contact in the oral cavity, which proved 
impossible. Nevertheless, the intra-individual compa-
rison in this study decreased the impact of this factor. 
Some factors increased the reliability of the findings. 
Unlike previous studies, low-hardness gold foils were 
used in this study, which were easily adjusted. Therefo-
re, they could be burnished and might been less likely to 
click in ears through bones. Enkling et al. (3,5,19) mas-
ked this click sound by transmitting high-pitched noises 
into the patients’ ears. Although this method succeeded 
in eliminating the sound of biting on the foils, it might 
have in turn served as a strong distractor and confounder 
(6), making the patients lethargic or decreasing their fo-
cus on tactile perception and the commands. 
This study was the first study to adjust the foils on the 
occlusal surface before biting. Use of unadjustable foils 
does not guarantee a cusp-to-fossa contact; therefore, it 
cannot represent mouth closure in maximum intercus-
pation. In addition, proper occlusal contacts were asses-
sed on both sides in this study as an inclusion criterion, 
which was used in only one previous study on teeth but 
not on implants (19). Furthermore, foil temperature was 
controlled at 25°C in this study because it might affect 
the tactile sensitivity via influencing pulp receptors (20). 
Furthermore, burnishing the foil on the tooth increased 
its temperature to a level higher than the oral cavity tem-
perature (3,5,15,19). Enkling et al. instructed patients 

to operate the right and left mouse keys to signal the 
response, which required some manual skills and intelli-
gence (5,15,19). However, in the present study, the pa-
tients were asked to report the sense of contact by raising 
a hand, which proved more convenient and less con-
fusing. Based on a previous study, the 50% value was 
found in this research for each tooth or implant using 
the psychometric function based on patient answers, as 
the most reproducible method (3), instead of finding the 
thinnest detectable foil or the 80% value. Another ad-
vantage was the split-mouth design of this study because 
it was possible to eliminate a high rate of inter-indivi-
dual variations. An important consideration in clinical 
significance is the subjective nature of the subject. We 
tried to integrate it with the semi-objective method of 
equivalence testing by adopting an objective threshold 
from previous studies (5,15). In this context, Enkling et 
al. (3,5,15,19) considered a minimum thickness detecta-
ble, below which no subjects were able to feel the foils. 
However, this minimum limit employs the abilities of 
subjects with the best perception capacity, ignoring less 
precise sensitivities. Therefore, in future studies the mean 
thickness of the thinnest foils felt by different subjects 
should be used. Consistent with studies by Enkling et al. 
(3,5,15,19), and contrary to some other studies (21), we 
applied the foils in a random manner to prevent patients’ 
learning that might have led to false positive responses 
in detecting very thin foils. Both the patient and opera-
tor were unaware of the aims of the study to avoid the 
reporting bias. Moreover, contrary to previous studies, 
in this study, each patient was examined twice at two in-
tervals to decrease the effect of psychophysical status on 
the responses provided and promote the generalizability 
of the results. Carrying out the study procedures in two 
sessions, and the smaller number of test foils at each trial 
made each session as brief as possible (20-30 minutes 
in this study versus about 2 hours in another study) (5). 
This helped maintain patient focus and concentration 
during the test. Another advantage of this design compa-
red to other studies (3,5,15,19,21) was that the subjects 
had been asked to avoid chewing on gums or foods be-
fore examinations in order to eliminate the possibility 
of receptor numbness (17). A large sample size, various 
types/brands of implants with different surface types and 
testing on different sites/genders can help promote the 
generalizability of the findings. However, no implants 
with machined or very rough surfaces were included, 
limiting the generalizability to rough surfaces. Some in-
vestigators have used smaller (21) or larger sample sizes 
(3,5,15,19). Only two of these sample sizes were deter-
mined based on power calculations to obtain a power of 
≥0.8) (5,15). Although our sample size was smaller (n = 
50 teeth and 50 implants), considering the high power of 
the study (>0.95) and exclusion of inter-individual va-
riations, its size seemed sufficient. In this context, very 
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large sample sizes and very high powers might increase 
false positive responses and should be avoided as far as 
possible. It is advisable to compare pairs of occluding 
teeth with occluding antagonist implants, rather than 
implant-tooth pairs, to decrease the role of remaining 
PDL on the implant-tooth side, which is considered a 
confounding factor. However, it is very difficult to find 
such patients, and this has not been possible in any of 
the previous studies, either. Furthermore, the results of 
this study clearly showed that even despite the partial 
presence of PDL, significant decreases in the ATS were 
detected. The significant results, very low variations, 
and the high intra-observer agreement confirm the suffi-
cient power and proper control over the confounders in 
the present study.

Conclusions
In multi-unit implant-supported prostheses the tactile 
perception is almost similar to that of the natural teeth in 
areas of the prosthesis that are placed on fixtures, when 
there is a direct relationship with the jaw bone; however, 
in pontic areas there are significant statistical and cli-
nical differences, with much lower tactile sensibility in 
pontics compared to the natural teeth.
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