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Abstract The aim of the present study was to assess the
somatosensory function in the peri-implant soft tissues in
the anterior jaw bone by means of two psychophysical tests.
Light-touch sensation (LTS) and two-point discrimination
(2PD) were performed before, and at planned intervals until
18 months after the placement of one or two implants in the
anterior maxilla. The same tests were used on the
contralateral control sites. The psychophysical threshold

was determined by performing the staircase method. The
mean values and standard deviation of LTS and 2PD,
pooled over the four sessions at each test area, were
calculated. Despite a large intersubject variation in both the
LTS and 2PD, significantly high intra-individual correla-
tions were found (P<0.005). For LTS, the thresholds were
not significantly affected over time (P>0.05) on both
implant and control sites. The 2PD increased significantly
after surgery and maintained the higher discriminatory
sense for 1 year (P-value 0.005). The control sites remained
stable over time. However, no correlation was revealed
between LTS and 2PD perception (Pearson correlation test).
In this prospective study, no major differences between the
different sites and testing sessions were reported; except for
the 2PD thresholds which were lowered after implant
surgery. These findings suggest that the regenerated nerves
may be responsible for the increased 2PD sensitivity in the
peri-implant soft tissue. The unchanged LTS thresholds did
not allow confirming this hypothesis.
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Introduction

The control of oral motor behavior relies on a variety of
receptors such as the periodontal mechanoreceptors and the
intradental nociceptors [15]. Tooth loss will remove these
receptors and reduce the inputs to the brain. The feedback
pathway is considerably damaged [22]. After tooth loss, the
socket becomes filled by bone. Nerve endings and
mechanoreceptors are damaged and remaining nervous
tissue may no longer be stimulated and thus lead to nerve
degeneration [12] or nervous branches may start sprouting
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and simply provide innervation to some more distant
structures, like the overlying healed soft tissues [5]. The
remaining receptors in the gingiva, alveolar mucosa, and
periosteum may partly take over the exteroceptive function
[13]. Different types of mechanoreceptors were identified in
the oral mucosa. They include Meissner’s corpuscules,
glomerular endings, Merkel cells, Ruffini-like endings, and
free nerve endings. The mechanoreceptors in the denture-
bearing gingiva play a predominant role in trigeminal motor
control [11, 32]; however, dentures may only partially
restore jaw function [17]. When Tübingen implants were
used, teeth were more sensitive than implants at low forces
application but were equally sensitive at higher forces up to
1,400 cN [33, 34]. With oral implants, the sensory and
motor functions seem to improve but fail to reach the same
level of sensitivity as dentate subjects [7, 14, 18, 27, 28].
Hence, it remains uncertain whether this improvement can
be ascribed to ’osseoreceptors’ located in the periosteum or
within the bone marrow itself [39].

Oral implants are fixed into the jaw bone, but emerge
through the keratinized or alveolar mucosa. The peri-implant
junctional epithelium, including its neural components, is
similar to that of natural teeth [31].

Regenerative nerve fibers, invaded the superficial layer
of the peri-implant epithelium. These nerve fibers contain
substance P and possess free nerve endings. Their functions
might be a sensory system for pain, touch, and pressure
[43, 44].

Merkel cells are important in tactile function and they
are normally found in the oral mucosa and in the gingiva.
They seem to be absent in the hamster’s peri-implant
epithelium mucosa [43] but were found in the peri-implant
mucosa in humans [31]. Indeed, histological findings report
an increased innervation in the peri-implant epithelium after
implant placement [44]. Their presence in the periosteum
has not been described in the literature [30].

From the current evidence, it remains unclear whether an
altered innervation (from periodontal to peri-implant) may
have changed the tactile function of implant-rehabilitated
sites. To elucidate this question, psychophysical methods can
be used. These are non-invasive and well-defined techni-
ques. They allow to relate the physiological functions of the
receptors to the subjective experience of the subject [17].

The objectives of this prospective study were to assess
the sensory tactile function in peri-implant soft tissue and to
investigate if changes in the sensory tactile function
occurred over time.

To reach this goal, tactile thresholds of the keratinized
and/or alveolar mucosa surrounding oral implants in
patients were determined and compared to the contralateral
dentate site: (a) before implant placement ; (b) after implant
placement but before implant loading; (c) after prosthetic
rehabilitation to detect if any change occurs over time.

Materials and methods

Subjects

Nine dentate adults (ages 19–32 years), three males (five
implants) and six females (seven implants) were selected
based on their dental status. Subjects included had a
complete natural dentition with the exception of one or
two teeth missing in the anterior region of the maxilla
(incisor teeth). These patients had to be rehabilitated with
osseointegrated implants (Table 1). The implant insertion
was made by the same operator at modum Brånemark. The
implants healed under the closed mucosa during a period of
3 to 5 months. The abutments were mounted on the
implants 1 month after the second surgery time.

None of the subjects had a history of any neurologic
disorder or periodontitis or dysesthesia in the oral cavity.
Informed consent was obtained from each participant prior
to investigation. Two sensory tests, including light-touch
sensation and two-point discrimination were used to
determine the passive threshold (without any physical
action of the subject). The subjects were asked to report
the presence of the object, as soon as it was perceived.

The four consecutive measurements were performed
over a period of 18 months: in each subject, one implant
was stimulated while the tissues surrounding the contralateral
natural tooth served as a control.

The patients were tested in a quiet room with stable
illumination while seated comfortably in a dental chair. A
protocol form of all testing procedures was presented and
explained to the subject before the actual test, the probes
were shown to the subject to alleviate his or her
apprehension regarding the testing procedure. All the tests
were performed at the buccal site of the keratinized or
alveolar mucosa in the anterior maxilla for both right and
left sides. The subjects were instructed to close their eyes
during the whole testing procedure.

Tactile detection threshold or light-touch sensation

The tests were performed by using von Frey filaments
(Bioseb™, Chaville, France). This device consists of 20
monofilaments, all of constant length but having a stepwise
progression of diameters. Each monofilament is labeled
with a number that represents the log10 of the force (mg)
required to cause the filament to bend (Fig. 1). The number
of the filaments (1.65–6.65) corresponds to a logarithmic
function of the equivalent forces of 0.008–300 g, according
to the manufacturer.

When the tip of a fiber of given length and diameter was
pressed against the tested area at right angles, the force of
application increased as long as the researcher continued to
advance the probe, until the fiber bent. After bending,
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continuous probe advancing may induce more bending, but
not more force of application which made it possible to
apply a reproducible force, within a wide tolerance, to the
tested surface.

The filament should not be allowed to slip but must
remain pinned to the gingiva at the point of initial contact.
The force is continuously applied for 1 s and then removed
(Fig. 2). The subjects were instructed to respond “yes” (i.e.,
contact was felt during the stimulation) or “no” (i.e., contact
was not felt during the stimulation).

The threshold calculation was determined by performing
the psychophysical staircase method [9]. A first filament is
applied. If the subject reports a negative answer (does not
detect a pressure) a filament with a larger diameter is used

and applied with increasing intensity until the subject reacts
then the pressure is immediately increased by using a larger
filament. This procedure continued until eight minimum
values were recorded and the threshold was calculated as
the average of these values. Fake stimuli—which means
approaching the subject with a probe but turning the probe
slightly so that no contact with the tissue was achieved—
were applied after peaks 5 and 11 as false positives. These
may have occurred when the subject detected the movement
of the examiner’s hand as it approached with the probe. If
the subject did not report a sensation during the blank

Fig. 1 The relation between the filament number and the force (g)
developed by the filament bending is reported in this graph provided
by the manufacturer (Bioseb™, Chaville, France): the filament
number represents log10 of the force (mg) required to cause the
filament to bend

Fig. 2 The use of the light-touch sensation instrument (Von Frey
Filament, Bioseb™, Chaville, France): a the filament was applied on
the tested area at right angles, b the filament was pressed until the
fiber bent

Table 1 Threshold changes for LTS from initial to follow-up examination at the implant and control sites for all subjects

Test type Implant site Control site

Before
implant

Abutment
placement

6months 12months Before
implant

Abutment
placement

6months 12months

Light-touch sensation Filament number 4.18 4.48 4.07 4.22 4.47 4.35 4.45 4.30

4.27 4.14 4.30 4.13 4.18 4.15 4.17 4.16

3.70 4.10 4.31 4.09 3.65 4.48 4.41 4.17

3.76 3.36 3.31 3.28 3.40 3.41 3.45 3.09

3.87 3.80 3.89 3.79 3.52 3.50 3.68 3.73

4.26 4.44 4.31 4.02 3.52 3.50 3.68 3.73

3.47 3.48 3.75 3.45 3.20 3.17 3.32 3.35

3.32 3.12 3.72 3.76 3.69 3.60 3.71 3.72

4.09 4.06 4.05 3.87 3.86 3.85 3.71 3.80

3.72 3.81 3.80 3.69 3.21 3.56 3.29 3.53

Mean 3.86 3.88 3.95 3.83 3.67 3.76 3.79 3.76

Std 0.33 0.45 0.32 0.30 0.41 0.44 0.42 0.38

Min 3.32 3.12 3.31 3.28 3.20 3.17 3.29 3.09

Max 4.27 4.48 4.31 4.22 4.47 4.48 4.45 4.30

LTS light-touch sensation, mean mean value of von Frey hair, std standard deviation value, min minimum value of von Frey hair, max maximum
value of von Frey hair
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stimuli, the test was continued. If he did, the test was
discontinued and the subject was questioned about what kind
of stimulus he had perceived. The whole procedure was
explained again and the test was restarted later. The
stimulation sessions were interleaved with periods of rest
of 5 min to avoid fatigue.

The tactile spatial acuity thresholds or two-point
discrimination thresholds

Two-point discrimination thresholds can be done with
ordinary dividers. When the closed dividers touched the
skin, the perception is of being touched with only a single
point. As the dividers are opened more and more on
successive applications to the skin, at a certain distance, the
perception is of being touched at two points. This test was
performed using a dedicated custom-made device [19]. A
tip made by a 1.5-mm diameter wire was connected to a
hinge handle of a constant force periodontal probe
(Brodontic™, Prima, Byfleet, UK), which can apply a
constant 25 N force to oral tissue surfaces. Fifteen plastic
disks were made by self-curing acrylic resin in which two
wires were embedded at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14,
16, 18, 20 mm). Each wire was sphere-shaped at the end.
This test was performed very carefully to make sure that
these two points simultaneously contacted the tissue surface
about 2 s, although one of these two points might touch
prior to another (Fig. 3). In order to convince the subjects
that the sensation of one or two points was possible they
were demonstrated that either one or two points would be in
contact with the alveolar mucosa. In fact, only the blank
stimuli were tested with one probe. All other stimuli
involved two simultaneous contacts. The staircase method
was also used to evaluate the two-point discrimination.
When the subjects answered ‘two points’, it was marked as
‘+’. The next application was a disk with a narrower
interprobe distance. This procedure was repeated until
subjects answered ‘one point’, which was marked as ‘−’.

Subsequently, a series with increasing distance was applied.
When eight maximum and eight minimum values were
recorded, the average threshold was calculated. Two extra
blank stimuli were applied after peaks 5 and 11. This means
that only one point of the probes made contact with the
mucosa. If the subject answered correctly (‘one point’) the
test could be continued. Otherwise, the test was stopped
and the subject would be thoroughly reinformed about the
experimental procedure. The average of these values was
calculated.

Data and statistical analysis

Descriptive statistics were used to summarize all measure-
ments. Pressure sensitivity thresholds, did not require log
transformation, since monofilament numbers already corre-
spond to log-force in milligrams. The mean values and
standard deviation of LTS and 2PD pooled over the four
sessions, at each test area, were calculated. Since the same
subjects were submitted to repeated measures, Friedman’s
ANOVA with two independent variables (time and person)
was performed. It assessed their independent effect concur-
rently, and determined whether they interact with respect to
their effect on the threshold. After obtaining a significant
ANOVA test, the multiple-comparison Scheffe’s test was
performed. It was used for all possible paired comparisons
(e.g., 2PD before implant placement and 2PD at abutment
connection) to determine which time periods were signifi-
cantly different from each other. The evaluation of threshold
as a function of time at implant and control sites, at the four
testing sessions, was performed using the Wilcoxon signed-
rank test. This test was used to compare thresholds between
the implant and control at matching sites, and to test their
stability between sites. Its use is limited to the comparison of
two groups at a time. Finally, the Pearson’s correlation
coefficient was used to evaluate the relationship between the
LTS and the 2PD tests among the different sites, for each
subject. It measured the tendency of the variables to increase
or decrease together. A level of significance of 0.05 was
chosen for all the statistical tests.

Results

Characteristics of subjects

Out of the nine enrolled patients, eight were seen at all
control visits. One patient (female, two implants) was lost
to follow-up because she moved abroad after the prosthetic
rehabilitation. All subjects reported perceived sensitivity to
tactile stimuli. None of the subjects reported areas in which
very light tactile-stimuli-produced pain.

Fig. 3 The two-point discrimination instrument was applied on the
tested area for 2 s then removed
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Tactile detection threshold

The measurement of the threshold of the light-touch
sensation on both implant and control sites, before implant
placement, at abutment connection, 6 and 12 months after
prosthetic rehabilitation are shown in Table 1 (Fig. 4).

The results were reported using the logarithmic value of the
LTS thresholds; but for the statistical analysis, the LTS
threshold values in (g) were used. The thresholds were not
significantly affected by time (P-value 0.26) on the implant
site and (P-value 0.41) at the control site. But these were
significantly affected by subjects at both sites (P-value 0.005)

Tactile detection thresholds were not significantly different
(Wilcoxon signed-rank test) between the implant and control
sites at the four testing periods. At the individual level, one
patient exhibited large variations in LTS thresholds (implant 3)

The tactile spatial acuity thresholds

The measurement of the tactile spatial acuity thresholds on
both implant and control sites, before implant placement, at
abutment connection, 6 and 12 months after prosthetic
rehabilitation are shown in Table 2. At the implant sites,
five sites (implants no 3, 4, 6, 7, and 9) showed lowered
2PD thresholds at 12 months while the five remaining sites
(implants no 1, 2, 5, 8, and 10), showed no or very small
differences. The differences in thresholds values did not
exceed 2 to 3 mm. At the control sites, three of the ten sites
(1, 5, and 8) showed more important 2PD thresholds values
compared to the threshold distance on the homologous area
at the implant site (Fig. 5).

The 2PD thresholds, were significantly affected, per
subject at both sites (P-value 0.00) for implant and control
sites; they were also significantly affected by time (P-value
0.005) on the implant site but not significant (P-value 0.68)
at the control site (two-way ANOVA). Since a significant
ANOVA test was obtained at the implant side, the multiple

comparison Scheffe’s test was performed, for all possible
paired comparisons (e.g., 2PD before implant placement
and 2PD at abutment connection) to determine which time
periods were significantly different from each other. A
significant difference was found at two periods, before
implantation and 12 months after the prosthetic rehabilitation
(0.13; 2.33), and at abutment connection and 12 months after
the prosthetic rehabilitation (0.23; 2.48).

The 2PD thresholds were not significantly different
(Wilcoxon signed-rank test) between the implant and
control sites at the four testing periods.

Discussion

The gingiva contains round and oval lamellar corpuscles
[25]. These receptors respond to mechanical stimuli and are
involved in the co-ordination of lip and buccal muscles
during mastication [19, 21].The same receptors are found in
the gingiva and in the oral mucosa [17]. They are sensitive
to mechanical stimuli, requiring displacements of only a
few to tens of micrometers to be activated. The sensory
receptors are more frequently found in the anterior part of
the mouth with a lower sensitivity in the ridge crest
compared to the vestibular areas, suggesting that receptor
density was more important in the latter [37, 38].

After tooth extraction, the formation of keratinized,
scarless tissue occurs [35, 36, 42]. The thickness of the
healed mucosa is not related to the original gingival
thickness [24, 33] and could affect its mechanical properties,
such as elasticity [3]. Loss of teeth should be considered an
amputation and could thus result in a neurophysiological
deficit comparable to the loss of a limb. Tooth extraction
damages a large number of sensory nerve fibers of the
inferior alveolar nerves, and alters projection to the
sensorimotor cortex [29]. Consequently, the nerve trunks
may degenerate in response to the loss of stimulation [12].
Adjacent tissues may also respond, with afferent projections,
to presumably reprogrammed sensorimotor representation in
an attempt to restore sensory function [18]. Linden and Scott
were able to stimulate nerves of periodontal origin in healed
extractions sockets, which implies that the nerve endings
were still present in the alveolar bone [26]. Various branches
originating from the trigeminal ganglion may reinnervate
other structures such as the overlying oral mucosa [5]. The
reinnervation was less dense toward the superficial mucosa
in comparison to the buccal and lingual.

Animal studies have demonstrated that regenerated nerve
fibers in the peri-implant gingiva showed the same neural
characteristics as those in the junctional epithelium surround-
ing teeth [10]. Garzino et al. [11] compared the density of
mucosal innervation between edentulous and dentate subjects.
They reported a decreased number of sensory receptors in the

Fig. 4 Graph showing the average thresholds for LTS from initial to
follow-up examination for all subjects. VF bef. I von Frey test before
implant placement. VF at abutment von Frey test at abutment
placement. VF 6 months von Frey test at 6 months. VF 12 months
von Frey test at 12 months
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edentulous mucosa but a minor increase in the number of
nerves in the peri-implant mucosa and a significant increase of
innervation in the distal peri-implant mucosa. These changes
could partially explain the clinically observed differences in
sensory skills before and after implant placement [11].

Both LTS and 2PD are simple but reliable oral sensory
tests [16]. Despite a large intersubject variation in the LTS

and 2PD, the thresholds were significantly affected in the
present investigation at the subject level for both sites. The
observed session-to-session threshold variability could be
either due to variation in psychological factors (i.e.,
“response bias”) or to individual differences in the tactile
sensitivity of the oral mucosa [40].

With regard to tactile detection threshold and in
accordance with previous studies, the LTS thresholds were
not significantly affected by time both at the implant and
dentate control sides [2, 4, 23]. The lack of differences
observed at the four testing sessions illustrate the variability
of the tested afferents, their density, and/or variations in the
processing within the central nervous system of tactile
information [20]. A decrease of the light-touch sensation
would indicate a deterioration of the large myelinated fiber
function [6]. This lack of difference contrasts with other
studies reporting an increased sensitivity after tooth
extraction, attributed to the regeneration of nerve fibers
into the soft tissues [26]. Sometimes a loss of tactile
sensitivity was reported after surgery, but this is not always
reflected in psychophysical testing [1, 8].The presence [31]
or absence of Merkel cells [43] in the peri-implant soft
tissue did not seem to affect the LTS threshold values.

The size of a receptive field varies over the body surface,
with those located on the extremities being the smallest,
growing in size along the leg or arm, and reaching a
maximum size on the trunk [41]. Thus, for the 2PD, one
should consider that two sensations need to be evoked and
thus the stimuli must activate at least two primary afferent
fibers. In the present study, the measurement of the 2PD
thresholds was significantly affected over time on the

Fig. 5 Graph showing the average thresholds for 2PD from initial to
follow-up examination for all subjects. 2PD bef. I two-point
discrimination test before implant placement. 2PD at abutment two-
point discrimination test at abutment placement. 2PD 6 months two-
point discrimination test at 6 months. 2PD 12 months two-point
discrimination test at 12 months

Table 2 Threshold changes for 2PD, from initial to follow-up examination—implant- and control-side for all subjects

Test type Implant site Control site

Before
implant

At Abutment
placement

6
months

12
months

Before
implant

At Abutment
placement

6
months

12
months

Two-point discrimination Threshold (mm) 3.25 4.44 3.56 4.31 6.19 4.56 5.00 4.94

4.50 3.63 6.13 5.06 3.75 4.25 4.63 4.69

8.88 9.25 6.94 5.69 5.94 6.25 5.31 4.44

10.00 8.81 8.06 7.31 4.94 8.44 7.69 7.50

5.25 5.94 5.25 4.50 7.75 6.63 5.63 6.25

10.06 10.25 10.25 8.38 7.94 7.94 8.88 8.25

7.25 7.44 5.63 4.69 7.13 6.25 5.88 6.00

5.81 5.06 5.00 4.50 7.81 7.63 7.69 7.31

8.38 8.75 8.13 6.31 6.44 6.75 6.50 6.31

7.38 8.13 6.69 7.38 5.50 5.75 6.13 4.81

mean 7.08 7.17 6.56 5.81 6.34 6.44 6.33 6.05

std 2.33 2.26 1.91 1.45 1.37 1.36 1.36 1.33

min 3.25 3.63 3.56 4.31 3.75 4.25 4.63 4.44

max 10.06 10.25 10.25 8.38 7.94 8.44 8.88 8.25

2PD two-point discrimination, mean mean value, std standard deviation value, min minimum value, max maximum value
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implant but not at the control site. The increased sensitivity
to 2PD at the implant site which may reflect the origin of
the regenerating nerves, i.e., the larger myelinated Aα
afferent nerve fibers. These results are in agreement with
the hypothesis proposed by Linden and Scott who
attributed the increased sensitivity to nerve fibers regener-
ating into adjacent soft tissues [26].

The 2PD threshold levels showed an increased sensitivity
at 12 months after the prosthetic rehabilitation. These
findings suggest that the surgery had no effect on the soft
tissues sensitivity but the regenerated nerve fibers may have
increased the sensitivity in the peri-implant soft tissues
12 months after implant loading. These findings are in
accordance with the results of Essick who assessed the
borders of decreased sensitivity to pinprick in patients with
mandibular nerve injuries [8]. The magnitudes of loss of
light-touch sensitivity were greatest while they were the least
in two-point discrimination tests.

Conclusion

The present study revealed no major changes in the tactile
sensitivity of the gingiva over time and after surgery except
for decreased 2PD thresholds after months at the side of
implantation. These findings suggest that the regenerated
nerves increased the 2PD sensitivity in the peri-implant soft
tissue. The lack of changes in LTS thresholds did not
confirm or infirm this hypothesis. Thus, more research on
larger patient samples will be needed.

Conflicts of interest None.
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