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Abstract
Objectives The aim of this study was to assess whether pain and strain of the periodontal ligament (PDL), induced by orthodontic
separation, alter the somatosensory ability to perceive small thicknesses between occluding teeth (occlusal tactile acuity, OTA).
Methods The OTA was tested at baseline (T0), using 9 aluminum foils (range 8–72 μm), randomly placed between the molar
teeth, and 1 sham test (without foil), asking the participants whether they felt the foil between their teeth. Afterwards, orthodontic
separators were placed, and subjects were randomly assigned to one of the two experimental groups: Group Pain (GP: 18 males;
14 females mean age 25.22 ± 2.28 years) had separators removed after 24 h; Group Strain (GS: 14 males; 17 females, mean age
24.03 ± 3.06 years) had separators removed after 7 days. The OTA measurement was repeated in both groups immediately after
orthodontic separators removal (T1). A within-group comparison (T1 vs T0) was performed for each testing thickness (ANOVA
for repeated measurements, with Bonferroni correction for multiple testing) (p < 0.005).
Results GP showed statistically significant reduction of the OTA at T1, as compared to T0, for the thicknesses 24 μm (p = 0.004)
and 32 μm (p = 0.001). No significant reduction was observed in GS (all p > 0.005).
Conclusions Acute periodontal pain tends to disturb the tactile ability of the teeth, while strain of the PDL in absence of painful
sensation determines a return to OTA baseline values.
Clinical relevance The reduction of OTA might explain the uncomfortable occlusal sensation referred by patients during acute
periodontal pain.

Keywords Periodontal pain . Periodontal strain . Orthodontic separators . Periodontal sensation . Tactile acuity

Introduction

Tactile acuity is the ability to measure small differences at skin
level in tactile spatial thresholds. This ability is typically

measured as the two-point discrimination threshold and de-
fined as the minimum distance between two mechanical stim-
uli simultaneously applied to the skin that can be perceived as
two separate points [1, 2]. Translating this concept to the so-
matosensory functions of the stomatognathic system, the oc-
clusal tactile acuity (OTA) has been defined as the ability to
detect small thickness changes between antagonist teeth dur-
ing maximal intercuspation [3]. This accurate sensory infor-
mation is crucial for several oral motor behaviors and contrib-
utes to refine jaw functions related to biting and chewing. In
particular, it plays a primary role in the control of occlusal
forces and mandibular movements during the opening reflex
of the mandible [4]. This ability mainly relies on the extremely
sensitive mechanoreceptors located in the periodontium that
are able to detect also very small objects between antagonist
teeth [5]. In addition, the numerous nerve endings embedded
in the periodontal ligament (PDL) continuously provide sen-
sory feedback about the direction and magnitude of forces
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applied to each tooth [6, 7]. Therefore, whenever the PDL is
absent or damaged, the oral sensorimotor functions might be
altered or lost [8].

The PDL is a tissue with high perfusion rate that sus-
tains the surrounding structures. When a prolonged ex-
ternal mechanical force delivered by an orthodontic ap-
pliance is applied to a tooth, the compression of the PDL
and the activation of its mechanical nociceptors are re-
sponsible for an immediate painful response. As a result,
inflammatory algogens are released in the PDL causing a
delayed and prolonged painful experience [9]. When the
mechanical stimulation is protracted in time, the pro-
inflammatory chemical mediators in the gingival crevic-
ular fluid rule the bone resorption and reposition process,
allowing orthodontic movements of the teeth [10].

The placement of orthodontic separators is considered an
unpleasant and painful orthodontic procedure [11]. Separators
are usually placed to create space in order to comfortably
place an orthodontic band by loosening the tight interproximal
contact points between adjacent posterior teeth [12]. It has
been reported that the pain and discomfort experienced by
patients during tooth separation can vary widely, and patients
should be warned that separation placement may adversely
affect daily activities like chewing, learning, working, and
sleeping [13]. The pain is often described by the patients as
feelings of pressure, tension, and soreness of the teeth. It starts
immediately after the placement of the separator, presents a
peak after 24–36 h, and shows a progressive reduction with
complete relief after 5 to 7 days [14, 15]. After 1 week of
orthodontic separation, it has been estimated that approxi-
mately 0.25 mm of space can be gained between two adjacent
teeth, which is the average width of the stretched PDL [16,
17].

One previous study demonstrated that the application of a
light mechanical force, by means of specially designed cali-
brated torque wrench, reduces the proprioceptive and discrim-
inating abilities of the patients for up to 4 days [18]. This
might be explained by the fact that the release of interleukin
1β and TNF-α in the PDL induces inflammatory
hyperalgesia, characterized by altered neuronal membrane ex-
citability, which can lead to somatosensory alterations
[19–21]. Furthermore, studies have shown that also mechan-
ical deformation of a tissue might influence the discriminative
tactile acuity, by altering the involvement of sensory receptors
[22]. Therefore, due to the primary role of the PDL in the
OTA, it can be hypothesized that the acute periodontal pain
and mechanical deformation of the PDL might interfere with
the OTA.

Therefore, the aim of this study was to evaluate the effects
of both periodontal pain and mechanical deformation of the
PDL, experimentally obtained with the application of ortho-
dontic separators, on the OTA of adult healthy subjects with
natural dentition.

Materials and methods

This randomized trial was performed according to the
Helsinki Declaration and was approved by the local ethical
committee of the University of Naples Federico II (Protocol
no. 337/18).

Participants

Volunteers were recruited from among university students and
staff of the University of Naples Federico II. Inclusion criteria
were as follows: age more than 18 years, willingness to par-
ticipate in the study, full permanent dentition (excluding third
molars), and presence of a visible contact in the molar area.
The following conditions were considered exclusion criteria:
absence of first permanent molars, removable denture
wearers, presence of severe malocclusion (such as severe II
class or severe III class, crossbite), ongoing orthodontic treat-
ment, spaces in the upper dentition, presence of large restora-
tions, endodontic treatment, fixed dental prosthesis or im-
plants on the first permanent molars, and/or use of drugs ac-
tive on the nervous system, such as antiepileptics or anti-
Parkinson.

OTA measurement

A protocol used in previous studies was applied [3, 23, 24].
Briefly, at the baseline (T0) participants were tested for the
ability to discriminate 10 different interdental thicknesses: 9
aluminum foils ranging from 8 to 72 μm and one sham test
without any foil. The testing thicknesses were placed at the
area of the first permanent molars, preferably in correspon-
dence of the mesio-labial cusp, and they were presented 10
times in random order (100 total tests). The participants were
asked to close their mouth gently and to indicate if they felt the
aluminum foil between their teeth or not. Each answer (YES/
NO) was recorded on a spreadsheet. To avoid any additional
information, the participants were asked to keep their eyes
closed, the cheek mucosa was distanced with a mouth mirror,
and headphones with white noise were used to hide the sound
of the foils. The participants were naive to the existence of a
sham test.

Orthodontic separator placement

Immediately after the first OTA measurement, two separator
elastics (American Orthodontics, Sheboygan, WI, USA) were
placed between the upper first molar and the adjacent teeth.
Conventionally, the separators were placed on the right side
(Fig. 1), unless the first upper molar right presented some
exclusion criteria. Afterwards, the patients were randomly
assigned, using black envelopes, to one of the two following
groups. The first group had the orthodontic separators
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removed after 24 h (Group Pain—GP). The second group had
the orthodontic separators removed after 7 days (Group
Strain—GS). Considering the time course of pain related to
the use of orthodontic separators [13, 25, 26], a condition of
experimentally induced acute periodontal pain was tested in
GP, while GS resembled mechanical strain of the PDL fibers
after cessation of the painful stimulus. In both groups, the
OTAmeasurement was repeated immediately after the remov-
al of the orthodontic separators (T1). The timing of the exper-
imental procedures, in the two groups, is shown in Fig. 2.

Statistical analysis

Considering the repetition of the measurements, mean per-
centage of correct answers (YES when the foil was present
and NO when the foil was absent) was calculated for each
thickness tested (mean %). Within each group, analysis of
variance (ANOVA) for repeated measurement with foil thick-
ness (from 0 to 72μm) as repeated factor and time (T0 and T1)
was computed. Furthermore, difference was evaluated for
each foil thickness and, after Bonferroni correction, statistical
significance was set at p < 0.005 (alfa: 0.05/10 = 0.005).
Considering the mean percentage of correct answers as the

main outcome, to achieve a power of 80% with a significance
level of 5%, a sample of 60 participants was necessary to
detect an effect size between the two time points of 0.5 (large
effect size) using an F test for repeated measures ANOVA.

Results

Sixty-three (63) volunteers were recruited in this study: 32
participants were assigned to GP (18 males; 14 females mean
age 25.22 ± 2.28 years); 31 participants to GS (14 males; 17
females, mean age 24.03 years ± 3.06).

In GP, an overall reduction of the OTA was observed im-
mediately after the removal of the orthodontic separator, com-
pared with baseline OTA measurement (F(0,1) = 3.91; p =
0.05). In particular, a statistically significant reduction of the
OTA (i.e., reduced ability to detect the thickness) was found at
T1, as compared to T0, for the thicknesses 24 μm (p = 0.004)
and 32 μm (p = 0.001) (Table 1, Fig. 3).

In GS, the OTA trend was unchanged at T1 as compared to
T0 (F(0,1) = 0.98; p = 0.77), and no statistically significant
results were observed in the T1 vs T0 comparison (all p >
0.005; Table 2, Fig. 4).

Fig. 1 Orthodontic separators
outside of the mouth (a) and
placed between tooth 1.6 and
neighbor teeth (b)

Fig. 2 Timeline of the
experimental procedures in the
two experimental groups. Group
Pain (GP) had the orthodontic
separators removed after 24 h,
when the peak of periodontal pain
was expected. Group Strain (GS)
had the orthodontic separators re-
moved after 7 days, when elastic
deformation of the periodontal
ligament in absence of nocicep-
tive stimuli was expected
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Discussion

The objective of this study was to evaluate the changes in the
somatosensory ability to detect small thickness between oc-
cluding teeth (named occlusal tactile acuity—OTA) due to
acute periodontal pain induced by the placement of orthodon-
tic elastic separators in a group of healthy volunteers. The
separators were adopted as experimental model to elicit acute
periodontal pain and elastic elongation of the PDL, with com-
plete reversibility. In particular, in one group (Group Pain—
GP) separators were removed 24 h after placement, in order to
resemble acute periodontal pain, while in the other group
(Group Strain—GS) the separators were removed 7 days after
placement, in order to obtain mechanical deformation of the
PDL along with cessation of the painful sensation. In agree-
ment with the hypothesis, the results showed that the acute
periodontal pain yielded a reduction of the somatosensory
ability, as pointed out by the significant reduction of OTA at
T1, as compared to T0, in GP. On the other hand, no signifi-
cant findings were observed in GS, supporting that only me-
chanical strain of the PDL, without nociceptive stimuli, does
not affect the OTA.

Orthodontic separators are used in everyday orthodontic
practice in order to create interproximal separation, generally
between molars and premolars. The obtained space allows
adequate placement of molar bands that anchor a fixed ortho-
dontic appliance. The placement of different types of ortho-
dontic separators (brass wire, elastomeric, spring type steel
separators, and latex elastics) results in a painful experience
for almost all patients [12, 25]. The intensity of pain, as for any
kind of pain, presents large inter-individual variability de-
pending on anatomical, psychological, and biological factors.
In particular, anxiety and catastrophizing are listed among the
factors that can strongly influence pain perception, explaining

why some individuals are more sensitive than others to the
same painful stimulus [25]. Despite the different intensity, the
time course of pain related to the use of separators seems to be
highly repeatable, and it has been extensively described in the
literature [13, 25, 26]. Therefore, orthodontic separators have
been widely used to apply experimental, temporary, and re-
versible periodontal pain in volunteers with the aim to study
the mechanisms underlying the pain using repeatable and
standardized stimuli [27].

The application of a mechanical force on a tooth, such as
the force exerted by the orthodontic separator placement, de-
termines substantial alterations in the PDL. Periodontal nerve
endings consist of low-threshold mechanoreceptors, mainly
Ruffini-like, and high-threshold nociceptors that are silent
but not inactive under physiological conditions [28].
Histological studies have shown that, when sustained pressure
is applied to a tooth, mechanoreceptors present reduced con-
duction velocity [29, 30], while the recruitment of nociceptive
nerve fibers increases due to chemical modulation [31]. The
increase in concentration of inflammatory neuropeptides and
the augmented manifestation of nociceptors are responsible
for the painful response associated with orthodontic tooth
movement [28]. Therefore, the complex mechanism of in-
flammation and healing that occurs in the PDL when a me-
chanical force is applied, and the interplay between mechan-
ical and nociceptive nerve fibers, might act as a confounding
factor for the detection of thicknesses. This mechanism might
explain the reduction of the OTA observed in the current study
during acute periodontal pain. Similar findings have been ob-
served in a study authored by Soltis and co-workers [18],
pointing out that the proprioceptive discrimination of the force
intensity applied on incisor was altered by the insertion of
orthodontic forces. Recently, Sampaio and co-workers [32]
assessed the effects of orthodontic separators on the extra-
oral somatosensory functions by means of a standardized

Table 1 Mean % of correct answers and 95% confidence interval (95%
C.I.) at baseline (T0) and after the removal of the orthodontic separators
(T1) in the Group Pain (24 h). Statistically significant differences between
T1 and T0 are reported in bold

Foil thickness T0
mean%

95% C.I. T1
mean%

95% C.I. p-
value

0 μm 99.7 94.6–100 100 94.0–100 0.932

8 μm 3.7 0–8.8 3.1 0–8.2 0.865

16 μm 7.8 2.7–12.9 4.7 0–9.7 0.395

24 μm 21.6 16.4–26.6 10.9 5.8–16.0 0.004

32 μm 51.2 46.1–56.3 39.1 33.9–44.2 0.001

40 μm 62.2 57.1–67.3 57.5 52.4–62.6 0.202

48 μm 70.9 65.8–76.0 65.3 60.2–70.4 0.126

56 μm 87.5 82.4–92.6 80 74.9–85.1 0.041

64 μm 93.3 90.2–100 93.1 88.0–98.2 0.552

72 μm 98.4 93.3–100 97.5 92.4–100 0.798

Fig. 3 Mean % of correct answers for each thickness tested and for the
sham test, in Group Pain (24 h). The response was considered correct if
the answer was YES when the foil was present and NOwhen the foil was
absent. * indicates statistically significant difference (p < 0.05) in the
comparison between time points (T1 vs T1)
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battery of quantitative sensory testing. The authors found no
changes at extra-oral trigeminal innervation, supporting that
somatosensory alterations following periodontal pain are local
phenomena and that regions remote from the teeth are not
significantly affected. Interestingly, significant differences of
tactile perception in the pain group have been observed for
24 μm and 32 μm foils. Previous studies have shown that, in
natural dentition, the minimum interdental detection threshold
ranges between 10 and 30 μm [33–37]. Hence, whenever an
interference in the OTA is present, it is likely to be observed
mainly in the smallest thicknesses range.

Recently, the OTA was measured with the same method in
a group of individuals affected by facial pain due to temporo-
mandibular disorders (TMD) [3]. Interestingly, the results
pointed out an increase of OTA in TMD individuals compared
to TMD-free subjects. These findings underline different ef-
fects on the somatosensory system of a mostly nociceptive
peripheral pain (periodontal pain) compared to a predominant-
ly central pain (TMD pain) in which neuroplastic changes,
such as enlargement of receptive fields at the spinal level,
might take action. Studies on nociceptive pain in different
body areas (such as low back pain induced by saline injection)
[2] reported that tactile acuity, measured as two-point discrim-
ination, was decreased during acute pain. These results, in
accordance with the current findings, support that nociceptive
pain itself causes deterioration of tactile acuity, without in-
volving significant cortical reorganization. One possible
mechanism underling this phenomenon is the “touch-gate,”
acting similarly to the gate-control theory of pain [38]. In
particular, the activation of the nociceptive system and the
stimulation of the brain area associated to the pain response
might hamper and delay the transmission of the tactile stimuli,
thus lowering the discriminating ability [2].

Interestingly, in both study groups (GP and GS) the ability
to detect the absence of the foil was unchanged after the

application of the separators. This finding suggests that ade-
quate attention was provided by the participants during the
experimental sessions. The primary role of attention in detec-
tion tasks has been underlined in previous studies using brain
imaging. In fact, it has been proven that conscious perception
of a sensory stimulus depends not only upon the stimulus
intensity, but also on the state of the brain that modulates the
reaction to the stimulus [39, 40].

After the insertion of the orthodontic separators, interprox-
imal contact points between adjacent teeth gradually reduce
their initial tightness. It has been estimated that, on average,
after 1 week of separation the elastic elongation of the PDL
provides approximately 0.25 mm of space between two adja-
cent teeth. Immediately after the removal, relapse of the teeth
to the initial contact points’ tightness begins [17]. The dis-
placement within the periodontal ligament is the first step of
the tooth movement, without involvement of the cellular cas-
cade that determines the bone resorption process. Tooth
movement occurs when an orthodontic force exceeds the
bioelastic limits of the supporting tissue, causing a local in-
flammation. The PDL does not act as a simple spring, but
instead tooth displacement elicits a viscoelastic response of
the PDL, with an initial squeezing of extracellular fluid to-
wards the alveolus followed by a second mechanism of tight-
ening of the fiber bundles [41]. Therefore, GS experimentally
resembles a condition in which the PDL fibers are mechani-
cally stretched, but the pain stimulus has disappeared. In the
skin, it has been pointed out that mechanical deformation of
the cutaneous layers might alter the tactile acuity measured as
two-point discrimination [22, 42]. In the trigeminal region, it
was observed that increased intensity of mechanical stimuli
applied with ascending monofilaments sizes yielded augment-
ed tactile acuity [43]. Interestingly, when the PDL was me-
chanically stretched, the findings of the current study pointed
out a return to the initial perception ability, with no significant
differences compared to the baseline, further supporting the

Table 2 Mean % of correct answers and 95% confidence interval (95%
C.I.) at the baseline (T0) and after the removal of the orthodontic separa-
tors (T1) in the Group Strain (7 days)

Foil thickness T0
mean%

95% C.I. T1
mean%

95% C.I. p-
value

0 μm 100 95.5–100 100 95.5–100 1.000

8 μm 0.32 0–4.5 0.60 0–4.5 1.000

16 μm 2.25 0–6.7 0.64 0–5.1 0.617

24 μm 12.9 8.4–17.4 13.9 9.4–18.3 0.764

32 μm 38.7 34.2–43.2 39.03 34.5–43.5 0.920

40 μm 52.9 48.4–57.4 55.8 51.3–60.3 0.368

48 μm 65.8 61.3–70.3 67.4 62.9–71.9 0.617

56 μm 82.2 77.8–86.7 79.3 74.9–83.3 0.368

64 μm 92.2 87.8–96.7 95.8 91.3–100 0.271

72 μm 99.3 94.9–100 100 95.5–100 0.798

Fig. 4 Mean % of correct answers for each thickness tested and for the
sham test, in Group Strain (7 days). The response was considered correct
if the answer was YES when the foil was present and NO when the foil
was absent
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disturbance caused by the nociception in the periodontal area.
Differently from skin studies in which the stimulus itself, ap-
plied with different forces or shapes, determines a deformation
of the studied area, the mechanical deformation of the PDL,
involving the embedded mechanoreceptors, occurs gradually
during the 7 days of application of the orthodontic separators.
The elastic adaptation of the periodontal fibers to the new
enlarged conformation might explain why no significant dif-
ferences were observed in the OTA after the removal of the
separators in GS.

Impaction of foreign bodies (dental floss, toothpick, rubber
dam), food impaction, or presence of defective restorations
has been listed among the possible cause of periodontal dis-
comfort due to pressure, ischemia, and inflammation of the
PDL [44]. It is common clinical experience that patients pre-
senting these conditions also refer uncomfortable dental oc-
clusion. The findings of the current study, with the significant
reduction of the OTA 24 h after the application of the ortho-
dontic separators, might partially explain this transitory alter-
ation in the dental sensation.

The study presents some limitations. Firstly, the pain
rating was not measured. Therefore, it was impossible to
determine whether the OTA impairment was correlated
with the amount of pain perceived. Knowing whether
the amount of pain was correlated with OTA impairment
might have a clinical implication, because increased alter-
ation in the occlusal tactility might be expected in patients
experiencing higher pain levels. Secondly, due to ethical
considerations, two independent groups were compared
and no cross-over design was allowed to avoid repetition
of the placement of the orthodontic separators in the same
subject. Ideally, to obtain a direct comparison, the same
individuals should undergo both experimental settings
(24 h and 7 days), with a washout period in between, in
order to reduce the possible influence of inter-individual
differences in the OTA. Thirdly, when the subjects were
invited to close their mouth in order to report whether
they felt the aluminum foil between their teeth or not,
the bite force during the mouth closing task could not
be standardized. Therefore, different pressures applied
on the molars due to interindividual difference in the bite
force might have interfered with OTA measurements.
However, all participants were invited to gently close
their mouth with light dental contact, so this is not likely
to have affected the difference between the two groups.
Finally, as already mentioned, the orthodontic separation
is an experimental method to study the behavior of the
orthodontic pain nociception and of the PDL deformation,
but future study on prolonged orthodontic forces is need-
ed to determine whether pain due to the insertion of a

fixed orthodontic appliance and mechanical deformation
of the PDL due to orthodontic tooth movement determine
any changes in the OTA.

Conclusion

Periodontal pain, induced by orthodontic separation with elas-
tomeric devices, tends to disturb the tactile ability of the teeth,
with a significant decrease of perception of small thicknesses.
On the other hand, when the PDL is stretched but the pain and
the inflammation of the supporting tissue are healed, the OTA
returns to baseline values.
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