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ABSTRACT

Somatosensory, inflammatory and pain evaluation during Orthodontic Treatment

Experimental tooth movement has been shown to induce inflammation and release of
chemical mediators. Inflammation can also alter nerve function that can be measured with
Quantitative Sensory Testing (QST). Various authors have studied orthodontic pain and the
different factors that modify it. But, to our knowledge none studied a possible individual
endogenous analgesia effect on orthodontic induced-pain. The aim of the present study was to
investigate the impact of orthodontic separator and short-term fixed orthodontic appliance on
the somatosensory function and gingival cervicular fluid (GCF) levels of IL-1, IL-8, IL-6
and TNF-a. Thirty patients were evaluated as follow: baseline, 24h-after elastomeric separator
(24h-aES), 24h and 1 month after bonding the fixed appliance (aBFA) at maxillary and
mandibular arch. The outcome variables were: self-reported pain, QSTs (current perception
threshold, cold detection threshold, warm detection threshold, mechanical detection threshold,
mechanical supra threshold and wind-up ratio, CPM and sample from the GCF in order to
assess cytokines profile (IL-1B, IL-8, IL-6 and TNF-a). ANOVA and Tukey’s post hoc
analyses were performed (a = 5%). The participants were divided in two groups: G1)
RESPONDERS (more than 10% decrease in WUR); G2) NON-RESPONDERS (not show
more than 10% decrease in WUR). T-test for independent sample was performed. A
Bonferroni correction lowered the significance level to 0.1% (p = 0.001) as the cut-off point
to establish the statistical significance for the mean difference between CPM responders and
non-responders. Patients were less sensitive to pin prick pain (MST) at 24h (p<0.020) and
Imonth-aBFA (p<0.002) when compared to baseline. Significant increases in IL-6 levels
were observed 24h-aBFA (p<0.023) and in IL-1f (p<0.001) and TNF-a (p<0.026) levels at 1
month-aBFA when compared to baseline values (p<0.023). There was no significant
difference in somatosensory function, pain report and GCF cytokines when compared
between G1 and G2. In conclusion, orthodontic-induced inflammation may have a modality
specific effect on somatosensory function of the trigeminal system. In addition, elastic
separators seem not an ideal model to study possible inflammatory changes following
orthodontic tooth movement. Moreover, CPM efficiency may not significantly influence

somatosensory function, pain intensity or released of inflammatory cytokines following







orthodontic tooth movement up to 1 month. However, remained to be confirmed and further

investigations are required in intraoral somatosensory assessment.

KEYWORDS: Orthodontic Appliances; Pain; Cytokines; Quantitative Sensory Testing;

Gingival Crevicular Fluid, Conditioned Pain Modulation







RESUMO

Avaliacao das alteracdes dolorosas, inflamatorias e somatossensoriais em pacientes

durante tratamento ortodontico: um estudo controlado

O movimento dentario experimental demonstrou induzir inflamag¢do e liberagdo de
mediadores quimicos. A inflamagdo também pode alterar a fungdo nervosa que pode ser
medida através de testes quantitativos sensoriais (QST). Varios autores estudaram a dor
ortodontica e os diferentes fatores que a modificam. Mas, ao nosso conhecimento, ndo ha
estudos avaliando o efeito da analgesia endogena individual na dor induzida por ortodontia. O
objetivo do presente estudo foi investigar o impacto do separador ortodontico e do aparelho
ortodontico fixo de curta duracdo na funcdo somatossensorial e nos niveis do fluido cervical
gengival (GCF) de IL-1p, IL-8, IL-6 e TNF-a. Trinta pacientes foram avaliados da seguinte
forma: valores basais, 24 horas apds separador elastico (24h- AES), 24h e 1 més apds a
ligacdo do aparelho fixo (aBFA) no arco maxilar e mandibular. As variaveis avaliadas foram:
dor, QSTs (limiar de percep¢ao elétrica, limiar de detec¢do ao frio, limiar de detec¢do ao
quente, limiar de detecgdo mecanica, supralimiar mecanico e razdo de somagdo temporal,
CPM e amostra do GCF para avaliar perfil das citocinas ( IL-1p, IL-8, IL-6 e TNF-a). A
ANOVA e as andlises post hoc de Tukey foram realizadas (a = 5%). Os participantes foram
divididos em dois grupos: G1) CPM-RESPONDENTES (diminui¢do de mais de 10% em
WUR); G2) CPM-NAO RESPONDENTES (ndo mostra mais de 10% de diminuicio na
WUR). Foi realizado teste T para amostra independente. Uma corre¢d@o de Bonferroni reduziu
o nivel de significancia para 0,1% (p = 0,001) como ponto de corte para estabelecer a
significancia estatistica para a diferenga média entre G1 o G2. Os pacientes eram menos
sensiveis & dor de pin (MST) as 24h (p <0,020) e 1 més-aBFA (p <0,002) quando comparado
a linha de base. Observaram-se aumentos significativos nos niveis de IL-6 niveis 24h-aBFA
(p <0,023) e nos niveis de IL-1B (p <0,001) e TNF-a (p <0,026) em 1 més-aBFA quando
comparados aos valores basais (p < 0,023). Nao houve diferenca significativa na fungao
somatossensorial, no relatorio da dor e citocinas do FCG quando comparadas entre G1 e G2.
Em conclusdo, a inflamacdo induzida por ortodontia pode ter um efeito de modalidade
especifico na fungdo somatossensorial do sistema trigeminal. Além disso, os separadores
elasticos ndo parecem ser um modelo ideal para estudar possiveis alteragdes inflamatorias

ap6s o movimento dentdrio ortodontico. Além disso, a eficiéncia de CPM pode ndo







influenciar significativamente a fungdo somatossensorial, intensidade da dor ou liberagao de
citocinas inflamatdrias apds o movimento dentario ortodontico até 1 més. No entanto, outras

investigacdes sdo necessarias na avaliacdo somatossensorial intraoral.

PALAVRAS-CHAVE: Aparelho Ortodontico, Dor, Citocinas, Testes Quantitativos

Sensoriais, Fluido Crevicular Gengival, Modulagdo de Dor
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1 INTRODUCTION

Inflammation is local biological process that induces redness, heat, swelling, pain, and
inhibited function (1). But, not always does signs are considered harmful. Some dental
specialty needs inflammation process to occur in order to have success, such as dental implant
osseointegration, healing after extraction and orthodontic tooth movement (OTM).

Pain is defined by the International Association for the Study of Pain (IASP) as “an
unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage” (2). Orthodontic pain is one of the most
unpleasant reactions to orthodontic therapy, and sometimes can lead to patient’s treatment
discontinue.

Some studies shows that the discomfort initiates in the first hours after the inserted
force and can prolong up to 5 days (3), decreasing in intensity after day seven (4, 5). Bergius
et al., 2002 (6), observed that the pain intensity is higher 24 hours after orthodontic separator
placement decreasing gradually after a week. No study has compared pain intensity between
orthodontic separators and comprehensive fixed appliances.

It is well establish how OTM induces local inflammation and pain, but the individual
response it is not predictable. Conditioned Pain Modulation (CPM) is used to describe
psychophysical paradigm designed to assess the Endogenous Analgesia, i.e. mechanism that
can control or reduce pain, (pain reducing pain). This mechanism is assessing by applying two
remote noxious stimuli which one (“conditioning stimulus” — CS) affects the perception of the
other (“test stimulus” — TS) (7, 8). CPM efficiency may help to identify patients “at risk” for
the development of chronic pain (9). So, it may help to identify why some patients report
higher pain intensity following OTM.

Previous study has shown association between various chronic pain conditions such as
temporomandibular disorders (10, 11), irritable bowel syndrome (10), fibromyalgia (12) and
tension-type headache (13) with impaired and/or inefficient endogenous pain inhibition
system (less efficient CPM). CPM paradigm has also been reported as a potential tool for
understanding treatment mechanisms (14).

The incidence of pain may be associated with the interactions of inflammatory
mediator (15-17), known to be released following by orthodontic force application that
exceeds the bioelastic limits (18-20). Cytokines are proteins that act as signals between the

cells of the immune system (21). Some studies reported the importance of pro-inflammatory
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cytokines, such as Prostaglandins (PGs), Interleukin 1-f (IL-1B), Interleukin 6 (IL-6),
Interleukin 8 (IL-8) and the tumor necrosis factor alfa (TNF-a), in the bone remodeling
process induced by orthodontic forces (16, 19-21).

Furthermore, Giannopoulou et al. (17) suggested that pain intensity following OTM is
associated with the initial levels of prostaglandins (PGE2) (1 hour after OTM) and interleukin
1B (24h after OTM). Those chemical mediators are present in the gingival crevicular fluid
(GCF) even after the application of low intensity forces, such as orthodontic separators (22).
Those pro-inflammatory cytokines it also been reported to play an important role in pain
induced by perineural inflammation in rats (23).

IL-6 is a pro-inflammatory cytokine known to be relating to tissue destruction in the
periodontal site (24) with higher levels in inflamed gingival tissues when compared to non-
inflamed (25), that regulates immune responses in inflammation sites (26). Shimizu et al. (27)
demonstrated that IL-6 was produced by IL-1 from periodontal ligament (PDL) cells. IL-1
plays an important role in inflammatory process and is mainly involved in bone metabolism,
stimulation of bone resorption and inhibition of bone formation (28). Moreover, it may act
synergistically with TNF-a (29. TNF-a is also present in sites of inflammation and regulates
augmentation of bone resorption {Yamaguchi, 2005 #17).

The cytokines level it is higher in adolescents when compared to adults during OTM
(30), which may explain why younger patients has faster treatment since cytokines level is
know to have a positive relation to tooth movement velocity (31).

Inflammation can also alter nerve function, and it has been shown that the release of
IL-1B and TNF-a induce inflammatory hyperalgesia, characterized by decrease in the
nociception threshold and increase neuronal membrane excitability (32). These
somatosensory sensitivity can be measured with Quantitative Sensory Testing (QST), an
extensively studied non-invasive method (33-36). The QST helps assessing the nervous
system function (37) by evaluating the patient’s response to a series of peripheral stimuli.

Several QST modalities are reported in the literature to evaluate somatosensory
alteration. Different nerve fibers can be tested upon the test performed. AP fibers, i.e. fast,
thicker myelinated fibers, are assessed by electrical stimulation and mechanical touch.
Nociceptive and thermal stimuli are transmitted by two different nerve fibers, A9, i.e. slow,
thinner myelinated fibers, and C fibers, i.e slower, no-myelinated fibers (33). Unfortunately,
there is no normative parameter to analyze QST results; in this way the comparison between

the non-affected contra-lateral site (38) or before intervention is suggested.
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Recent studies have reported disturbance in somatosensory function following fixed
orthodontic appliance (39-41), however to the best of our knowledge, no studies investigated
a possible correlation of the cytokines and pain intensity with those findings.

Based on that, the aim of the present study was to investigate the impact of
orthodontic separator and short-term fixed orthodontic appliance on the somatosensory
function and gingival cervicular fluid (GCF) levels of IL-1p, IL-8, IL-6 and TNF-a. It is
hypthozied that orthodontic separator and short-term fixed orthodontic appliance would
impact the somatosenroy function and GCF levels of cytokines and that patient CPM efficient

can influence those outcomes.
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ABSTRACT

Experimental tooth movement has been shown to induce inflammation and release of chemical
mediators. Inflammation can also alter nerve function that can be measured with Quantitative Sensory
Testing (QST). The aim of the present study was to investigate the impact of orthodontic separator
and short-term fixed orthodontic appliance on the somatosensory function and gingival cervicular fluid
(GCF). Thirty patients were evaluated as follow: baseline, 24h-after elastomeric separator (24h-aES),
24h and 1 month after bonding the fixed appliance (aBFA) at maxillary and mandibular arch. The
outcome variables were: self-reported pain (Visual Analog Scale, QSTs (current perception threshold
(CPT), cold detection threshold (CDT), warm detection threshold (WDT), mechanical detection
threshold (MDT), mechanical supra threshold (MST) and wind-up ratio (WUR) and sample from the
gingival crevicular fluid (GCF) in order to assess cytokines profile (IL-1B3, IL-8, IL-6 and TNF-a).
ANOVA and Tukey’s post hoc analyses were performed (a = 5%). Patients were less sensitive to pin
prick pain (MST) at 24h (p<0.020) and 1month-aBFA (p<0.002) when compared to baseline.
Significant increases in IL-6 levels were observed 24h-aBFA (p<0.023) and in IL-18 (p<0.001) and
TNF-a (p<0.026) levels at 1 month-aBFA when compared to baseline values (p<0.023). In conclusion,
orthodontic-induced inflammation may have a modality specific effect on somatosensory function of
the trigeminal system. In addition, elastic separators seems not an ideal model to study possible
inflammatory changes following orthodontic tooth movement.

Keywords: Orthodontic Appliances; Pain; Cytokines; Quantitative Sensory Testing; Gingival

Crevicular Fluid
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BACKGROUND

Orthodontic pain is one of the most unpleasant reactions to orthodontic therapy. Some studies
shows that the discomfort initiates in the first hours after the inserted force and can prolong up to 5
days (1), decreasing in intensity after day seven (2, 3). Bergius et al., 2002 (4), observed that the pain
intensity is higher 24 hours after orthodontic separator placement decreasing gradually after a week.
No study has compared pain intensity between orthodontic separators and comprehensive fixed
appliances.

Tooth movement is induced by orthodontic force application that exceeds the bioelastic limits
of the tooth supporting tissue causing a local inflammation (5). Indeed, all inflammation’s
characteristics are present in the periodontal ligaments: redness, heat, swelling, pain, and inhibited
function (6).

Experimental tooth movement has been shown to induce inflammation and release of
chemical mediators (7-9). The incidence of pain may be associated with the interactions of
inflammatory mediator (10, 11). Furthermore, some studies reported the importance of pro-
inflammatory cytokines, such as Prostaglandins (PGs), Interleukin 1-B (IL-1B), Interleukin 6 (IL-6),
Interleukin 8 (IL-8) and the tumor necrosis factor alfa (TNF-a), in the bone remodeling process induced
by orthodontic forces (8-10). Those chemical mediators are present in the gingival crevicular fluid
(GCF) even after the application of low intensity forces, such as orthodontic separators (12). Pro-
inflammatory cytokines such as IL-18 and IL-6 have been shown to play an important role in pain
induced by perineural inflammation in rats (13) .

Inflammation can also alter nerve function, and it has been shown that the release of IL-13
and TNF-a induce inflammatory hyperalgesia, characterized by decrease in the nociception threshold
and increase neuronal membrane excitability (14). These somatosensory sensitivity can be measured
with Quantitative Sensory Testing (QST), an extensively studied non-invasive method (15, 16). The
QST helps assessing the nervous system function (17) by evaluating the patient’s response to a
series of peripheral stimuli.

Recent studies have reported disturbance in somatosensory function following fixed
orthodontic appliance (18-20), however to the best of our knowledge, no studies investigated a

possible correlation of the cytokines and pain intensity with those findings.
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Based on that, the aim of the present study was to investigate the impact of orthodontic
separator and short-term fixed orthodontic appliance on the somatosensory function and gingival
cervicular fluid (GCF) levels of IL-1B, IL-8, IL-6 and TNF-a. It is hypthozied that orthodontic separator
and short-term fixed orthodontic appliance would impact the somatosenroy function and GCF levels of

cytokines.

METHODS
Participants

A total of 30 patients (22 females and 8 males) seeking for orthodontic treatment at Bauru
Dental School, University of Sdo Paulo, from May/2015 to November/2016, with a mean age of 14
years old were recruited for the study. The local Human Research Ethics Committee approved this
study (Protocol and approval #37635614.8.0000.5417). All participants and legal responsible, when
necessary, gave their voluntary consent, after a full explanation of the research and procedures. The
inclusion criteria were patients with complete natural dentition (exception of third molars), patients
treated nonextraction with comprehensive fixed orthodontic appliance, good health with no orofacial
pain complaints or chronic pain disorders that could influence normal somatosensory function.
Exclusion criteria were orthodontic treatment in the past 6 months, active caries or periodontal
disease, intake of medication, such as analgesics, opioids, antidepressants, anticonvulsants, and
steroidal or non-steroidal anti-inflammatories during the evaluation period or 3 days before the study
onset.
Study Design

All participants were evaluated in eight sessions by a single investigator (FAS) [baseline —
prior to any orthodontic intervention (1), 24h-after elastomeric separator — maxillary arch (2); 24h (3)
and 1 month (4) after bonding the fixed appliance - maxillary arch; placement of elastomeric separator
— mandibular arch (5); 24h-after elastomeric separator - mandibular arch (6); 24h (7) and 1 month (8)
after bonding the fixed appliance - mandibular arch] as showed on Figure 01. The study was
conducted in a quiet and isolated room, free from distractions. Data on self-reported pain (Visual
Analog Scale (VAS), battery of QSTs {electrical detection threshold (CPT); thermal threshold [cold

detection threshold (CDT), warm detection threshold (WDT)]; mechanical threshold [mechanical
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detection threshold (MDT), mechanical supra threshold (MST), wind-up ratio (WUR)]} and sample from
the gingival crevicular fluid (GCF) in order to assess cytokines profile, were collected. The
somatosensory profile was assessed, in a randomized order, on the skin overlying the infra-orbital
nerve, for the maxillary arch, and the mental nerve for the mandibular arch. In addition, the GCF was
collected from the bilateral molars and premolars teeth from both arches.
Orthodontic intervention

All patients initiated the orthodontic treatment in the maxillary arch following by mandibular
arch. Only after finishing all the maxillary analyses the orthodontic treatment at the mandibular arch
was initiated. Subjects were evaluated following two different orthodontic intervention: 1) after
placement of orthodontic elastomeric separators at mesial and distal sides of first molar, bilaterally, on
maxillary arch and then, on mandibular arch; 2) after brackets were bonded on 10 teeth, including
second premolars and first molars and a NiTi 0.014 archwire was placed for leveling. Patients were
evaluated in 7 different timepoints: Baseline (1), 24h-after separator on maxillary arch (2) 24h (3) and
1 month (4) after bonding orthodontic appliance on maxillary arch; 24h-after separator on mandibular

arch (5), 24h (6) and 1 month (7) after fixed appliance on mandibular arch.

Pain assessment

All subjects were asked to evaluate their pain intensity on a VAS (10 cm horizontal line with
“No Pain” written in one extremity and “Worst Pain” in the other). Patients were asked to mark a
vertical line crossing the horizontal line corresponding to their pain intensity. Pain intensity
measurement was the distance between the beginning of the horizontal line, corresponding to Ocm, to
the vertical line, drawed by the patient. The patients were asked to inform their pain intensity in each
time point: baseline (1); Immediately (2) and 24h (3) after separator — maxillary arch; Immediately (4),
24h (5) and 1 month (6) after fixed orthodontics appliance — maxillary arch; Immediately (7) and 24h
(8) after separator — mandibular arch; Immediately (9), 24h (10) and 1 month (11) after fixed

orthodontics appliance — mandibular arch (19).

Somatosensory assessment
A standardized quantitative somatosensory evaluation was performed. Four of the total of 6

tests assed was performed according the recommendations of the DFNS (16): cold detection
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threshold (CDT), warm detection threshold (WDT), mechanical detection threshold (MDT) and wind-up
ratio (WUR). In addition two more tests were added to the protocol: current perception threshold (CPT)
and mechanical suprathreshold (MST).

CPT was measured using an electro diagnostic sensory nerve testing equipment (Neurometer
NervScan- NS3000). A continuous train of constant-current electrical stimuli was delivered to the skin
through two 8-mm-diameter spherical gold-plated electrodes spaced 20 mm, coated with 0.3 mL of
electroconductive gel. Each site received 3 stimulus frequencies, which are known to stimulate A-beta
(2,000 Hz), A-delta (250 Hz), and C-fibers (5 Hz). During the entire test, subjects held a remote control
used to stop the electrical stimulus. The instrument started the delivery of current for each specific
frequency at the lowest output intensity and increased it until the patient perceived (and released the
remote control button) an electrically evoked sensation, but not pain, or until the maximal stimulus was
reached (output intensity range of 0.01 to 9.99 mA). The device automatically repeated a minimum of
3 sets of testing for each frequency until the software determined a threshold (21, 22).

Thermal Thereshold (CDT and WDT) tests were performed using a 15x15 mm water-cooled
Peltier probe (Medoc - TSA Il NeuroSensory Analyzer 2001). All thresholds were obtained with
ramped stimuli (1 °C/s), either increased (WDT) or decreased (CDT), that were terminated when the
subject pressed a button. The baseline temperature was 32 °C and the cut-off temperature were 0 and
50 °C. The mean threshold temperature of three consecutive measurements was calculated for CDT
and WDT (16)

MDT was performed as previously described (16, 18, 23) using a standardized set of
Semmes—Weinstein mono-filaments*, which apply forces between 0.008 g/mm2 and 300 g/mmz.
Participants were instructed to report the first perception of touch. The ‘method of limits’ technique was
used to determine the threshold, where a series of ascending and descending stimuli intensities were
applied yielding five suprathreshold and five subthreshold reports. The MDT was the geometric mean
of these five series (16, 18, 23).

MST was tested using a pre-calibrated instrument (Semmes—Weinstein mono-filaments),
which applied GOg/mm2 force. Participants were instructed to evaluate their amount of discomfort using
a ‘0—-100’ numerical rating scale (NRS). The mean pain intensity of three consecutive measurements

was calculated for MST.
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WUR was tested with a mono-filaments pre-calibrated to delivered 60g force. The participants
were asked to rate their pain intensity, using a ‘0—10’ NRS, of a single ‘pinprick’ stimulus and then after
a series of 10 repetitive ‘pinprick’ stimuli of the same physical intensity (1/s applied within an area of 1
cm?). The procedure was repeated five times. The WUR was the mean rating of the five series divided
by the mean rating of the five single stimuli (16, 23)

Gingival crevicular fluid (GCF) collection

The GCF samples were collected from the bilaterally posterior teeth of the experimental arch
(first maxillary and than mandibular) at baseline, 24h/separator, 24h/ortho and 1month/ortho. Prior to
GCF sampling, the supragingival plaque was removed with a sterile curet; the surfaces were gently
dried by an air syringe and then isolated by cotton rolls. Paper strips were carefully inserted into the
crevice until mild resistance was felt and were left in place for 30 seconds. Strips contaminated with
blood were discarded. The strips were placed into sterile microtube vials and kept at -70°C until
analyzed (24).

Enzyme-Linked Imnmunosorbent Assays (ELISAs)

Measurements of cytokines in periodontal tissues were performed as previously described
(24, 25). The concentrations of cytokines in periodontal extracts were determined by ELISA test using
commercially available kits (all from R&D Systems, Minneapolis, MN) as follows: IL-13 (sensitivity >
0.063 pg/ml), IL-6 (sensitivity > 0.11 pg/ml), IL-8 (sensitivity > 0.4 pg/ml) e TNF-a (>0.049 pg/mL). All
assays were carried out according to the manufacturer’s instructions. The results were expressed as
picograms of cytokine (+ SD) per milligram of periodontal tissue, for one experiment representative of

three.

STATISTICAL ANALYZES

Quantitative variables (age, CPT, MDT, MST, WUR, CDT, WDT, VAS) were reported as
means + SD. All the quantitative variables were assessed for normal distribution using the
Kolmogorov-Smirnov test and a log10 transformation was performed when the test results were
significant, considering an alpha level of 5% (p<0.050).

Multi-way within-subjects analysis of variance (ANOVA) was performed as following: a)

intervention (4 levels), nerve branch (2 levels) and fiber type (3 levels) were established to compare
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the absolute values of CPT (after log10 transformation); b) intervention (4 levels) and nerve branch (2
levels) were established to compare the absolute values of MDT, MST, WUR, CDT and WDT (after
log10 transformation) and IL-18, IL-6, IL-8 and TNF-q; c) intervention (6 levels) and nerve branch (2
levels) were established to compare the absolute values of VAS (after log10 transformation). When
appropriate, post hoc analyses were performed using Tukey’s Honestly Statistical Difference (HSD).

The significance level was set at 5% (p=0.050).

RESULTS

A total of 30 patients (22 females and 8 males) with a mean age of 14 years old were included
in the study. Drop-outs and missing values were not included in the analysis, i.e., no imputation
thecnique was used. Thus, the sample size throught the study was: baseline maxillary arch - n=30 and
mandibular arch - n=29; 24h-after sep. maxillary arch - n=30 and mandibular arch - n=29; 24h-after
bonding maxillary arch - n=20 and mandibular arch - n=21; 1 month after ortho maxillary arch - n=19
and mandibular arch - n=18.
VAS

Patients reported higher pain intensity 24h after bonding the fixed orthodontic appliance
compared to baseline (Baseline maxillary arch= 0.0 and mandibular arch= 0.0; 24h after bonding
maxillary arch - 4.59+2.69) and mandibular arch- 4.14+2.02; Turkey: p<0.001) (Figure 02). There was
no significant difference between the maxillary and mandibular arches. Moreover, there was no
difference between pain felt immediate after separator and archwire assessment compared to baseline
(p=0.450) .
QST

Overall, the infra-orbital nerve was more sensitive to the following QST (Tukey test results):
CPT (p=0.005), WDT (p=0.019) and MST (p=0.018) and less sensitive to MDT (p=0.022) and CDT
(p=0.039) when compared to mental nerve. But, no significant time changes were found for all
detection threshold tests. However, patients were less sensitive to pin prick pain (MST) at 24h
(p<0.020) and 1 month after fixed orthodontic appliance compared to baseline(p<0.002) (Table 01).

Table 02 shows all QST outcomes (mean + SD).

Cytokines
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The results are expressed as picograms of cytokine (+ SD) per milligram of periodontal tissue
(pg/ml). There was a trend of increase in IL-1[3, IL-6 and TNF-a levels 24h-after separator placement
but no significant difference was found when compared to baseline values. Table 03 shows all
cytokines outcomes (mean + SD). The p values were obtained from Tukey test.

Significant increases in IL-6 levels were observed 24h-after bonding the fixed appliance (v2 —
14.2+3.0; v3 — 16.6+3.2) compared to baseline values (v2 — 4.4+1.3; v3 — 4.7+1.4) (p<0.023),
thereafter decreasing with no significance compared to baseline at 1 month-after-appliance (Table 04).
Multiple comparison analysis showed significant increase in IL-1B levels (p<0.001) and TNF-a
(p<0.026) 1 month after bonding the orthodontic fixed appliance compared to baseline. No significant

difference was found to IL-8 concentration at any time.

DISCUSSION

To our knowledge, the present study is the first to evaluate a possible association of
inflammatory mediator, pain and somatosensory function following orthodontic procedures. The results
showed that patients reported more pain 24h-after fixed orthodontic appliance when compared to
baseline. The orthodontic treatment was associated with less sensitivity to a pin-prick stimulation 24h
and 1 month-after fixed appliance bonding, but no changes were found in MDT or thermal detection
thresholds. There was a trend of increase in IL-13, IL-6 and TNF-a levels 24h-after tooth separation
but no significant difference was found when compared to baseline values. The IL-6 levels were
significantly increased 24h-after bonding the orthodontic. However, the IL-1B and TNF-a were
significantly higher only 1 month after treatment onset when compared to baseline.

In contrast to previous investigations, which applied either elastic separator around the first
molars (11) (4) or fixed orthodontic appliance (1-3, 18, 19) to induce pain, we decided to examine both
methods of stimulating orthodontic tooth movement. Patients reported a moderate pain intensity 24h-
after bonding the fixed orthodontic appliance (mean VAS = 4.59 + 2.69 (V2) and 4.14 + 3.02 (V3)) and
only mild pain intensity following elastic separator (mean VAS = 2.0 + 2.80 (V2) and 1.31 + 1.88 (V3)),
which were expected since the elastic separator only stimulate two contiguous teeth in contrast to the
bonding fixed appliance which stimulate all teeth on the arch. Lv et al. reported similar amount of pain

that peaks 24h-after orthodontic force (mean VAS= 4.2 + 1.8 cm) (18). No significant differences were
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found when orthodontic-induced pain intensity at maxillary or mandibular arches were compared,
suggesting that the pain intensity is independent of which arch is being stimulated. The higher pain
intensity following fixed orthodontic appliance reported in this study maybe due to high levels of
inflammation in the periodontal ligament between 12h and 36h following bonding (7, 8, 14).

Although QST has been proven of high value in various orofacial pathologies, to our
knowledge, only two studies (18, 19) applied it to patients undergoing orthodontic treatment and one
study was conducted on a rat model (20). The study performed by Sood et al., 2015, shown a bilateral
mechanical and thermal hypersensitivities following orthodontic tooth movement (OTM) model in rats,
with peaks reached on postoperative day-1. However, the authors suggested that those
somatosensory alterations could be results of a hyperocclusion-based hypersensitivity. Since the
heavy intensity of the initial force used in this OTM rat model may lead to an immediate forced
eruption of the tooth and thereby cause hyperocclusion and therefore not simulating the clinical
condition in humans (20). The previous two clinical studies reported some site-specific somatosensory
alteration. Lv et al. reported an alteration to pressure threshold in the attached gingiva and in the
periodontal ligament 24h-following orthodontic appliance placement. Shen et al. found a
hypersensitive to cold and hyposensitive to pressure at the site of the tooth movement up to 1 month
after orthodontic force was applied. Both studies found some somatosensory alteration intra-orally,
either at gingival site or directly to the crowns of the teeth, which diverge from the present study that
the tests were performed extra-orally.

A review on neural mechanisms of nociception during orthodontic treatment published in 2017
by Kobayashi et al. (14) suggested that the release of IL-1B and TNF-a mediate inflammatory
hyperalgesia by generating the release of prostaglandins (PGs), which sensitize nociceptors on C-
fibers. Even though the present study show an increase in those two proinflammatory cytokines 1
month after initiate orthodontic force we could not find any hyperalgesia in the infra-orbital or mental
nerves territory. This may be due to a site-specific effect discussed above. Moreover, there is no
elevation on systemic cytokine-mediator following conventional orthodontic treatment (26), which may
explain a site-specific effect. The results of the present study may suggest that orthodontic-induced
inflammation, at least at the GCF, is insufficient to evoke significant change in mechanical and thermal

threshold at extra-oral nerve territory.
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Endogenous analgesia (EA) is a mechanism that can control or reduce pain. The term
Conditioned Pain Modulation (CPM) is used to describe psychophysical paradigm designed to assess
the EA (pain reducing pain). This mechanism is assessing by applying two remote noxious stimuli
which one inhibits the other (27). In the present study, the orthodontic fixed appliance was associated
with decreased sensitivity to pin-prick pain 24h and 1 month after beggining the treatment. Moreover,
patient experienced more pain intensity 24h-after orthodontic fixed appliance, suggesting that maybe
an EA effect is present, since two different noxious stimuli were applied (orthodontic force and pin-
prick test). However, patients were not experience pain 1 month following orthodontic treatment and
they still report a hyposensitive to pin-prick stimuli. The exact mechanism underlying those results
remain unknown but could be related to elevated levels of pro-inflammatory-cytokine at this time point.

The early phase of orthodontic tooth movement involves acute inflammatory responses, which
induce the release of several inflammatory mediators to the GCF. The GCF analysis has been proven
to be an effective method to identify specific biomarkers with reasonable sensitivity, therefore, an
important tool to study PDL and alveolar bone remodeling (7). In the present study, apparently, there
was a trend of IL-6, IL-1B and TNF-a increase 24h-after separator, however not significant when
compared to baseline values. The orthodontic appliance, on the other hand, induced a significant
increase in IL-6 levels after 24h and in IL-13 and TNF-a levels after a month.

It has been shown in previous studies that the most commonly studied cytokines in
association with orthodontic treatment are IL-1B, IL-6, IL-8 and TNF-a (7, 9), therefore those are the
cytokines choosen to be evaluated in the present study. Manifold studies have showed increase in IL-
1B as early as 1min to 1h reaching peak at 24h (7-9, 11, 28). But, Kappor et al., (7) reported, in a
systematic review, studies showing a peak of IL-1$ up to 6 months. In the present study, IL-13 levels
peak one month after leveling. It is also imported to notice that light continuous force (29, 30) tended
to maintain relatively high IL-13 levels for a longer period (9), which might explain why IL-1( levels
show a tend to increase 24h-after separator but only peaks after 1-month of continuous orthodontic
force applied. Treatment mechanisms might be an important factor in the secretion regulation of those
mediators and different cytokines may respond different to similar mechanisms (9). Moreover,
inflammation along the nerve trunk (perineural inflammation) can cause neuritis. Eliav et al. reported

significantly increased IL-6 and IL-1B secretion by perineural inflammation induced in rats. The IL-6
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was more prominent immediately following application when the pain peaked and reduced as the pain
resolved. IL-1B activity remained elevated in a later stage after the resolution of the pain. This study
might therefore support our finding of increased IL-6 in early stage and IL-18 in a later stage.

Gender effect could not be studied due to the limited study sample. However, some studies
suggested that estrous cycle might have an effect on mediator levels (7). Nevertheless, 1 month is a
short effect compared to the long orthodontic time course; so, future longer-lasting studies should be
performed to a better understanding of possible somatosensory changes along the whole orthodontic
treatment. Additionally, it would be interesting to study the cytokines effect on intraoral-somatosensory
profile.

In conclusion, orthodontic-induced inflammation may have a modality specific effect on
somatosensory function of the trigeminal system, since we could not find significant differences in
detection thresholds but only for pain sensitivity. In addition, elastic separators seems not an ideal
model to study possible inflammatory changes following orthodontic tooth movement, since it only

could induce mild pain and was not able to increase significantly pro-inflammatory cytokines level.
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TABLES

Table 01. Multi-way within subjects ANOVA comparing intervention (baseline vs. immediate 24h-after sep. vs. 24h-after archwire vs. one month after
archwire), nerve branch (infraorbital vs mental nerve) and fiber type (A-beta, A-delta and C) for current perception threshold (CPT) and intervention and nerve

branch for different quantitative sensory testing (QST) parameters.

CPT MDT MST WUR CDT WDT
Main effects
Factors
1-Intervention F=0.88,p=0.455 F=2.21,p=0.099 F=5.49,p=0.002 F=0.62,p=0.605 F=1.29,p=0.288 F=1.10,p=0.378
2-Nerve F=10.65,p=0.005 F=6.53,p=0.021 F=6.95,p=0.018 F=0.36,p=0.561 F=5.11,p=0.039 F=6.80,p=0.019
3-Fiber F=386.16,p<0.001* NA NA NA NA NA
Interactions
1x2 F=0.80,p=0.496 F=1.63, p=0.193 F=1.33, p=0.273 F=0.83, p=0.487 F=1.90, p=0.142 F=0.10, p=0.965
1x3 F=0.37,p=0.893 NA NA NA NA NA
2x3 F=7.44,p=0.002 NA NA NA NA NA
1x2x3 F=0.56,p=0.758 NA NA NA NA NA

* Bold cells present significant p-values (p<0.050)

CPT = current perception threshold (mA); MDT = mechanical detection threshold (g/mm2); MST = mechanical sensitivity threshold (pain intensity-VAS); WUR = wind-up ratio
(pain intensity-VAS; CDT = cold detection threshold (°C); WDT = warm detection threshold (°C).
NA = Not applicable
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Table 02. Mean and standard deviation (s.d.) of the quantitative sensory testing at all time point.

Baseline 24h-after elast sep 24h-after ortho 1month after ortho
CPT
2000HZ
Infra-orbital n. 158.6 (71.6) 163.1 (99.4) 189.3 (138.3) 176.7 (74.9)
Mental n. 145.8 (137.2) 173.5 (92.4) 168.2 (81.3) 207.8 (109.1)
250HZ
Infra-orbital n. 38.0 (25.5) 46.3 (49.1) 50.3 (62.9) 38.3 (27.2)
Mental n. 47.1 (50.4) 53.7 (67.8) 57.0 (44.9) 109.3 (137.4)
5HZ
Infra-orbital n. 19.6 (18.2) 26.1 (39.8) 27.6 (32.5) 23.4 (22.5)
Mental n. 24.2 (17.8) 27.1 (26.8) 30.6 (28.5) 66.5 (76.0)
MDT
Infra-orbital n. 0.13 (0.24) 0.15 (0.28) 0.13 (0.29) 0.11 (0.26)
Mental n. 0.10 (0.24) 0.14 (0.33) 0.09 (0.16) 0.05 (0.09)
CDT
Infra-orbital n. 28.0 (4.1) 27.8 (3.4) 26.6 (5.4) 26.7 (3.6)
Mental n. 28.9 (4.0) 27.7 (5.4) 27.6 (3.5) 28.5 (2.5)
HDT
Infra-orbital n. 34.9 (2.8) 34.9 (1.8) 35.3 (2.1) 35.3 (1.7)
Mental n. 35.8 (3.5) 35.3 (2.2) 36.1 (2.0) 36.1 (1.9)
MST
Infra-orbital n. 2.7 (2.6) 2.3 (2.6) 2.4 (2.7) 1.6 (2.2)
Mental n. 2.5 (2.6) 1.7 (1.9) 1.8 (2.4) 1.8 (2.4)
WDT
Infra-orbital n. 1.6 (1.2) 1.8 (1.2) 1.8 (1.8) 2.8 (3.0)
Mental n. 2.3 (2.3) 2.7 (3.0) 2.0 (1.6) 2.2 (2.7)

CPT = current perception threshold (mA); MDT = mechanical detection threshold (g/mm2); MST = mechanical sensitivity threshold (pain intensity-VAS); WUR = wind-up ratio
(pain intensity-VAS; CDT = cold detection threshold (°C); WDT = warm detection threshold (°C).
NA = Not applicable
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Table 03. Mean and standard deviation (s.d.) of the cytokine concentration (pg/ml) at all time point.

Baseline 24h-after elast sep 24h-after ortho 1month after ortho

IL-1B

Infra-orbital n. 25.0 (8.1) 35.4 (5.4) 41.5 (6.7) 56.8 (9.2)

Mental n. 24.6 (7.3) 33.3 (5.4) 41.5 (6.2) 53.4 (6.8)
IL-6

Infra-orbital n. 4.4 (1.3) 9.2 (2.9) 14.2 (3.0) 10.3 (2.8)

Mental n. 4.7 (1.4) 9.9 (3.1) 16.6 (3.2) 11.1 (2.0)
IL-8

Infra-orbital n. 57.8 (6.4) 60.0 (6.0) 58.3 (6.1) 58.1 (6.7)

Mental n. 58.2 (7.4) 59.2 (6.6) 59.3 (6.7) 56.6 (6.7)
TNF-a

Infra-orbital n. 21.8 (3.3) 30.7 (4.6) 35.9 (4.1) 38.0 (4.2)

Mental n. 21.9 (4.1) 31.6 (5.6) 34.0 (5.2) 37.6 (7.3)

Table 4. Multi-way within subjects ANOVA comparing intervention (baseline vs. 24h-after elastic separator vs. 24h-after archwire vs. one moth after archwire)

and nerve branch (infraorbital vs mental nerve) for different inflammatory mediators.

IL-1B IL-16 IL-18 TNF-alfa
Main effects
Factors
1-Intervention F=135.32,p<0.001 F=136.40,p<0.001 F=2.85,p<0.047 F=143.34,p<0.001
2-Nerve F=0.42,p=0.526 F=2.95,p=0.105 F=0.01,p=0.912 F=0.51,p=0.482
Interactions
1x2 F=0.46,p=0.705 F=1.30, p=0.285 F=1.51, p=0.222 F=1.61, p=0.200

* Bold cells present significant p-values (p<0.050)
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FIGURE

Figure 01. Flow chart representing the study design.

| st Visit baseline maxllary and mandibular arch i o Placement of orthodontic elastomeric
+ VAS : separators maxillary arch :
« GCF sample : « VAS immediately after elastomeric:
«QST's ! separator :
24H after elastomeric separators maxillary arch ; * Bonding brackets and NiTi 0.014:
2nd Visit «VAS ¢ archwire was placed for leveling:
nd Visi + GCF sample i upperarch :
. P : ¢ VAS immediately after elastomeric:
*QST's separator
24H after bonding brackets maxillary arch
3rd Visit *VAS
*GCF sample
«QST's
1 month after bonding brackets maxillary arch
" VAS
4th Visit i
*GCF sample
«QST's
5th Visit '« Placement of orthodontic elastomeric separators mandibular arch
i » VAS immediately after elastomeric separator mandibular arch :
6th Visit eSame as 2nd visit for mandibular arch
7th Visit e Same as 3rd visit for mandibular arch
8th Visit «Same as 4th visit for mandibular arch

Figure 02. Pain intensity reported regardless all the visits at both arches (A: maxillary and B:

mandibular arch)
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Abstract

Endogenous analgesia (EA) is a mechanism that can control or reduce pain. Conditioned Pain
Modulation (CPM) is a psychophysical paradigm designed to assess EA in clinical research. CPM
efficiency may help to identify patients “at risk” for the development of chronic pain. The aim of this
study was to investigate the impact of CPM efficiency on pain intensity, somatosensory function
and the release of inflammatory mediators at gingival crevicular fluid (GCF) in patients during
orthodontic treatment. Thirty patients were evaluated as follow: baseline, 24h-after elastomeric
separator (24h-aES), 24h and 1 month after bonding the fixed appliance (aBFA) at maxillary and
mandibular arch. The outcome variables were: self-reported pain, QSTs (current perception
threshold, cold detection threshold, warm detection threshold, mechanical detection threshold,
mechanical supra threshold and wind-up ratio, CPM and sample from the GCF in order to assess
cytokines profile (IL-18, IL-8, IL-6 and TNF-a). The participants were divided in two groups: G1)
RESPONDERS (more than 10% decrease in WUR); G2) NON-RESPONDERS (not show more
than 10% decrease in WUR). T-test for independent sample was performed. A Bonferroni
correction lowered the significance level to 0.1% (p = 0.001) as the cut-off point to establish the
statistical significance for the mean difference between CPM responders and non-responders.
There was no significant difference in somatosensory function, pain report and GCF cytokines
when compared between G1 and G2. In conclusion, CPM efficiency may not significantly influence
somatosensory function, pain intensity or released of inflammatory cytokines following orthodontic
tooth movement up to 1 montH. However, remained to be confirmed and further investigations are

required in intraoral somatosensory assessment.

Keywords: Orthodontic Appliances; Pain; Cytokines; Quantitative Sensory Testing; Gingival

Crevicular Fluid, Conditioned Pain Modulation
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Background

Pain is defined by the International Association for the Study of Pain (IASP) as “An
unpleasant sensory and emotional experience associated with actual or potential tissue damage, or
described in terms of such damage” (1).

Endogenous analgesia (EA) is a mechanism that can control or reduce pain. The term
Conditioned Pain Modulation (CPM) is used to describe psychophysical paradigm designed to
assess the EA (pain reducing pain). This mechanism is assessing by applying two remote noxious
stimuli which one (“conditioning stimulus” — CS) affects the perception of the other (“test stimulus” —
TS) (2, 3).

Experimental tooth movement has been shown to induce pain (4) and released of various
inflammatory chemical mediators at the gingival crevicular fluid (GCF) (5-7). Moreover, the
incidence of pain may be associated with the interactions of inflammatory mediator (8). In addition,
some studies suggested a disturbance in somatosensory function during orthodontic treatment (9-
11), (12, 13).

CPM efficiency may help to identify patients “at risk” for the development of chronic pain
(14). Previous study has shown association between various chronic pain conditions such as
temporomandibular disorders (15, 16), irritable bowel syndrome (15), fibromyalgia (17) and tension-
type headache (18) with impaired and/or inefficient endogenous pain inhibition system (less
efficient CPM). CPM paradigm has also been reported as a potential tool for understanding
treatment mechanisms (19).

Since orthodontic-induced tooth movement induces pain, the aim of this study was to
investigate the impact of CPM efficiency on pain intensity, somatosensory function and the release
of inflammatory mediators at GCF in patients during orthodontic treatment. It is hypothesized that
CPM efficiency would influence the pain intensity, somatosensory function and GCF levels of
cytokines during orthodontic treatment.

Methods

Participants
A total of 30 patients (22 females and 8 males) seeking for orthodontic treatment at Bauru

Dental School, University of Sao Paulo, from May/2015 to November/2016, with a mean age of 14




Articles 43

years old were recruited for the study. The local Human Research Ethics Committee approved this
study (Protocol and approval #37635614.8.0000.5417). All participants and legal responsible, when
necessary, gave their voluntary consent, after a full explanation of the research and procedures.
The inclusion criteria were patients with complete natural dentition (exception of third molars),
treated nonextraction with comprehensive fixed orthodontic appliance, in good health, with no
orofacial pain complaints or chronic pain disorders that could influence normal somatosensory
function. Exclusion criteria were orthodontic treatment in the past 6 months, active caries or
periodontal disease, intake of medication, such as analgesics, opioids, antidepressants,
anticonvulsants, and steroidal or non-steroidal anti-inflammatories during the evaluation period or 3

days before the study onset.

Study Design

All participants were evaluated in eight sessions by a single investigator (FAS) [baseline —
prior to any orthodontic intervention (1), 24h-after elastomeric separator — maxillary arch (2); 24h
(3) and 1 month (4) after bonding the fixed appliance - maxillary arch; placement of elastomeric
separator — mandibular arch (5); 24h-after elastomeric separator - mandibular arch (6); 24h (7) and
1 month (8) after bonding the fixed appliance - mandibular arch] as showed on Figure 01. The
study was conducted in a quiet and isolated room, free from distractions. Data on self-reported pain
(Visual Analog Scale (VAS), battery of QSTs {electrical detection threshold (CPT); thermal
threshold [cold detection threshold (CDT), warm detection threshold (WDT)]; mechanical threshold
[mechanical detection threshold (MDT), mechanical supra threshold (MST), wind-up ratio (WUR)]}
and sample from the gingival crevicular fluid (GCF) in order to assess cytokines profile, were
collected. The somatosensory profile was assessed, in a randomized order, on the skin overlying
the infra-orbital nerve, for the maxillary arch, and the mental nerve for the mandibular arch. In
addition, the GCF was collected from the bilateral molars and premolars teeth from both arches.
Orthodontic intervention

All patients initiated the orthodontic treatment in the maxillary arch following by mandibular
arch. Only after finishing all the maxillary analyses the orthodontic treatment at the mandibular arch

was initiated. Subjects were evaluated following two different orthodontic intervention: 1) after
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placement of orthodontic elastomeric separators at mesial and distal sides of first molar, bilaterally,
on maxillary arch and then, on mandibular arch; 2) after brackets were bonded on 10 teeth,
including second premolars and first molars and a NiTi 0.014 archwire was placed for leveling.
Patients were evaluated in 7 different timepoints: Baseline (1), 24h-after separator on maxillary
arch (2) 24h (3) and 1 month (4) after bonding orthodontic appliance on maxillary arch; 24h-after

separator on mandibular arch (5), 24h (6) and 1 month (7) after fixed appliance on mandibular arch.

Pain assessment

All subjects were asked to evaluate their pain intensity on a VAS (10 cm horizontal line with
“No Pain” written in one extremity and “Worst Pain” in the other). Patients were asked to mark a
vertical line crossing the horizontal line corresponding to their pain intensity. Pain intensity
measurement was the distance between the beginning of the horizontal line, corresponding to Ocm,
to the vertical line, drawed by the patient. The patients were asked to inform their pain intensity in
each time point: baseline (1); Immediately (2) and 24h (3) after separator — maxillary arch;
Immediately (4), 24h (5) and 1 month (6) after fixed orthodontics appliance — maxillary arch;
Immediately (7) and 24h (8) after separator — mandibular arch; Immediately (9), 24h (10) and 1

month (11) after fixed orthodontics appliance — mandibular arch (10).

Somatosensory assessment

A standardized quantitative somatosensory evaluation was performed. Four of the total of 6
tests assed was performed according the recommendations of the DFNS (20): cold detection
threshold (CDT), warm detection threshold (WDT), mechanical detection threshold (MDT) and
wind-up ratio (WUR). In addition two more tests were added to the protocol: current perception
threshold (CPT) and mechanical suprathreshold (MST).

CPT was measured using an electro diagnostic sensory nerve testing equipment
(Neurometer NervScan- NS3000). A continuous train of constant-current electrical stimuli was
delivered to the skin through two 8-mm-diameter spherical gold-plated electrodes spaced 20 mm,
coated with 0.3 mL of electroconductive gel. Each site received 3 stimulus frequencies, which are
known to stimulate A-beta (2,000 Hz), A-delta (250 Hz), and C-fibers (5 Hz). During the entire test,

subjects held a remote control used to stop the electrical stimulus. The instrument started the
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delivery of current for each specific frequency at the lowest output intensity and increased it until
the patient perceived (and released the remote control button) an electrically evoked sensation, but
not pain, or until the maximal stimulus was reached (output intensity range of 0.01 to 9.99 mA). The
device automatically repeated a minimum of 3 sets of testing for each frequency until the software
determined a threshold (21, 22).

Thermal Thereshold (CDT and WDT) tests were performed using a 15x15 mm water-
cooled Peltier probe (Medoc - TSA Il NeuroSensory Analyzer 2001). All thresholds were obtained
with ramped stimuli (1 °C/s), either increased (WDT) or decreased (CDT), that were terminated
when the subject pressed a button. The baseline temperature was 32 °C and the cut-off
temperature were 0 and 50 °C. The mean threshold temperature of three consecutive
measurements was calculated for CDT and WDT (20)

MDT was performed as previously described (9, 20, 23) using a standardized set of
Semmes—Weinstein mono-filaments*, which apply forces between 0.008 g/mm2 and 300 g/mmz.
Participants were instructed to report the first perception of touch. The ‘method of limits’ technique
was used to determine the threshold, where a series of ascending and descending stimuli
intensities were applied yielding five suprathreshold and five subthreshold reports. The MDT was
the geometric mean of these five series (9, 20, 23).

MST was tested using a pre-calibrated instrument (Semmes—Weinstein mono-filaments),
which applied 609/mm2 force. Participants were instructed to evaluate their amount of discomfort
using a ‘0-100’ numerical rating scale (NRS). The mean pain intensity of three consecutive
measurements was calculated for MST.

WUR was tested with a mono-filaments pre-calibrated to delivered 60g force. The
participants were asked to rate their pain intensity, using a ‘0-10’ NRS, of a single ‘pinprick’
stimulus and then after a series of 10 repetitive ‘pinprick’ stimuli of the same physical intensity (1/s
applied within an area of 1 sz)_ The procedure was repeated five times. The WUR was the mean
rating of the five series divided by the mean rating of the five single stimuli (20, 23).

CPM assessment

The CPM paradigm was performed using two noxious stimulus according to the following: a) WUR,

as described previews in this study, performed at two different site was the test stimulus (TS): (1)
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trigeminal site (skin underling infra-orbital nerve) and (2) spinal site (dominant arm); b) immersion
of the participant’s non-dominant hand up to the wrist in hot water bath maintained at 46.5 °C for 1
min was the conditioning stimulus (CS). The test stimulus was performed before and during the last
30s of the CS (parallel protocol). Thus, the absolute and percent change difference between the
values of “WUR during the CS” and “WUR before the CS” were considered as CPM (19). Pain

inhibition along the protocol was represented by a negative value.

Gingival crevicular fluid (GCF) collection

The GCF samples were collected from the bilaterally posterior teeth of the experimental
arch (first maxillary and than mandibular) at baseline, 24h/separator, 24h/ortho and 1month/ortho.
Prior to GCF sampling, the supragingival plaque was removed with a sterile curet; the surfaces
were gently dried by an air syringe and then isolated by cotton rolls. Paper strips were carefully
inserted into the crevice until mild resistance was felt and were left in place for 30 seconds. Strips
contaminated with blood were discarded. The strips were placed into sterile microtube vials and
kept at -70°C until analyzed (24, 25).

Enzyme-Linked Inmunosorbent Assays (ELISAs)

Measurements of cytokines in periodontal tissues were performed as previously described
(25, 26). The concentrations of cytokines in periodontal extracts were determined by ELISA test
using commercially available kits (all from R&D Systems, Minneapolis, MN) as follows: IL-13
(sensitivity > 0.063 pg/ml), IL-6 (sensitivity > 0.11 pg/ml), IL-8 (sensitivity > 0.4 pg/ml) e TNF-a
(>0.049 pg/mL). All assays were carried out according to the manufacturer’s instructions. The
results were expressed as picograms of cytokine (+ SD) per milligram of periodontal tissue, for one

experiment representative of three.

STATISTICAL ANALYSES

Quantitative variables were reported as means and standard deviation (SD) and the sex
distribution was presented in percentage. All the quantitative variables were assessed for normal
distribution using the Kolmogorov-Smirnov test and a logy, transformation was applied when

appropriate (p<0.050).
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The 95% confidence interval (95% CI) of the mean for the CPM relative changes was also
computed in order to estimate population mean. In addition, the participants were divided in two
groups according to the CPM percent changes considering the trigeminal site: responders, who
showed more than 10% decrease in WUR; non-responders, who did not show more than 10%
decrease in WUR (27). Finally, t-test for independent sample was computed to assess possible
differences in the somatosensory function, pain report and GCF cytokines. In order to adjust for
multiple comparisons, a Bonferroni correction lowered the significance level to 0.1% (p = 0.001) as
the cut-off point to establish the statistical significance for the mean difference between CPM
responders and non-responders. We considered the group of electrical tests (Neurometer), QST,
pain report, and the GCF as families of comparisons. Therefore, the family wise error rate was
established considering 32 multiple comparisons (4 families x 2 sites x 4 assessments) and,
according to the Bonferroni formula (0.05 / k, where k = number of comparisons), an alpha level as
p = 0.001 was set up. All tests were carried out using the software STATISTICA, v 10 (StatSoft Inc.,

USA).

RESULTS

A total of 30 patients (22 females and 8 males) with a mean age of 14 years old were
included in the study. Dropouts and missing values were not included in the analysis, i.e., no
imputation technique was used. Thus, the sample size through the study was: baseline maxillary
jaw - n=30 and mandibular jaw - n=29; 24h after separation maxillary jaw - n=30 and mandibular
jaw - n=29; 24h after bonding maxillary jaw - n=20 and mandibularjaw - n=21; 1month
after orthodontics maxillary jaw - n=19 and mandibular jaw - n=18.

Absolute mean (SD) differences between WUR obtained along the pain modulation
protocol were -0.2 (1.4) [95% CI -0.8 to 0.2] for the trigeminal site and 0.3 (3.4) [95% CI -0.9 to 1.6]
for the spinal site. Relative mean (SD) changes between WUR obtained along the pain modulation
protocol were -16.9% (58.7) [95% CI -38 to 4.9%) for the trigeminal site and -1.0% (-93.8) [95% CI -
36 to 34%] with no significant differences for the absolute or relative changes CPM between the
groups (p>0.050).

There was no significant difference in somatosensory function, pain report and GCF
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cytokines when compared between CPM responder (G1) and non-responder groups (G2). Except
for CPT — 5Hz baseline at mental n. (G1: 30.1+18.4; G2: 19.1+ 6.0; p=0.029) and IL1-$ baseline at
infra-orbital n. (G1: 21.75+7.5; G2: 27.93+7.8; p=0.026). Table 01 to 04 shows mean + SD and p

value for all outcomes.

DISCUSSION
The results of this study did not support the hypothesis that CPM efficiency impacts pain

intensity, somatosensory function and release of inflammatory cytokines following orthodontic tooth
movement at any time point tested in this study. After the correction for multiple comparisons, no

significant correlations were found.

The lack of significant association between CPM efficiency and the outcome variables of
the present study after the adjustment for multiple comparisons was an interesting finding.
Considering that CPM efficiency may help to identify patients “at risk” to develop chronic pain
{Yarnitsky, 2008 #8}, significant association could be expected, at least between the reported pain
intensity during orthodontic treatment, either after elastomeric separator or bonding fixed appliance.

It is possible that could be explained by specific parameters of our CPM protocol.

A meeting happened in Florence (October 2013) brought together several researchers
interested in CPM to discuss some issues regardless the CPM protocol. Yarnitsky et al., in 2015,
published a summary of the experts-opinion-based protocol suggested by the forum. Even though
the methods used in the present research was similar to many in common used (20, 22, 23, 28), it
differs in some aspect from the research protocol suggested at the forum discussion. It is possible
that the specific parameters of the present CPM testing contributed to the lack of association. In the
present research only WUR as a mechanical “test stimuli” (TS) was used, but they suggested that
adding an additional thermal TS could provide a more comparable CPM. Yarnitsky et al., in 2015,
suggested that sequential protocol, i.e., TS performed immediately after “conditioning stimuli” (CS),
rather than in parallel, i.e., presentation of the TS at the same time as the CS, provides results free
of biases such as distraction. Despite that, we choose to performed parallel protocol since CPM

effect is generally short-lived (29, 30) and it has been already suggested by Moont et.al. that CPM
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acts independently from distractions (28).

We suspect that a more likely reason for our failure to find an association between CPM
and pain outcome relates to the nature of our study sample. Several studies showed an association
between the development of chronic pain conditions with ineffective endogenous pain inhibition
system tested by CPM (15-18). Based on that we hypothesized that patient's orthodontic pain
report could be affected by CPM efficiency. But, the present study failed to find any association.
CPM responses have been found to differ in persons with chronic pain when compared to pain-free
controls (31). Considering that healthy participants comprised the sample studied, the actual

results should be analyzed with caution.

Another technical aspect that deserves to be mentioned relates to cut-off point to divide the
data into two groups: CPM responders (G1) and non-responders (G2). Oono et. al. (27) used a
10% relative difference on TS after CS compared to before. Khan et. al., in 2014, choose to divide
the data into thirds to classify the groups into high, medium, and low exercise hypoalgesia
responders based on the percentage of reduction in the number of responses to the TS. There is
no gold standard method to perform this analysis, in this way; we choose to follow 10% relative
difference method (27). But, future studies are warranted to address this topic and determined

which is the best way to analyze the data.

We suspect that a possible CPM efficiency could influence the release of inflammatory
mediators, since the incidence of pain may be associated with the interactions of inflammatory
mediator (13). The early phase of orthodontic tooth movement involves acute inflammatory
responses, which induce the release of several inflammatory mediators to the GCF (5). In addition,
it is in the orthodontic early phase that patients report more pain induced, that according to our
hypothesized it will be higher in patients CPM responders. But, this association was not observed

in the present study.

In conclusion, CPM efficiency may not significantly influence somatosensory function, pain
intensity or released of inflammatory cytokines following orthodontic tooth movement up to 1 month

after initiated the treatment. However, remained to be confirmed and further investigations are
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required in intraoral somatosensory assessment.
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Figure Legend

Figure 01. Flow chart representing the study design.
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5¢h Visit : » Placement of orthodontic elastomeric separators mandibular arch
: « VAS immediately after elastomeric separator mandibular arch
6th Visit « Same as 2nd visit for mandibular arch
7th Visit «Same as 3rd visit for mandibular arch
8th Visit «Same as 4th visit for mandibular arch




52 Articles

Tables

Table 01. Comparison between CPM-responder (G1) and CPM non-responder (G2). Mean and standard deviation (s.d.) of the current perception threshold
(CPT) test at all time point and sites tested.

* Bold cells present significant p-values (p<0.050)

G1 G2 P value
Infra-orbital n. Mental n. Infra-orbital n. Mental n. .
Measurements Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Infra-orbital n. Mental n.
CPT
2000HZ
Baseline 175.0 (81.53) 14 120.3 (45.2) 14 144.3 (60.7) 16 184.9 (180.5) 16 0.180 0.222
24h AES 142.6 (83.82) 14 155.2 (78.5) 13 181.1 (110.7 16 188.5 (102.4) 16 0.161 0.278
24h AO 195.7 (127.4) 9 141.1 (61.9) 9 184.0 (152.5) 11 188.5 (90.4) 12 0.765 0.192
1month AO 170.2 (74.57) 8 192.2 (99.1) 9 181.4 (78.5) 11 223.4 (122.1) 9 0.728 0.520
250HZ
Baseline 47.3 (28.5) 14 46.0 (17.4) 14 29.9 (20.1) 16 48.0 (68.2) 16 0.073 0.165
24h AES 45.0 (57.1) 14 44.6 (26.6) 13 47.5 (42.8) 16 61.1 (88.8) 16 0.560 0.802
24h AO 38.6 (38.2) 9 44.8 (24.24) 9 59.8 (78.3) 11 66.2 (55.0) 12 0.341 0.766
1month AO 28.3 (15.1) 8 125.7 (178.7) 9 45.6 (32.2) 11 93.0 (87.1) 9 0.365 0.881
5HZ
Baseline 23.4 (22.9) 14 30.1 (18.4) 14 16.25 (12.61) 16 19.1 (16.0) 16 0.144 0.029
24h AES 30.2 (52.4) 14 23.3 (14.1) 13 22.56 (25.42) 16 30.1 (34.0) 16 0.612 0.800
24h AO 17.5 (21.3) 9 22.2 (29.4) 9 35.81 (38.5) 11 36.9 (27.3) 12 0.093 0.282
1month AO 14.2 (9.7) 8 74.2 (89.9) 9 30.1 (26.9) 11 58.8 (63.8) 9 0.243 0.893

G1= CPM responder; G2 = CPM non-repsonder
AES = after elastomeric separator; AO = after orthodontic bonding
CPT = current perception threshold (mA);
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Table 02. Comparison between CPM-responder (G1) and CPM non-responder (G2). Mean and standard deviation (s.d.) of QST at all time point and sites
tested.

G1= CPM responder; G2 = CPM non-repsonder; AES = after elastomeric separator; AO = after orthodontic bonding; MDT = mechanical detection threshold (g/mm?); MST = mechanical

G1 G2 P value
Infra-orbital n. Mental n. Infra-orbital n. Mental n. )
Measurements Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) Infra-orbital n. Mental n.
MDT
Baseline 0.09 (0.16) 14 0.06 (0.15) 14 0.17 (0.29) 16 0.12 (0.30) 16 0.195 0.188
24h AES 0.15 (0.34) 14 0.13 (0.24) 13 0.15 (0.22) 16 0.15(0.410 16 0.430 0.985
24h AO 0.13 (0.35) 9 0.04 (0.07) 9 0.13 (0.26) 11 0.12 (0.19) 12 0.550 0.389
1month AO 0.05 (0.04) 8 0.02 (0.02) 9 0.15 (0.34) 11 0.09 (0.12) 9 0.654 0.103
CDT
Baseline 28.2 (2.4) 14 29.1 (2.3) 14 27.9 (56.3) 16 28.6 (5.2) 16 0.629 0.583
24h AES 27.7 (4.0) 14 28.1 (6.1) 13 27.9 (2.8) 15 27.3 (4.9) 16 0.793 0.929
24h AO 25.8 (6.3) 9 27.4 (3.5) 9 27.3 (4.7) 11 27.8 (3.7) 12 0.541 0.876
1month AO 25.6 (4.2) 8 28.9 (2.5) 9 27.5 (3.1) 11 28.2 (2.5) 9 0.281 0.595
HDT
Baseline 34.8 (1.5) 14 35.7 (3.2) 14 35.0 (3.7) 16 65.1 (3.8) 16 0.902 0.855
24h AES 35.0 (2.1) 14 34.9 (1.4) 13 34.8 (1.5) 16 35.7 (2.7) 16 0.794 0.422
24h AO 35.3(1.2) 9 35.2 (1.2) 9 35.3 (2.6) 11 36.7 (2.3) 12 0.959 0.111
1month AO 35.4 (1.6) 8 35.6 (1.6) 9 35.2 (1.9) 11 36.7 (2.1) 9 0.830 0.261
MST
Baseline 2.58 (2.8) 14 2.83 (2.8) 14 2.95 (2.5) 16 2.23 (2.5) 16 0.234 0.222
24h AES 2.45 (2.9) 14 1.39 (1.6) 13 2.34 (2.3) 16 2.04 (2.2) 16 0.936 0.293
24h AO 2.37 (3.1) 9 1.56 (2.5) 10 2.56 (2.5) 11 2.15 (2.5) 12 0.870 0.251
1month AO 1.40 (2.8) 8 1.57 (2.2) 9 1.75(1.9) 11 2.07 (2.6) 9 0.189 0.464
WUR
Baseline 1.77 (1.1) 14 1.69 (0.9) 14 1.48 (1.3) 16 2.96 (3.0) 16 0.235 0.860
24h AES 1.85(1.2) 13 2.83 (1.6) 11 1.86 (1.2) 16 12.74 (3.8) 16 0.584 0.553
24h AO 1.72 (1.0) 8 1.42 (0.5) 6 1.88 (2.3) 11 2.45 (2.9) 11 0.934 0.206
1month AO 2.27 (2.7) 5 1.19 (0.8) 7 3.10 (3.2) 10 3.15 (3.5) 8 0.307 0.110

suprathreshold (pain intensity-VAS); WUR = wind-up ratio (pain intensity-VAS); CDT = cold detection threshold (°C); WDT = warm detection threshold (°C).
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Table 03. Comparison between CPM-responder (G1) and CPM non-responder (G2). Mean and standard deviation (s.d.) of pain intensity at all time point and
sites tested.

G1= CPM responder; G2 = CPM non-repsonder;

G1 G2 P value
Infra-orbital n. Mental n. Infra-orbital n. Mental n. .
Measurements Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Infra-orbital n. Mental n.
VAS
Baseline 0.0 (0.0) 14 0.0 (0.0) 13 0.0 (0.0) 16 0.0 (0.0) 16 - -
Imme AES 2.0(2.3) 14 1.6 (2.4) 13 2.6 (2.9) 16 1.6 (1.7) 16 0.880 0.760
24h AES 1.7 (3.0) 14 1.2(2.1) 13 2.3 (2.6) 16 1.3 (1.7) 16 0.477 0.614
Imme AO 2.1(3.0) 8 3.1(4.0) 8 1.7 (3.3 12 2.7 (3.1) 12 0.661 0.749
24h AO 4.1(2.7) 10 5.0 (3.1) 9 4.9 (2.7) 12 3.4 (2.9) 12 0.351 0.301
1month AO 0.0 (0.0) 9 0.0 (0.0) 9 0.2 (0.5) 12 0.4 (1.3) 10 0.357 0.357

AES = after elastomeric separator; AO = after orthodontic bonding; Imme AES = immediately after elastomeric separator; Imme AO= after orthodontic bonding;
VAS= Visual analog scale (pain intensity-VAS)
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Table 04. Comparison between CPM-responder (G1) and CPM non-responder (G2). Mean and standard deviation (s.d.) of the cytokine concentration (pg/ml)
at all time point and sites tested.

* Bold cells present significant p-values (p<0.050)

G1 G2 P value
Infra-orbital n. Mental n. Infra-orbital n. Mental n. inf Lital Vental

Measurements Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) nira-oronarn. entain.
IL-1B

Baseline 21.75 (7.5) 14 22.96 (8.1) 13 27.93 (7.8) 16 25.93 (6.6) 16 0.036 0.289

24h AES 34.00 (5.2) 14 32.65 (4.9) 13 36.71 (5.4) 16 33.81 (5.8) 16 0.177 0.575

24h AO 40.43 (6.0) 9 42.38 (6.6) 9 42.38 (7.5) 11 40.90 (6.1) 12 0.537 0.603

1month AO 53.8 (4.9) 8 51.30 (7.45) 9 59.06 (11.14) 11 55.61 (5.6) 9 0.235 0.187

IL6

Baseline 4.28 (1.5) 14 5.16 (1.6) 13 4.65 (1.2) 16 4.37 (1.2) 16 0.473 0.150

24h AES 8.95 (3.0) 14 10.67 (3.7) 13 9.59 (2.8) 16 9.32 (2.4) 16 0.554 0.253

24h AO 14.21 (2.2) 9 17.98 (2.7) 9 14.23 (3.6) 11 15.56 (3.3) 12 0.991 0.091

1month AO 9.32 (1.3) 8 12.17 (1.5) 9 11.16 (3.4) 11 10.10 (2.0) 9 0.167 0.027
IL8

Baseline 58.71 (6.7) 14 58.47 (7.9) 13 57.03 (6.3) 16 58.14 (7.2) 16 0.484 0.906

24h AES 60.78 (6.1) 14 59.15(7.2) 13 59.39 (6.0) 16 59.37 (6.4) 16 0.536 0.930

24h AO 58.06 (6.8) 9 61.45 (6.9) 9 58.53 (5.8) 11 57.74 (6.4) 12 0.869 0.223

1month AO 59.37 (5.8) 8 58.60 (6.8) 9 57.31 (7.45) 11 54.70 (6.4) 9 0.527 0.231
TNF-a

Baseline 22.83 (2.8) 14 22.52 (5.0) 13 20.94 (3.5) 16 21.41 (3.3) 16 0.122 0.487

24h AES 31.31 (5.1) 14 31.86 (5.45) 13 30.25 (4.3) 16 31.46 (6.0) 16 0.543 0.851

24h AO 37.79 (4.0) 9 34.37 (5.7) 10 34.42 (3.8) 11 33.74 (5.0) 12 0.072 0.795

1month AO 138.66 (4.3) 8 37.43 (7.7) 9 37.51 (4.3) 11 37.81 (7.3) 9 0.576 0.916

G1= CPM responder; G2 = CPM non-repsonder
AES = after elastomeric separator; AO = after orthodontic bonding
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3 DISCUSSION

To our knowledge, the present study is the first to evaluate a possible association of
inflammatory mediator, pain, pain modulation and somatosensory function following
orthodontic procedures. The results showed that patients reported more pain 24h-after fixed
orthodontic appliance when compared to baseline. The orthodontic treatment was associated
with less sensitivity to a pin-prick stimulation 24h and 1 month-after fixed appliance bonding,
but no changes were found in MDT or thermal detection thresholds. There was a trend of
increase in IL-1P, IL-6 and TNF-a levels 24h-after elastic separator but no significant
difference was found when compared to baseline values. The IL-6 levels were significantly
increased 24h-after bonding the orthodontic. However, the IL-1f and TNF-o were
significantly higher only 1 month after treatment onset when compared to baseline. Moreover,
the results of this study did not support the hypothesis that CPM efficiency impacts pain
intensity, somatosensory function and release of inflammatory cytokines following
orthodontic tooth movement at any time point tested in this study. After the correction for

multiple comparisons, no significant correlations were found.

Pain is defined by the International Association for the Study of Pain (IASP) as “an
unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage” (2). Pain is always subjective. Orthodontic
pain is one of the most unpleasant reactions to orthodontic therapy, and sometimes can lead to
patient’s treatment discontinue. Usually, patients report more pain following elastic separator
or as soon as fixed orthodontic appliance is placed. In the present study we decided to
examine both methods of stimulating orthodontic tooth movement. Lv et al. in 2016 reported
that patients complaint of moderate orthodontic pain induced that peaks 24h-after orthodontic
force are applied (mean VAS= 4.2 + 1.8 cm) (39). Those results are similar to the one
reported in the present study, where patients reported moderate pain intensity 24h-after
bonding the fixed orthodontic appliance (mean VAS =4.59 + 2.69 (V2) and 4.14 + 3.02 (V3))
but only mild pain intensity following elastic separator (mean VAS = 2.0 + 2.80 (V2) and
1.31 + 1.88 (V3)), which were expected. We could pointed two possible explanation for this
difference in pain report when compared those different methods to induce OTM: 1) The
fixed orthodontic appliance stimulate all teeth at the same time and elastic separator only
stimulate two contiguous teeth; 2) high levels of inflammation in the periodontal ligament

between 12h and 36h after bonding (18, 19, 32), which were confirmed by the present study.
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No significant difference was observed after elastic separator, but there was an increase in
pro-inflammatory mediators 24h and 1 month after bonding.

It is well establish how OTM induces local inflammation and pain, but the individual
response it is not predictable. Various authors have studied orthodontic pain and the different
factors that modify it, which included gender, personality, and previous experience of pain in
dental treatment (42). But, to our knowledge this is the first study to evaluate a possible
individual endogenous analgesia effect on orthodontic induced-pain.

Endogenous analgesia (EA) is a mechanism that can control or reduce pain. The term
Conditioned Pain Modulation (CPM) is used to describe psychophysical paradigm designed
to assess the EA (pain reducing pain). This mechanism is assessing by applying two remote
noxious stimuli which one inhibits the other (8). Several studies showed an association
between the developments of chronic pain conditions with inefficient endogenous pain
inhibition system tested by CPM (10-13). Based on that, we hypothesized that patient's
orthodontic pain perception could be affected by CPM efficiency. This hypothesis was
rejected.

We suspect that a possible CPM efficiency could influence the release of
inflammatory mediators, since the incidence of pain may be associated with the interactions
of inflammatory mediator (17). The early phase of orthodontic tooth movement involves
acute inflammatory responses, which induce the release of several inflammatory mediators to
the GCF (18). In addition, it is in the orthodontic early phase that patients report more pain
induced, that according to our hypothesized it will be higher in patients CPM responders. But,

this association was not observed in the present study.

The lack of any significant association between CPM efficiency and the outcome
variables of the present study was an interesting finding. CPM efficiency may help to identify
patients “at risk” for the development of chronic pain (9), but failed to predict patients “at
risk” to perceive more pain following OTM. CPM responses have been found to differ in
persons with chronic pain when compared to pain-free controls (43). Considering that healthy
participants comprised the sample studied, the actual results should be analyzed with caution.
Moreover, even though the methods used in the present research was similar to many in
common use (36, 44-46), it differ in some aspects from the protocol suggested by some CPM
researchers-expert published by Yarnitsky et al., in 2015. It is possible that the specific

parameters of our CPM testing contributed to the lack of association.

In the present research we performed only WUR as a mechanical “test stimuli” (TS),
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but they suggested adding an additional thermal TS could provide a more comparable CPM.
Unfortunately, due to the magnitude of the study, 8 sessions, each session taking around 60
minutes, we did not have enough time to perform different “test stimuli” methods. In face of
that we opted to perform a mechanical test following other authors protocol (36, 46). Besides,
Yarnitsky et al., in 2015, suggested that sequential protocol, i.e., TS performed immediately
after “conditioning stimuli” (CS), rather than in parallel, i.e., presentation of the TS at the
same time as the CS, provides a result free of biases such as distraction. Despite that, we
choose to performed parallel protocol since CPM effect is generally short-lived (47, 48) and it
has been already suggested by Moont et.al. (44) that CPM is an effective method reducing

perceived pain and has a different physiological mechanism underlie distraction and CPM.

A review on neural mechanisms of nociception during orthodontic treatment published
in 2017 by Kobayashi et al. (32) suggested that the release of IL-1 and TNF-o mediate
inflammatory hyperalgesia by generating the release of prostaglandins (PGs), which sensitize
nociceptors on C-fibers. Even though the present study show an increase in those two
proinflammatory cytokines 1 month after initiate orthodontic force we could not find any
hyperalgesia in the infra-orbital or mental nerves territory. This may be due to a site-specific
effect discussed above. Moreover, there is no elevation on systemic cytokine-mediator
following conventional orthodontic treatment (49), which may explain a site-specific effect.
The results of the present study may suggest that orthodontic-induced inflammation, at least at
the GCF, is insufficient to evoke significant change in mechanical and thermal threshold at
extra-oral nerve territory.

The early phase of orthodontic tooth movement involves acute inflammatory
responses, which induce several inflammatory mediators to be released into the gingival
crevicular fluid. GCF analysis has been proven to be an effective method to identify specific
biomarkers with reasonable sensitivity, therefore, an important tool to study PDL and alveolar
bone remodeling (18, 50). Majeed et al., in 2016, (51) performed a systematic review on
identification of GCF sampling. They concluded that paper strips are the most convenient and
accurate method for GCF collection, while enzyme-linked immunosorbent assay can be
considered the most conventional method for the diagnosis of biofluids. Perinetti et al. in
2013 (52), reported that measurement of GCF volume it is not a reliable outcome for tissue
remodeling incident to OTM. Moreover, the cytokine local concentration seems to be more
important than the total amount of cytokine present (20).

It has been shown in previous studies that the most commonly studied cytokines in
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association with orthodontic treatment are IL-1p, IL-6, IL-8 and TNF-a (18, 20), therefore
those are the cytokines chosen to be evaluated in the present study. Apparently, there was a
trend of IL-6, IL-1B and TNF-a increase 24h-after separator, however not significant when
compared to baseline values. The orthodontic appliance, on the other hand, induced a
significant increase in IL-6 levels after 24h and in IL-1B and TNF-a levels after a month.
Manifold studies have showed increase in IL-1 as early as 1min to 1h reaching peak at 24h
(17-20, 53). But, Kappor et al., (18) reported, in a systematic review, studies showing a peak
of IL-1P up to 6 months. In the present study, IL-1P levels peak one month after leveling. It is
also imported to notice that light continuous force (54, 55) tended to maintain relatively high
IL-1PB levels for a longer period (20), which might explain why IL-1 levels show a tend to
increase 24h-after separator but only peaks after 1-month of continuous orthodontic force
applied. Treatment mechanisms might be an important factor in the secretion regulation of
those mediators and different cytokines may respond different to similar mechanisms (20).

Moreover, inflammation along the nerve trunk (perineural inflammation) can cause
neuritis. Eliav et al. reported significantly increased IL-6 and IL-1f secretion by perineural
inflammation induced in rats. The IL-6 was more prominent immediately following
application when the pain peaked and reduced as the pain resolved. IL-1f activity remained
elevated in a later stage after the resolution of the pain. This study might therefore support our
finding of increased IL-6 in early stage and IL-1p in a later stage.

Although QST has been proven of high value in various orofacial pathologies, to our
knowledge, only two studies (39, 40) applied it to patients undergoing orthodontic treatment
and one study was conducted on a rat model (41). The study performed by Sood et al., 2015,
shown a bilateral mechanical and thermal hypersensitivities following orthodontic tooth
movement (OTM) model in rats, with peaks reached on postoperative day-1. However, the
authors suggested that those somatosensory alterations could be results of a hyperocclusion-
based hypersensitivity. Since the heavy intensity of the initial force used in this OTM rat
model may lead to an immediate forced eruption of the tooth and thereby cause
hyperocclusion and therefore not simulating the clinical condition in humans (41). The
previous two clinical studies reported some site-specific somatosensory alteration. Lv et al.
reported an alteration to pressure threshold in the attached gingiva and in the periodontal
ligament 24h-following orthodontic appliance placement. Shen et al. found a hypersensitive
to cold and hyposensitive to pressure at the site of the tooth movement up to 1 month after
orthodontic force was applied. Both studies found some somatosensory alteration intra-orally,

either at gingival site or directly to the crowns of the teeth, which diverge from the present
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study that the tests were performed extra-orally.

In the present study, the orthodontic fixed appliance was associated with decreased
sensitivity (less pain) to pin-prick pain 24h and 1 month after beginning the treatment.
Moreover, patient experienced more pain intensity 24h-after orthodontic fixed appliance,
suggesting that maybe an EA effect is present, since two different noxious stimuli were
applied (orthodontic force and pin-prick test). However, patients were not experience pain 1
month following orthodontic treatment and they still report a hyposensitive to pin-prick
stimuli. The exact mechanism underlying those results remain unknown but could be related
to elevated levels of pro-inflammatory-cytokine at this time point.

Larrea et al. (42) reported that females felt more pain than male when pain reached its
peak, but also resolve faster. Some studies suggested that estrous cycle might have an effect
on mediator levels (18). However, gender effect could not be studied due to the limited study
sample. In this way, a larger sample size would allow to address this analysis.

Pain varies at different stages of orthodontic treatment, so the present study focused on
pain experienced in the initial stage in order to eliminate a possible bias. Nevertheless, 1
month is a short effect compared to the long orthodontic time course; so, future longer-lasting
studies should be performed to a better understanding of possible somatosensory changes
along the whole orthodontic treatment. Additionally, it would be interesting to study the
cytokines effect on intraoral-somatosensory profile.

Another technical aspect that deserves to be mentioned is regardless the control group.
Unfortunately, there is no normative parameter to analyze QST results; in this way the
comparison between the non-affected contra-lateral site (38) or before intervention is
suggested (20). Therefore, in the present study since all the teeth it was under orthodontic
pressure it seems practical to use the baseline levels at experimental teeth as controls (20).

On top of that, with regard to the cut-off point to divide the data into two groups: CPM
responders (G1) and non-responders (G2). Oono et al. (56) used a 10% relative difference on
TS after CS compared to before. Khan et. al., in 2014, choose to divide the data into thirds to
classify the groups into high, medium, and low exercise hypoalgesia responders based on the
percentage of reduction in the number of responses to the TS. There is no gold standard
method to perform this analysis, in this way; we choose to follow 10% relative difference
method (56). But, future studies are warranted to address this topic and determined which is

the best way to analyze the data.
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4. COncluSiOn







4 CONCLUSIONS

In conclusion, orthodontic-induced inflammation may have a modality specific effect
on somatosensory function of the trigeminal system, since we could not find significant
differences in detection thresholds but only for pain sensitivity. In addition, elastic separators
seems not an ideal model to study possible inflammatory changes following orthodontic tooth
movement, since it only could induce mild pain and was not able to increase significantly pro-
inflammatory cytokines level. Moreover, CPM efficiency may not significantly influence
somatosensory function, pain intensity or released of inflammatory cytokines following
orthodontic tooth movement up to 1 month after initiated the treatment. However, remained to

be confirmed and further investigations are required in intraoral somatosensory assessment
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