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Abstract: Oral well-being is an integral part of individual general health. The mouth and teeth are, in
fact, part of our body, increasingly characterizing personal identity. Oral diseases are a public health
problem that has a growing prevalence. Oral pathologies can occur in childhood, and as they have a
chronic and progressive course, if not properly treated, they can affect the relational, psychological,
and social skills of an individual. The population most affected are those with a low socio-economic
level, so much so that the presence of diseases of the oral cavity is considered a marker of social
disadvantage. In this regard, much effort is needed from scientists, and their applied sciences, in order
to give the knowledge required for public health personal to take note of the seriousness of the
situation and to start changing the way we deal with the problem.

Keywords: oral health; periodontitis; systemic health; caries; oral pathology; applied sciences

1. Editorial

In July 2019, The Lancet published a full-bodied report: “Oral diseases: a global public health
challenge” dedicated to investigating this topic, often overlooked by public health policies [1].
The relationship is the result of a collaboration between thirteen world academic institutions. Top experts
in the field of preventive and community dentistry took part in the work. Many of them are part of the
WHO collaboration centers for oral health inequalities. In this work the main pathologies of the hard
and soft tissues of the oral cavity were analyzed, from which the different chapters of the relationship
derive: (1) Overview of oral pathologies, (2) Epidemiology, (3) Effects at the individual, family and
social level, and (4) Social determinants ampersands.

1.1. Caries

Caries is a chronic-degenerative pathology with a multifactorial etiology resulting from alternation
of periods of demineralization and re-mineralization linked to the pH of the bacterial plaque [2,3].

The reduction in pH is due to the presence of acidogenic and aciduric bacteria that ferment
sugars taken in through the diet. A cavitary lesion is the clinical sign of caries disease, which can be
arrested in its early stages through correct exposure to fluorinated compounds [4]. Fluorine is the
cornerstone of caries prevention and is necessary for all individuals with natural dental elements [5].
It is also important to obtain a good endodontic treatment in cases of endodontic lesions. In this regard,
Dioguardi et al., in their systematic review published in the present Special Issue, have underlined the
importance of the sterilization process of endodontic instruments as a key factor for an endodontic
treatment [6].

1.2. Periodontal Disease

Periodontitis is a chronic inflammatory disease of the supporting tissues of the dental elements
caused by the presence of anaerobic bacteria with the interaction of three main cofactors: host
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susceptibility, environmental, and behavioral factors [7-11]. More specifically, Valletta et al. [12]
have evaluated the association between facial typology and gingival biotype in patients by means
of two-dimensional and three-dimensional evaluations of facial typology using facial scanners. The
authors found that there was no statistically significant association between facial typology and gingival
biotype. Polizzi et al., in their report, have underlined the fundamental role of Myeloperoxidase in
the alveolar bone loss during periodontitis [13], while Byun et al. have shown the role exerted of
periodontitis in patients that undergo tonsillectomy [14].

Tobacco and chronic diseases such as diabetes, cardiovascular disease, and dementia contribute
to increased risk of periodontal disease. The disease manifests itself in its initial stage as gingivitis,
a reversible pathology characterized by bleeding, swelling of the gums, edema, and the absence of
periodontal pockets [15,16]. If left untreated, it develops into periodontitis, an irreversible pathology
characterized by radiographic loss of bone in the presence of loss of attachment to the probe [17] is
a pathognomonic sign of the periodontal pocket [18,19], especially during orthodontic treatment, as
shown by Lo Giudice et al. in their report [20].

1.3. Oral Cancer

Oral cancer in all its forms (e.g., carcinoma of the lip, tongue, pharynx, and oral cavity) is
increasingly common worldwide [1,21]. Squamous cell carcinoma is the most common cancer in the
oral cavity [22]. The main risk factors are smoking and tobacco, especially if chewed (in the form of
Bethel leaves), alcohol, and infectious agents. The most affected demographic is that of elderly men of
low socio-economic level. Oral papilloma caused by Human Papillomaviruses (HPV) is particularly
frequent in high-income populations, especially among younger demographics.

2. Epidemiology of Oral Pathologies

The latest epidemiological studies reveal that data on caries not treated with deciduous and
permanent dentition have remained unchanged over the past 30 years, to the detriment of what is
perceived by academic and non-academic society. Data from 2017 confirm that untreated caries in
permanent teeth remain the most common disease worldwide, affecting 34.1% of the population [1]
(Figure 1).

Prevalence (%)
[ <20 (n=2)
3 20-30 (n=47)
[ 31-40 (n=94)
B 41-50 (n=46)
I >50 (n=5)

Figure 1. World prevalence estimate of untreated caries in permanent dentition in 2017, from the
Institute of Health Metrics and Evaluation.

Despite the undoubted improvements obtained in terms of general health, the incidence of various
pathologies of dental interest remains high.
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It is, therefore, necessary to promote and favor specific caries prevention programs for periodontal
diseases and neoplasms in order also to avoid the onset of clinical conditions that entail disabling
psychophysical impairments, with a consequent commitment of substantial financial, personal, and
collective resources for rehabilitation therapy [23,24].

The etiology, pathogenesis, and evolution of the aforementioned pathologies, and the fact that
prevention represents a fundamental measure in terms of efficacy and favorable cost-benefit ratio, are
well known.

Furthermore, since various risk factors for diseases of the oral cavity (e.g., bacteria, inadequate
diet, smoking, incorrect lifestyle) are common to other chronic degenerative diseases, any preventive
measure put in place must be considered as a wider measure of promotion of individual overall
health [25].

Most of the most common pathologies of the oral cavity, for diagnostic purposes [26], make
use of well-coded and proven efficacy pathways, ranging from general medical anamnesis to
specific stomatological anamnesis [27], to extra-intra-oral physical examination [28], to radiographic
investigations, photographic documentation, and examination of study models [29-33]. Furthermore,
the introduction to daily practice of recent innovative technologies will allow clinicians to obtain
increasingly precise and punctual information, in order to considerably reduce the margin of
diagnostic error.

The overall disease burden of oral disease, understood as a measure of the weight of the disease
according to the disability-adjusted life year (DALY) index, is comparable to that of tuberculosis or
malaria [30].

Here then, is the paradox of oral health: In the face of a very high number of affected individuals,
of the sufferings and consequences of oral diseases on general health [34-38], which are moreover
particularly serious in children, the underestimation of the problem appears scandalous.

3. Conclusions

Therefore, the time has come for public health to take note of the seriousness of the situation and
to start changing the way we deal with the problem. It is possible to improve oral health and reduce
inequalities at a global level by investing resources in prevention and basic care, and not by relying
exclusively on the private dentistry market, which can be accessed by a dramatically low number of
people compared to the many who need it.

Author Contributions: Conceptualization, validation, writing—review and editing, G.I. The author has read and
agreed to the published version of the manuscript.
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Featured Application: Patients with a reduced inferior facial height present, with lower frequency,
a thin gingival biotype, and might be less susceptible to periodontal damage due to orthodontic
treatment.

Abstract: In dentistry, the assessment of periodontal biotype is considered one of the most important
parameters with which to plan treatment, and craniofacial morphology might affect it. The aim
of this study was to investigate the association between facial typology and gingival biotype in
patients by means of two-dimensional and three-dimensional evaluations of facial typology. This
study included 121 participants searching for orthodontic treatment (43 M, 78 F; 20.4 + 10.4).
Gingival biotype was evaluated based on the transparency of the periodontal probe through the
gingival margin of the mid-buccal sulcus for both upper (UGB) and lower (LGB) anterior teeth.
SellionNasion"GonionGnation (SN"GoGn) and CondylionGonionMenton (CoGoMe") angles were
measured on two-dimensional cephalograms. Three-dimensional face scans were acquired by means
of a three-dimensional facial scanner (3dMD system) and successively analyzed to assess the facial
typology using the ratio between lower facial height (SNMe) and total facial height (NMe). A
chi-squared test and regression analysis were used to evaluate the associations between gingival
biotype and facial morphology (p < 0.05). The chi-squared test showed that there was no statistically
significant association between facial typology and gingival biotype (UGB p = 0.83; LGB p = 0.75).
The logistic regression showed an association between SNMe/NMe and the UGB (p = 0.036), and
SNMe/NMe and LGB (p = 0.049). The decreased ratio of SNMe/NMe might be a protective factor for
a thin gingival biotype.

Keywords: facial typology; gingival biotype; orthodontic diagnosis; cephalometric analysis;
three-dimensional facial scans

1. Introduction

Gingivitis develops more frequently in patients undergoing orthodontic treatment mainly due to
an inflammatory reaction following the accumulation of bacterial plaque [1-3].

Many authors have shown that gingival recessions can develop during or after orthodontic
treatment [4,5]. Indeed, at the end of orthodontic therapy, the reported prevalence of gingival
recessions ranges from 5% to 12% and in long-term follow-up (5 years) has been observed an increase
to 47% [4-6].
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A recent systematic review has established that the direction of dental movements and the
buccal-lingual thickness of the gingiva can play an important role in altering soft tissues during
orthodontic treatment. There is a high probability of recession during tooth movement in areas
with less than 2 mm of gingival thickness [7]. This could affect the integrity of periodontal tissues
and represent a risk factor when orthodontic treatments [8], implants [9], and restorative treatments
are performed [10]. Gingival biotype is defined as the thickness of the gingiva in the labiolingual
direction [9]. Studies have reported that gingival biotype is an important parameter that must be
evaluated to reduce the risk of gingival recession [11].

Hence, the assessment of periodontal biotype is considered one of the most important parameters
for outcomes focused on dental planning according to the classification of periodontal and peri-implant
diseases and conditions [12].

Many features of the gingival phenotype are genetically determined; others seem to be influenced
by age, sex, growth, tooth shape, and tooth position [13]. Moreover, it has been shown that among
individuals and intra-individual there is variation in the width [14] and thickness of the vestibular
gingiva [15].

Facial typology is classified as dolichofacial, mesofacial, or brachyfacial. A dolichofacial typology has
excessive vertical facial growth and is usually associated with an increased SellaNasion"GonionGnathion
(SN"GoGN) angle and increased vertical jaw relation (AnsPns"GoGn) [16,17]. A brachyfacial typology has
reduced vertical growth and is usually accompanied by reduced SN"GoGn, reduced AnsPns’GoGn, and a
decreased lower facial height (SNMe) total facial height (NMe) ratio [18].

The cephalometric evaluation of facial type is essential for orthodontic diagnosis because the
amount and direction of jaw growth will significantly alter the need for orthodontic biomechanics [19].

Craniofacial morphology may also affect the gingival phenotype [13,20]. Some studies have
evaluated the relationship of bone morphology to facial typology [21-23] and a correlation between
facial and alveolar bone has already been demonstrated [24]. Indeed, in dolichofacial patients, the
mandibular symphysis is high and thin, while in brachyfacial patients, the symphysis is low and
thick [25]. As a consequence, before starting orthodontic treatment, it is important to evaluate and
to diagnose both the gingival biotype and facial typology with the objective of decreasing the risk
of periodontal destruction [26]. Only a few studies have instead evaluated the association between
gingival thickness and craniofacial morphology [26].

Facial soft tissue is evaluated using several methodologies; two of the most representative methods,
used to obtain three-dimensional (3D) scans, are laser scanners and 3D stereophotogrammetry [27-30].
The analysis of the face using 3D stereophotogrammetry is consistent and valid [31-34]. Hence, this
is a reliable method with which to analyze facial soft tissues and avoid any X-ray exposure to the
patient [34,35].

Including only patients seeking orthodontic treatment, the aim of this study was to investigate
the association between gingival biotype and facial typology evaluated by means of a cephalometric
and 3D facial analysis.

The null hypothesis was that there is no association between gingival biotype and facial typology.

2. Materials and Methods

2.1. Subjects

The study sample comprised 121 patients (43 males, 78 females; from 10 to 56 years old, median age
17.04, and interquartile range (IQR) 13.7-22.1) recruited among patients who had to start orthodontic
treatment at the Section of Orthodontics and Temporomandibular Disorders of the University of Naples
“Federico II”.

All patients were fully informed about the nature of the study and signed their informed consent.
The research protocol was approved by the Ethics Committee of the University of Naples Federico I
(58/19).
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The following selection criteria were applied: (1) patients > 8 years, (2) patients had had
pre-orthodontic treatment, (3) patients had upper and lower permanent anterior teeth, and (4) patients
had good oral hygiene.

Exclusion criteria included diseases requiring premedication to perform periodontal probing,
systemic diseases that can influence the activity of periodontal disease, individuals taking drugs that
affect periodontal status, patients with removable prostheses, and pregnant or breastfeeding women.

2.2. Periodontal Assessment and Clinical Procedure

Gingival biotype was evaluated based on the transparency of the periodontal probe through
the gingival margin of the mid-buccal sulcus of both central and lateral incisors and canines, both
maxillary and mandibular. If the outline of the probe could be seen through the gingival margin, it
was categorized as “thin” (Figure 1); if not, it was categorized as “thick” (Figure 2) [36].

Figure 2. Thick biotype with North Carolina probe.

All the variables were recorded by one expert operator (periodontist) using a millimeter periodontal
probe (15 mm North Carolina probe) inserted in the gingival sulcus with a force of about 0.25 Newton.

2.3. D Facial Scans Acquisition Process

The facial scanner 3dMD (3dMD LLC, Atlanta, GA, USA) was used in this study. The scanner
was installed in a specific setting, with no lighting (neither natural nor artificial lighting) used during
the acquisition.

The scanner configuration consisted of three pairs of stereo-cameras, two texture cameras, and
four geometric cameras with lenses slightly convergent, as well as two projectors and three led panels
positioned on the right and on the left.

The calibration of the system was the first step of the protocol acquisition. The operator invited the
patient to look straight ahead with their head in a natural head position (NHP) for the total scanning
time. The teeth were taken together with the eyes opened. After the participant had been properly
positioned 90 cm away from the scanner, a video with the six cameras was recorded.
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Successively, the scans were exported from the video as .obj images and analyzed using a
3dMDVultus (3dMD LLC, Atlanta, GA, USA). All images were stored on a secure computer in the
School of Dentistry at the University of Naples.

2.4. Facial Typology Assessment with Two-Dimensional and Three-Dimensional Cephalometric Evaluation

Delta-Dent software (Outside Format, Spino D’Adda, Italy) was used to perform two-dimensional
cephalometric tracings to evaluate facial typology.

For this study, cephalometric analysis was performed as shown in Figure 3a,b. Briefly, two
cephalometric variables were assessed: the SN"GoGn (average value + SD = 33° + 2.5°) determined
jaw divergence, which is the angle between the anterior cranial base (Sella-Nasion) and the mandibular
plane (Gonion-Gnathion), and the CoGoMe" angle (average value + SD = 132° + 6.0°) that measures
the mandibular structure and is formed by the condylar axis (Condylion-Gonion) and the mandibular
base (Gonion-Menton).

The sample was divided into three types of craniofacial morphology: brachyfacial, witha SN"GoGn
equal to or lower than 27°, mesofacial, with a SN"GoGn between 27° and 37°, and dolichofacial, with a
SN"GoGn equal to or greater than 37°.

In order to evaluate facial typology, six points (Figure 3a) were identified and traced on a lateral
cephalogram: ‘Sella’ (S, the center of the sella turcica), ‘Nasion” (N, the external point of the junction
between the nasal and frontal bones), ‘Gonion’ (Go, the most inferior posterior point of the mandibular
angle), ‘Gnathion’ (Gn, the point of the mandibular symphysis on the facial axis) ‘Menton’ (Me, the
most inferior point of the mandibular symphysis), and ‘Condylion’ (Co, the highest and most posterior
point on the contour of the mandibular condyle).

The facial scans were acquired and then analyzed using 3dMDVultus Software. On the facial
scans, three landmarks were identified: N (‘Soft Tissue Nasion’, the midpoint on the soft tissue contour
of the base of the nasal root at the level of the frontonasal suture), SN (‘SubNasion’, the midpoint
on the nasolabial soft tissue contour between the columella crest and the upper lip), and Me (‘Soft
Tissue Menton’, the most inferior midpoint on the soft tissue contour of the chin). Among these three
points, two linear measurements were constructed for the analysis, namely, NMe (total facial height)
and SNMe (inferior facial height), as shown in Figure 3¢, and the ratio between them was calculated
(SNMe/NMe).

Figure 3. Cont.
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Figure 3. (a—c) Points, planes, and angles for the assessment of facial typology with cephalometry and
facial scanner. (a) ‘Sellion’ (S, the center of the sella turcica), ‘Nasion’ (N, the external point of the
junction between the nasal and frontal bones), ‘Gonion’ (Go, the most inferior posterior point of the
mandibular angle), ‘Gnathion’ (Gn, the point of the mandibular symphysis on the facial axis) ‘Menton”
(Me, the most inferior point of the mandibular symphysis), ‘Condylion” (Co, the highest and most
posterior point on the contour of the mandibular condyle); (b) SN plane, GoGn plane, and CoGoMe
angle; (¢) N (“Soft Tissue Nasion’, the midpoint on the soft tissue contour of the base of the nasal root
at the level of the frontonasal suture), SN (‘SubNasion’, the midpoint on the nasolabial soft tissue
contour between the columella crest and the upper lip), and Me (‘Soft Tissue Menton’, the most inferior
midpoint on the soft tissue contour of the chin). NMe indicates total facial height and SNMe indicates
inferior facial height.

2.5. Sample Size

The sample size was established based on the fact that a sample size of 100 patients reaches 80%
of power (1-beta) to detect an effect size (W) of 0.31 (medium-large effect size) using a Chi-squared test
with two degrees of freedom and a significance level (alpha) of 0.05.

2.6. Statistical Analysis

Descriptive statistics on age, gender, gingival biotype, and baseline characteristics were performed
(Table 1). Continuous variables were reported as mean and SD or median and IQR, according to
Shapiro-Wilk test, which was performed to evaluate variable distribution. Categorical variables were
reported as count and percentage and were compared using the Chi-squared test (gingival biotype
versus facial typology). Logistic regression analysis was used to assess the association between
continuous variables (CoGoMe" and SNMe/NMe) and dichotomous variables (thin or thick biotype)
used as dependent variables, including age as a covariate. The level of statistical significance was set at
p < 0.05. Statistical analysis was performed using STATA version 14.0 (StataCorp. 2015. Stata Statistical
Software: Release 14. StataCorp LP: College Station, TX, USA).

3. Results

The total sample consisted of 121 pre-orthodontic patients, comprising 43 males and 78 females
which a median age of 17.04 (IQR = 13.7-22.1). Table 1 shows a description of the sample regarding age,
sex, gingival biotype, and facial typology. Two-dimensional and 3D cephalometric data are reported in
Table 2, and all were normally distributed.

11
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Table 1. Characteristics of study subjects according to age, gender, gingival biotype, and facial typology.

Variables N Median (IQR)
Age 121 17.04 (13.7-22.1)
Frequency Percentage (%)
Gender
Male 43 35.54
Female 78 63.64
Upper Gingival Biotype
Thick 105 86.78
Thin 16 13.22
Lower Gingival Biotype
Thick 63 52.07
Thin 58 47.93
Facial Typology SN"GoGn
Brachyfacial 33 27.27
Mesofacial 59 48.76
Dolichofacial 29 23.97

Data are presented as median and interquartile range (IQR) or frequencies and percentages.

Table 2. Descriptive variables of the sample size.

Variables Mean + SD P50 P25 P75
SN"Go-Gn 32.7° £ 8° 32.7° 28.1° 36.3°
CoGoMe" 123.2° + 6.6° 122.8° 118.7° 127.4°
SNMe/SMe 0.514 + 0.042 051 0497 0.530

Data are presented as mean + SD and IQR. SN"GoGn (mean + SD = 33° + 2.5°) is the angle between the anterior
cranial base (Sella-Nasion) and the mandibular plane (Gonion-Gnathion). CoGoMe" (average value + SD = 132°
+ 6.0°) is the angle between the condylar axis (Condylion-Gonion) and the mandibular base (Gonion-Menton).
SNMe/NMe is the ratio between SNMe (inferior facial height) and NMe (total facial height).

The sample was divided into three groups according to SN"GoGn, and there were 33 (27.27%)
brachyfacial patients, 59 (48.76%) mesofacial patients, and 29 (23.97%) dolichofacial patients, as shown
in Table 1.

Regarding gingival biotype, most patients presented a thick gingival biotype (upper anterior teeth
(UGB) 86.78%; lower anterior teeth (LGB) 52.07%), as seen in Table 1.

The Chi-squared test showed that there was no statistically significant association between
SN"GoGn and gingival biotype (UGB p = 0.83; LGB p = 0.75; and gingival biotype p = 0.77, Table 3).

Similarly, the logistic regression analysis showed that CoGoMe" was not associated with any
variables of gingival biotype (UGB, p = 0.340; LGB, p = 0.065).

Finally, logistic regression analysis showed a statistically significant association of SNMe/NMe
with the UGB (odds ratio = 0.843; 95% CI 0.719-0.989; p = 0.036) and of SNMe/NMe with LGB (odds
ratio = 0.904; 95% CI 0.818-1.000; p = 0.049), showing that when the ratio of SNMe/NMe decreases,
there is a minor risk of finding a thin biotype (Table 4).

12



Appl. Sci. 2019, 9, 5057

Table 3. Classification of gingival biotype in patients with different facial typologies (classified according
to SN"GoGn) using a 15 mm North Carolina probe.

Facial Typology (N) Upper Gingival Biotype

Thick Thin p value
Brachyfacial (33) 29 (27.62%) 4 (25.00%) 0.83
Mesofacial (59) 50 (47.62%) 9 (56.25%)
Dolichofacial (29) 26 (24.76%) 3 (18.75%)
Total (121) 105 (100%) 16 (100%)
Lower Gingival Biotype
Thick Thin p value
Brachyfacial (33) 16 (25.40%) 17 (29.31%) 0.75
Mesofacial (59) 33 (52.38%) 26 (44.83%)
Dolichofacial (29) 14 (22.22%) 15 (25.86%)
Total (121) 63 (100%) 58 (100%)
Gingival Biotype
Thick/Thick Thick/Thin Thin/Thin ~ p value
Brachyfacial (33) 16 (25.40%) 13 (30.95%) 4 (25%) 0.77
Mesofacial (59) 33 (52.38%) 17 (40.48%) 9 (56.25%)
Dolichofacial (29) 14 (22.22%) 12 (28.57%) 3 (18.75%)
Total (121) 63 (100%) 42 (100%) 16 (100%)

Data are presented as numbers, percentages, and p values.

Table 4. Logistic regression model for SNMe/NMe ratio x 100 with and without including age as
a coviariate.

Model Variable p Value Odds Ratio (OR) 95% IC

Upper biotype (SNMe/NMe) SNMe/NMe 0.036 * 0.843 0.719-0.989
Lower biotype (SNMe/NMe) SNMe/NMe 0.049 * 0.904 0.818-0.999

. SNMe/NMe 0.034 * 0.839 0.714-0.987

Me/NMe x A,

Upper biotype (SNMe/NMe x Age) Age 0.620 0.985 0.927-1.046
. SNMe/NMe 0.048 * 0.903 0.815-0.999

Lower biotype (SNMe/NMe x Age) Age 0.207 0.976 0.939-1.014

Data are presented as OR and IQR. * and bold text indicate statistically significant values (p < 0.05).

4. Discussion

The aim of this study was to investigate the association between facial typology and gingival
biotype in pre-orthodontic patients in order to guarantee a better diagnosis and planning of
orthodontic treatment.

We tested whether the facial typology measured on two-dimensional cephalograms (SN"GoGn
and CoGoMe") or on three-dimensional facial scans (SNMe/NMe) could affect gingival biotype. No
association was found between facial typology assessed using the two-dimensional angles SN"GoGn
or CoGoMe" and maxillary and mandibular gingival biotype of the anterior regions. There is one
study that correlates craniofacial morphology using magnetic resonance imaging (MRI) with tooth
root exposure and periodontal attachment loss. The study used the ratio of facial width and length
(facial index) to describe craniofacial morphology and showed that patients with long narrow faces
were associated with higher loss of attachment [37].

A recent study performed by Kaya et al. has investigated the relationship between gingival
phenotype and craniofacial morphology in the sagittal and vertical directions. In contrast to this
research, an endodontic file, namely, transgingival probing, was used to assess gingival phenotype (<1
mm and >1 mm, thin and thick phenotype, respectively). These results demonstrated that there is no
association between gingival thickness and craniofacial typology [26].
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In this study, facial typology was also evaluated with three-dimensional facial scans to assess the
association between SNMe/NMe and gingival thickness. Our analysis showed that facial proportions
have a statistically significant association with gingival biotype. In particular, when the ratio of
SNMe/NMe is decreased, there is a minor risk of finding a thin gingival biotype either in the upper or
lower anterior regions.

This is the first study that has evaluated gingival thickness through the periodontal probe’s
translucency (thin and adequate biotype) with different vertical facial heights, and these findings
support the hypothesis that there is no correlation between facial morphology and gingival thickness on
lateral cephalograms [24]. Gingival thickness can be assessed by transgingival probing [38], ultrasonic
measurement [39], or through the visibility of the probe [40,41]. Transgingival probing was not used
because of the need for local anesthesia, which could induce a local volume increase and discomfort for
patients [38]. Additionally, ultrasonic measurement was not preferred because of its repeatability with
a coefficient of 1.20 mm [42]. Instead, the transparency of the probe through the gingival margin has
been found to have a high reproducibility by De Rouck et al., showing 85% inter-examiner repeatability
(k value = 0.7, p value = 0.002) [40]. Thus, this study used the periodontal probe visible through the
gingiva after its placement in the facial sulcus of the anterior teeth [40].

The prevalence of malocclusion can vary between children and adolescents. However, the demand
for orthodontic treatment is increasing [43—45], and greater attention has to be paid to periodontal
aspects; indeed, orthodontic treatment can play an important role in periodontal changes [46]. The
thickness of the gingiva is supposed to represent an indicator for reducing the risk of bone loss and
gingival recession [47]. In fact, there are two studies which have indicated a statistically significant
relationship between facial biotype and alveolar height and thickness with a greater risk of moving
incisors beyond the anatomic limits of the alveolar bone by application of uncontrolled forces [6,48].
This uncontrolled movement can bring to: alveolar bone fenestrations, increasing susceptibility to
gingival recession [49,50] and recession in the case of less than 2 mm of gingival thickness [7].

The current study presents several strengths. First, the periodontal assessments were performed
in all of patients at the beginning of orthodontic treatment. This allows for an accurate diagnosis and
treatment planning. In order to avoid bias due to differences in operator performance, only two trained
clinicians performed the periodontal evaluations. Moreover, a new method to evaluate craniofacial
morphology was introduced without exposure to the patients of further radiation. The study also
has some limitations. Firstly, the sample size was relatively small to achieve a more reliable result.
Secondly, only a few patients presented a thin UGB; however, this was in accordance with the normal
prevalence of this biotype [26]. Further longitudinal studies are necessary to monitor the long-term
effects of orthodontic treatment on gingival biotype in different facial typologies.

5. Conclusions

1.  There is no association between facial typology (evaluated with SN"GoGn and CoGoMe) and
gingival biotype.

2. When the ratio of SNMe/NMe is decreased, it represents a protective factor and a minor risk of
finding a thin gingival biotype.
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Abstract: Endodontic canal disinfection procedures that use sodium hypochlorite, and subsequently,
heat sterilization procedures can alter the surface of endodontic instruments, described as corrosion
and micropitting. These phenomena can be visualized on the surface of the instruments by SEM and
atomic force microscopy analyses. The endodontic instruments used in probing, pre-enlargement, and
shaping phases are made of steel alloy or nickel-titanium alloy (NiTi) and are subject to torsional, flexor,
and cyclic fatigue; indeed, reuse of these instruments must be done with the knowledge that these
instruments are subject to fracture following stress caused during their use. Fracture of the instrument
within the canal is an eventuality that can lead to failure of the treatment, and therefore it is important
to try to reduce situations that can contribute to the fracture. This review was performed based on the
PRISMA protocol. Studies were identified through bibliographic research using electronic databases.
A total of 1036 records were identified on the PubMed and Scopus databases. After screening the
articles, restricted by year of publication (1979 to 2019), there were 946 records. With the application of
the eligibility criteria (all the articles pertaining to the issue of sterilization in endodontics), there were
228 articles. There were 104 articles after eliminating overlaps. There were 50 articles that discussed
the influence of sterilization procedures on the surface characteristics of endodontic instruments, and
26 articles that measured parameters on surface alteration. Applying the inclusion and exclusion
criteria resulted in a total of eleven articles for quantitative analysis. Four articles were in reference to
the primary outcome, eight articles to secondary outcome, and five articles to tertiary outcome. The
meta-analysis showed a statistically significant surface alteration effect after five autoclaves and after
immersion in the canal irrigants after 10 min.

Keywords: autoclave; endodontic sterilization; atomic force microscopy; NiTi alloy; endodontics; corrosion

1. Introduction

Endodontic instruments are commonly used in dental practice to perform endodontic treatments
of vital and necrotic teeth, endodontic retreatments, pulpotomies, pulpectomy and specification
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procedures. Depending on the phase of treatment, endodontic instruments are divided into instruments
for probing the endodontic canal for the pre-enlargement, and glidepath for shaping the canal or
instruments for the closure and three-dimensional sealing of endodontic canals [1,2]. Many of these tools
are reusable after performing cleaning, disinfection, and sterilization procedures by autoclaving [3].

Endodontic canal disinfection procedures that use sodium hypochlorite [4], and subsequently,
heat sterilization procedures, can alter the surface of endodontic instruments, described as corrosion
and micropitting, phenomena [5] that can be visualized by SEM and atomic force microscopy analyses.

The endodontic instruments used in the probing, pre-enlargement, and shaping phases are made
of steel alloy or nickel-titanium alloy (NiTi) and are subject to torsional, flexor, and cyclic fatigue,
indeed the reuse of these instruments must be done with the knowledge that these tools are subject to
fracture following stress caused during their use [6]. Fracture of the instrument within the canal is
an eventuality that can lead to failure of the treatment, and therefore it is important to try to reduce
situations that can contribute the fracture.

On the surface subject to fatigue, surface alterations can give rise to microcrack which can lead
to fracture of the instrument, and also reduce the cutting capacity of the blades on the endodontic
files [7]. Therefore, in order to maintain the same cutting efficiency, the endodontist has to exert greater
pressure on the instrument with an increase in torsional fatigue stress [6].

An atomic force microscope is an instrument capable of analyzing the surface of instruments. It
consists of a cantilever with a pointed tip (tip) mounted on the end, typically composed of silicon
or silicon nitride and having a radius of curvature of the “order of nanometers”. The sample to be
scanned, through the Vand Der Waals forces, interacts with the tip of the detector by flexing it. There
are several methods to detect any cantilever movement. The majority of atomic force microscopy
(AFM) systems use laser beam detection, which is an optical system with position sensitive detectors
called photodiodes. The laser light is reflected by the cantilever on the position-sensitive photodiode.
Very small forces are produced between the probe and the surface to be scanned, and these are the
forces that allow the AFM system to record the deflection of the cantilever. The cantilever deflection is
called “cantilever rigidity”. This rigidity can be measured by Hooke’s law. Rigidity is recorded visually
and can be viewed on the computer in real time. The surface scan of endodontic instruments is used
both in non-contact mode and in contact mode and, in general, the scanned surfaces start at 3 mm from
the tip of the instrument up to 6 mm. The parameters which are considered with AFM for the analysis
of a surface are the arithmetic mean roughness(AMR) of the maximum height (MH) and root mean
square (RMS). The atomic force microscopy, therefore, provides detailed information with measurable
parameters of possible alterations and irregularities present on the surface of an instrument [8].

Surface alterations can represent a problem in the use of endodontic instruments. A study by
Ylmaz, in 2018, identified surface alterations described as surface roughness with statistically significant
results for instruments constructed with new M-wire and EDM alloys [9].

One problem of reusing endodontic instruments that are subject to fatigue is the deterioration they
suffer that results from their use in the dental canal for the removal of dentin, as well as the corrosive
action by the root canal irrigants such as sodium hypochlorite, and subsequently, the action of the
temperature and steam induced by the autoclave sterilization process. The surface alterations are well
described in a study by Inan, in 2007, on the universal ProTaper, after clinical use and sterilization [10].

Fayyad and Mahran, in a 2013 study, demonstrated by AFM analysis that the alterations on Twisted
Files [11], Hero Shaper, RaCe, and GTX instruments were statistically significant after immersion in 5%
sodium hypochlorite, however, the alterations were not statistically significant after EDTA immersion.
In contrast, Ametrano et al., in 2010, reported significant results for instruments immersed in EDTA [12].
Other studies have report conflicting data, such as the study conducted by Casella, in 2011, in which
there was no variation in corrosion resistance for some instruments (K FILE and GT-rotary) unlike
the K3 knife immersed in 5% sodium hypochlorite [13]. In addition, studies conducted at the Sem da
Razavianet, in 2015, reported an increase in roughness directly related to the number of sterilization
cycles performed on endodontic instruments [14].
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In contrast, there is debate within the scientific community regarding whether there are statistically
significant surface alterations induced by the autoclave or the canal irrigants. This review aims to try
to clarify this aspect by investigating the literature to extrapolate the data on surface alterations in
endodontic instruments in order to statistically analyze them in a meta-analysis.

Previous systematic reviews on this topic have not included the effect of surface alterations
of endodontic instruments subjected to heat sterilization. There is only one systematic review that
analyzes the variations in torsional properties subjected to autoclave sterilization.

This review could help endodontists who perform endodontic therapy and reuse endodontic
instruments daily. Awareness of the greater or lesser risk of potential fracture triggered by surface
variations due to heat or use of canal irrigants on the instruments could be helpful.

2. Materials and Methods

This systematic review was conducted based on the Prisma protocol.

The study was constructed using the following PICO elements for questions: Population
(endodontic instruments); intervention (surface alterations induced by sterilization processes and
root canal irrigation); control (new endodontic instruments not subject to sterilization; and outcome
(surface alterations induced by the sterilization process by autoclave, and by root canal irrigants such
as sodium hypochlorite and EDTA).

The following PICO question was formulated: To what extent, statistically significant, the
sterilization processes and the used canal irrigants alter the surface of the rotating endodontic
instruments with respect to the control?

After an initial selection phase of article identification in the databases, the potentially eligible
articles were qualitatively evaluated in order to investigate the surface alterations of endodontic
instruments resulting from the sterilization of instruments and disinfection of endodontic canals.

2.1. Eligibility Criteria

This literature review took into consideration in vitro and clinical studies that concerned the
subject of sterilization and the influence of the latter on the physical and chemical properties of
endodontic instruments. In particular, articles that dealt with the corrosive phenomena and surface
alterations considered by microscopy methods (atomic force microscopy), conducted in recent years,
and published with abstracts in English, were considered potentially eligible.

Articles from the last 40 years were chosen, because disinfection and sterilization procedures
have changed in light of new discovered infectious contaminants, such as HIV and HCV viruses
and the prong of spongiform encephalopathy. Furthermore, the methods used to manufacture the
instruments have changed with the introduction of new alloys and new instruments. Therefore, in
summary, potentially eligible articles included studies that investigated the influence of sterilization and
disinfection procedures on endodontic canals, as well as on the physical and chemical characteristics
of endodontic instruments, however, articles published more than 40 years ago and those that did not
present an abstract in English were excluded.

Finally, the articles that were potentially eligible were subjected to a full text analysis to verify
their use for a qualitative and quantitative analysis.

The inclusion and exclusion criteria applied in the full text analysis are the following:

e Include all those studies that describe the alterations induced by the sterilization methods of the
endodontic instruments, analyzed using atomic force microscopy;

e Include all the articles that describe the alterations induced by root canal irrigants (sodium
hypochlorite and EDTA), analyzed using atomic force microscopy;

e The exclusion criteria are to exclude all those studies that do not report data (average and standard
deviation) on surface irregularities (AMR, MH, and RMS).
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2.2. Research Methodology

The studies were identified through a bibliographic research on electronic databases.

The literature search was conducted using the search engines “PubMed” and “Scopus”. The
search on the providers was conducted between 12 September 2019 and 18 September 2019 and the
last search for a partial update of the literature was conducted on 1 October 2019.

The following search terms were used on PubMed and Scopus: “Endodontic sterilization”
PubMed 333 and Scopus 269; “endodontic autoclave” PubMed 38 and Scopus 52; “atomic force
microscopy” AND “endodontic” PubMed 21 and Scopus 33; “roughness” AND “endodontic” Pub
Med 42 and Scopus 67; “roughness” AND “ethylenediaminetetraacetic acid” PubMed 15 and Scopus
40; “roughness” AND “sodium hypochlorite” PubMed 1 and Scopus 1; “sodium hypochlorite” AND
“atomic force microscopy” PubMed 40 and Scopus 80; “atomic force microscopy” AND “NiTi rotary
instruments” PubMed 1 and Scopus 2 (Table 1).

2.3. Screening Methodology

The records obtained were, subsequently, examined by two independent reviewers (M.D. and
S.D), and a third reviewer (E.L.) acted as a decision maker in situations of doubt. The screening
included the analysis of the title and the abstract to eliminate the recordings not related to the topics
of the review. After the screening phase, the overlaps were removed and the complete texts of the
articles were analyzed, from which the ones eligible for the qualitative analysis and the inclusion in the
meta-analysis for the three results were identified. The results sought by the two reviewers were:

(1) Primary outcome, variations of the root mean square root (RMS) of endodontic instruments
subjected to five autoclave cycles as compared with non-autoclaved control;

(2) Secondary outcome, variations of the root mean square (RMS) of endodontic instruments exposed
to sodium hypochlorite 5% as compared with the control group;

(3) Tertiary outcome, variations of the root mean square (RMS) of the endodontic instruments
described at EDTA 10% as compared with the control group.

The fourth reviewer, with supervisory duties, was L.Lo.M. The K agreement between the two
screening reviewers was 0.8464 (Table 2). The K agreement was based on the formulas of the Cochrane
Handbook for Systematic Reviews [15].

The Newcastle-Ottawa scale for case-control studies was used to assess the risk of bias in the
included studies. The quantitative analysis was performed with the Rev Manager software 5.3
(Cochrane Collaboration, Copenhagen, Denmark [16].
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Table 2. K agreement calculation, Po = 0.94 (proportion of agreement), Pe = 0.6092 (agreement expected),
K agreement = 0.8464 (<0 no agreement, 0.0 to 0.20 slight agreement, 0.21 to 0.40 fair agreement, 0.41 to
0.60 moderate agreement, 0.61 to 0.80 substantial agreement, and 0.81 to 1.00 almost perfect agreement).
The K agreement was calculated from the 50 articles and included eleven articles with the application
of the inclusion and exclusion criteria.

/ / Reviewer 2 Reviewer 2 Reviewer 2
Include Exclude Unsure Total
Reviewer 1 include 11 0 0 11
Reviewer 1 exclude 2 36 0 38
Reviewer 1 unsure 1 0 0 1
total 14 36 0 50

3. Results

A total of 1036 records were identified on the PubMed and Scopus databases (Table 1). After
screening the articles, with the restriction by year of publication (1979 to 2019), there were 946 records.
With the application of the eligibility criteria (all the articles pertaining to the issue of sterilization
in endodontics), there were 228 articles. There were 104 articles after eliminating overlaps. There
were 50 articles that discussed the influence of sterilization procedures on the surface characteristics of
endodontic instruments, and 26 that measured parameters on surface alteration.

Applying the inclusion and exclusion criteria resulted in a total of eleven articles for
quantitative analysis.

Four articles were in reference to the primary outcome, eight to the secondary outcome, and five
to the tertiary outcome. The entire selection and screening procedures are described in the flow chart
(Figure 1).

3.1. Study Characteristics and Data Extraction

The studies included for quantitative analysis were:

e  First outcome: Yilmaz et al., 2017 [9]; Spagnuolo et al., 2012 [17]; Inan et al., 2007 [10]; and Can
Saglam et al., 2015 [18];

e  Second outcome: Uslu et al., 2018 [19]; Can Saglam et al., 2015 [18]; Fayyad et al., 2013 [11];
Ametrano et al., 2010 [12]; Topuz et al., 2008 [20]; Cai et al., 2017 [21]; Saglam et al., 2012 [22]; and
Prasad et al., 2014 [23];

e  Third outcome: Uslu et al., 2018 [19]; Fayyad et al., 2013 [11]; Ametrano et al., 2010 [12]; Cai et al.,
2017 [21]; and Prasad et al., 2014 [23].

The extracted data included the magazine (author, data, and journal); the endodontic
instrumentation object of measurement (name, taper, and diameter at tip); the method of sterilization
by heat (temperature, pressure, and time); the number autoclave cycles or irrigants; the number of
instruments (control and experimental); the number of surfaces scanned by the instrument; the number
of total scans; the size of the scanning surface; and the data concerning the root mean square (RMS) +
standard deviation.

The data extracted for the tree outcomes are shown in Tables 3 and 4.

3.2. Risk of Bias

The risk of bias was assessed through the Newcastle-Ottawa case-control scale. The results are
reported in detail in Table 5. For each category, a value of one to three was assigned (one = low and
three = high).
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A total of 1036 records were identified on the PubMed and Scopus databases: "Endodontic

sterilization” PubMed 333 Scopus 269; endodontic autoclave "PubMed38-Scopus52; "Atomic

Force Microscopy” AND "endodontic” pub med 21 Scopus 33; roughness "AND" endodontic
"Pub Med 42 Scopus 67; roughness” AND "ethylenediaminetetraacetic acid" Pub Med Pub

med 15 Scopus 40; roughness "AND" sodium hypohlorite "Pub Med 1 Scopus 1; sodium

90 records excluded, year of publication
before 1980

946 records

after application of preliminary inclusion

718 articles excluded not relevant to

228 of articles left after screened
the topic

124 overlaps articles removed

104 articles after duplicates removed —

54 articles excluded because they dealt
only marginally with the issue of
sterilization in relation to changes on
50 articles dealing with the issue of the influence of
surface characteristics
sterilization procedures on surface characteristics

J

24 items excluded because the

superficial analysis was done
26 articles included in the qualitative

with the SEM and not AFM.
analysis that study surface alterations

under an atomic force microscope

U

11 articles included for the 3 outcomes

15 articles excluded because they do not include

I data on RMS

Figure 1. Flow chart of the different phases of the systematic review.
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The risk of bias within the individual studies was low enough that the methods of investigation
adopted for the controls were identical to the cases included in the meta-analysis. The Prasad study [23]
was the only study of the exposure time of endodontic instruments to canal irrigants that was not well
defined, exposing the study to a bias.

The risk of bias between the various studies was considered high, and therefore partly limited
the importance of the results. The heterogeneity of the studies depended mainly on the diversity of
the instruments, which were similar, in some cases, only in terms of tip diameter, taper, and type of
metal alloy.

The heterogeneity of the studies was represented by funnel plots of the four outcomes, as shown
in Figure 2.

SEMO)

0 SEMD) o 0}

o i H 0

0 SEMO)

Figure 2. Funnel plots of the evaluation of heterogeneity for the (A) first, (B) second, (C) third outcomes.
3.3. Data Analysis

The statistical analysis of the data was performed using the Rev Manager 5.3 software (Copenhagen,
153 Denmark, The Nordic Cochrane Centre, The Nordic Cochrane Collaboration, 2014) and the results
were represented by forest plots for each of the outcomes.

For the primary outcome, variations of the root mean square root (RMS) of endodontic instruments
subjected to five autoclave cycles as compared with the non-autoclaved control, the comparison showed
high heterogeneity of the studies, with an 12 equal to 100%. For this reason, a random effects model was
used. Overall, for the primary outcome, meta-analysis was favorable for the control group. The studies
that present data with a statistically significant difference are Inan et al., 2007 [10] and Spagnuolo et al.,
20012 [17]. The studies by Ylmaz et al., 2018 [9] and Can Saglam et al., 2015 [22] are exactly at the
center of the line of no effect. The studies by Ylzam and Can Saglam are exactly at the center of the line
of no effect, however, the remaining two studies are favorable for the group subjected to control, their
confidence intervals do not intercept the line of no effect (Figure 3).
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autoclave Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI I, Random, 95% Cl
Can Saglam 2015 04375 0235 11 03335 01395 11 25.2% 0.10[-0.06,0.27]
Inan 12007 7.28 0.8a 1" 1.48 0.45 11 243% 5.83[5.25, 6.41] -+
Spaghualo 2012 317875 01678 225 09055 018515 225 253% 22T[2.24,2.31] =
Yilmaz 2018 23136 02778 30 1.9448 03104 30 252% 0.37[0.22,0.52] o
Total (95% CI) 277 277 100.0% 2.11[0.65, 3.57] ‘
Heterageneity: Tau®= 2.19; ChF= 1363.03, df= 3 (P < 0.000013; = 100% = 5 5 1ID

Testfor overall effect £= 2.83 (P = 0.003) [autoclave] [control]

Figure 3. Forest plot of the random effects model of the meta-analysis of the primary outcome.

For the secondary outcome, variations of the root mean square (RMS) of endodontic instruments
exposed to sodium hypochlorite 5% as compared with the control group, the comparison showed high
heterogeneity among the studies, with an 12 equal to 98%. For this reason, for the second outcome, a
random effects model was applied to avoid minimizing the roles of smaller-dimension studies. For the
second outcome, the forest plot is in favor of the subject group control.

The studies that reported statistically significant data in favor of the control group are Ametrano,
2011; Prasad, 2014; Topuz, 2008; and Uslu, 2018. The Cai’s study was the only study that was in favor
of the group subjected to sodium hypochlorite, even though its confidence interval crosses the line of
no effect. The other studies report statistically insignificant data (Figure 4).

Naocl Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Ametrano 2011 4.1 113 20 288 0rz 20 7.4% 1.22[0.63,1.81] -
Cai 2017 9.35 205 15 1012 1.88 15 1.8%  -0.77 [2.18, 0.64] T
Can Saglam 2015 086 013875 11 03328 013895 11 200% 0.23[0.11,0.34] r
Fayyad 2013 0.23075 0.08875 30 0.20825 0.0077a B0 21.5% 0.02 [0.00, 0.04]
Prasad 2014 4.74 1.09 g 1.38 0.29 9 53% 339 [2.68, 4.13] -
Saglam 2012 0128 00512 12 00924 002232 12 21.4% 0.08 [0.04, 0.11]
Topuz 2008 6.99 218 11 2.06 0.49 11 2.0% 4.93 [261, 6.29] I
Uslu 2018 2.282 0.342 80 16976 01804 80 207% 0.58 [0.50, 0.67] =
Total (95% CI) 188 218 100.0% 0.54[0.35,0.74] (]
Heterogeneity: Tau®= 0.05; Chi= 31428, df= 7 (P = 0.00001); F= 98% 14 12 é i

Test for overall effect Z= 542 (P = 0.00001% Favours [MaOCL] Favours [contral]

Figure 4. Forest plot of the random effects model of the meta-analysis of the secondary outcome.

For the tertiary outcome, variations of the root mean square (RMS) of the endodontic instruments
exposed to EDTA 10% as compared with the control group, the comparison showed high heterogeneity
between the studies, with an I2 of 99%, and therefore a random effects model was applied. For the
tertiary outcome, the forest plot is in favor of the control group except for the study by Fayyad which
is positioned in the line of no effect (Figure 5).

EDTA Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C1
Ametrano 2011 4749 074 20 2.88 07wz 20 22.0% 1.91 [1.46, 2.36] -
Cai 2017 13.88 are 148 10.47 234 15 A.7% 341116, 5.66]
Fayyad 2013 0.225 0.01875 30 020825 000775 B0 251% 0.02[0.01,0.02]
Frasad 2014 349 0.58 9 1.358 0.29 9 22.3% 2.55[2.13,2.87] -
Uslu 2018 2426 02908 a0 1.69¥6 01804 80 25.0% 0.73[0.65, 0.80] u
Total (95% CI) 154 184 100.0% 1.37 [0.76, 1.98] <
Heterogeneity: Tau®= 0.38; Chi*= 555.08, df= 4 (P < 0.00001); 1= 88% t t t ;

4 2 2 i
Test for overall effect Z=4.41 (F = 0.0001) Favours [EDTA] Favours [control]

Figure 5. Forest plot of the random effects model of the meta-analysis of the tertiary outcome.
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4. Discussion

The results of the meta-analysis for the three outcomes are in agreement in establishing that
the superficial alterations induced by autoclave, from the sodium hypochlorite and from the EDTA,
are statistically significant surface alterations that represent points where instrument fractures can
be triggered. In addition, the alterations induced on the surface analyzed by SEM and AFM show
that the alterations can also be expressed on the cutting surface, altering, in a pejorative sense, the
cutting efficacy.

For the first outcome, the studies, in the literature, that supported a statistically significant
alteration are:

1. In 2007, Inan reported statistically significant data for all the instruments of the ProTaper series
(51,52, F1, F2), and reported that the superficial deterioration induced by the autoclave is greater
for ProTaper finished than for ProTaper shaping;

2. In 2012, Spagnuolo confirmed, in agreement with Inan’s data, that multiple cycles (autoclave
sterilization) modified the surface topography and chemical composition of conventional NiTi
(F2 ProTaper) and TiN-coated (alpha kit) instruments, in a statistically significant way (after five
autoclave cycles).

Sodium hypochlorite certainly alters the surface of NiTi instruments and innumerable studies
are in agreement such as Uslu et al., 2018 [19]; Ametrano et al., 2010 [12]; Topuz et al., 2008 [20]; and
Prasad et al., 2014 [23]. Furthermore, a study conducted by Yokoyama et al., 2004 [24] stated that
the action of sodium hypochlorite causes a worsening of the surface in endodontic instruments that
facilitates their rupture following flexor and torsional stress.

The statistical analysis, in a similar way but with fewer studies, also confirms that the EDTA
determines an increase in surface irregularities in a statistically significant way, and studies that
confirm it after 10 min of exposure are well highlighted in the forest plot (Figure 5). Studies that are
in contrast to the present meta-analysis report conflicting data regarding the action of EDTA on the
surface. It seems that for exposures less than 5 min they do not alter the surface, however, according to
Bonaccorsa et al. [25], a passivation phenomenon could lead to the creation of a complex between the
metallic ions and the EDTA at a PH lower than four which renders the instrument resistant.

5. Conclusions

In conclusion, based on the present systematic analysis we affirm that autoclave induces a
statistically significant corrosive phenomena, called micropitting, after five cycles of autoclave and
determined by the heat, and comparatively, hypochlorite determines corrosion after only 5 min of
exposure and EDTA after 10 min of exposure.

Superficial alterations, which are widely discussed in the literature, can determine the triggering
of fractures in instruments subjected to cyclic fatigue and torsional fatigue. Therefore, it is important
for endodontist to have knowledge of such corrosive phenomena, induced by irrigants such as sodium
hypochlorite and EDTA, on instruments that can be reused and autoclaved.
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Abstract: In this trial, we evaluated the influence on plasma and salivary myeloperoxidase (MPO)
levels of periodontal health, coronary heart disease (CHD), periodontitis, or both periodontitis
and CHD. Clinical and periodontal parameters were collected from periodontitis patients (n = 31),
CHD patients (n = 31), patients with both periodontitis and CHD (n = 31), and from healthy patients
(n = 31) together with saliva and plasma samples. The median concentrations of salivary and
plasma MPO were statistically higher in the CHD patients [plasma: 26.2 (18.2-34.4) ng/mg; saliva
83.2 (77.4-101.5) ng/mL, p < 0.01] and in the periodontitis plus CHD patients [plasma: 27.8 (22.5-35.7)
ng/mg; saliva 85.6 (76.5-106.7) ng/mL, p < 0.001] with respect to periodontitis and control patients.
Through a univariate regression analysis, c-reactive protein (CRP) and CHD (both p < 0.001) and
periodontitis (p = 0.024) were statistically correlated with MPO in plasma. The multivariate regression
analysis demonstrated that only CRP was statistically the predictor of MPO in plasma (p < 0.001).
The multivariate regression analysis in saliva demonstrated that, regarding MPO levels the only
predictors were CRP (p < 0.001) and total cholesterol (p = 0.035). The present study evidenced
that subjects with CHD and periodontitis plus CHD had higher plasma and salivary levels of MPO
compared to subjects with periodontitis and healthy controls.

Keywords: myeloperoxidase; periodontitis; cardiovascular disease; applied model

1. Introduction

Periodontal disease is a common oral inflammatory multifactorial disease that causes the disruption
of the periodontium and the tissues that support the tooth, such as bone and cementum main caused
by oral bacteria, that ultimately leads to the loss of the tooth [1]. Almost all adults in the USA present
periodontal disease forms and nearly ten percent of the population worldwide express severe type of
periodontal disease [2,3].

More recently, observational reports have shown a correlation between periodontal disease
and cardiovascular disease, such as stroke, heart disease and endothelial dysfunction [4,5].
Moreover, some studies demonstrated a specific correlation among periodontal disease and an
augmented risk of stroke [6] and, coronary heart disease (CHD) [7,8].

The pathogenesis of periodontal disease includes inflammatory and bacteria responses which
may determine an increased host response subsequent to the presence of pathogenic oral biofilm in
gingival tissues [9]. More specifically, periodontal disease has been correlated with an increase of levels
of some systemic inflammatory mediators in serum, such as prostaglandin, interleukin 1 (IL-1), IL-6,
and C-reactive protein (CRP) [10].
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Myeloperoxidase (MPO) is one of the more mediators expressed within tissues during the
progression of inflammation [11]. It was demonstrated that MPO, secreted by endothelial cells
after exposure to pathogenic bacteria, represents a potent mediator of vascular inflammation and
a vasoconstrictor [12].

In this regard, it has been shown that several proinflammatory cytokines, including IL-1, -6, and -8,
have been reported to upregulate the secretion of MPO [13]. The expression of MPO was strongly
associated in the gingival tissue and endothelial cells during periodontitis [14]. More specifically,
a clinical study found that, in gingival crevicular fluid, MPO increased with the progression of the
periodontitis, and also that MPO was involved in the regulation of IL-1b expression in gingival
tissues [15,16].

During the last few decades, several studies have analyzed the association between periodontal
disease endothelial dysfunction, and increased risk of CHD and cardiovascular disease (CVD) [17,18].
More specifically, it has been supposed that the inflammatory mediators that are present and
released during the active phase of periodontal disease such as CRP, interleukins, prostaglandins,
and metalloproteases, can negatively influence the release of nitric oxide (NO) [19]. The altered release
of NO can affect the endothelium which in turn regulates vascular tone, and, finally, dysfunction
of the endothelium and enhanced risk of CVD [20,21]. For these causes, there is growing interest
to investigate some other oral mediators that can regulate and impact the subclinical endothelial
dysfunctions as an early sign of augmented risk of CHD and CVD. In this regard, a correlation between
high proportion of MPO, CRP, and endothelial dysfunction was recently reported [22,23].

The production of NO at local level has been shown to be fundamental in the aetiology and
progression of periodontitis. The increment and reduction of NO metabolites in saliva production
in periodontal tissue against periodontopathogenic microbiota during periodontitis have been
demonstrated to be correlated endothelial dysfunction [24,25]. Furthermore, it has been reported that
MPO plays an important role in the reduction of NO synthase especially during periodontitis [26].

Based on these findings, the aims of this trial were to consider a possible association of periodontitis,
CVD, or both periodontitis plus CVD on serum and salivary MPO. Futhermore, we analyzed the
possible correlation between MPO in serum and saliva and if serum CRP mediated the association
between salivary or serum MPO levels.

2. Materials and Methods

2.1. Study Design

For the present study, 311 healthy controls and patients with periodontitis or CHD were chosen at
the School of Odontostomatology of the University of Catania, Italy, from October 2018 to December
2019. Patients were chosen in a specific range of age (35-65 years old) and on gender in order to have
similar proportion of patients in each category characterized by the selection variable. 50% of the
patients and controls were males with 45-54 year of age.

The study was performed following the 2016 revision of the Helsinki declaration on medical
research. Ethical approval was obtained by the local International Review Board (IRB) (#18-18).
The study was registered at clinicaltrials.gov (NCT04152023). An informed written consent was
obtained from each enrolled patient. The trial was performed in accordance to the guidelines for the
strengthening of reporting of observational studies (STROBE) [27].

The inclusion criteria for the subjects enrolled in the periodontitis group were: (1) at least 16 teeth,
(2) at least of 40% of periodontal sites with clinical attachment level (CAL) >2 mm and probing depth
(PD) >4 mm [28]; (3) at least one periodontal site with >2 mm of crestal alveolar bone loss confirmed on
digital periapical x-rays; (4) at least >40% sites with bleeding on probing (BOP) [29]. Healthy controls
had any systemic disorder, at least <10% sites with BOP, and no periodontal sites with PD or CAL >4
mm, or x-ray signs of bone loss.
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For the CVD group, the inclusion criteria were: at least >18 years; a diagnosis of CVD with
>50% of stenosis of at least one coronary artery verified by coronary angiography, or past or current
percutaneous coronary intervention [30]. Each type of previous disease, taking drugs, or previous
CVD exams (e.g., electrocardiography, etc.) were recorded. In all patients, the diagnosis of CVD was
performed by the same operator from medical record information. For the periodontitis plus CVD
subjects the inclusion criteria were the same of the single disease (periodontitis and CVD).

The exclusion criteria of all subjects, were (1) consumption of contraceptive drugs; (2) consumption
of antibiotics, anti-inflammatory or immunosuppressive drugs during the three months previous the
trial; (3) presence of gestation or suction; (4) intake of alcohol; (5) anesthetic allergy; (6) intake of
nifedipine, hydantoin or cyclosporin a drugs; (7) any type of periodontal treatment in the three months
before baseline.

Then, 187 subjects were left out from the study because they did not meet the inclusion criteria
(n = 129), failed to join in the study (n = 37), or were lost at the first assessment (n = 21). For these
reasons, for the present study, 31 healthy subjects, 31 periodontitis patients, 31 CHD patients, and 31
patients with both diseases (periodontitis plus CHD) were enrolled in the end (Figure 1).
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Figure 1. Flowchart of the study.

In each patient, every demographic characteristic (such as educational level) and demographic
indices such as age, gender, body mass index (BMI), diabetes and other systemic events were recorded
together with the type of drug taken. Diabetes was recorded on the patient’s medical story or on
fasting blood glucose >125 mg/dL. The BMI was recorded by calculating the patient’s weight divided
by the square of his height in kg/m?. All enrolled subjects were also classified on their smoking history,
such as normal smokers, ex-smokers (subjects who have not smoked for >5 years), and non-smokers.

The periodontal evaluation comprised clinical attachment loss (CAL), probing depth (PD), bleeding on
probing (BOP), and plaque score (PI) [31]. CAL was verified, such as PD plus gingival recession using the
cementoenamel junction as a reference. All periodontal indexes were registered, in all patients, by two
independent calibrated examiners (a principal examiner and a control examiner), exonerated in the
subsequent study steps, using a periodontal probe (UNC-15, Hu-Friedy, Chicago, IL, USA).

It was assessed the inter- and intra-examiner reliability for PD and CAL through the Intraclass
Correlation Coefficient (ICC) analysis. The obtained inter-examiner reliability was in agreement for PD
(ICC=0.819) and CAL (ICC = 0.832) with a good degree of reliability. The intra-examiner reliability
of PD and CAL was done only on 24 subjects (six random subjects per group) for both examiners.
For the first examiner, the intra-examiner reliability presented an agreement for PD (ICC = 0.819)
and CAL (ICC = 0.808); for the second examiner, the intra-examiner reliability was good for both PD
(ICC =0.818) and CAL (ICC = 0.801). All periodontal indexes were registered, in each enrolled subject,
at six sites in each tooth.

A power analysis was executed in order to evaluate the sample size needed for the study.
The sample size was determined considering four groups: an effect size of 0.29 for MPO (primary
outcome chosen), a two-sided significance level of 0.05, a standard deviation of 1.5 [23], and a power
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level of 80%. It was established that would be required around 28 patients per group, with a total
number of 114 patients required to obtain a power level of 80%. a total of 124 patients were enrolled,
so the study power was 81%. Power and sample size calculation was performed with statistical
software (G*Power version 3.1.9.4, Universitat Dusseldorf, Germany).

2.2. Evaluation of Salivary and Serum MPO

All serum and saliva samples were collected on an in all patients between 8:00 and 10:00 a.m.,
before the periodontal examination, on the same day by the same examiner. All enrolled subjects
were requested to refrain from drinking, eating, chewing, brushing their teeth, or other oral hygiene
maneuvers in the 12 h preceding the sampling of serum and saliva.

For the collection of serum, a venous blood sample was taken which, after the collection,
was immediately cooled with ice and centrifuged at 4 °C (800x g for 10 min). For the collection of
saliva samples, the enrolled patients were asked to moisten by chewing a cotton roll for two minutes
using the salivette method (Sarsted, Verona, Italy). Subsequently, the saliva sample in each patient was
instantaneously centrifuged at 4 °C (1000X g for 2 min). Both saliva and serum samples were stored
at-20°C.

Magnetic bead-based luminex assay (R&D Systems, Minneapolis, MN, and Sigma-Aldrich,
Saint Louis, MO, USA) were used to detect serum and salivary concentrations of MPO, following the
manufacturers’ instructions. Levels of hs-CRP were calculated using a nephelometric assay kit.
Levels of hs-CRP >3 mg/L were related to an augmented CVD risk. Routine methods were applied to
assess glucose and plasma lipids levels.

2.3. Statistical Analysis

Median, 25%, and 75% percentile were used to express numerical variables while number
and % were used to express categorical variables. Nearly all of the variables analyzed
(e.g., fasting glucose, triglycerides, all periodontal index) did not have normal distribution, as
confirmed by Kolmogorov-Smirnov test. Only age, BMI, and salivary and serum MPO were normally
distributed; for this reason, nonparametric tests were used to analyze all data in the present analysis [32].
More specifically, to confront all numerical variables in the 4 groups of patients, was applied the
Kruskal Wallis test while the Mann Whitney test was applied to obtain the two-by-two comparisons.
Bonferroni’s correction was applied for numerous evaluations; the « level of 0.050 was split by the
potential comparisons (n = 6), and the adjusted significance level equalled 0.008 (0.050/6).

The p-trend analysis for salivary and serum and MPO levels was obtained using the
Jonckheere-Terpstra Test to evaluate whether MPO levels were statistically augmented in the four
analyzed groups. To asses any significant interdependence between MPO in saliva and serum and
hs-CRP, the Spearman correlation test was used.

Moreover, a univariate and multivariable linear regression analysis were applied in all enrolled
patients to evaluate the dependence of MPO levels in serum and saliva (which resulted normally
distributed) on possibly explicative outcomes such as sex, education, age, socioeconomic status (SES),
triglycerides, total cholesterol, BMI, CRP, and CVD drugs (yes/no). In the multivariate final model,
sex, age, and education SES were incorporated such as possible confounders, and tested to analyze
if CHD, periodontitis, and hs-CRP influenced MPO in serum. For the evaluation of MPO in saliva,
the same analysis was performed using salivary MPO levels as an outcome. All statistical analyses
were executed using statistical software (SPSS 22.0 for Windows package, SPS srl, Bologna, Italy).
a p-value < 0.05 was set such as significant.

3. Results

The demographic and serological characteristics of the enrolled patients are shown in Table 1.
All groups were matched for age and sex, and they did not presented any statistically significant
differences regarding education levels, smoking, BMI, and serological features (Table 1).
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Table 1. Sample characteristics of enrolled patients. Data are represented as median (25th; 75th
percentiles) or number with percentage. * p < 0.001 and ** p < 0.001 significant differences vs. healthy
subjects computed by the Mann Whitney test. 55 p < 0.001 significant differences vs. periodontitis
patients calculated by the Mann Whitney test. # p < 0.008 significant differences vs. coronary heart
disease (CHD) patients calculated by the Mann Whitney test.

Controls (N = 31) Periodontitis (N = 31) CVD (N =31) Periodontitis + CVD (N = 31)
Age (years) 52 (48; 56) 53 (47; 57) 52 (46; 58) 53 (47; 56)
Gender (male/female) 15/16 16/15 14/17 16/15
Education level
Primary school, n (%) 11 (35.4) 12 (38.7) 11 (35.4) 12 (38.7)
High school, n (%) 14 (45.1) 13 (41.9) 15 (48.3) 14 (45.1)
College/university, n (%) 6(19.3) 6(19.3) 5(16.1) 5(16.1)
Body mass index (kg/m?) 24.4 (21.8;27.8) 23.9 (22.4; 26.4) 24.8 (21.6; 27.1) 245(22.3;26.1)
Fasting glucose (mg/dl) 87.9(82.1;93.2) 88.7 (82.3; 105.3) 88.1 (80.6; 114.6) 91.1 (85.1; 109.2)
Smokers, n (%) 2 (6.4) 3(9.6) 2 (6.4) 2(9.6)
Never smokers, n (%) 27 (88.2) 27 (85.2) 28 (88.2) 26 (85.2)
Past smokers, n (%) 2(6.4) 1(32) 1(3.2) 3(9.6)
Current smokers, n (%) 2(6.4) 3(6.4) 2 (6.4) 2(6.4)
Comorbidities
Diabetes, n (%) - 3(9.6) ** 2(6.4)** 2(9.6) **
Previous CVD
Atrial fibrillation, n (%) - - 6 (19.3) **85 5 (16.1) **88
Angina pectoris, n (%) - - 12 (38.7) *+88 13 (41.9) *+88
Stroke, n (%) - - 5(16.1) *5§ 7 (22.6) **5§
Heart failure, n (%) - - 6(19.3) *+88 5(16.1) **88
Antihypertensive, n (%) - - 10 (32.2) **88 10 (32.2) 88
Statins, n (%) - - 10 (32.2) **88 9 (29) **58
Low-dose aspirin, n (%) - - 7 (22.6) **S8 7 (22.6) 88
Beta blockers, n (%) - - 6 (19.3) =55 8 (25.8) *88
hs-CRP (mg/L) 25(2.1;2.9) 3.1(25;3.9)* 5.6 (4.8;6.2) ** 6.7 (5.8;7.1) **88#
Total cholesterol (mg/dl) 162 (139; 181) 164 (133; 181) 173 (139; 197) 176 (178; 201)
Triglycerids (mg/dl) 121 (91; 145) 102 (66; 128) 141 (122; 166) 139 (103; 158)

Compared to healthy controls, patients with periodontitis, CDH and a combination of periodontitis
and CVD presented a higher value of hs-CRP (p < 0.001). Moreover, patients with CHD and periodontitis
plus CHD presented no significant differences regarding past CVD events.

In Table 2 are represented dental characteristics of all enrolled patients. Compared with CHD and
control patients, subjects with periodontitis and periodontitis plus CVD showed higher periodontal
parameters (CAL, PD, BOP, PI) and smaller number of teeth (p < 0.001) (Table 2).
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Table 2. Periodontal characteristics of enrolled patients. Data are represented as median (25th; 75th
percentile). CAL, clinical attachment level; PD, probing pocket depth; BOP, bleeding on probing; PI,
plaque index. ** p < 0.001 significant differences vs. control subjects. 58 p < 0.001 significant differences
vs. periodontitis patients. # p < 0.001 significant differences vs. CHD patients.

Controls (N = 31) Periodontitis (N = 31) (NC‘=”3)1) Periodontitis + CVD (N = 31)
N° of teeth 26 (21;27) 20 (15; 21)** 23 (19; 26) **58 18 (12; 20) **##
CAL (mm) 1(0.9;1.3) 3.6 (3.1;4.2) ** 2 (1.8; 2.4) *+88 3.4 (3;4.1) = #
CAL 4-5 mm (% sites) - 38.7 (35.4; 42.9) ** - 40.6 (35.5; 46.1) ***#
CAL =6 mm (% sites) - 18.7 (19.6; 22.3) ** - 17.4 (15.8; 22.7) *+##
PD (mm) 1.5(1.3;1.9) 4.4 (3.7;4.6) ** 2.1 (1.8; 2.4) **58 3.9 (3.7; 4.4)
PD 4-5 mm (% sites) - 40.9 (38.6; 45.7) ** - 44.1 (42.7;55.3) **
PD >6 mm (% sites) - 23.1(19.8;25.2) ** - 22.7 (20.3; 26.5) ** SS##
BOP (%) 7.9 (6.5; 8.3) 41.2(34.3;46.5) ** 8.1 (6.4; 8.9) *+§§ 423 (41.5; 50.1) **55##
Rx alveolar bone loss (mm) 0.2(0.1;0.5) 29 (2.5;3.4) ** 0.3 (0.2; 0.9) 8§ 3.3 (2.1; 4.6) ***
PI (%) 6.5(4.7,9.3) 35.4 (31.7; 37.9) ** 11.7 (9.1;12.8) **88 32.4(27.2;36.1) *#*

Figure 2 represents median (25th; 75th percentile) values of MPO levels in saliva and serum of all
enrolled patients. Compared to control subjects, patients with CVD (p < 0.01) and with periodontitis
plus CVD (p < 0.001) had higher median concentrations of MPO in saliva and serum. More specifically,

in comparison with periodontitis subjects, patients with periodontitis plus CVD presented increased
salivary and serum concentrations of MPO (p < 0.01) (Figure 2).
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Figure 2. Median values (25%; 75% percentiles) of coronary heart disease (MPO) in saliva and serum.
*p <0.05 *p < 0.01 and *** p < 0.001 significant differences vs. control subjects (derived by the
Kruskal-Wallis test). §§ p < 0.01 significant differences vs. periodontitis patients. p < 0.001.

Moreover, the p-for trend analysis test evidenced that MPO in serum increased gradually in subjects
with periodontitis, CVD, and with periodontitis plus CVD (p-trend <0.001) (Figure 3). No statistically
significant associations were found in MPO levels between serum and saliva (rs = 0.213, p = 0.098).
Moreover, in all enrolled patients presented a positive correlation between serum/salivary MPO and
hs-CRP levels (rs = 0.341, p < 0.001)/(rs = 0.609, p < 0.001) (Figure 3).

40



Appl. Sci. 2020, 10,1037

»
o

3 r=0.341 r=0.600
p<0.001 p<0.001

Serum MPO
(ng/ml)

Salivary MPO
(ng/mg protein)
5 o
e
o ‘. 3

.' .
s, ?
L]

1 o.go ., * °®
0.5 .
0.
0 2 4 6 8 10 0 2 4 6 8 10
hs-CRP (mg/L) hs-CRP (mg/L)

Figure 3. Analysis of correlation of serum and salivary MPO levels with c-reactive protein (CRP) in
all patients.

The univariate regression analysis evidenced that there was a significant direct impact of hs-CRP
on serum and salivary MPO (both p < 0.001). Furthermore, the adjusted multivariate linear regression
analysis evidenced that hs-CRP variable was the only significant predictor for serum MPO (p < 0.001).

Moreover, hs-CRP (p < 0.001) and total cholesterol (p = 0.035) were the statistically significant
predictor variables for salivary MPO (Table 3).

Table 3. Uni- and multivariate linear regression analysis for MPO levels in serum and saliva in all
patients. Age was included as continuous variable. For periodontitis and cardiovascular disease (CVD),
controls served as reference. For gender, male served as reference.

Serum MPO Levels UNIVARIATE MULTIVARIATE
Variable B 95% CI p B 95% CI p

CVD 0.442 0.314; 0.558 <0.001 0.122 —0.221; 0.559 0.578

Periodontitis 0.289 0.18;0.274 0.024 0.231 —0.066; 0.319 0.226
hs-CRP 0.278 0.028; 0.136 <0.001 0.314 0.065; 0.189 <0.001

Age (years) —0.047 —0.287; 0.056 0.064 -0.039 -0.111;0.315 0.287

Female gender 0.212 —0.78; 0.549 0.227 0.219 —0.88; 0.428 0.112

Education SES -0.114 -0.178;0.123 0.287 -0.066 —0.312;0.398 0.312

Salivary MPO Levels

CVD 0.319 0.112; 0.552 <0.001 —0.065 —0.412; 0.289 0.451

Periodontitis 0.078 —0.069; 0.328 0.411 0.007 -0.178;0.213 0.665
hs-CRP 0.082 0.027; 0.287 <0.001 0.066 0.021;0.133 <0.001

Age (years) —-0.051 —0.110; 0.036 0.399 0.047 —0.028; 0.087 0.741

Female gender 0.074 —-0.112; 0.211 0.398 0.071 —0.065; 0.412 0.321

Total Cholesterol -0.057 —0.151; —-0.062 0.037 —0.65 —0.041; 0.314 0.035

Serum MPO 0.122 -0.021; 0.557 0.057 -0.036 —0.369; 0.166 0.331

4. Discussion

This trial was aimed at evaluating the impact of conditions such as periodontal disease, CVD,
or periodontitis plus CVD on MPO levels in serum and saliva. The present trial evidenced
that the occurrence of CVD caused increased levels of MPO and hs-CRP in serum and saliva.
Nevertheless, in comparison with periodontitis and healthy controls, only the group of subjects
with CVD and periodontitis plus CVD had significantly elevated MPO levels in serum and saliva,
endorsing the suggestion that CVD influenced the increment of MPO levels in serum and saliva.
Furthermore, results of the present study show that the simultaneous presence of periodontitis in
patients with CVD can determine an increased activation of MPO and therefore represent a subclinical
stimulus for the purpose of an increase in CVD development.

In accordance with the results of the present study, some reports have shown that high levels
of MPO in serum represent real independent risk factors of CVD development and increased
mortality index, possibly by inactivating NO signaling [33]. Specifically, it has also been shown
that, in patients with atherosclerosis, high systemic levels of MPO are associated with significant carotid
epithelial dysfunctions, underlining the fundamental inhibitory role of NO exercised by MPO [34].
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Therefore, the simultaneous presence of CVD on the one hand and periodontitis on the other hand can
be a real explanation for the deterioration of endothelial function due to high levels of MPO. In this
regard, recent research has shown that the treatment of periodontitis has significantly reduced the
systemic levels of MPO in patients with coronary disease [35].

Moreover, several reports demonstrated that increased hs-CRP levels in serum can facilitate
the increment of MPO levels in serum in several diseases in humans [23,35-38]. In accordance with
the results of our study, several studies have been demonstrated that situations which may cause
an increase of oxidative stress, such as CVD and periodontal disease, cause the high release of CRP,
which in turn, can arouse the production of MPO in saliva and serum in order to defend tissue damage
determined by oxidative stress condition [36]. In agreement with the results of the present study,
Magan-Fernandez et al. [39] demonstrated that CRP and MPO levels were higher during active phases
of periodontal disease.

However, while evidence has previously been demonstrated regarding high serum MPO levels as
primary mediators of endothelial dysfunction or in the development of cardiovascular risk, from the
authors’ knowledge, there is no specific evidence to determine MPO levels in saliva in order to evaluate
whether the increased expression of salivary MPO levels determines, by reflection, an increase in MPO
in serum and then analyzes the salivary levels of MPO as an index of endothelial dysfunction. In this
regard, however, it should be noted that this study did not reveal a significant correlation between
serum and saliva MPO levels, as salivary MPO levels are influenced in patients enrolled independently
only of hs-CRP and total cholesterol. This explanation can be determined by the way that MPO salivary
levels may be due to an exclusive local oral production of MPO.

In this regard, it should be noted that, from the studies currently present in the literature,
while the effect of MPO at a systemic level mediated by the reduction of NO on endothelial damage
has been previously highlighted, the impact of MPO activation orally (e.g., in saliva) is less clear.
However, there are studies that show that periodontal disease is positively correlated with high levels
of NO and therefore with related stress-oxidative damage [19,24]. The presence of high levels of
NO at salivary level can be explained as NO is produced orally in response by the host as a specific
salivary defense in the presence of periodontal pathogenic bacteria that are exacerbated during
periodontitis [12,24,40]. Furthermore, some studies suggested that decreasing activities of NO and
some other enzymatic antioxidants, such as superoxide dismutase catalase, were associated with
periodontitis and high levels of MPO, whereas others claim that antioxidants function as protective
agents against free radicals during CP progression [19,24,41].

However, there is no unanimous consensus in the literature on the effects of NO levels on tissue
damage during periodontitis. Some reports have shown high levels of NO in periodontal tissue in
the active periodontal period [39,42] while, on the other hand, other authors have shown lower levels
of NO in saliva of subjects with periodontal disease [25,43]. However, results in the literature may
have been determined by the different homogeneity of the patients enrolled in the studies, by the
different age ranges of the patients analyzed, or by the excessive presence of patients who smoke; in
fact it has been shown that smoking can cause a high increase in salivary NO salivary levels [44-46].
Another explanation for the different results found in the literature can be determined by the different
salivary sampling method performed in the different studies. Furthermore, the cause of the different
expression of MPO at the salivary and serum level may be due to a different production of NO at the
oral level which may be different from the serum one.

As an explanation of the results of the present study, it should be highlighted that the dysfunctional
damage at the endothelium level found in patients with periodontitis and with CVD can be determined
by a specific inflammatory and immune pathway in which MPO modulates a response towards
pathogenic bacteria of the oral biofilm which are exacerbated during the active phases of periodontal
damage. It has also been shown that MPO, during periodontal disease, mediates the immune response
at the endothelial level through specific heat shock proteins which has been shown to be useful for
stimulating the production of cross-reactive T cells [47-52]. In this regard, this process which sees
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MPO as a key modulator [53-58], has also been shown to influence the host defense mechanism
that determines a subsequent activation of endothelial cell production [55,58-63] which leads to
an increased risk of future tissue damage effects due to periodontal pathogens bacteria in several
oral diseases [43,64-68]. Moreover, the oral microbiota is a key factor in the protection against the
colonization of extrinsic pathogens that could impact systemic health [68]. However, the imbalance
of the ecosystem together with high levels of MPO, which can be caused by a weak immune system,
lead to a challenge for oral and systemic health [68]. The ecological conditions of these habitats are
constantly changing, so ecosystems are subject to frequent variations [68,69].

However, the present trial has some limitations. Among the main limitations there is the type of
study, which makes it difficult to analyze the cause and effect on a temporal level of MPO. The small
sample size, due to high inclusion and exclusion levels, and to the important excluded confounders,
also represents a limitation of the present preliminary study. However, the exclusion of several
confounders represents a positive and rigorous aspect for the clear evaluation of these confounders on
the concentration of serum and salivary levels of MPO.

Recently, different approaches have been developed with the aim of easily evaluating innovative
salivary markers useful for early and subclinically validating the development of different diseases.
This study indicates that patients suffering from periodontitis and CVD have higher serum and salivary
levels of MPO than subjects with periodontitis and healthy subjects.

The results of this study propose that mostly CVD is a stimulus to the increased serum MPO levels
which may be beyond a pathway intermediated by hs-CRP. Therefore, these results are promising but
at the same time require further studies with a larger sample of analysis in order to better comprehend
the function of MPO during periodontitis.
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Abstract: The purpose of this article is to evaluate the amount of the relapse of anterior crowding
and the efficacy of retention appliances by reviewing the best available scientific evidence. A survey
of articles published up to November 2019 about the stability of dental alignment and retention
after fixed orthodontic treatment was performed using seven electronic databases. Study Selection:
Only randomized clinical trials investigating patients previously treated with multi-bracket appliances
with a follow-up period longer than 6 months were included. Data Extraction: Two authors
independently performed the study selection, data extraction, and risk of bias assessment. All
pooled data analyses were performed using a random-effects model. Statistical heterogeneity was
evaluated. In total, eight randomized clinical trials (RCTs) were included, grouping data from
987 patients. The ages of the patients varied across the studies, ranging between 13 and 17 years.
The observation period ranged between 6 and 24 months. The data showed no significant intercanine
width modifications during the retention period with both fixed and removable retainers. A significant
modification of Little’s Index was found for the mandibular removable retainers with a mean difference
of 0.72 mm (95% Cl, 0.47 to 0.98) and for the maxillary removable retainers with a mean difference
of 0.48 mm (95% Cl, 0.27 to 0.68). No significant changes were found by evaluating Little’s Index
modification for the mandibular fixed retainers. The results of this meta-analysis showed that all the
considered retainers were effective in maintaining dental alignment after fixed orthodontic treatment.
However, fixed retainers showed greater efficacy compared to removable retainers.

Keywords: relapse; orthodontic retainers; stability; systematic review; meta-analysis

1. Introduction

Stable tooth position after orthodontic treatment is considered a treatment goal. However,
evidence shows that the majority of orthodontic treatments move teeth from a stable to an unstable
position [1]. In this way, the use of a retainer is considered the only method able to maintain occlusal
results [2]. Post-treatment tooth stability can be affected by several different factors, including bone and
soft tissue development [3], primary crowding [4-6], dental eruption [7], modification of arch form [8],
post-treatment occlusion [9], and the characteristics of pre-treatment malocclusion [10]. Retention
can be performed by placing removable or fixed retainers. A recent Cochrane review reported a lack
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of evidence concerning the effectiveness different retention methods [11]. The efficacy of different
retention appliances is of great interest for clinicians to support clinical retention protocols [12-14].
The literature does not provide meta-analytic data reporting and comparing the amount of relapse that
occurs when using different retention appliances. The aim of this systematic review and meta-analysis
was to evaluate the amount of relapse of anterior crowding and consequently to evaluate the efficacy
of retention appliances used after fixed orthodontic treatment according to the best scientific evidence
available [15].

2. Materials and Methods

The present systematic review with meta-analysis was performed according to the guidelines
provided by the Cochrane Handbook for Systematic Reviews of Interventions (version 5.1.0) and was
reported according to the PRISMA statement [16-19]. The protocol of this meta-analysis was preliminary
registered on PROSPERO (https://www.crd.york.ac.uk/prospero/). Two authors independently carried
out the selection of the studies, data collection, and the assessment of the risk of bias. Any disagreement
was resolved by discussion with a third author. The level of agreement between the 2 reviewers was
assessed by Cohen kappa statistics, for which a threshold value of 0.90 was preset.

2.1. Information Sources and Search

A survey of articles published up to November 2019 on stability and retention after orthodontic
treatment was performed using several electronic databases (Table 1).

Table 1. Performed electronic searches.

Database of Published Trials Search Strategy Used Hits

MEDLINE searched via PubMed ((((incisor stability [tiab]) OR post treatment stability
searched on November 18, 2019 via [tiab]) OB relapse [mesh]))' AND (((ort}-\odontl.c 254

www.ncbi.nlm.nih.gov/sites/entrez/ treatment [tiab] or Orthodontic fixed appliance [tiab])

Or orthodontic retainer [tiab])
. (incisor stability OR post treatment stability OR
OVldSir; ietircsl?/jgxggch;:eoTﬁigi 2019 relapse) AND (orthodontic treatment OR orthodontic ~ 1135
ps: P ’ fixed appliance OR orthodontic retainers)

EMBASE searched via ScienceDirect (incisor stability or post treatment stability or relapse)

searched on November 18, 2019 via AND (orthodontic treatment or orthodontic fixed 1174

www.embase.com appliance or orthodontic retainers)

Cochrane Database of Systematic
Reviews searched via The Cochrane
Library searched on November 18, 2019
via www.thecochranelibrary.com

(incisor stability OR post treatment stability OR
relapse) AND (orthodontic treatment OR orthodontic 2
fixed appliance OR orthodontic retainers)

Cochrane Central Register of Controlled
Trials searched via The Cochrane
Library searched on January 18, 2018 via
www.thecochranelibrary.com

(incisor stability OR post treatment stability OR
relapse) AND (orthodontic treatment OR orthodontic 94
fixed appliance OR orthodontic retainers)

Scopus searched on November 18, 2019

(incisor stability OR post treatment stability OR

{2 WWW.SCODUS.Com relapse) AND (orthodontic treatment OR orthodontic 191
v SCopus. fixed appliance OR orthodontic retainers)
Web of Science searched on November  (incisor stability or post treatment stability or relapse)
18, 2019 via http: AND (orthodontic treatment or orthodontic fixed 745
//scientific.thomson.com/products/wos appliance or orthodontic retainers)
Total 3595

Previous systematic reviews and meta-analyses on this topic were also identified, and their
reference lists were scanned to find additional trials. No restriction was applied to language,
publication year, or status.
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2.2. Selection of Studies

Duplicated reports were preliminary excluded. All retrieved records were screened on the basis
of their titles and abstracts, and the full texts of the remaining articles were assessed for eligibility in
the final analysis.

Studies were considered eligible if they met the following criteria (reported according to the PICO
format): clinical trials on human subjects, orthodontic patients treated with multi-bracket appliances
with no craniofacial deformity (population), orthodontic retention performed with fixed or removable
retainers (intervention), a comparable control group (control group), results analyzed at the beginning
of retention and after a follow-up period longer than 6 months (outcomes measured), and analyzed
treatment effects that were not influenced by concomitant and/or additional therapeutic procedures.

2.3. Data Extraction and Management

A data extraction form was developed to collect the characteristics (study design, type of retention
appliance, sample size, age, sex, orthodontic treatment characteristics, setting, observation time, type
of measurements, and follow-up) and outcomes from the included studies. Relapse after orthodontic
treatment was investigated by using two parameters: Little’s Irregularity Index (LII) for assessment
of the degree of crowding and intercanine width for assessment of the transversal anterior dental
arch width.

2.4. Assessment of Risk of Bias

The risk of bias assessment was performed using the Cochrane Collaboration’s risk of bias tool
(Review Manager version 5.2; Nordic Cochrane Centre, Cochrane Collaboration, Copenhagen, Denmark,
2012). Each randomized clinical trial (RCT) was assigned an overall risk of bias rating: low risk (low
for all key domains), high risk (high for >1 key domain), or unclear risk (unclear for >1 key domain).

2.5. Summary Measures and Data Analysis

Two outcomes were considered for the meta-analytic analysis: Little’s Irregularity Index and
Intercanine width. The published clinical trials evaluating retention protocols do not have a control
group with un-retained patients for ethical reasons. As a consequence, all the published trials compare
two or more treatment protocols. In order to obtain a quantitative estimation of occlusal changes
occurred with different retention protocols, we considered the single-arm data of clinical trials as the
data obtained from case-series studies, and we performed a meta-analysis extrapolating and combining
these data. In terms of data characteristics, the single-arm data from the RCTs and case series studies
data are equivalent, as both studies report data with a mean value and standard deviation. However,
the data extrapolated from the single-arm RCTs present less bias compared to the data from the case
series studies. Finally, our strategy was supported by the literature. Indeed, when clinical trials with
untreated control groups are not available, case-series studies without a control group can be used to
perform a meta-analysis [20-22].

The considered effects size used for the meta-analysis was the difference between the outcome
values at the end of treatment with fixed appliances and the outcome values after the retention
period. Some studies reported the interquartile range rather than standard deviation, and the data
extracted from those studies were properly adjusted [23]. The mean differences (MDs) and their
corresponding 95% confidence intervals (95% Cls) were used to summarize and combine the data.
A random-effects model was applied to estimate all the pooled data. This analysis was performed by
means of the OpenMeta [Analyst] computer program (http://www.cebm.brown.edu/openmeta/) [24].
A third outcome (i.e., the fixed retainer failure rate) was considered only for qualitative evaluation.
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2.6. Assessment of Heterogeneity

Clinical heterogeneity was evaluated by examining the types of participants and the interventions
for the outcome in each included study. For all analyses, heterogeneity was assessed with the 12 index,
which is an indicator of true heterogeneity in percentages [14-19].

2.7. Assessment of Quality of Evidence

The quality of evidence was assessed using the Grades of Recommendation, Assessment,
Development, and Evaluation Pro software (GRADEPr0) [25]. The strength of the recommendation
for each outcome investigated was assessed using the Strength of Recommendation Taxonomy
(SORT) Grading system [26], which addresses the issue of patient-oriented (effectiveness) versus
disease-oriented evidence (efficacy). POEMs (patient oriented evidence that matters) allows clinicians
to filter information from the medical literature and focus only on what is in fact important for the
patient [26].

2.8. Sensitivity Analysis

A sensitivity analysis was conducted to evaluate the LIl modification in the lower arch with the
mandibular removable retention appliances, excluding the RCT with the highest risk of bias (Figure S1).

3. Results

3.1. This Study Selection

Figure 1 shows the flow diagram for the selection of studies. Supplementary Table S1 reports
the number of excluded studies and the reasons for exclusion. Eleven studies [21-31] were selected
for the qualitative analysis and eight studies for the final quantitative synthesis [21-28] (Table 1).
The inter-reviewer agreements for study selection were suitable, with a kappa value of 0.987.

3.2. Study Characteristics

The characteristics of the 11 RCTs included for the qualitative synthesis are summarized in Table 2.
All eight RCTs selected for the meta-analysis evaluated the efficacy of different type of retention
appliances (both removable and fixed) after orthodontic treatment with a multi-bracket appliance; the
majority of trials took place in university settings. The total number of pooled observed patients was
987. Six studies [27,30-34] included both male and female participants, while in two studies [28,31],
the authors did not specify the numbers of male and female participants. Five studies [27,29,30,33,34]
reported the patients’” ages, with an age range between 13 and 17 years. The appliance features
were heterogeneous among the selected studies: Six trials evaluated the effects of vacuum-formed
retainers [27,30-34], four trials evaluated the effects of bonded fixed retainers [27-31], two trials
evaluated the effects of a Hawley retainer [33,34], one trial evaluated the effects of a Begg retainer [31],
and one trial evaluated the effects of a positioner [27].
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Seven studies [27,29,30,32-34] reported the percentage of patients treated with or without
extraction, as shown in Table 2. The times of daily wear for the removable appliances (vacuum-formed
retainers, Hawley retainers, Begg retainers, and positioners) varied between full-time and night-time
among the RCTs, and the observation time varied from 6 to 24 months. The inter-reviewer agreements
for study selection were suitable, with a kappa value of 0.968.

Figure 1. Flow Chart.
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3.3. Risk of Bias Assessment

Although we took only single arm data from the selected studies to perform the meta-analysis, all
the pooled data come from RCTs. Therefore, in order to assess the risk of bias, we had to assess the
methodological quality of the RCTs; we used the Cochrane Collaboration tool, which is considered
the gold standard for this purpose (Table S1). Among the eight studies included for the quantitative
synthesis and meta-analysis, only 1 RCT was evaluated to have a high risk of bias [34]. In two
RCTs, the risk of bias was unclear [31,33], and five RCTs had a low risk of bias [26-30,32] (Table 3).
Consequently, the summary assessments of risk of bias across the studies were considered to be low.
The inter-reviewer agreements for risk of bias assessment were suitable, with kappa values of 0.925.
Publication bias was not assessed as there were inadequate numbers of included trials to properly
develop a funnel plot or more advanced regression-based assessments.

Table 3. Risk of bias assessment.

Risk of Bias
Blinding of
STUDIES Sequence Allocation Partlmpaniis, Incomplete Selective Ot.hie(r O'vei(ralfl
Generation Concealment Personne Outcome Outcome Ris Risk o
and Data Reporting  of Bias Bias
Outcomes
Bolla et al. . . High High
(2012) Unclear Unclear Unclear High Risk Unclear Risk Risk
Edman et al. . . . . . Low Low
(2013) Low Risk Low Risk Low Risk Low Risk Low Risk Risk Risk
Egli et al. . . . . . Low Low
(2017) Low Risk Low Risk Low Risk Low Risk Low Risk Risk Risk
Forde et al. . . . . . Low Low
(2017) Low Risk Low Risk Low Risk Low Risk Low Risk Risk Risk
Gill et al. . . . . . Low Low
(2007) Low Risk Low Risk Low Risk Low Risk Low Risk Risk Risk
Ku:;g; 1e)t b Unclear Unclear Low Risk Low Risk Unclear Unclear  Unclear
O’Rourke . . . . . Low Low
et al. (2016) Low Risk Low Risk Low Risk Low Risk Low Risk Risk Risk
Rowland . . . . Low
et al. (2006) Low Risk Low Risk Low Risk Low Risk Unclear Risk Unclear
Salehi et al. . . . . Low
(2013) Low Risk Unclear Low Risk Low Risk Low Risk Risk Unclear
Shawesh p " ] p 5 High High
et al. (2009) Low Risk Low Risk Low Risk Low Risk Low Risk Risk Risk
ST Unclear Unclear Low Risk Low Risk Low Risk  Unclear Unclear

et al. (2002)

3.4. Quantitative Data Synthesis

The data showed that the mean difference of intercanine width during the retention period was
0.05 mm (95% Cl, —0.41 to 0.51; P = 0.84; I2 = 99%) for the mandibular fixed retainers (Figure 2a),
0.01 mm (95% Cl, —0.26 to 0.28; P = 0.95; I? = 100%) for the mandibular removable retainers (Figure 2b),
and —-0.13 mm (95% Cl, —0.52 to 0.27; P = 0.53; I2 = 99%) for the maxillary removable retainers
(Figure 2c). The mean difference of Little’s Index during the retention period was 0.48 mm (95% Cl,
—0.04 to 1.01; P = 0.07; 12 = 98%) for the mandibular fixed retainers (Figure 2d), 0.73 mm (95% Cl, 0.47
t0 0.98; P = 0.00001; I? = 100%) for the mandibular removable retainers (Figure 2e), and 0.48 mm (95%
Cl, 0.27 to 0.68; P = 0.00001; I2 = 91%) for the maxillary removable retainers (Figure 2f).
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Figure 2. (a) Forest plot of the intercanine width modification: mandibular fixed retainers;
(b) mandibular removable retainers; (c) maxillary removable retainers; (d) forest plot of the Little’s
Index modification: mandibular fixed retainers; (e) mandibular removable retainers; (f) maxillary
removable retainers.

3.5. Fixed Retainer Failure Rate

Among the 11 studies included for qualitative synthesis, four RCTs [28,35-37] reported the failure
rate of the fixed retainers during the observation period. The summarized failure rate was 41.3%
(72/174) for the maxillary arch and 36.7% (115/313) for the mandibular arch (Table 4). Among the four
studies, only one RCT had a high risk of bias [35]. For two RCTs, the risk of bias was unclear [36,37],
and one RCT had a low risk of bias [28] (Table 3).

Table 4. Fixed retainer failure rate.

Glass-Fiber reinforced 4/14 (28.5%) 7/34 (20.5%)
tieler hatl, (2T Multistranded 7/18 (38.8%) 10/32 (31.2%)

. Direct Bonding // 11/30 (37%)

Egli etal. (2017) Indirect Bonding i 13/30 (43%)
. Polyethylene Woven Ribbon 27/74 (36.5%) 14/37 (37.8%)
Salehietal. QU138 o175 i1 flexible spiral wire  34/68 (50%) 29/68 (42.6%)
0.0195 Respond® i 10/30 (33.3%)

Stérmann et al. (2002) 0.0215 Respond® Vi 18/36 (50%)
Prefabricated 3 to 3 // 3/16 (18.7%)
Total 72/174 (41.3%) 115/313 (36.7%)

3.6. Assessment of Quality of Evidence

According to the GRADE [25], there was low level of evidence for all the LII outcomes (Table 5)
and for the mandibular and maxillary intercanine width outcomes with both fixed and removable
retainers (Table 6). According to the SORT approach [26], the strength of the recommendations was
classified as A for LIl and C for intercanine width (Table 7).
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Table 7. Strength of recommendations for each outcome investigated in the present study.

. Strength of
Study Consistency . .
Outcomes e . Recommendation Explanation
Quality *
Intercanine width
Mandibular fixed Level 3 Yes C Disease-oriented outcome
retainer Meta-analysis including 4 RCTs
Mandibular Level 3 Yes C Disease-oriented outcome
removable retainer v Meta-analysis including 5 RCTs
Maxillary Disease-oriented outcome
removable retainer Level 3 Yes ¢ Meta-analysis including 4 RCTs
Irregularity Index
Mandibular fixed Level 1 Yes A Patient-oriented outcome
retainer v Meta-analysis including 3 RCTs
Mandibular Level 1 Yes A Patient-oriented outcome
removable retainer Meta-analysis including 7 RCTs
Maxillary Patient-oriented outcome
removable retainer Level 1 Yes A Meta-analysis including 5 RCTs
Acrylic removable Disease-oriented outcome
retainer Level 1 Yes A Meta-analysis including 3 RCTs
Vacuum-Formed Level 1 Yes A Disease-oriented outcome

Removable retainer

Meta-analysis including 5 RCTs

* Reports of the levels of study quality, consistency of measured outcomes, and strength of recommendations
according to the Strength of Recommendation Taxonomy (SORT) system.

4. Discussion

To the best of our knowledge, this is the first review with meta-analysis that investigates the
current literature with the best evidence (RCTs) on the efficacy of orthodontic retainers to maintain
the occlusal results after fixed orthodontic treatment. The results of this meta-analysis will provide
clinicians a quantitative evaluation of the efficacy of fixed and removable retainers and consequently a
quantitative evaluation of orthodontic relapse during the retention period.

The pooled data show that the intercanine width does not change significantly during retention
with all evaluated retention appliances [37-44].

The data show that the fixed retainers are also able to avoid significant modifications of LII
(p = 0.07). However, this datum should be interpreted with caution because of the fewer number of
considered trials. Conversely, the use of removable retainers showed a significant increase of LII. This
datum was obtained by pooling the data from five trials for the maxillary arch (Figure 2f) and from
seven trials for the mandibular arch (Figure 2e); it can be considered a consistent meta-analytic datum.
The amount of variation for LI is 0.48 and 0.72 mm, respectively, for the maxillary and mandibular
arch. This result clearly shows that, despite the use of a removable retainer appliance, the teeth of
both arches present a small statistically significant (but clinically insignificant) alignment alteration.
These results, especially for intercanine width, must be interpreted with caution due to the young age
of the sample participants, as this type of alteration can influence the outcome due to residual growth
and patient compliance.

Interestingly, our data show a significant alteration of LII in the absence of modification of the
intercanine width. These results could be explained by interpreting the alteration of LIl as a consequence
of a single tooth rotational relapse, rather than a transversal inter-canine diameter relapse. The reported
modifications of LII could be related to specific factors associated with the use of removable retainers,
such as patient compliance and the limitations of using retainers nocturnally. This last hypothesis,
however, does not seem to be supported by the evidence. Indeed, one of the considered RCTs compared
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removable retainers used full time and removable retainers used part-time [45-55]. The authors did
not find significant differences in terms of relapse after 12 months of retention.

Compliance is certainly an issue related to removable retainers. However, the results of this review
clearly show that fixed retainers are not free of issues. In fact, the failure rate of fixed retainers (caused by
wire breakage or bonding failure) is, on average, 41% and 36% for maxillary and mandibular retainers,
respectively (Table 4). These data are in accordance with previously published data [14,56-61].

One limitation of this meta-analysis is the small number of included trials; this aspect affected the
12 index, undervaluing the extent of between-study heterogeneity [62,63]. The I2 values reported a
high total variation across the studies, with a mean value and a standard deviation equal to 97.8%
and 2.2%, respectively. This variation was assumed to be due to the clinical heterogeneity of the
different appliances used in the considered RCTs. Moreover, the source of heterogeneity could be
related to other factors such as patient compliance, final occlusal results, orthodontist expertise, type of
malocclusion, and type of treatment (with or without extractions) [13,64-77].

The 12 values potentially affected the level of evidence of our findings, which ranged from very
low to low, according to the GRADE approach. Although we selected only published trials offering the
highest level of evidence (RCTs), the GRADE score showed that the included studies provided, in most
cases, a very low quality of evidence (Tables 5 and 6). This result should be assessed while considering
the difficulties in conducting RCTs for orthodontics [46].

All these aspects increased the heterogeneity of the different clinical trials and, consequently,
contributed to limiting the methodological GRADE score of the orthodontic trials.

The SORT approach (Table 7) revealed a high strength of recommendations for the LII outcome and
a poor strength of recommendations for the intercanine width outcome, likely because the LII represents
a clinical outcome that directly affect smile aesthetics and appearance (i.e., a patient-oriented outcome).

The sensitivity analysis showed a similar outcome compared with the results of this meta-analysis
for the same parameter (0.74) (95% Cl, 0.47 to 1.01; P = 0.00001; 12 = 100%), confirming the validity of
the performed meta-analysis.

5. Conclusions

The results of this meta-analysis show that all the considered retainers are effective in maintaining
dental alignment after fixed orthodontic treatment. However, the fixed retainers showed greater
efficacy than the removable retainers.

The most important issues for fixed and removable retainers are, respectively, the risk of failure
and patient compliance. Further RCT studies with longer observation periods are needed in order to
assess the long-term efficacy of orthodontic retainers.
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Abstract: This study aimed to compare the risk of chronic periodontitis (CP) between participants
who underwent tonsillectomy and those who did not (control participants) using a national cohort
dataset. Patients who underwent tonsillectomy were selected from a total of 514,866 participants.
A control group was included if participants had not undergone tonsillectomy from 2002 to 2015.
The number of CP treatments was counted from the date of the tonsillectomy treatment. Patients who
underwent tonsillectomy were matched 1:4 with control participants who were categorized based on
age, sex, income, and region of residence. Finally, 1044 patients who underwent tonsillectomy were
matched 1:4 with 4176 control participants. The adjusted estimated value of the number of post-index
date (ID) CP did not reach statistical significance in any post-ID year (each of p > 0.05). In another
subgroup analysis according to the number of pre- ID CP, it did not show statistical significance. This
study revealed that tonsillectomy was not strongly associated with reducing the risk of CP. Even
though the tonsils and periodontium are located adjacently, and tonsillectomy and CP may be related
to bacterial inflammation, there was no significant risk of CP in patients undergoing tonsillectomy.

Keywords: tonsillectomy; chronic periodontitis; cohort; Korea

1. Introduction

Periodontitis is inflammation around the teeth and alveolar bone that causes destruction of the
surrounding structures [1]. Bacterial microorganisms in the subgingival area are generally thought to be the
main etiological factor in the development of periodontitis [2]. Bacterial microorganisms— such as Tanerella
forsythia, Treponema denticola, and Porphyromonas gingivalis—are related to chronic periodontitis [3,4].
Socransky et al. reported that bacteria such as Fusobacterium nucleatum, Peptostreptococcus micros,
Campylobacter rectus, and Eubacterium nodatum could be factors for periodontitis [3]. Periodontal
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inflammation could be worsened by systemic factors such as general diseases and tobacco use [5-9].
Previous studies have shown that periodontitis can cause reactions in the immune system and a variety
of diseases, including IgA nephropathy and glycosylated haemoglobin leading to diabetes onset [10-12].
Isola et al. reported that patients with chronic periodontitis (CP) exhibited significantly lower serum
levels of vitamin D compared to the healthy controls [13]. The study showed that low serum vitamin D
levels correlated with tooth loss and periodontitis, especially in CP patients. Evaluation of vitamin D
levels should be recommended at the beginning of periodontal treatment as it can predict and decrease
the risk of CP aggravation [13,14].

Periodontitis is difficult to control and can be managed with periodontal treatment to maintain
the present condition and prevent further deterioration. Biofilms should be removed, and oral hygiene
training should be conducted to reduce the production of new biofilms [15]. Regeneration for the loss
of the alveolar bone and gingiva has been attempted with various types of surgical flaps, bone grafting,
guided generation, enamel matrix protein, and laser treatment [16]. However, the attempts have not
been satisfactory; therefore, many studies have been conducted from various perspectives attempting
to assist with regeneration.

Several studies have been conducted that focus on periodontal treatment, including the use of
pharmaceutics, such as the application of topical antiseptics (povidone-iodine or chlorhexidine) [15,17].
Quirynen et al. proposed Full Mouth Disinfection (FMD), a treatment that focuses on the disinfection
of all the intraoral niches including the periodontal pockets, dorsum of the tongue, and palatine
tonsils [18]. According to the FMD proposal, it is vital to prevent microbial reinfection of the previously
treated periodontium and niches. Therefore, meticulous scaling within 24 h was proposed, followed
by repeated disinfection of all the intraoral niches [18].

A tonsillectomy is usually performed for the treatment of chronic tonsillitis or sleep apnea [19].
It is also recommended for periodic fever, peritonsillar abscess, guttate psoriasis, aphthous stomatitis,
and tonsil cancer. There is sufficient evidence that tonsillectomy does not have a significant negative
effect on the immune system [19,20]. The majority of studies have reported that the procedure does not
appear to affect the long-term risk of infection [21]. On the contrary, some studies have demonstrated
changes in immunoglobulin concentrations following tonsillectomy [19]. Bacterial activity determines
the level of inflammation, ulceration, or necrosis of the palatine tonsils. These inflammatory or
pathologic disorders related to the tonsils are common causes of tonsillectomy.

The palatine tonsils are located in the oropharynx, close to the intraoral area, and it is assumed
that the transmission of bacteria can occur between these areas [22]. The relationship between the
anatomic position of the tonsils and the intraoral area is believed to explain why tonsillectomy and
periodontitis may exhibit similar bacteriologic and clinical properties. In a previous study, periodontal
pathogens were detected in the tonsillar area of periodontitis patients [23]. The palatine tonsils have
already been suggested as the source of reinfection for previously treated periodontal areas [17].
Biofilms in the subgingival area and saliva exhibited the highest similarity to that of the tonsils in the
study [23]. Anaerobic bacteria of the intraoral area—such as Porphyromonas gingivalis and Fusobacterium
nucleatum—was found to be similar to the bacteria of the oropharyngeal area in previous studies [8].
Prevotella intermedia and Treponema denticola were also found more frequently in infected subgingival
pockets [24,25]. While these bacteria are rarely found in a normal periodontium, they are usually
present in periodontitis. Similarly, these anaerobic bacteria were found in tonsils with recurrent
inflammation [25]. The present study was designed based on the anatomic nearness and bacterial
similarity indicated in previous studies, suggesting the possibility of an association between the
palatine tonsil area and periodontitis [18,22,24-26].

Despite the validity of those previous studies, the clinical association between tonsillectomy and
periodontitis has not been evaluated in detail. Due to these reasons, this study was designed to evaluate
whether tonsillectomy significantly influenced CP. Based on these pivotal observations, we designed
the present study to assess whether periodontal parameters significantly influenced serum vitamin
D levels.
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The purpose of this study was to compare the risk of CP between participants who underwent
tonsillectomy and those who did not (control participants) using a national cohort dataset. It was
hypothesized that tonsillectomy would decrease the risk of CP. In this study, those who underwent
tonsillectomy and the control participants were matched using a 1:4 ratio, adjusting for age, sex, region
of residence, pre-index date CP treatment, obesity, smoking, alcohol consumption, and Charlson
comorbidity index (CCI) score.

2. Materials and Methods

2.1. Study Population

The ethics committee of Hallym University (2019-01-003) approved this study. Written informed
consent was waived by the Institutional Review Board. All analyses adhered to the guidelines and
regulations of the ethics committee of Hallym University. A detailed description of The Korean
National Health Insurance Service-Health Screening Cohort data is given elsewhere [27].

2.2. Tonsillectomy

Tonsillectomy was defined using operation code Q2300.

2.3. Chronic Periodontitis

Patients with CP were diagnosed based on ICD-10 codes (K05.3) and were treated by dentists.
The number of CP treatments was counted from the date of tonsillectomy treatment (index date [ID]) to
the date before the two-year period (pre-ID CP for 2 y). The number of CP treatments was also counted
from the index date to the date after the first-year period (post-ID 1y CP, post-operative 1-365 days),
second-year period (post-ID 2 y CP, post-operative 366-730 days), third-year period (post-ID 3 y CP,
post-operative 731-1095 days), fourth-year period (post-ID 4 y CP, post-operative 1096-1460 days),
and fifth-year period (post-ID 5 y CP, post-operative 1461-1825 days).

2.4. Participant Selection

Patients who underwent tonsillectomy were selected from 514,866 participants with 497,931,549
medical claim codes (n = 1321). A control group was included if participants had not undergone
tonsillectomy between 2002 and 2015 (n = 513,545). To select tonsillectomy patients who were
diagnosed for the first time, we excluded those who were diagnosed from 2002 to 2003 (washout
periods, n = 228). Patients who underwent tonsillectomy were matched 1:4 with control participants
based on age, sex, income, and region of residence. To analyze the subgroups according to pre-ID CP
for 2y, tonsillectomy patients were additionally matched with pre-ID CP for 2 y with a categorical
variable (0 times, 1 time, and >2 times). To minimize the selection bias, the control participants were
selected in random number order. The index date of each tonsillectomy patient was set as the time of
the tonsillectomy treatment. The index date of control participants was set as the index date of their
matched tonsillectomy. Therefore, each tonsillectomy patient that was subsequently matched with the
control participants had the same index date. During the 1:4 matching process, 509,173 un-matched
control participants were excluded. Participants who were recorded in 2015 were excluded to calculate
post-ID 1y CP (n = 49 for tonsillectomy patients, n = 196 for control participants). Finally, 1044 patients
who underwent tonsillectomy were matched 1:4 with 4176 control participants; see Figure 1.
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I 514,866 Participants with 497,931,549 Medical claim codes

| Control (n = 513,545) I Tonsillectomy (n= 1,321) |

n =228
1:4 matching 1:4 matching
Un-matched
Un-matched (n = 0)
n = 509,173,
Recorded in 2015 Recorded in 2015
(n=19 1= 49

Tonsillectomy (n = 1,044)
Control (n=4,176) date of CP

Analyses of post index

Figure 1. A schematic illustration of the participant selection process that was used in the present study.
Of a total of 514,866 participants, 1044 of tonsillectomy participants were matched with 4176 control
participants based on age, sex, income, region of residence, and pre-index date (ID) chronic periodontitis
(CP) for2y.

2.5. Covariates

The age groups were divided by the following 5-year intervals: 40—44, 4549, 50-54 ..., and
85+ years old. Income groups were organized into five classes (class 1 [lowest income] to 5 [highest
income]). The region of residence was classed as either urban (Seoul, Busan, Daegu, Incheon, Gwangju,
Daejeon, and Ulsan) or rural (Gyeonggi, Gangwon, Chungcheongbuk, Chungcheongnam, Jeollabuk,
Jeollanam, Gyeongsangbuk, Gyeongsangnam, and Jeju).

Tobacco smoking was categorized based on the current smoking status of the participant
(nonsmoker, past smoker, or current smoker). Alcohol consumption was categorized on the basis of
the frequency of alcohol consumption (<1 time a week or >1 time a week). Obesity was measured
using body mass index (BMI, kg/m?). Missing BMI variables were replaced by mean BMI from final
selected participants. BMI was categorized as <18.5 (underweight), >18.5 to <23 (normal), >23 to <25
(overweight), >25 to <30 (obese I), or >30 (obese II) based on the Asia-Pacific criteria following the
Western Pacific Regional Office (WPRO) 2000.

The Charlson Comorbidity Index (CCI) has been widely used to measure disease burden using
17 comorbidities. A score was given to each participant depending on the severity and number of
diseases they presented with. CCI was measured as a continuous variable (0 [no comorbidities] through
29 [multiple comorbidities]) [28]. The scores were calculated and the final CCI score was used as a
covariate in the analyses.

2.6. Statistical Analyses

The general characteristics between the tonsillectomy and control groups were compared using a
Chi-square test.

A simple linear regression and a multiple linear regression were used to calculate the estimated
values and 95% of the confidence intervals (CI) for post-ID 1y CP, post-ID 2 y CP, post-ID 3 y CP,
post-ID 4 y CP, and post-ID 5 y CP in the tonsillectomy group compared to the control group. Both the
simple linear regression and the multiple linear regression were stratified by age, sex, income, and
region of residence. In the multiple linear regression, the model was adjusted for obesity, smoking
status, alcohol consumption, CCI score, and pre-ID CP for 2 y as a continuous variable.

For the subgroup analyses, we divided participants by age (<60 years old and >60 years old), sex
(male or female), and pre-ID CP for 2 y (0 times, 1 time, and >2 times) using a crude model and an
adjusted model.
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Two-tailed analyses were performed, and significance was defined as p-value less than 0.05.
The SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for statistical analysis.

3. Results

Age, sex, income, and region of residence were matched between tonsillectomy and control
participants exactly (p = 1.000), while obesity, smoking, and CCI were different (p < 0.05, Table 1).
The number of CP treatments prior to the index date were matched as the categorical variable.

Table 1. General Characteristics of Participants.

Total Participants

Characteristics
Tonsillectomy (n, %) Control (n, %) p-Value
Age (years old) 1.000
40-44 74 (7.1) 296 (7.1)
45-49 252 (24.1) 1008 (24.1)
50-54 324 (31.0) 1296 (31.0)
55-59 226 (21.7) 904 (21.7)
60-64 100 (9.6) 400 (9.6)
65-69 46 (4.4) 184 (4.4)
70-74 13 (1.3) 52 (1.3)
75-79 6 (0.6) 24 (0.6)
80-84 3(0.3) 12 (0.3)
Sex 1.000
Male 720 (69.0) 2880 (69.0)
Female 324 (31.0) 1296 (31.0)
Income 1.000
1 (lowest) 114 (10.9) 456 (10.9)
2 105 (10.1) 420 (10.1)
3 127 (12.2) 508 (12.2)
4 216 (20.7) 864 (20.7)
5 (highest) 482 (46.2) 1928 (46.2)
Region of residence 1.000
Urban 527 (50.5) 2108 (50.5)
Rural 517 (49.5) 2068 (49.5)
Pre index date of CP 1.000
0 time 701 (67.2) 2804 (67.2)
1 time 145 (13.9) 580 (13.9)
>2 times 198 (19.0) 792 (19.0)
Obesity * <0.001 *
Underweight 6 (0.6) 61 (1.5)
Normal 245 (23.5) 1436 (34.4)
Overweight 286 (27.4) 1143 (27.4)
Obese I 442 (42.3) 1427 (34.2)
Obese II 65 (6.2) 109 (2.6)
Smoking status 0.019*
Nonsmoker 611 (58.5) 2483 (59.5)
Past smoker 193 (18.5) 633 (15.2)
Current smoker 240 (23.0) 1060 (25.4)
Alcohol consumption 0.219
<1 time a week 647 (62.0) 2501 (59.9)
>1 time a week 397 (38.0) 1675 (40.1)
CCI score <0.001 *
0 713 (68.3) 3,275 (78.4)
1 168 (16.1) 448 (10.7)
2 85(8.1) 240 (5.8)
3 29 (2.8) 91 (2.2)
>4 49 (4.7) 122 (2.9)

Abbreviations: CCI, Charlson comorbidity index; CP, chronic periodontitis. * Chi-square test. Significance at
p <0.05. * Obesity (BMI, body mass index, kg/mz) was categorized as <18.5 (underweight), >18.5 to <23 (normal),
>23 to <25 (overweight), >25 to <30 (obese I), and >30 (obese II).
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The adjusted estimated value (EV) of the number of post-ID CP did not reach statistical
significance in any post-ID year (each of p > 0.05, Table 2). In the subgroup analyses according
to age and sex, statistical significance was only reached in >60-year-old men in post ID 2 y (EV = 0.561,
95% CI = 0.156-0.967, p = 0.007, Figure 2). In another subgroup analysis according to the number of
pre-ID CP, statistical significance was not found in any analysis, see Figure 3.

Table 2. Simple and multiple linear regression model (estimated value [95% confidence interval]) for
post-index date of CP (post-ID CP) periods in tonsillectomy group compared to control group.

Linear Regression

Characteristics
Simple * p-Value Multiple "4 p-Value

PostID 1y CP (n = 5220)

Tonsillectomy —0.068 (—0.153 to 0.018) 0.123 —0.073 (-0.158 to 0.012) 0.091
PostID 2y CP (n = 4920)

Tonsillectomy 0.009 (—0.083 to 0.100) 0.853 0.021 (—0.069 to 0.111) 0.649
Post ID 3y CP (n = 4610)

Tonsillectomy —0.055 (—0.163 to 0.052) 0.313 —0.040 (—0.148 to 0.067) 0.459
PostID 4 y CP (n = 4245)

Tonsillectomy 0.052 (—0.064 to 0.169) 0.377 0.059 (-0.058 to 0.176) 0.325
Post ID 5y CP (n = 3825)

Tonsillectomy 0.031 (=0.092 to 0.153) 0.623 0.054 (-0.069 to 0.177) 0.388

Abbreviations: CCI, Charlson comorbidity index; CP, chronic periodontitis. Linear regression model, Significance at
p < 0.05. T Models stratified by age, sex, income, and region of residence. ¥ A model adjusted for obesity, smoking,
alcohol consumption, CCI scores, and pre-index date of CP (pre-ID CP) for 2 y.

Subgroup analyses for post index date of CP periods
according to age and sex

Age 40-59 years old males

Post-ID 1y CP
Post-ID 2y CP
Post-ID 3y CP
Post-ID 4y CP
Post-ID 5y CP
Age 40-59 years old females
Post-ID 1y CP
Post-ID 2y CP
Post-ID 3y CP
Post-ID 4y CP
Post-ID 5y CP
Age 2 60 years old males
Post-ID 1y CP
PostID 2y CP
Post-ID 3y CP
Post-ID 4y CP
Post-ID 5y CP
Age 2 60 years old females
Post-ID 1y CP
Post-ID 2y CP
Post-ID 3y CP
Post-ID 4y CP
Post-ID 5y CP

l]][[ T"T I It ece:

r T T T J
-1.0 -0.5 0.0 0.5 1.0 1.5
Estimated value (95% confidence interval)

Figure 2. Subgroup analyses of simple and multiple linear regression models (estimated value
[95% confidence interval]) for post-index date of CP (post-ID CP) periods in tonsillectomy group
compared to control group according to age and sex.
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Subgroup analyses for post index date of CP
according to pre index date of CP for 2 years

0 time in pre-ID CP for 2 years

PostiD 1y CP [ g 1]
Post-ID 2y CP He—
PostID 3y CP e
Post-D 4y CP —e—i
Post-ID 5y CP ——i
1 time in pre-ID CP for 2 years
Post-ID 1y CP —to—
Post-iD 2y CP —e—
PostID 3y CP ——
Post-iD 4y CP —t——
PostID 5y CP ——
2 2 times in pre-ID CP for 2 years
Post-ID 1y CP ——t
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Figure 3. Subgroup analyses of simple and multiple linear regression models (estimated value [95%
confidence interval]) for post-index date of CP (post-ID CP) periods in tonsillectomy and control groups
according to pre-index date of CP (pre-ID CP) for 2 years.

4. Discussion

The hypothesis of this study, based on previous research that suggests a link between peritonsillar
infection and periodontitis, was that the bacteriological and clinical outcomes of tonsillectomy could
influence the diagnosis and treatment of CP [29]. It has previously been suggested that the niches
around the palatine tonsils are the sources of bacterial infection for the periodontal area [18,23].

Unexpectedly, this study revealed that the adjusted EV of the number of post-ID CP did not reach
statistical significance in any post-ID year. In another subgroup analysis according to the number of
pre-ID CP, statistical significance was not found in any analysis. These findings oppose the assumption
made by Quiryinen et al., although limitations of this study should be further discussed [18].

Tonsillectomy, including removal of the biofilm, has a positive effect on the intraoral areas such as
the gingiva and tongue. A previous study reported that the microorganisms in the tongue area were
altered following tonsillectomy [26]. The study showed that Tannerella forsythia and Porphyromonas
gingivalis levels decreased in samples taken from the tongue after tonsillectomy [26]. This result could
be explained by how anatomically close the tongue and tonsils are, and the fact that saliva is exchanged
between them while speaking and swallowing. On the contrary, the same study reported that lesser
changes occurred in other bacteria levels in the periodontal pocket following tonsillectomy [26]. They
suggested that, with regards to the tonsillar area, the periodontal pocket would be more distant and
difficult to access than the tongue area. As such, other bacteria in the periodontal pocket may be less
affected. We also believe that the risk of developing CP after tonsillectomy was not reduced in our
study for this reason.

Another reason for the discrepancy between the diagnosis and treatment of CP and
tonsillectomy is that the major bacteria in culture-dependent studies of tonsils and the microbiome
in culture-independent 16 s sequencing studies are Streptococcus and Haemophilus influenzae [8,30].
However, the essential microbiome in CP was Porpyromonas gingivalis, which can increase the activity
of biofilm bacteria by interrupting homeostasis in the host.

Our findings could be explained by the improvements that occur with regards to mouth breathing
following tonsillectomy. Tonsillectomy can eliminate breathing problems such as snoring or mouth
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breathing [31], which is likely to increase the risk of periodontitis. Kaur et al. have reported that a
patient’s periodontal condition is influenced by mouth breathing even after periodontal treatment
such as scaling and root planning [32]. Mouth breathing also induces a dry condition in the intraoral
area, which could increase the possibility of periodontitis. This hypothesis was explained in another
study, suggesting that the salivary substitute had a positive effect on the periodontal condition in
mouth breathing patients with CP [33]. According to these studies, tonsillectomy might reduce mouth
breathing, and improved mouth breathing could have a beneficial effect on periodontitis.

This study has four advantages. The first is the large number of study participants (n = 5220).
Participants were followed up for a maximum of 13 years following tonsillectomy, whereas a similar
study only conducted a 3-year follow-up [29]. Secondly, the Korean National Health Insurance
Service-Health Screening Cohort dataset is a large national survey that is representative of the Korean
population. These cohort records were available for each participant, and the records used in our study
were not distorted by the memory of participants. The data are also inclusive of all Koreans without
exception; therefore, no participants were missed during the follow-up period. Thirdly, well-trained
clinicians documented general health examinations and laboratory evaluations. Finally, adjusting
factors showed a statistically significant independent association with tonsillectomy in our data, thus
confirming the reliability of our study.

This study used a large population dataset; nevertheless, the findings have limitations. Firstly,
the dataset included many factors such as alcohol consumption, obesity, smoking, and age. However,
it was impossible to adjust for all systemic factors that were not included in the dataset. Secondly, this
study could have been subject to surveillance bias. Tonsillectomy was more likely to be diagnosed for
possibly unrelated CP, based on a higher number of visits to medical institutions. However, it is very
unlikely that increased participant visits would induce the detection of CP. Dental examinations were
conducted during regular visits that were covered by the Korean National Health Service (KNHS),
which has exclusive characteristics, including low payment, widespread coverage, and easy access to
medical institutions in Korea. In addition to these advantages, most Koreans undergo regular dental
check-ups. Additionally, the large population dataset of this study was adjusted for many factors; thus,
the surveillance bias was minimized by this adjustment. Therefore, this study prevented surveillance
bias by adjusting the characteristics of the KNHS system. Furthermore, the present study analyzed the
association using only code from data of the Korean National Health Service (KNHS), and thus the
data did not indicate periodontitis severity. There may also be confounders that were not adjusted for.
Finally, data were collected from individuals over the age of 40 years. Therefore, considering these
limitations, further studies are required to validate our findings.

5. Conclusions

This study revealed that tonsillectomy was not significantly associated with reducing CP. Though
the tonsils and periodontium are close in location, and tonsillectomy and CP may be related with regards
to bacterial inflammation, the risk of CP in patients undergoing tonsillectomy was not statistically
significant. However, further studies with a larger population should be considered to confirm, with
greater plausibility, the influence of tonsillectomy on periodontal conditions in patients affected by CP.
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Abstract: Accurate sex prediction is a key step in creating a postmortem forensic profile as it excludes
approximately half the population. It is our goal to develop a predictive model to establish sex
through teeth mesiodistal widths in a Portuguese population. The pretreatment dental casts of
168 of Portuguese orthodontics subjects (59 males and 109 females) were included. Mesiodistal
widths from right first molar to left first molar were measured on each pretreatment cast to the
nearest 0.01 mm using a digital caliper. Overall, the mesiodistal widths of the upper and lower
canines, premolars, and molars were found to be significantly different between females and males.
Conversely, no significant differences between sexes were identified for incisors. A multivariate
logistic regression model for sex prediction was developed and the teeth included in the final reduced
model being the upper left canine (2.3), the lower right lateral incisor (4.2) and the lower right canine
(4.3). There is a prevalence of sexual dimorphism in all teeth except the incisors. The canines present
the most noticeable difference between sexes. The presented sex determination predictive model
exhibits an overall correct classification of 75%, outperforming all available models for this purpose
and therefore is a potential tool for forensic analysis in this population.

Keywords: forensic dentistry; sex determination; sexual dimorphism; dental measurements;
predictive model; Portuguese population

1. Introduction

Forensic dentistry emerges as a part of forensic medicine and dental anthropology. This is the
branch of dentistry that focuses on the issues of identifying human remains by direct comparison,
bite mark identification, clinical malpractice, and forensic dental profiling, such as sex and age estimation,
in cases of unknown human remains, in order to facilitate their subsequent identification [1,2].

Teeth are the hardest organ in the human body and very important in postmortem identification
procedures. Although pelvic and cranial bones can be more accurate in identifying sex, they are rarely
in optimal condition in extreme cases, such as natural disasters or mass graves, which may prevent
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accurate estimation through them. Teeth are considered quite useful in these scenarios as they are
often recovered intact [3—-6]. However, there may be some setbacks that prevent dental eruption of
teeth useful for forensic identification [7-10].

Accurate sex prediction is a key step in creating a postmortem forensic profile as it excludes
approximately half the population [11]. Several studies state that teeth have a high degree of sexual
dimorphism [2,4,5,12,13]. Generally, male teeth are larger than female teeth, however data are not
consensual and reverse dimorphism also occurs [4,12]. Sexual dimorphism may vary between different
populations, possibly due to variations in the environment, available food resources, or genetic pool [3,14].

The most usual way to obtain data is from dental casts using a digital caliper. There are several
measures to take into account and their analysis may be performed through direct comparison of
measures, statistical analyses, or indexes.

Only two previous studies presented potential predictive sex models for Portuguese populations
using dental measurements. Pereira et al. (2010) [1], using upper canine-to-canine teeth, rendered
a combination of incisors mesiodistal and canine diagonal distances. As the proposed model was
confined to only six teeth, it lacks a complete teeth analysis. On the other hand, Silva et al. (2015) [12]
employed the mandibular canine index [15] with a modest success rate of 64.2%, concluding that this
index should be restrictively applied to the Portuguese scenario in sex identification.

Given the lack of robust sex identification models for the Portuguese population, we aimed to
use cast models of a previously studied sample (Machado et al., 2018) [16] to develop a new sex
prediction model based on mesiodistal width measures. We hypothesize that there is a sex-based teeth
dimorphism in this population and it is distinguishable through a predictive model; therefore our null
hypothesis is that such dimorphism may not exist.

2. Materials and Methods

2.1. Study Design

This study used a previously reported sample [16] that has received approval by the Egas Moniz
Ethics Committee (Number 600). Written informed consents were obtained from all participants during
their first appointment at the Orthodontic Department of the Egas Moniz Dental Clinic.

This investigation follows the transparent reporting of a multivariable prediction model for
individual prognosis or diagnosis (TRIPOD) reporting guidelines [17] for validation of prediction
models (see supplementary material). This study was conducted on a triple-blind basis with respect to
diagnosis and clinical outcome, data collection, and analysis.

2.2. Participants

The assessment tool consisted of pre-treatment dental casts, a part of standard orthodontic
treatment planning, in dental stone selected from the archives of the Egas Moniz Dental Clinic
Orthodontic Department (Almada, Portugal). From a total of 541 casts gathered from November
2010 to December 2017, 168 (59 males and 109 females) were selected according to the inclusion and
exclusion criteria.

The inclusion criteria were: all teeth, from first molar in the right side to first molar in the left side
in both upper and lower jaws, were fully erupted and present; no history of interproximal stripping;
no proximal caries that might interfere with precise tooth measurement; no restorations, abrasions or
attrition; no previous or ongoing orthodontic treatment; no abnormal tooth morphology or congenitally
missing or impacted [16]. All patients failing to fulfil these criteria were excluded.

2.3. Dental Casts Analysis and Measurement Reproducibility

Dental cast measurements were performed by one researcher (VM) using a digital caliper to
measure the mesiodistal tooth widths from the right first molar to the left first molar to the nearest
0.01 mm. The mesiodistal width of each tooth was measured at the widest distance between the mesial
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and distal contact points. The position of the caliper had to be perpendicular to the occlusal surface of
the measured tooth [1,11,14,16,18-21].

Ten study casts were randomly chosen from the total of 168 and remeasured one week later by
the same investigator (V.M.). Intraclass correlation coefficient (ICC) was calculated with an absolute
agreement of ICC = 0.98.

2.4. Statistical Analysis

Data analysis was performed using IBM SPSS Statistics version 25.0 for Windows (Armonk,
NY: IBM Corp.). Descriptive statistics as mean and standard deviation (SD) were determined for
the mesiodistal width per tooth. Mean mesiodistal width for each tooth was compared according
to sex and by Student’s t-test. A multivariate stepwise adjusted logistic regression procedure was
applied to derive a reduced predictive model for sex determination based on the mesiodistal widths
for each tooth. To test the performance of the obtained model and compare it to previous ones,
the sensitivity, specificity, accuracy, and precision were determined for all models when applied to the
studied sample [22]. Performance measurement was assessed by binary area under the curve (AUC)
and through receiver operating characteristics (ROC) analysis. The level of significance was set at 5%,
in all statistical inference analyses.

3. Results

3.1. Mesiodistal Width Per Tooth

In the studied sample the mean age was 20.1 (+7.3) (see Machado et al., 2018 [16] for a detailed
description). The mean mesiodistal width for each tooth, according to sex, is presented in Table 1.
Opverall, the mean mesiodistal widths of upper and lower canines, premolars, and molars were found to
be significantly different between females and males. Regarding the incisors, no significant differences
were found as a function of sex.

Table 1. Descriptive values of mesiodistal width (mm), presented as mean and standard deviation (SD)
for each tooth, as a function of sex (n = 168).

Female (n = 109) Male (n = 59)

Semi-Arch  Tooth Type  Tooth Code p-Value *
Mean (+SD)  Range (Min-Max) ~ Mean (+SD)  Range (Min-Max)

Molar 16 10.13 (£0.56) 8.50-12.52 10.40 (£0.60) 9.26-12.37 0.004

Premolars 15 6.62 (+0.47) 551-8.04 6.40 (+0.52) 5.71-8.30 0.008

Upper right 14 6.93 (+0.47) 5.70-8.17 7.18 (+0.48) 6.35-8.50 0.001
Canine 13 7.67 (0.46) 6.40-8.90 7.97 (£0.57) 6.10-9.22 <0.001

12 6.64 (+0.61) 5.20-7.89 6.70 (+0.63) 5.25-8.55 0565

Incisors 11 8.60 (£0.58) 7.00-10.05 8.68 (+0.66) 6.47-10.78 0414

50T 21 8.62 (+0.54) 7.39-9.88 8.69 (£0.67) 6.47-10.66 0437

22 6.54 (£0.60) 4.73-7.89 671 (+0.65) 5.25-8.30 0.091
Upper left Canine 23 7.65 (£0.46) 6.40-8.70 8.04 (£0.52) 6.83-9.22 <0.001
24 6.92 (£0.48) 5.70-8.17 7.17 (£0.50) 5.96-8.28 0.002

Fremolars 25 6.62 (+0.47) 5.51-8.04 6.84 (+0.52) 5.70-8.30 0.005

Molar 26 10.12 (+0.56) 8.50-12.52 1033 (£0.59) 9.4-12.44 0.018
Molar 46 10.63 (£0.61) 9.10-12.32 11.03 (£0.57) 9.82-12.17 <0.001

Premolars 45 7.19 (£0.52) 6.04-8.93 7.36 (+0.54) 6.17-8.98 0.050

Lower right 44 7.08 (£0.43) 6.11-8.30 7.36 (+0.51) 6.22-8.50 0.001
Canine 43 6.63 (+0.42) 5.84-8.15 7.01 (+0.48) 6.03-8.91 <0.001

42 5.89 (+0.43) 450694 5.97 (+0.44) 4.98-6.95 0.253

Incisors 41 538 (+0.43) 450-7.60 5.46 (0.43) 4.68-6.51 0280

31 538 (£0.44) 4.50-7.60 5.41 (£047) 3.73-6.37 0.708

32 5.86 (+0.44) 450-6.78 5.99 (+0.42) 492-6.99 0.052

Lower left Canine 33 6.63 (+0.41) 5.84-8.16 7.00 (+0.50) 6.14-8.95 <0.001
Promolars 34 7.03 (+0.50) 5.65-8.30 7.35 (£0.52) 6.22-8.50 <0.001

© 35 7.14 (£0.50) 6.04-8.70 7.37 (£0.58) 6.00-8.98 0.008
Molar 36 10.62 (£0.57) 9.10-12.32 11.00 (£0.61) 9.76-12.17 <0.001

Note: * Student’s t-test. Significant p-values (p < 0.05) denoted in bold.

3.2. Sex Prediction Model Development

In order to develop a model for sex prediction based on the teeth mesiodistal width, a multivariate
logistic regression procedure was implemented considering a first stage that included all teeth
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that exhibited significant differences in the sex-based comparison: canines, premolars and molars.
Then, a stepwise adjusted logistic regression procedure derived a reduced best fitting model that is
depicted in Table 2. In this final optimized model, the upper left canine (2.3), the lower right lateral
incisor (4.2) and the lower right canine (4.3) were the only teeth included.

Table 2. Final reduced logistic regression model (n = 168).

EXP (B) 95% CI

Variables B p-Value EXP (B)

Lower Upper
Tooth 2.3 1.208 0.019 3.35 1.22 9.22
Tooth 4.3 1.800 0.003 6.05 1.84 19.91
Tooth 4.2 -1.317 0.018 0.27 0.09 0.80
Constant —14.546 <0.001 - - -

R2(N) = 0.268, % correct classification = 75%; H&L: X = 6.767 (p = 0.562); Note: outcome variable (sex) coded as
male: 1, female: 0.

From the fitted model data, the following formula can be derived:
In (p/(1 — p)) = —14.546 + 1.208x + 1.800y — 1.317z

where p is the probability of an individual being classified as male, with a lower cutoff value of 0.5,
and with x, y, and z representing the mesiodistal width of the upper left canine (2.3), lower right canine
(4.3) and lower right lateral incisor (4.2), respectively.

3.3. Comparison with Previous Models

The achieved model was then compared to the previous sex prediction tools by means of
performance when applied to this sample (Table 3).

Table 3. Performance assessment of the different models when applied to the studied sample. Measures
are presented as percentage. For AUC, estimation by a 95% confidence interval (95% CI) is also shown.

Model Sensitivity  Specificity =~ Accuracy Precision ~ AUC within ROC

(%) (%) (%) (%) Analysis (95% CI)

Acharyaetal,, Model 1 85.3 50.8 73.2 76.2 0.642 (0.551-0.733)
2007 [23] Model 2 13.8 93.2 41.7 78.9 0.637 (0.546-0.728)
Mitsea et al., 2014 [4] 65.1 45.8 58.3 68.9 0.681 (0.592-0.770)
Model 1 89.9 39.0 72.0 73.1 0.535 (0.445-0.625)

Model 2 59.6 49.2 56.0 68.4 0.555 (0.463-0.646)

Peckmann et al. Model 3 65.1 45.8 58.3 68.9 0.644 (0.553-0.736)
2016 [5] " Model 4 88.1 37.3 70.2 72.2 0.544 (0.452-0.636)
Model 5 86.2 37.3 69.0 71.8 0.555 (0.463-0.646)

Model 6 82.6 45.8 69.6 73.8 0.627 (0.535-0.719)

Model 7 81.7 45.8 69.0 73.6 0.618 (0.525-0.710)

Neves et al., 2020 87.2 52.5 75.0 77.2 0.768 (0.693-0.843)

AUC—Area under the curve; ROC—Receiver operating characteristic.

4. Discussion

Sex estimation is a vital step in forensic medicine for body identification both in single and mass
disaster events. In the Portuguese scenario, sex estimation models through dental hard tissues are
scarce and previous proposed models lacked consistency and only accounted for a small subset of
teeth. Therefore, we aimed to develop a potential model using mesiodistal widths of models cast
previously for studies of orthodontic indexes. Then, we compared the performance of this model
with other full-mouth mesiodistal models published elsewhere. Overall, our model outperformed all
available strategies and might be used as a forensic tool for sex estimation in Portuguese samples.
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As previously stated, sexual dimorphism may vary between populations, possibly due to a variety
of reasons [3,14]. Therefore, this new model arises as a valuable tool to forensic dentistry.

Our results have prospective importance. (1) Until now, there were no models developed for the
Portuguese population from complete models. (2) Dental hard tissues are of utmost interest because
they are the most lasting tissue of human body, even in post-mortem difficult conditions. (3) This
tool may be very useful in single or mass disasters or body identification cases in Portugal, especially
due to the unpredictability of these situations. (4) These results confirm sexual dimorphism on teeth
mesiodistal width in canines, premolars, and molars of the upper and lower arches.

Dental crown dimensions can be obtained through intraoral measurements [18], dental
forms [4,11,13,14,16,19,24], or human remains [20,21]. The mesiodistal and buccolingual measurements
of the crown were the two most commonly used and studied dimensions [1,11,14,18-21], followed by
diagonal measurements (mesiobuccal-distolingual and distobuccal-mesiolingual) [1,21,25] and the
canine mandibular index (expressed as the ratio between the mesiodistal dimension of the canines
and the width of the intercanine arch [12,15,19,26]). These studies have shown that canine dimensions
provide the highest sexual dimorphism [16,18,21,24,25], followed by premolars [21,25], first and second
molars [20,21,25,27].

In this study, we analyzed the degree of sexual dimorphism in different teeth by measuring the
maximum mesiodistal diameters of fully erupted permanent teeth from study casts. Overall, several
teeth are sexually dimorphic and the crown mesiodistal dimensions were larger on average in males
than in females. The results of this study confirm what was previously demonstrated, canine teeth are
the most dimorphic teeth [1-5,7,19,21,24-26] but also molars present significant differences between
sexes [11,13,23,25,28-30]. Within the elements that fit into our sex prediction model, the upper left
canine, the lower right lateral incisor, and the lower right canine were the most appropriate and with
better replicability.

Regarding the performance, our developed model outperformed previous published indexes in
terms of AUC. In terms of accuracy and precision values, our model also outperformed the remaining
models (75.0% and 77.2% for accuracy and precision, respectively). Furthermore, for sensitivity
and specificity, this newly developed model presented the best combination of results, only being
outperformed in sensitivity by Peckmann et al., 2016 [5] (model 4) and in specificity by Acharya et al.,
2007 [23] (model 2).

Like other methodologies used in sex prediction, the amount and quality of evidence available for
analysis are critical in forensic investigation. Some limitations of the applied methodology include
any post-eruptive changes such as caries, interproximal wear, and interproximal restorations, which
compromises the correct measurement of the teeth.

5. Strengths and Limitations

A possible limitation of this study is the fact that we have not accounted for second molars, mainly
because the data that this analysis is derived from is an orthodontic population whose main purpose
was to study a mesiodistal proportion measure. This measure, Bolton’s analysis [31], only accounts for
the mesiodistal width from the first molar to the first molar. Nevertheless, two previous large-base
studies from this population revealed that second molars are one of the most commonly missing teeth,
aside from first molars and premolars [32,33]. Interestingly, none of them accounted for the final
model. Another possible limitation is the fact that the new model emerged from the same sample
being studied, which may influence the results. The new model should be further investigated with a
new sample in a future study.

6. Conclusions

Considering the limitations of this study, the present study found that there is a prevalence of
sexual dimorphism in all teeth except the incisors and that the canines exhibit the most noticeable
difference between sexes, followed by the first mandibular molars and premolars.
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Through a stepwise adjusted logistic regression procedure, a suitable model for sex determination
was developed. The reduced model was based on the upper left canine (2.3), the lower right lateral
incisor (4.2), and the lower right canine (4.3) and achieved an accuracy of 75%.
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Featured Application: Clear aligners are associated with significantly less pain than fixed
appliances during the first seven days of orthodontic treatment.

Abstract: We aimed to compare the pain discomfort levels between clear aligners and fixed appliances
at multiple time points. Four electronic databases (Pubmed, Medline, CENTRAL and Scholar) were
searched up to May 2020. There were no year or language restrictions. Randomized clinical trials
and case—control studies comparing pain perception through pain visual analog scale (VAS) in
patients treated with clear aligners and with fixed appliances were included. Risk of bias within
and across studies was assessed using Cochrane tool and Newcastle-Ottawa Scale (NOS) approach.
Random-effects meta-analysis were conducted. VAS score and analgesic consumption were collected.
Random-effects meta-analyses were used to synthesize available data. Following the review protocol,
five articles met the inclusion criteria and were included, with a total of 273 participants (177 females,
96 males). Overall, clear aligners were associated with significantly less pain than fixed appliances
during the first seven days of orthodontic treatment. Patients treated with clear aligners experience
less pain discomfort than those treated with fixed appliances and consume less analgesics, with SORT
A recommendation.

Keywords: clear aligners; fixed appliances; pain perception; VAS (visual analog scale) scale; systematic
review; meta-analysis

1. Introduction

With the increase of esthetic requirements, facial’s micro and macro-esthetic and smile have
become a priority for adolescents and adults [1,2]. Consequently, patients lean to more esthetic and
comfortable orthodontic treatments [3].

In 1945, Kesling introduced the concept of clear aligners, that aimed to stress minor tooth
movement, usually at the end of orthodontic treatment or to treat minor alignment relapse [4].
Since 1998, clear aligners have become popular and quickly the preferred orthodontic appliances for
patients with high esthetic demands [5,6]. In addition, mechanical tooth movement is associated with
cognitive, affective and behavioral responses [7] and periodontal mechanoreceptors and chewing
muscles (as source of pain receptors) also contribute to pain experience [8,9].
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Clear aligners are esthetically more appealing than fixed appliances with brackets and wires [1]
and patients benefit by being able to have full access to remove clear aligners to eat and for oral
hygiene. Still, patients treated with clear aligners have better periodontal health than those with fixed
appliances, and they promote better compliance with oral hygiene in teenagers [10-12].

Moreover, pain experience after initial archwire placement in fixed appliances is well established,
comparing multistrand stainless steel and superelastic NiTi archwires [13-20]. However, the difference
in the pain perception of clear aligners compared with fixed appliances remains unclear. A recent
systematic review concluded that orthodontic patients treated with Invisalign appear to feel lower levels
of pain than those treated with fixed appliances during the first few days of treatment, however they
were not able to synthetize the magnitude of this difference [21].

Patients choose clear aligners in hope that these appliances will have low impact on their quality
of life [22]. Therefore, it becomes relevant to evaluate whether there is a difference in pain perception
between fixed appliances and clear aligners. In this sense, we may contribute to a more grounded
decision by the patient and the clinician.

Our main objective in this systematic review was to compare the discomfort levels between clear
aligners and fixed appliances. Second, we analyzed analgesic consumption difference between the
aforementioned orthodontic appliances. The review PICO research question is “Do clear aligners
have less pain discomfort impact than fixed appliances treatment in orthodontic patients?”, with the
following statements: orthodontic patients (patients—P); clear aligners (intervention/exposure—I);
fixed appliances (comparison—C); pain discomfort (outcome—O). Our null hypothesis was that clear
aligners cause similar pain perception than conventional fixed appliances.

2. Materials and Methods

2.1. Subsection

The present systematic review was conducted and reported according to the preferred reporting
items for systematic reviews and meta-analyses (PRISMA) guidelines for reporting studies that evaluate
health care interventions [23] (in detail in Supplementary Table S1) and its extension for abstracts [24].
The protocol was previously defined and has been registered in the International Prospective Register
of Systematic Reviews (PROSPERO; CRD42019124534).

2.2. Eligibility Criteria
Studies were eligible for inclusion based on the following criteria:

1 Clear aligners treatment comparing with fixed appliances and determined pain discomfort
through pain visual analog scale (VAS) at multiple time points;

2 Randomized and non-randomized studies;

3 Studies in humans.

The exclusion criteria were:

Studies reporting results emerging from questionnaires;
Studies lacking control;

Retrospective studies;

In vitro and animal studies;

Case reports/case series;

N T N =

Editorials, opinions, narrative reviews and technique description articles, without reported sample.

2.3. Search Strategy

A total of four electronic databases (Pubmed, Medline, CENTRAL and Google Scholar) were
searched systematically until May 2020. The strategy used for the electronic search was the following:
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(VAS OR visual analog scale OR VAS scale OR pain perception OR pain) AND (Invisalign OR Invisalign
aligner OR clear aligner) AND (orthodontic brackets OR bracket OR fixed appliance). The reference
lists of included articles and relevant reviews were manually searched. Gray literature was searched
using the latter strategy in OpenGray (www.opengrey.eu).

2.4. Assessment of Validity

The eligibility of each study was assessed independently by two investigators (VM and DP),
who screened the titles and/or abstracts of retrieved studies. Inclusion was dependent on the following
eligibility criteria: randomized clinical trials and case—control studies who compare the discomfort
level produced by fixed appliances and clear aligners at multiple time points. Final selection of
studies was performed by three authors independently (VM, DP, JB) and verified by a fourth and
fifth author (JJM, ASD), by reviewing the full text based on inclusion criteria above. Discussion
resolved any disagreements. Non-full papers, such as conference abstracts, thesis and letters to editors,
were excluded.

2.5. Data Extraction

Characteristics of the included studies and numerical data were extracted in duplicate by two
authors (VM and DP) onto a predefined data extraction table: citation, publication status and year of
publication, study design, setting, number of cases and characteristics of the participants (mean age,
sex), VAS scores at multiple time points, type of fixed appliances and analgesic consumption. Final
data were reviewed by a third author (JB).

2.6. Risk of Bias of Included Studies

Risk of bias (RoB) was performed by two independent reviewers (VM and JB). In areas of
disagreements, a collective decision was obtained after a discussion between all authors to approach a
consensus, with an opinion of a third reviewer (DP). RoB of RCTs was assessed with the Cochrane
RoB2 tool [25]. Case—control and cohort studies were appraised with the Newcastle-Ottawa scale.
“Stars” (points) were attributed for each methodologic quality criterion and each study could achieve a
maximum of 8 points. Studies with 7 to 8 points (80% or more of the domains satisfactorily fulfilled)
were arbitrarily considered to be of low RoB, studies with 5 to 6 stars were of medium RoB and studies
with less than 5 stars were of high RoB. Disagreements between the review authors over the risk of
bias in particular studies were resolved by discussion, with the involvement of a third review author
(DP) where necessary.

2.7. Summary Measures & Synthesis of Results

For the conversion of median and interquartile range VAS score values to mean and standard
deviations, Hozo et al. [26] procedure was used, under the assumption of normal distribution.
All statistical analyses were performed in R version 3.4.1 (R Studio Team 2018, Boston, MA, USA) using
a DerSimonian-Laird random-effects model [27]. All random-effects meta-analysis and forest plots
were performed using ‘meta’ package [28].

First, pain discomfort through VAS score of clear aligners versus fixed appliances was appraised
through DerSimonian-Laird (DS) random-effect analysis. Of the included studies, the percentage
of analgesic consumption was also carried out, through binary random-effects analysis. Quantity 2
was used to measure to account for homogeneity and calculated through the x2 test. Publication bias
analysis was planned to be performed if, at least, we had 10 or more studies included [29]. All tests are
two-tailed with alpha set at 0.05, except for the homogeneity test whose significance level cutoff will
consider to be 0.10 due to the low power of the x2 test with a limited amount of studies.
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2.8. Strength of Recommendation

The SORT (strength of recommendation taxonomy) was used to judge the strength and quality of
the evidence [30]. We discussed the outcomes of the present systematic review, clinical recommendations
and future necessary research.

3. Results

3.1. Study Selection

From the databases and other sources, the initial search resulted in a total of 98 record, resulting in
58 after duplicates removal. Following title and abstract screening, 23 studies were selected for full-text
evaluation. Nevertheless, after full-text eligibility assessment, 18 studies were excluded (in detail
in Supplementary Table S2). Therefore, the meta-analysis was performed on the basis of 5 articles.
The flow chart of study selection together with reasons for exclusion is provided in Figure 1.

—
5 | Records identified through database searching (n = 98)
'g
g !

E Records after duplicates removed
2 (n=58)
g N Records excluded by title and
=2 g abstract (n = 35)
o
3 v
7]
Full-text articles assessed for eligibility (n = 23)
—
Full-text articles excluded, with reasons (18):
2 > - No VAS data n=4)
% - No clear aligners treatment (n = 12)
) - No mean and SD values (n = 1)
b - No follow-up data (n = 1)
— v
=
’ Studies included in qualitative synthesis (n = 5)
3
°
2 |
2
= Studies included in quantitative synthesis (meta-analysis)
(n=5)
-

Figure 1. PRISMA (preferred reporting items for systematic reviews and meta-analyses) flowchart.

3.2. Study Characteristics

Three prospective studies evaluated the pain discomfort of clear aligners through the comparison
with fixed appliances. A total of 273 participants (177 females, 96 males) were included. The characteristic
of the participants is shown in Table 1.
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Table 1. Included studies characteristics.

Participants Outcome Fundi
Study Country N (F/M) A A unding

Adults treated with Invisalign
aligners experienced less pain
and fewer negative impacts on
Miller (2007) [31] USA 60 (43/17) 33 27 their lives during the first week NR
of orthodontic treatment than
did those treated with
fixed appliances

The Invisalign patients
complained of relatively high
levels of pain in the first days

after insertion; however this
group was characterized by the
lowest level of oral symptoms
and by a similar level of
general activity disturbances
and oral dysfunction compared
to the Buccal appliance.

Shalish (2012) [32] USA 68 (45/23) 21 47 NR

Patients treated with traditional ~ Partially funded by
fixed appliances reported the Robert E. Gaylord
White (2017) [6] USA 41 (24/17) 23 18 greater discomfort and Endowed Chair in
consumed more analgesics than ~ Orthodontics and by
patients treated with aligners. Align Technology

During the first week of
orthodontic treatment, patients
treated with Invisalign aligners

reported lower pain than did
those treated with passive
self-ligating fixed appliances.

Almasoud (2018) [33] ~ Saudi Arabia 64 (42/22) 32 32 NR

Therapy with traditional fixed

orthodontics appliances caused

more discomfort to the patients,
than clear aligner therapy

Piergentili (2019) [34] Ttaly 40 (23/17) 20 20 NR

CA—clear aligners; FA—fixed appliances; USA—United States of America; NR—not reported.

3.3. Risk of Bias within Studies

One RCT was included and was assessed as having some concerns of risk of bias [6] (Figure 2).
Table 2 (NOS scale scores) shows the risk of bias assessment for the included studies and all four
studies were considered of low risk of bias [31-34].

R D M Me S O

White et al. 2017 2 e a ° ° B

Figure 2. RoB2 assessment. R—bias arising from the randomization process; D—bias due to deviations
from intended interventions; Mi—bias due to missing outcome data; Me—bias in measurement of the
outcome; S—bias in selection of the reported result; O—overall risk of bias.

Table 2. NOS (Newcastle-Ottawa Scale) score for case—control studies.

Selection Comparability Outcome

TOTAL
1 2 3 4 5 6 7 8 Score
Miller (2007) [31] a a a a a a a a 8 Low
Shalish (2012) [32] a a a a a a a a 8 Low
Almasoud (2018) [33] c a a a a a a a 7 Low
Piergentili (2019) [34] a a a a a a a a 8 Low

1-case definition adequacy; 2-representativeness of the cases; 3-selection of controls; 4-definition of controls;
5-comparability of cohorts on the basis of the design or analysis; 6-ascertainment of outcome; 7-save method of
ascertainment for cases and controls; 8—nonresponse rate.
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3.4. Synthesis of Results

Data from three studies including 273 patients reported pain discomfort through VAS score of
clear aligners versus fixed appliances [6,31-34]. Four studies provided data on a daily basis [6,31,32,34],
while one had data for pain discomfort at day 1, 3 and 7 after [33].

Clear aligners promote lower pain experience than patients using fixed appliances, and the
difference is statistically significant for 1, 3, 6 and 7 days of follow-up (Table 3). The overall pain
experience also favored clear aligners. Funnel plot analysis revealed no publication bias (Figure 3).

Table 3. Subgroup meta-analysis of VAS score from 1 to 7 days of follow-up.

Subgroup Meta-Analysis n MD 95% CI p-Value 12 (%) Tau  p-Value
Day 1 6 107 (0.00; 2.13) <0.001 84.9 1.16 <0.001

Day 2 5 0.60 (=0.20; 1.41) >0.05 80.7 0.77 <0.001

Day 3 6 125 0.32;2.17) <0.001 83.0 0.99 <0.001

Day 4 5 079 (=0.07; 1.65) >0.05 83.8 0.84 <0.001

Day 5 5 062 (=0.13;1.37) >0.05 83.7 0.71 <0.001

Day 6 5 076 (0.31; 1.21) <0.001 67.6 0.38 <0.001

Day 7 6 0.79 0.37;1.22) <0.001 64.2 0.36 <0.001

Overall 6 033 (0.45; 1.57) <0.001 80.5 0.58 <0.001

Test for subgroup differences (random effects model): Q = 1.62, p = 0.9514. MD-Mean Difference.

B p<0.05
0O p<0.025
0O <0.01

Standard Error
10 08 06 04 02 0.0

Mean Difference

Figure 3. Funnel plot. The outer dashed lines indicate the triangular region within which 95% of
studies are expected to lie in the absence of both biases and heterogeneity (fixed effect summary log
odds ratio + 1.96 X standard error of summary log odds ratio). The dashed vertical line corresponds to
no intervention effect. The distribution gives a clear visual impression of symmetry, which is confirmed
by ap > 0.05.

A detailed number of analgesic consumption at day 1, 3 and 7 after, were reported in three
studies [6,31,33]. Overall, patients treated with clear aligners have significantly less analgesic
consumption compared with fixed appliances group control, one day and seven days after treatment
beginning (Table 4). Overall, patients with fixed appliances consume more analgesics at the beginning
of treatment.
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Table 4. Subgroup meta-analysis of Analgesic consumption at 1, 3 and 7 days of follow-up.

Subgroup Meta-Analysis n OR 95% CI p-Value 12 (%) Tau  p-Value
Day 1 3 015 (0.04; 0.50) <0.001 84.9 49.3 0.14

Day 3 3 0.75 (0.11; 5.10) <0.001 83.0 81.0 <0.001
Day 7 3 023 (0.52; 0.99) <0.001 64.2 0.0 0.79
Overall 3 0.30 (0.12; 0.72) <0.001 80.5 58.8 0.01

Test for subgroup differences (random effects model): Q = 1.97, p = 0.3734. OR-Odds Ratio.

3.5. Synthesis of Results

According to the SORT recommendation, the evidence revealed that clear aligners produce less
pain experience than fixed appliances, based on consistent findings of at least two good-quality
meta-analyses that obtained significant results (SORT A) [30].

4. Discussion

4.1. Summary of Main Findings

This systematic review demonstrate that clear aligners are significantly associated with less pain
rather than fixed appliances during the first week of orthodontic treatment, with an overall SORT A
recommendation. Clear aligners patients present less risk of analgesics consumption compared to
patients with fixed appliances and present significant differences.

4.2. Quality of the Evidence, Limitations and Potential Biases in the Review Process

The strengths of this systematic review include the extensive unrestrictive literature search, with
a rigorous and predetermined protocol implemented in each phase. However, there are limitations
worth to mention among the included studies.

The included investigations were of small samples, and one of them lack sample size calculation [31].
As well, there are a diversity of fixed appliances description since one did not refer the type of buccal
fixed appliances [31], one used self-ligated fixed appliance [33], three used a twin-bracket fixed
appliance [6], and one also had lingual brackets [32,34]. Though passive self-ligating systems result
in minor periodontal ligament ischemia and therefore less discomfort [35], literature evidences that
pain experience in the beginning of treatment is independent of bracket type [36-38]. The type and
size of archwires were described in four studies [6], though they differed in type and size among
them, which is also a limitation worth mentioning. Nevertheless, previous studies have found no
significant differences in the pain perception using different archwires types [36,39,40]. Furthermore,
Piergentilli et al. [33] have placed the fixed appliance exclusively in the maxillary arch during the first
week of treatment, and this may explain also the observed heterogeneity.

Moreover, only one study [6] performed random selection, while the remaining four [31-34] did not
randomly assigned the treatment modalities due to their cohort design nature. However, randomizing
adult patients is not simple, since some of whom are unwilling or unable to comply with the random
assignment due to esthetic reasons [32]. This difficulty limits the ability to completely randomize
the study. The fact that the patient has a choice demonstrates personality traits, which can impair
the perception of pain. Notwithstanding, the RCT included in this review [33] lacked allocation
concealment contributing to the overall concern on the risk of bias [33]. Allocation concealment is
predictably difficult to achieve in this type of studies in which the intervention is a removable appliance
and its control a fixed appliance.

Additionally, pain experience is a notoriously subjective response and there is a nonlinear
relationship upon multiple factors such as age, gender, individual pain threshold, the magnitude
of the force applied, present emotional state and stress, cultural differences and previous pain
experiences [14,17,19,41-44]. A hypothetical limitation would be the fact that there is an unbalanced
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gender ratio. However, gender has no significant effect on orthodontic pain perception [14,17,19,45],
except in adolescents, where females have less pain tolerance than males [46,47].

Finally, placing attachments at the beginning of the clear aligner treatment is relevant for pain
perception because they cause more pressure during the insertion of the aligner. Among the included
studies, Miller et al. [31] did not place attachments, two studies used attachments since they placed
the first aligners [6] and Almasoud [33] delayed the attachments placement until the third set of
aligners. Despite Shalish et al. [33] did not refer the placement of attachments, patients with clear
aligners reported more pain than those using buccal fixed appliances, and alike those using lingual
fixed appliances patients. The reason to this pain experience difference could be a greater mechanical
force caused by the attachment placement, though they should be investigated deeply in the future.
In addition, the importance of the periodontal mechanoreceptors and chewing muscles during clear
aligners tooth movement is a matter to be further investigated.

5. Conclusions

Within the limitations of this systematic review, the results show that patients treated with
clear aligners experience less pain and discomfort than patients treated with fixed appliances. This
information may clarify patients about what to expect during the beginning of orthodontic treatment.
In the future, larger randomized clinical trials are needed to demonstrate unequivocally that clear
aligners are more comfortable than fixed appliances throughout orthodontics treatment.

Implications for Clinical Practice and Research

These findings may help both patients and clinicians in the treatment modality decision, concerning
pain parameters and analgesic consultation, in the first phase of orthodontic treatment.

In the main, randomized clinical trials are needed to perform a robust comparison of clear
aligners and buccal fixed appliances. Aspects concerning long-term outcomes appraisal, objective
measurements of patient-centered reported outcomes (such as quality of life) and adverse effects
(including allergies, periodontal damages and functional impairment) are important factors to consider.

Additionally, the present review encompassed mainly Invisalign® aligners. Future research
should be conducted in different clear aligners systems, to find out if exists significant differences
between different types of clear aligners systems in pain perception and analgesic drugs intake.
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