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The objective of this book is to present the main evidence-based data on new developments

and knowledge in diagnostic and treatment technologies in the orofacial field used in both children

and adults. The published content has been met with great success in interdisciplinary fields,

stimulating international authors to submit their original articles, reviews, or case reports based on

various aspects of orthodontics as well as on the diagnosis and management of temporomandibular

disorders and orofacial pain. Among the current highly debated topics, this Book focuses on multiple

disciplines as follows: gingival recessions and periodontal status after orthodontic treatment; a rare

case of impacted central incisors; predictors of analgesic consumption in orthodontic patients; a

systematic review about different dentoskeletal class III treatment approaches; evaluation of upper

airway volumes; and cephalometric values in JIA patients.
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State-of-the-Art in Orthodontics and Gnathology

Giuseppe Minervini

Multidisciplinary Department of Medical-Surgical and Dental Specialties, University of Campania Luigi
Vanvitelli, via Luigi De Crecchio 6, 80138 Naples, Italy; giuseppe.minervini@unicampania.it; Tel.: +39-3289129558

In recent years, several novel diagnostic and treatment modalities have been intro-
duced in orthodontics and temporomandibular disorders [1,2]. Researchers and clinicians
are called to update themselves according to the developments occurring in these fields.
New technologies and digital devices are able to accelerate the diagnostic process and in-
crease the effectiveness in diagnosing dysfunctions in the orofacial region [3]. Furthermore,
thanks to intraoral scanners, digital dental and skeletal models, facial scanning, cone beam
computed tomography (CBCT), magnetic resonance imaging (MRI), digital smile design
(DSD), photogrammetry, and artificial intelligence (AI), diagnoses are becoming increas-
ingly accurate, particularly in complex cases with impacted teeth, dental transpositions,
and orofacial disharmonies and anomalies [2]. In addition, patients are becoming increas-
ingly demanding regarding treatment time and aesthetics [4]; thus, different methods such
as corticotomy, pulsed light, mechanical vibrations to accelerate orthodontic movement,
or an increase in the use of clear brackets and aligners are more common than in previous
decades [5–7]. The objective of this Special Issue was to present the main evidence-based
data on new developments and knowledge in diagnostic and treatment technologies in the
orofacial field used in both children and adults. The articles published in this Collection
have been met with great success in interdisciplinary fields, stimulating international au-
thors to submit their original articles, reviews, or case reports based on various aspects of
orthodontics, as well as on the diagnosis and management of temporomandibular disorders
and orofacial pain [8–12]. Among the current highly debated topics, this Special Issue
focused on multiple disciplines as follows: gingival recessions and periodontal status after
orthodontic treatment; a rare case of impacted central incisors; predictors of analgesic
consumption in orthodontic patients; a systematic review about different dento-skeletal
class III treatment approaches; upper airway volumes evaluation, cephalometric values in
JIA patients [8–12].

Specifically, the manuscript titled “Dento-Skeletal Class III Treatment with Mixed
Anchored Palatal Expander: A Systematic Review” [8] aimed to determine the efficacy
of using a mixed anchored palatal expander to treat Class III malocclusions, as well as
to observe whether using a bone-anchorage device induces more maxillary advancement
with fewer dental side effects. These treatment approaches are among the most currently
used in the treatment of moderate-to-severe Class III malocclusions. This review was well
conducted by following the more recent PROSPERO guidelines redacted for the Interna-
tional Prospective Register of Systematic Reviews (Centre for Reviews and Dissemination,
University of York, York, UK). The authors concluded that combining tooth-borne and
bone-borne appliances for rapid maxillary extension may be advised in treatment proto-
cols for skeletal Class III patients to obtain more skeletal results while lowering maxillary
dentition side effects [8].

Another publication of Nastri et al. [11] aimed to assess the gingival recessions (GR)
and periodontal status in a group of young patients previously treated with non-extraction
orthodontic treatments and retention, with a minimum two-year follow up after the end
of active treatment. In particular, they selected data from patients with a previous non-
extractive orthodontic treatment, and at least two years of storage and complete records

Appl. Sci. 2022, 12, 12419. https://doi.org/10.3390/app122312419 https://www.mdpi.com/journal/applsci1
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were collected before and after treatment. Dental models were digitized with the 3Shape
TRIOS® intraoral scanner, a new technology, and Viewbox4 software was used for the
measurements. The following parameters were considered: inclination of the lower and
upper incisors (IMPA and IˆSN) and anterior crowding (Little index). The follow-up
periodontal clinical examination considered the following parameters: buccal and lingual
GR (mm) of incisors and canines, probing score bleeding, plaque score and phenotype
gingival. At the follow-up periodontal visits, patients had low overall oral hygiene with
bleeding at probing in 66.6% and plaque in the anterior area in 76.2% of patients. From
the total examined 240 teeth of the frontal sextants, only three patients showed GR, and
the gingival phenotype was thick in 55% of cases. Based on the results, the non-extractive
orthodontic treatment would appear not to affect the development of buccal or lingual
recessions or the periodontal state after at least two years of post-orthodontic retention. A
slight increase in the risk of developing buccal RBC was detected only in correlation with the
presence of a fixed retainer and thin gingival phenotype, mainly in patients with gingivitis.
Thus, this research will be extremely useful for clinicians in order to schedule periodical
periodontal follow-up appointments, mainly in patients after orthodontic treatment, in
order to motivate them to maintain better oral hygiene in adulthood [11].

The paper of Malcangi et al. [9] described a rare case of orthodontic-surgical treat-
ment. In particular, they described a case of inclusion of both maxillary permanent central
incisors. This situation negatively affects facial appearance, phonation, and mastication
function. As a consequence, early diagnosis is essential to avoid complications and failures.
Various reasons for the inclusion were identified, but supernumerary teeth were the leading
cause. Early causes of removal and the rapid expansion of the palate show a great chance
of success with the spontaneous eruption of the impacted elements; however, surgical
orthodontic treatment is often necessary. The inclination of the teeth with respect to the
midline and the root maturation degree establishes prognosis and therapeutic times. In this
clinical case, a 9-year-old boy showed two impacted supernumerary teeth in the anterior
maxillary region, hindering the eruption of the permanent upper central incisors. The
impacted supernumerary teeth were surgically removed at different times. A straight
wire multibracket technique associated with a fixed palatal appliance was chosen. The
palatal appliance consisted of an osteomucosal resin support at the level of the retroincisal
papilla. Subsequently, surgical exposure was performed using the closed eruption and
elastic traction technique, bringing 11 and 21 back into the arch. The authors concluded that
an early and accurate diagnosis supported by clinical and radiological examinations, such
as OPG X-ray and CBCT, is crucial. It is essential to evaluate the predictive eruption factor
that conditions the treatment plan, such as: patient age, history, compliance, distance from
the occlusal plane, vertical position of non-erupted incisors, and inclination with respect
to the midline. Complication during tooth eruption could negatively affect the occlusion
development and the child’s psychology. The early orthodontic interceptive treatment
with the elimination of the obstacle and orthopedic expansion with RME is fundamental.
In general, the surgical-orthodontic treatment of impacted incisors has a good chance of
success, but it takes time. It is essential to inform patients and their parents of the risk of
failure and increase in treatment times, especially when the impacted incisors are in a very
high alveolar position [9].

With their paper “Predictors of Analgesic Consumption in Orthodontic Patients”,
Juloski et al. [12] analyzed the predictors of analgesics consumption and identified the
predictive factors for the self-administration of analgesics in orthodontic patients after the
initiation of treatment with multibracket fixed appliances. During orthodontic treatment,
pain is a subjective experience influenced by several factors, and patients use analgesics
at different rates to relieve this pain without any specific guideline. Thus, the correlations
between orthodontic pain and analgesic consumption were investigated after the beginning
of orthodontic treatment with fixed appliances, in order to predict them. In a diary, for
seven days, the 286 patients who participated in this study recorded their pain intensity
(using a 0–10 numerical rating scale), analgesic usage, pain localization, pain triggers, and
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pain characteristics. Univariable analyses revealed the presence of potential predictive
factors: age, gender, pain intensity, pain localization, pain while chewing, pain at rest,
night pain, headache, pulsating pain, sharp pain, dull pain, and tingling. Multivariate
analyses revealed that increasing age, increasing pain intensity, and the presence of a
headache all increased analgesic consumption. Overall, the model explained 33% of the
variability in analgesic requirement. Analgesic use has been shown to be predicted by
age, pain intensity, and headache, and knowledge of these factors can facilitate clinicians
in identifying orthodontic patients who will consume analgesics on their own. In the
conclusion, the authors affirmed that age, intensity of pain, and headache are fair predictors
for analgesic consumption [12].

The last paper, by Gibson et al. [10], evaluated the upper airway volumes and cephalo-
metric values in juvenile idiopathic arthritis (JIA) patients compared to healthy controls.
The temporomandibular joint (TMJ) is involved in 30–45% of patients with all JIA subtypes.
These subjects may show altered craniofacial morphology such as micrognathia, retrog-
nathia, hyperdivergent mandibular plane angle, and skeletal anterior open bite. These
features are also associated with non-JIA pediatric patients with obstructive sleep apnea
(OSA). The research included a group of 32 JIA patients and a group of 32 healthy subjects.
A CBCT was requested from each patient, and the DICOM files were imported into Dolphin
Imaging software to measure the upper airway volumes and the most constricted cross-
sectional areas of each patient. The cephalometric images were exported from the CBCT
data for each patient, and several cephalometric values were assessed. All measurements
were compared between the JIA and control groups. For airway values, statistically signifi-
cant differences were found in the nasopharynx airway volume, total upper airway volume,
and the most constricted cross-sectional area, whereas the oropharyngeal airway volume
did not show significance. In the cephalometrics, a statistically significant difference was
found for the posterior facial height.

In conclusion, this study showed that there was a difference in the posterior face
height, as well as a significant difference in total upper airway volume, nasopharynx
airway volume, and most constricted cross-sectional area measurements between the JIA
and control patients.

Specifically, 50% of JIA patients had an airway with a most constricted cross-sectional
area of less than 100 mm2, and 67% had an asymmetric airway form [10].

Thus, this Special Issue will be helpful in evaluating the most current and significant
interdisciplinary diagnostic and treatment approaches currently available in orthodontics
and TMD management in both young and adult patients.

Funding: This research received no external funding.
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Abstract: Introduction: The temporomandibular joint (TMJ) is affected in 30–45% of juvenile id-
iopathic arthritis (JIA) patients, with all JIA subtypes at risk for TMJ involvement. JIA patients
with TMJ involvement may present with altered craniofacial morphology, including micrognathia,
mandibular retrognathia, a hyperdivergent mandibular plane angle, and skeletal anterior open bite.
These features are also commonly present and associated with non-JIA pediatric patients with ob-
structive sleep apnea (OSA). Materials and Methods: The study was comprised of a group of 32 JIA
patients and a group of 32 healthy control subjects. CBCT images were taken for all patients and
were imported into Dolphin Imaging software. The Dolphin Imaging was used to measure the upper
airway volumes and the most constricted cross-sectional areas of each patient. Cephalometric images
were rendered from the CBCT data for each patient, and the following cephalometric values were
identified: SNA angle, SNB angle, ANB angle, anterior facial height (AFH), posterior facial height
(PFH), mandibular plane angle (SN-MP), FMA (FH-MP), overjet (OJ), and overbite (OB). Airway
volumes, the most constricted cross-sectional area values, and cephalometric values were compared
between the JIA and control groups. Results: For airway values, statistically significant differences
were seen in the nasopharynx airway volume (p = 0.004), total upper airway volume (p = 0.013),
and the most constricted cross-sectional area (p = 0.026). The oropharynx airway volume was not
statistically significant (p = 0.051). For cephalometric values, only the posterior facial height showed
a statistically significant difference (p = 0.024). Conclusions: There was a significant difference in
airway dimensions in the JIA patients as compared to the control patients. In addition, the posterior
facial dimensions seem to be affected in JIA patients. The ODDs ratio analysis further corroborated
the findings that were significant.

Keywords: 3D airway analysis; 3D airway volumes; CBCT; orthodontics; oral and maxillofacial surgery

1. Introduction

Juvenile idiopathic arthritis (JIA) is characterized by the onset of arthritis of an un-
known etiology before the age of 16 that persists for longer than a six-week duration. JIA
is the most common rheumatic disease of childhood [1–3]. The progression and course
of disease in JIA is unpredictable. It is self-limiting in some patients while in other cir-
cumstances it can be persistent with joint resorption. Depending on the timing of onset
and severity of disease, JIA may cause growth disturbances, permanent joint damage,
functional limitations, and short- or long-term disability [4].

Appl. Sci. 2022, 12, 4286. https://doi.org/10.3390/app12094286 https://www.mdpi.com/journal/applsci5
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The temporomandibular joint (TMJ) is one of the more frequently involved synovial
joints in JIA patients and in some cases may be the only joint involved [5,6]. The TMJ is
affected in 30–45% of JIA patients, with all JIA subtypes at risk for TMJ involvement [7,8].
Despite the high percentage of JIA patients that have TMJ arthritis and a high prevalence of
associated morbidity, TMJ arthritis is an underdiagnosed component of JIA [9]. This is due
in part to the challenges associated with traditional radiography and clinical examination
of the TMJ, as well as the fact that TMJ symptoms are frequently absent or unreliable [9–12].
Even with radiographic evidence of condylar lesions, a significant percentage of JIA patients
do not report any TMJ symptoms and may have a benign clinical TMJ examination [5,13,14].
Despite these challenges, early diagnosis and treatment of TMJ arthritis is critical, as the
risk of craniofacial growth alterations is thought to increase in cases of earlier age of onset
and results in longer duration of disease activity [9,15].

As TMJ involvement may be present without any clinical signs or symptoms, MRI is
the gold standard for diagnosis of TMJ involvement [14]. This imaging technique is capable
of detecting 63–91% of inflammatory changes, ranging from active arthritic changes as
well as the sequelae of chronic arthritis [10]. Higher percentages of TMJ involvement are
found when Gadolinium-enhanced magnetic resonance imaging (Gd-MRI) is employed,
compared to ultrasound, computed tomography (CT), cone-beam-computed tomography
(CBCT), or traditional radiography (i.e., panoramic radiographs) [5,11,16–18].

The anatomy of the TMJ makes it particularly susceptible to damage from arthritis [5].
Unlike other synovial joints, the primary center for mandibular growth is the mandibular
condylar cartilage that lies under a thin layer of fibrocartilage on the head of the condyle [5].
Due to its superficial position, it is susceptible to damage or resorption in the presence of
chronic inflammation of the TMJ, and subsequently, TMJ arthritis may have destructive ef-
fects on the growth of the mandible [19,20]. JIA patients with TMJ involvement may present
with altered craniofacial morphology, including micrognathia, mandibular retrognathism,
decreased total mandibular length, decreased posterior face heights, increased anterior face
heights, skeletal anterior open bite, posterior mandibular rotation with hyperdivergent
mandibular plane angle and occlusal plane angle, obtuse gonial angle, gonial notching,
convex facial profile, and facial asymmetry with chin deviation in cases of unilateral joint
destruction [5,6,13,15,21–27]. In one study, retrognathia was seen in 82% of JIA patients
that had TMJ involvement diagnosed using the panoramic radiograph but was also seen
in 55% of patients that did not show any signs of radiographic TMJ involvement. Those
patients who did have TMJ involvement had a cephalometric A point-nasion-B point (ANB)
angle that averaged 1.8 degrees greater than those without TMJ involvement [6]. It has
been shown that even a small degree of condylar damage can be associated with significant
alterations in craniofacial morphology [13].

In recent years, CBCT has become a commonly used imaging modality in dentistry and
orthodontics. Compared to traditional CT, CBCT has a shorter acquisition time and a more
focused radiation beam with less scatter, resulting in lower radiation dosages and making
it more appropriate for routine clinical use in a dental setting [28]. CBCT data can be used
to assess skeletal craniofacial features and hard tissue structural abnormalities of the TMJ
and can also provide a method of volumetric, cross-sectional area, and linear-dimensional
airway analysis.

Several 3D airway studies have shown smaller airway volumes and the most con-
stricted cross-sectional area (MCCA) measurements in adults with OSA, as measured
by CBCT, but less research has been conducted on pediatric populations [29–33]. Re-
cently, a study was undertaken to compare the apnea hypopnea index (AHI) measured
by polysomnography (PSG) to CBCT measures in pediatric OSA patients, and it was con-
cluded that CBCT analysis may be a useful tool in the evaluation of the upper airway in
pediatric OSA patients [34]. It was shown in both the nasopharynx and oropharynx that
airway volume as well as mean and minimal cross-sectional area were smaller in patients
with moderate to severe OSA (AHI > 5) compared to primary snorers (AHI < 1) that were
matched for age, gender, and obesity [34]. Another study relating AHI to CBCT airway data
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showed a statistically significant correlation between AHI and nasopharyngeal volume in
children aged 7–11, as well as between AHI and the MCCA in the 12–17 age group [35].

Sleep-disordered breathing (SDB) and obstructive sleep apnea (OSA) may be among
the functional impairments that JIA patients experience, which have been shown to be
associated with pain, fatigue, and reduced health-related quality of life [36–38]. Daytime
effects of OSA in children may include attention deficit, aggressive/impulsive behavior,
hyperactivity, mood problems (including possibly depression/anxiety), poor school per-
formance, headaches, fatigue, and excessive daytime sleepiness [39,40]. Although OSA is
not caused by anatomic factors alone, certain craniofacial characteristics have been shown
to have significant associations with OSA/SDB [41]. A narrow or retrusive maxilla, ret-
rognathic mandible, hyperdivergent mandibular plane angle, steep palatal plane angle,
increased lower face height, decreased ratio of posterior to anterior face heights, anterior
open bite, obtuse gonial angle, obtuse cranial base angle, and inferior position of the hyoid
bone have been shown to be associated with pediatric OSA [41–47]. Arthritic involvement
of the TMJ and the resulting retrognathia/micrognathia might be related to the increased
OSA prevalence in JIA patients, as both are common in JIA, and both are risk factors for
OSA [48,49].

Attended PSG is one of the more predictable methods to diagnose OSA [39]. The
prevalence of OSA determined by varying AHI thresholds in PSG in the general pediatric
population is 1–4% [50]. Limited data exists to determine the prevalence of SDB/OSA
problems in JIA patients, but it has been demonstrated that 40% of children with JIA had
an AHI of greater than or equal to 1.5 events per hour, as measured by PSG [36,51]. Pain,
fatigue, and medication side effects are often attributed to causing sleep disturbances in JIA
patients without screening for underlying OSA, and the average time from the diagnosis of
JIA to the discovery of OSA (when present) by PSG is 2.5 years, which may be significant
given the complications of OSA in overall health and disease management [49]. Most JIA
patients with OSA are undiagnosed and untreated, which likely contributes to a poorer
treatment response and worse patient-reported outcomes [36].

As the potential craniofacial morphology alterations associated with TMJ arthritis
in JIA patients closely resemble those commonly associated with airway compromise
in pediatric patients, it is of particular interest to investigate potential airway-related
sequalae of JIA. At present, there are no known published studies that evaluate upper
airway dimensions in JIA patients using three-dimensional CBCT data. The purpose of this
study is to evaluate upper airway volumes, the most constricted cross-sectional areas, and
cephalometric values in JIA patients and compare them to healthy controls to determine if
any differences exist.

2. Subject and Methods

This study is a retrospective case control study evaluating patients with and without
JIA. Ethical approval was obtained from the University of Alabama Institutional Review
Board #30000975. Patients presenting in the Orthodontic department at the University of
Alabama School of Dentistry from 2018–2021 were reviewed. JIA patient had the following
records: (1) MRI of the TMJ, (2) clinical photographs, and (3) a CBCT with a field of view
that included the TMJ. A brief status of the JIA patients was also recorded. Patients who
presented for orthodontic treatment and had clinical photographs and a CBCT were eligible
as control patients. The control group was carefully selected to be age matched to the JIA
group. Control patients were excluded from the study if they had any of the following
characteristics: (1) history of arthritis, immune disease, or systemic disease confirmed by
or under investigation by a rheumatologist, (2) history of diagnosed TMJ dysfunction,
(3) congenital syndromes, or (4) craniofacial trauma.

The JIA study group comprised of 32 patients with a mean age of 13.6 years, consisting
of 10 males and 22 females. The control group comprised 32 patients with a mean age of
13.75 years, consisting of 13 males and 19 females.
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2.1. CBCT Acquisition

The CBCT image volumes for all JIA and control patients were captured using the
same Carestream 9300 CBCT machine (Carestream Dental, Atlanta, GA, USA). The CBCT
scan time was 14 s with a radiation dose of 20 μSi and image resolution up to 0.90 μm. Each
image was saved in the universal Digital Imaging and Communications in Medicine or
DICOM (*.dcm) format. Each image was imported into Dolphin Imaging software (Version
11.95 Premium, Dolphin Imaging & Management Solutions, Chatsworth, GA, USA). All
images were oriented to the Frankfurt horizontal (FH) plane in the sagittal dimension and
by leveling the right and left orbitale points in the frontal dimension.

2.2. Cephalometric Rendering and Analysis

Dolphin Imaging software was used to render a cephalometric image for each patient
from the CBCT DICOM data. Each cephalometric image was generated from the algorithm
proprietary to the imaging software and produced an orthogonal perspective with 0%
magnification. The cephalometric image was digitally traced, and the following values
were identified: sella-nasion-A point (SNA) angle, sella-nasion-B point (SNB) angle, A
point-nasion-B point (ANB) angle, anterior facial height (AFH), posterior facial height
(PFH), PFH to AFH ratio, mandibular plane angle (SN-MP), FMA (FH-MP), overjet (OJ),
and overbite (OB). See Figure 1.

Figure 1. Cephalometric images rendered from CBCT DICOM data and traced using Dolphin
Imaging. The (left) is a patient from the control group and the (right) is a patient from the JIA group.

2.3. Airway Measurements

The sinus/airway module of Dolphin Imaging was used to segment the three-dimensional
representation of the upper airway, as well as determine the most constricted cross-sectional
area (MCCA) of the upper airway. The inferior boundary of the oropharynx was set as a
horizonal line from the anterior–superior corner of the third cervical vertebrae (C3), and the
superior boundary was determined as a horizontal line from the posterior nasal spine (PNS).
The nasopharynx extended from the superior limit of the oropharynx (PNS-horizontal) to
a line extending vertically from PNS (PNS-vertical). The airway sensitivity in the Dolphin
Imaging software was determined based on the most accurate visual rendering of the proper
airway volume in our study groups and was set to 30 (on a scale from 0 to 100) for all patients.
The MCCA was found within either the oropharynx or nasopharynx using the “minimal axial
area” feature built into the Dolphin Imaging software. All measurements were done by a
single investigator. A second investigator (MG) analyzed the airways of a random sample of
10 study patients. See Figure 2.
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Figure 2. Showing boundaries of airway segmentation performed in Dolphin Imaging for (A) orophar-
ynx, (B) nasopharynx, and (C) total upper airway.

2.4. Statistical Analysis

All data were entered onto an Excel spreadsheet. The datasets for each individual
reading were tested and analyzed and found to be normally distributed. A Student’s
unpaired t-test was performed to compare airway volumes, MCCA values, and cephalo-
metric values between the JIA patients and control group. In addition, the ODDs ratio
was calculated. This analysis was used to determine the measure of association between a
particular variable and the group measured.

3. Results

The results of each variable measured are presented on Table 1. Data from the first and
second investigators were analyzed using a t-test, and no statistical differences were found.
In addition, the data collected from each investigator had a high degree of reproducibility,
indicating that the airway variables measured were reliable and accurate for analysis.

Table 1. Mean and standard deviation of each variable in control and JIA study groups, as well as
p-value for statistical significance of unpaired Student t-test. In addition, the ODDS ratio was also
calculated. * Indicates statistical significance.

Variable
Control

Mean (SD)
JIA

Mean (SD)
p-Value

Mean (SD)
ODDS Ratio

(Confidence Range)

Age (years) 13.75 (2.91) 13.59 (2.73) 0.825 1
SNA (Degrees) 83.06 (3.45) 81.53 (4.27) 0.12 1.00 (0.42–2.35)
SNB (Degrees) 79.29 (3.65) 78.43 (4.42) 0.398 0.88 (0.32–2.44)
ANB (Degrees) 3.69 (2.84) 3.21 (2.15) 0.448 0.45 (0.16–1.25)
Anterior Face Height(mm) 113.12 (9.46) 109.16 (8.51) 0.083 0.72 (0.23–2.23)
Posterior Face Height (mm) 75.39 (7.05) 71.06 (7.87) 0.024 * 5.40 (1.66–17.56) *
PFH/AFH Ratio 66.58 (5.67) 65.12 (5.08) 0.281 1.29 (0.48–3.44)
SN-MP (Degrees) 32.45 (7.30) 33.51 (6.12) 0.529 0.85 (0.28–2.59)
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Table 1. Cont.

Variable
Control

Mean (SD)
JIA

Mean (SD)
p-Value

Mean (SD)
ODDS Ratio

(Confidence Range)

FMA (Degrees) 22.97 (7.33) 22.88 (5.79) 0.958 1 (0.34–2.97)
Overbite (mm) 2.81 (2.37) 2.13 (1.28) 0.159 0.77 (0.15–3.53)
Overjet (mm) 4.15 (2.33) 4.43 (3.90) 0.734 0.68 (0.25–1.84)
Oropharynx Airway Volume (mm3) 14,047.31 (5586.36) 11,098.03 (6268.15) 0.051 3.40 (1.18–9.81) *
Nasopharynx Airway Volume (mm3) 5827.03 (2425.85) 4392.19 (1203.04) 0.004 * 4.59 (1.54–13.67) *
Total Upper Airway Volume (mm3) 19,874.34 (6790.35) 15,490.22 (6945.79) 0.013 * 3.22 (0.77–13.50) *
Minimal Cross-Sectional Area (mm2) 202.50 (103.03) 143.75 (103.23) 0.026 * 2.96 (0.95–9.21) *

3.1. Cephalometric Analysis

The cephalometric variables were compared between the JIA study group and the
control group. Only the variable of the posterior facial height was found to be statistically
and significantly different between the two groups, measuring 71.06 mm in the JIA group
and 75.39 mm in the control group (p < 0.05). The ODDs ratio confirmed the posterior facial
height to be significantly smaller in the JIA group.

3.2. Airway Analysis

The airway variables were compared between the JIA study group and the control
group. The JIA sample was significantly different than the control group for the following
airway parameters. The total upper airway volume (nasopharynx and oropharynx com-
bined) was 15,490 mm3 in the JIA group and 19,874 mm3 in the control group (p < 0.05).
The nasopharynx volume was 4392 mm3 in the JIA group and 5827 mm3 in the control
group (p < 0.01). The oropharynx volume in the JIA group was 11,098 mm3 compared to
14,047 mm3 in the control group, which was close to but did not quite reach statistical
significance (p = 0.051). The MCCA was 144 mm2 in the JIA group and 203 mm2 in the
control group (p < 0.05). The ODDs ratio also indicated a significant association of JIA
patients with the variables measured in all the airway analysis.

4. Discussion

The JIA and control groups being evaluated were age-matched (p = 0.825) to account
for normal growth-related changes in cephalometric and airway parameters [52]. The
cephalometric values evaluated allowed for the study of the anteroposterior and vertical
craniofacial morphologies, which are of interest in this study because there is evidence that
anteroposterior jaw positions and mandibular posterior rotation can affect the airway.

4.1. Cephalometric Parameters

Many previous studies have documented differences in cephalometric variables be-
tween JIA patients and control patients [5,6,13,15,21–27]. However, our data did not
demonstrate statistically significant differences in cephalometric values between the two
groups in any variable other than posterior facial height (p = 0.024). A difference in the
posterior facial height has been previously demonstrated in other studies [13,15,23]. One
possible explanation for the lack of differences in cephalometric values could be that the
control group represented an already retrognathic sample. It does appear that both our JIA
and control groups have a tendency toward mild mandibular retrognathia, with the ANB
angles of the JIA group and control group measured at 3.21 and 3.69 degrees, respectively.
Additionally, the absence of cephalometric differences between the groups may suggest
that the treatment regimens employed in the treatment of JIA patients were effective at
minimizing craniofacial growth disturbances secondary to JIA.

10



Appl. Sci. 2022, 12, 4286

4.2. Airway Parameters

Previous studies have demonstrated that groups with different craniofacial growth
patterns have shown differences in CBCT-derived airway parameters [53–57]. Interestingly,
despite minimal cephalometric differences between our two groups, we did find statistically
significant differences in nasopharyngeal airway volume (NAV), total upper airway volume
(TUAV), and MCCA. In the JIA group, 16 of 32 patients (50%) had an MCA of less than
100 mm2, while the control group had only 6 of 32 patients (18.75%) with an MCA less
than 100 mm2. The value of 100 mm2 was chosen because it roughly represents the lowest
quarter (25%) of the range of MCCA values that were found in both our JIA and control
groups, as well as being easy to visually identify using Dolphin Imaging. In addition, the
oropharyngeal airway volume (OAV) difference between the groups approached statistical
significance (p = 0.051). Another possible question that arose from this study was “Could
the posterior face height be a significant factor in airway volume and MCCA?”. However,
this seems unlikely given the difference in posterior face height between the two groups
was 4.33 mm, which represents about 5% of the average posterior face height of 71.06 mm
in the JIA group. However, the 2D representation of the cephalogram does not take into
account the 3D anatomical dentofacial deformity present in some JIA patients (Figure 3).
Finally, evidence of sleep-disordered breathing (SDB) has been previously shown in JIA
patients that have no evidence of cervical spine or TMJ arthritis [48]. At present, not
enough information is available to investigate other reasons as to why airway parameters
were different between the two groups. However, based on our data, it does appear that
additional factors other than craniofacial morphology may contribute to the anatomic
airway reduction in JIA patients. In the general pediatric population, other factors that
could contribute to airway compromise include obesity, size of adenoids and tonsils, and
presence of allergic rhinitis [42,58–66].

Anatomic and structural features alone are certainly part of the overall pathogenesis
of SDB and OSA [60]. However, the fact that patients with OSA do not have airway
compromise when awake demonstrates that there is more to the picture than just anatomy,
and in fact, upper airway neuromuscular tone plays a large role in normal respiratory
patency and function [67]. Additionally, children have been shown to have a reduced
tendency toward cortical arousals that would otherwise correct for obstructions that occur
during sleep [67]. Nevertheless, correlations between CBCT-derived airway dimensions
and AHI have been shown, demonstrating that airway anatomy is a definite factor in airway
compromise during sleep and that CBCT should be viewed as a useful tool in evaluating
the airway in pediatric patients [34,35]. That being said, CBCT airway analysis certainly
has its limitations. A CBCT image provides a representation of the airway at only one
static time point of the respiratory cycle with the patient in an upright and awake posture.
Additionally, there is evidence that successive CBCT images taken on the same patient only
a few months apart are prone to considerable variations in airway volumes [68].

Visual inspection of the 3D airway morphology revealed an interesting finding that
requires further investigation from a larger sample. Of the 32 patients with JIA, 21 demon-
strated asymmetric deviations of the airway form when evaluated from the 3D frontal view
of the airway volume. This represented 67% of the patients reviewed. It is not uncommon
for a JIA patient population to also show facial asymmetries when evaluating skeletal
and soft tissue forms, but to be able to visualize this in a 3D manner was revolutionary
(Figure 4). Further work is required in evaluating for the presence of a correlation between
the skeletal/facial and airway asymmetries.
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Figure 3. Frontal and sagittal views of the airways of all JIA patients with the scale measured in
square millimeters of airway cross-section and a marker showing the level of the minimal cross-
sectional area of each. Please note that visualizing the color map of the airway utilizes a different
feature of Dolphin Imaging, which does not allow for as much precision in setting the upper and
lower airway boundaries and is only used here to give a visual representation of the cross-sectional
areas at different levels of the airway. All quantitative volumetric and minimal cross-sectional data
were gathered with the segmentation boundaries set, as described in Section 2 and as shown in
Figure 2.
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Figure 4. (A–C) Images from a JIA patient with a chin deviation to the left side and an asymmetric
airway with a “twist” effect. (D–F) Images of a control patient representative of the control group
with no skeletal asymmetry and an airway with no gross asymmetries.

4.3. Software Analysis and Interpretations

When evaluating the software programs commercially available for airway analysis of
the CBCT DICOM data, some positive and negative qualities have been noted. Dolphin
Imaging, which was used in our study, has been validated as having high reliability in
measuring the airway consistently between repeated measurements of the same image data
and when comparing two airways when both were measured with Dolphin Imaging [69].
For this reason, the data obtained for the JIA and control groups in our study have a high
level of validity, given that the airways were all rendered with Dolphin Imaging using
the same technique and by the same operator. However, these same software programs,
including Dolphin Imaging, have been shown to have poor accuracy when comparing the
airway volume values between different software programs [69]. This finding, combined
with the fact that there are not currently clear segmentation standards for landmarks used
to define the upper and lower boundaries of the different subdivisions of the upper airway,
make it difficult to compare airway volumes from one study to another or to use proposed
normative values to evaluate study results or individual patients.

4.4. JIA, Airway and OSA

Timely diagnosis of TMJ arthritis in JIA patients is critical to allow for early inter-
vention and to reduce the risk of any possible craniofacial growth alterations. Our study
demonstrated a reduced airway dimension in JIA patients, and this finding may have an
effect on OSA. Due to the significant influences that OSA may have in overall health and
disease management, early identification of debilitating craniofacial effects of JIA is critical.
Referral for orthodontic evaluation of the craniofacial structures may provide additional
information useful in evaluating OSA risk factors. While CBCT images cannot provide a
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diagnosis of OSA, they may be a useful screening tool. Additionally, there is evidence that
screening JIA patients with the Pediatric Sleep Questionnaire (PSQ) could lead to a timelier
diagnosis and treatment of SDB [36].

4.5. Study Limitations

Our study is unique in that no one has previously demonstrated 3D airway differences
in a JIA patient population. However, our study did have a number of limitations. The
retrospective study design does not allow for ideal standardization of the CBCT acquisitions.
Not all CBCT images were taken by a single operator, which may have some effect on
optimal patient positioning. Additionally, there was no ability to make sure that all patients
were given the same instructions for breathing and tongue posture instructions during
the image acquisition. Additionally, when considering selection of patients for the control
group, it is not standard protocol in our clinic to have a CBCT image taken for all patients
undergoing orthodontic evaluation, and CBCT images are often acquired when there is an
out-of-the-ordinary finding, dentofacial diagnostic need, or suspicion. For this reason, it is
possible that our control group consisted of patients that are not a true representation of the
standard norm. During the segmentation of the airway, a common threshold value was used
for all patients, while other authors have discussed using an “interactive” method of setting
the threshold value in which the threshold is determined for each patient individually at
a number that provides a visual best fit of the airway. However, there is no evidence to
suspect that our segmentation method created errors on any individual scans.

5. Conclusions

The following conclusions were obtained from this study:

(1). There was a difference in the posterior face height between JIA and control patients.
(2). There was a significant difference in total upper airway volume, nasopharynx airway

volume, and most constricted cross-sectional area measurements between JIA and
control patients.

(3). The ODDs ratio analysis confirmed the association of the statistically significant
parameters above.

(4). 50% of JIA patients had an airway with a most constricted cross-sectional area of less
than 100 mm2.

(5). 67% of JIA patients had an asymmetric airway form.
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Abstract: During orthodontic treatment, pain is a subjective experience influenced by several fac-
tors. Orthodontic patients consume analgesics at different rates to alleviate this pain. Correlations
between orthodontic pain and analgesic consumption were analyzed. Predictive factors to analgesics
consumption were not statistically analyzed. This study was conducted to identify the predictive
factors for analgesic consumption after initiation of orthodontic treatment with fixed appliances.
Two hundred and eighty-six patients involved in this study kept a seven-day diary in which they
recorded pain intensity (using a 0–10 numerical rating scale), analgesic consumption, localization
of pain, pain triggers, and pain characteristics. Univariable analyses identified potential predictive
factors: age, gender, pain intensity, pain localization, pain while chewing, pain at rest, night pain,
headache, pulsating pain, sharp pain, dull pain, and tingling. Logistic regression was conducted to
create a model that could predict analgesic consumption. Multivariate analyses demonstrated that
analgesic consumption was increased by increased age, increased intensity of pain, and presence of a
headache. Overall, the model explained 33% of analgesic requirement variability. Age, intensity of
pain, and headache proved to be predictors of analgesic consumption. Knowledge of such factors
may help clinicians identify orthodontic patients who will consume analgesics on their own.

Keywords: orthodontic pain; pain intensity; analgesics; VNS scale; buccal appliances; fixed orthodontic
appliances; headache

1. Introduction

During orthodontic treatment, after administration of orthodontic forces, patients
experience pain. Orthodontic pain is a subjective experience influenced by several factors,
such as patient’s age, gender, orthodontic forces, emotional factors, type of orthodontic
appliances, periodontal pain, bite forces, etc. [1–6]. Pain experienced in orthodontic patients
treated with fixed orthodontic appliances is well established. It appears almost immediately
after treatment initiation, peaks during the first day of treatment, and declines within
the first week [7–9]. A certain percentage of patients still experience some pain after
7 days of treatment [7]. The intensity of orthodontic pain is mostly moderate, triggered by
chewing and biting, and is usually described as discomfort or pressure [10]. In order to
alleviate this pain orthodontic patients consume analgesics at different rates. According
to relevant literature, about 30–40% of orthodontic patients consume self-administered
analgesics [11,12]. Only correlations between orthodontic pain and analgesic consumption
were analyzed [11].

To the best of our knowledge predictive factors to analgesics consumption, in order to
alleviate orthodontic pain, were not statistically analyzed.

The aim of this study was to further analyze the predictors of analgesics consumption
and to identify the predictive factors for self-administration of analgesics in orthodontic
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patients after initiation of orthodontic treatment with fixed appliances. The null hypothesis
was that the intensity of pain is the only predictive factor for analgesic consumption.

2. Materials and Methods

The patients were enrolled consecutively in this trial which was performed at the
University Orthodontic Department over the period of three years. For each patient,
the treating orthodontic specialist made a treatment plan according to the patient’s needs.
The inclusion criteria for this investigation were: patients older than 11 years, healthy
patients who have accepted necessary comprehensive orthodontic treatment with fixed
buccal orthodontic appliances, patients that have signed informed consent. Exclusion
criteria were patients consuming analgesics for other medical reasons, patients with cleft
lip and/or palate, patients with syndromes, patients that were previously treated with
fixed orthodontic appliances, and patients whose treatment included extra-oral appliances
or additional intra-oral appliances (palatal arches, quad-helix, etc.).

For patients enrolled in the study, straight wire orthodontic appliances were bonded
(brackets and tubes slot size 0.018”, prescription Ricketts) with universal sealant and
bonding primer (Ortho Solo by Ormco) and light cure orthodontic adhesive composite
(Enlight by Ormco). All bonding appointments were scheduled between 9 a.m. and noon.
After bonding, an initial superNiTi archwire was placed, whose size was assessed by the
orthodontic specialist (0.012” or 0.014” depending on the degree of crowding). Immediately
after bonding, all the patients included in the study were asked to keep a seven-day pain
diary. At the beginning of the pain diary, the orthodontic specialist completed baseline data
for each patient (age, gender, degree of crowding which was previously assessed on dental
cast models, brackets prescription and slot size, archwire size, and tooth extractions prior
to orthodontic treatment). All patients were verbally instructed to complete the pain diary
at home, preferably each day at the same time, starting from 24 h after the orthodontic
appointment until the seventh day. In the pain diaries, patients were asked to record their
pain experience, by answering the questions concerning:

• pain initiation (with possible answers: immediately, after 6 h, after 12 h, it did not
hurt), only for day 1,

• intensity of pain (reported on the Visual Numerical Scale (VNS), 0 to 10 scale, where 0 means
no pain and 10 means extreme pain),

• analgesic consumption (with possible answers: yes and no),
• pain location (frontal teeth, posterior teeth, all teeth, it did not hurt),
• pain trigger (no pain, chewing, biting, cold food and drink, hot food and drink, at rest,

during night, during physical activity),
• pain description (no pain, discomfort, pressure, tingling, dull pain, sharp pain,

pulsating pain, headache).

All the questions in the pain diary were answered by circling one of the given answers,
except for questions about pain triggers and description, where patients were allowed to
circle each answer which coincided with their pain.

The analgesics were not prescribed by the orthodontic specialist. The patients were
allowed to take analgesics as needed, and they recorded analgesic consumption for each
day of the first week of treatment.

The pain diaries were collected from the patients on the following appointment.

Statistical Analysis

The data were analyzed to investigate differences between patients reporting anal-
gesic consumption and those reporting no analgesics consumption during the first day
of orthodontic treatment with fixed appliances. During the first day of orthodontic treat-
ment 93 (33%) patients reported analgesic consumption (analgesics group), and 190 (67%)
patients reported that they did not consume analgesics (no analgesics group).

Logistic regression (LR) analysis was used to test the investigated independent vari-
ables that would predict the need for analgesic consumption during the first day of the
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orthodontic treatment. Univariable analysis was performed to identify variables that would
be included in the multivariate analysis. The forward and backward LR method was used
in the multivariate analysis to create the preliminary model. The goodness-of-fit of the
preliminary model was tested with the Hosmer–Lemeshow test. The results were presented
as odds ratios with 95% confidence intervals. According to the sample size calculations,
it was presumed that a sample of at least 220 patients should be enrolled in the study,
keeping in mind that the sample size should be 10 times greater than the number of inde-
pendent variables, which was 22 in this study. The sample size also proved to be sufficient
in reference to the recommended rules of thumb formula EPV = 100 + 50 × i, where i refers
to the number of independent variables in the final model, which was 3 in this study.

Statistical analysis was performed in IBM SPSS Statistics Data Editor (IBM SPSS
version 21, Armonk, New York, NY, USA), with a level of statistical significance of p < 0.05.

3. Results

3.1. Sample Characteristics

Two hundred and eighty-six patients (90 males (31.5%), and 196 females (68.5%), aged
19.25 ± 6.60 years) involved in this study recorded that pain mostly started after 6 h (43%),
followed by 12 h (35%) after the bonding procedure. The recorded intensity of pain for
the first day after bonding was 4.03 ± 2.63 (median 4) (on VNS 1–10 scale), 3.763 ± 2.521
(median 4) for the second day, and 2.923 ± 2.309 (median 3) for the third day and continued
to descend as the treatment progressed. Orthodontic patients consumed analgesics mostly
during the first days of treatment, 33% of patients on the first day, 23% on the second day,
about 9% on the third day. From the fourth day onward, less than 5% of patients consumed
analgesics. Patients mostly complained that pain was triggered by chewing and biting,
and described it as pressure and discomfort. In Table 1 the descriptive statistics of the
investigated sample are given.

Table 1. Descriptive statistics for the investigated independent variables.

Parameter Value N Percent Mean (SD) Median

Gender
Male 90 31.5

Female 196 68.5

Age 19.25(6.60)

Degree of crowding
Mild 107 45.5

Moderate 58 24.7
Severe 70 29.8

Extraction therapy Extraction 136 47.6
No extractions 150 52.4

Wire size
0.012” 133 46.7
0.014” 140 49.1

Beginning of pain

Immediately 19 6.7
After 6 h 123 43.2

After 12 h 99 34.7
Did not hurt 15 5.3

Intensity of pain 4.03(2.63) 4

Pain killers
Yes 93 32.9
No 190 67.1

Localization of the pain

Frontal teeth 105 36.8
Posterior teeth 46 16.1

All teeth 101 35.4
None 33 11.6
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Table 1. Cont.

Parameter Value N Percent Mean (SD) Median

Pain triggers
No pain

Pain on bite
Pain on chewing

Pain on cold
Pain on hot
Pain at rest

Pain at night
Pain at physical activity

Yes 26 9.1
No 260 90.9
Yes 190 66.4
No 95 33.2
Yes 205 71.7
No 81 28.3
Yes 11 3.8
No 274 95.8
Yes 8 2.8
No 278 97.2
Yes 81 28.3
No 205 71.7
Yes 29 10.2
No 256 89.8
Yes 3 1.1
No 282 98.9

Pain description
No pain

Discomfort
Pressure
Tingling
Dull pain

Sharp pain
Pulsating pain

Headache

Yes 26 9.1
No 220 90.9
Yes 124 43.4
No 162 56.6
Yes 175 61.2
No 111 38.8
Yes 53 18.5
No 233 81.5
Yes 74 25.9
No 212 74.1
Yes 42 14.7
No 244 85.3
Yes 47 16.5
No 237 83.5
Yes 30 10.5
No 256 89.5

3.2. Predictors of Analgesic Consumption

Statistical analyses were performed for each of the possible predictive factors for
analgesic consumption (age, gender, degree of crowding, archwire size, tooth extractions
prior to orthodontic treatment, pain initiation, intensity of pain, pain location, chewing,
biting, cold food and drink, hot food and drink, pain at rest, night pain, pain during
physical activity, discomfort, pressure, tingling, dull pain, sharp pain, pulsating pain,
and headache). In the first step, univariable analyses identified 12 potential predictive
factors listed in Table 2.

Logistic regression was conducted to create a model that could predict analgesic
consumption. The goodness-of-fit was tested with the Hosmer–Lemeshow test, the value
of which signifies that the preliminary model was the final model. Multivariate analyses
demonstrated that analgesic consumption was increased by increased age, increased in-
tensity of pain, and presence of a headache, Table 3. With increasing age, for each year,
the probability of the orthodontic patient consuming an analgesic in case of pain increases
by 1.142, provided that the intensity of pain and the headache are controlled (remaining two
factors). If the pain intensity increases, it also increases the probability that the patient will
take an analgesic by 0.693, provided that the remaining factors are controlled. Orthodontic
patients with headaches will take an analgesic 0.253 times more often than those who do
not have a headache, provided that the other factors are controlled. Overall, the model
explained 33% of analgesic requirement variability.
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Table 2. Variables tested with univariable analysis whose p values were less than 0.25 and were
therefore included in the further analysis.

Parameter B S.E. Wald df p OR 95% C.I.

Gender 0.670 0.290 5.335 1 0.021 1.955 1.107–3.454
Age 134 0.031 18.855 1 0.000 1.144 1.076–1.215

Intensity of pain −0.392 0.059 44.072 1 0.000 0.676 0.602–0.758

Localization of the pain

Frontal −1.624 0.640 6.435 1 0.011 0.197 0.056–0.691
Posterior −1.261 0.692 3.318 1 0.069 0.283 0.073–1.101
All teeth −2.038 0.639 10.190 1 0.001 0.130 0.037–0.455
Constant 2.303 0.606 14.460 1 0.000 10.000

Pain on chewing −0.635 0.300 4.472 1 0.034 0.530 0.294–0.955
Pain at rest −0.965 0.274 12.372 1 0.000 0.381 0.223–0.652

Pain at night −0.739 0.396 3.487 1 0.062 0.478 0.220–1.037
Tingling −0.502 0.315 2.546 1 0.111 0.605 0.326–1.122
Dull pain −0.408 0.282 2.087 1 0.149 0.665 0.382–1.157

Sharp pain −0.968 0.340 8.125 1 0.004 0.380 0.195–0.739
Pulsating pain −1.256 0.329 14.552 1 0.000 0.285 0.149–0.543

Headache −1.596 0.411 15.043 1 0.000 0.203 0.091–0.454

B—regression coefficient, S.E.—standard error, Wald—test value, df—degrees of freedom, OR—odds ratio,
C.I—confidence interval.

Table 3. Parameters associated with analgesic consumption based on the final model of the
logistic regression.

Parameter B S.E. Wald df p OR 95% C.I.

Age 0.133 0.035 14.184 1 0.000 1.142 1.066–1.224
Intensity of pain −0.367 0.067 30.166 1 0.000 0.693 0.608–0.790

Headache −1.376 0.494 7.760 1 0.005 0.253 0.096–0.665

Nagelkerke R2 0.366, Hosmer–Lemeshow test 0.08.

4. Discussion

4.1. Summary of Main Findings

This investigation focused on analyzing the factors that could predict the need for anal-
gesics consumption in orthodontic patients treated with fixed appliances. All the patients
included in the study were divided into two groups—patients that consumed analgesics
during the first day of orthodontic treatment and those who did not. Several variables
were investigated: general characteristics, intensity of pain, pain location, pain triggers,
and pain description. Our study has revealed that age, intensity of pain, and headaches
proved to be predictors for analgesic consumption. The older the patients are, the higher
the intensity of pain and if a headache is present, there is a higher chance that orthodontic
patients will consume analgesics in order to alleviate pain caused by fixed orthodontic
appliance treatment.

4.2. Predictors for Analgesic Consumption

Age, as one of the predictors for analgesic consumption, might be explained by the
fact that as people get older, they are more used to controlling pain with analgesics, and less
willing to put up with pain. The younger patients, besides the fact that they are not so
used to controlling the pain with analgesics, are not able to take analgesics themselves,
the analgesics have to be administered by their parents. Therefore, the observed difference
in analgesic consumption between the patients of different ages. The literature is scarce
regarding the topic of the present study. Regarding the association between the pain
intensity and age, controversial results can be found [13–15]. In our study, both age and
pain intensity were investigated separately, therefore the relationship between the intensity
of pain and age would not have impacted the investigation.

The higher the intensity of pain, the more likely patients were to alleviate the pain
with analgesics. Even though the average pain level on the first day of treatment of or-
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thodontic patients was around 4, some of the patients experienced stronger pain. Almost
12% of patients reported a high pain level (8–10 on the VNS scale). Previous studies
have also reported that analgesic intake correlated with pain intensity scores during or-
thodontic treatment [12,16]. This predictive factor was anticipated, therefore it was set as a
null hypothesis.

Orthodontic pain sometimes reflects on the head, and patients report having headaches.
This investigation reported that these patients are more likely to consume analgesics than
patients without headaches if the two other factors are the same. In the present literature,
the influence of headaches on analgesic consumption in orthodontic patients has not been
investigated so far. The researchers have shown that the orthodontic pain pathway and
headaches have related local inflammatory mechanisms transmitted by the trigeminal
nerve, which may partially explain the presence of headaches in orthodontic patients [17].
Furthermore, the literature is ambiguous regarding the question of whether people with
malocclusion were more likely to suffer from headaches [18].

It has been proved that peak pain intensity level is on the first day of orthodontic
treatment [3,19,20]. The analgesics intake is correlated with pain intensity throughout
the first week of orthodontic treatment [12]. These results are in concordance with the
results in this study, therefore the data obtained for the first day of orthodontic treat-
ment were used as representative. Analgesics consumption decreased significantly with
each day of orthodontic treatment, reaching such low levels which could not be used for
statistical analysis.

The pain caused by orthodontic treatment is sometimes underestimated, or even
neglected. Patients treated with fixed orthodontic appliances experience pain and have the
need to alleviate it with self-prescribed analgesics. The importance of analgesics consump-
tion lies in the fact that there are implications that some analgesics could impact orthodontic
tooth movement in terms of reducing it [21]. Monitoring of analgesics consumption has
been proposed in order to avoid lengthening of treatment [21]. According to the results
of the present study, attention can be also drawn to predictive factors (age, intensity of
pain, and headaches). The results of this study indicate the need for further research on the
association of orthodontic pain with the occurrence of a headache.

4.3. Limitations

Even though in this study, consumption of analgesics was investigated, not the char-
acteristics of pain, investigating pain correlated features is difficult. The pain itself is
a subjective feeling and has a broad range of interindividual differences [16,22–26] and
therefore the analgesics consumption could be influenced. Furthermore, we should keep
in mind that it was not possible to control completely the initial archwire size because of
variations of patients’ malocclusion and degree of initial crowding.

4.4. Strength

To the best of our knowledge, this is the first investigation on predictive factors for
analgesic consumption in orthodontic patients. Different factors were analyzed as potential
predictors, and three were confirmed to be predictors. In the present study, assessment
of pain was performed daily, which is a more valid and reliable method, compared to
retrospective response on recall [27].

5. Conclusions

Within the limitations of this study, the results revealed that age, intensity of pain,
and headache are predictors for analgesic consumption.
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Abstract: The objectives of this study were to assess gingival recessions (GR) and periodontal status
in patients previously treated with non-extraction orthodontic treatment and retention at a follow-up
of a minimum of two years after the end of treatment. Data from patients aged between 16 and
35 years with a previous non-extraction orthodontic treatment and at least 2 years of retention and
full records before and after treatment were collected. The casts were digitalized using the 3Shape
TRIOS® intraoral scanner and the Viewbox4 software was used for the measurements. The following
parameters were scored: inclination of the lower and upper incisors (IMPA and IˆSN) and anterior
crowding (Little index). The included patients were recalled for a clinical periodontal follow-up
examination and the following parameters were evaluated: buccal and lingual GR (mm) of incisors
and canines, bleeding of probing score, plaque score, and gingival phenotype. The digital cast
analysis showed a mean Little index of 7.78 (SD 5.83) and 1.39 (SD 0.79), respectively, before and
after treatment. The initial and final cephalometric analyses showed an IˆSN of 103.53◦ and 105.78◦

(SD 7.21) and IMPA of 91.3◦and 95.1◦, respectively. At the follow-up periodontal visits, the patients
showed an overall low oral hygiene with bleeding at probing in 66.6% and plaque in the anterior area
in 76.2% of patients. From the total examined 240 teeth of the frontal sextants, three patients had GR
(from 1 to 6.5 mm): in the upper arch two at canines and one at central incisor, whereas in the lower
arch two at central and one at lateral incisors. The gingival phenotype was thick in 55% of cases. The
lingual-to-lingual retainers at follow-up were present in 61.9% of patients. A slight increased risk for
buccal GR development was found only in correlation with the presence of fixed retainer and thin
gingival phenotype mainly in patients with gingivitis. Thus, non-extraction orthodontic treatment
performed with controlled forces and biomechanics seems to not affect the development of GR or the
periodontal health after retention.

Keywords: gingival recessions; periodontal status; orthodontic treatment; retention; digital casts

1. Introduction

Gingival recession (GR) is defined as the apical shift of the gingival margin with
respect to the cementoenamel junction (CEJ) [1]; it is associated with attachment loss and
exposure of the root surface to the oral environment [2–4]. GR may cause pain, increased
tooth sensitivity, compromised aesthetics, and the onset of carious/noncarious cervical
lesions (NCCL). Romandini et al. [5] have reported that over 90% of the adult population in
the United States have mid-buccal–gingival recessions whose 70% is in the aesthetic zone.
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In a subpopulation of subjects from 30 to 39 years of age, the prevalence of GR was assessed
as 37.8% mainly on the buccal sites of the teeth [6]. Several predisposing risk factors have
been suggested, such as periodontal phenotype, tooth type and position in the dental arch,
amount of attached gingiva, and lack of alveolar buccal bone as well as age, gender, and
ethnicity [7–13]. In particular, a thin gingival phenotype was described as a risk factor for
inflammation-related GR in the presence of tooth-brushing trauma [14,15] and poor oral
hygiene with plaque accumulation [16].

Other studies have also reported that the application of orthodontic forces in specific
direction of tooth movements could increase the development or progression of GR during
treatment or later in the retention phase [16–19]. According to a recent consensus report on
the classification of periodontal and peri-implant diseases and conditions [20], soft tissue
alteration can be associated with the buccal–lingual thickness of the gingiva and to the
application of orthodontic forces moving teeth out of the alveolar envelope with a localized
bony dehiscence and fenestrations [21–23]. A higher prevalence or severity of GR both
during and after orthodontic treatment was specifically detected after excessive mandibular
incisor proclination [24–27].

Conversely, other authors did not find significant differences in prevalence or severity of
GR in orthodontically treated patients compared to a matched non-treated sample [28–32],
but other factors such as adulthood and the amount of keratinized gingiva were considered
relevant in the onset of GR despite the orthodontic technique applied [33]. Thus, the available
literature on this topic is still highly debated and three systematic reviews have summarized
the main outcomes [16,19,24]. Joss Vassalli et al. [16] confirmed that an excessive incisor
movement out of the bone alveolar process could be associated with a higher tendency for
developing GR and more buccally proclined teeth had a higher severity of it. However, the
same authors commented that the clinical significance of this GR amount may be questionable.
Tepedino et al. [34] included only two studies after the qualitative analysis and reported that
the effects of orthodontic treatment on the development of GR were not statistically or clinically
significant. Therefore, these findings demonstrated weak evidence due to short-term follow
up and a significant number of confounding variables without control of the heterogeneity
in outcome assessment among the studies, not allowing an adequate meta-analysis. A more
recent systematic review of Bin Bahar et al. [19], including three papers with a quantitative
analysis on two of them, concluded that an increased risk for GR development on the anterior
teeth could be encountered in orthodontically treated compared to untreated individuals with
normal occlusion, especially during retention, although the amount of GR did not significantly
differ in the whole sample. In conclusion, this topic is highly debated and evidence-based
data are still not available on gingival status in orthodontic patients after the retention phase
compared to treatment outcomes after non-extraction treatment with fixed appliances.

Thus, the aim of this study was to assess GR and periodontal status in a group of
patients previously treated with non-extraction orthodontic treatments and retention with
a follow up of minimum two years after the end of active treatment.

2. Materials and Methods

The research protocol of this observational study was approved by the Ethics Commit-
tee of the University of Campania Luigi Vanvitelli (Prot. n◦18/2018) and a signed informed
consent for the use of personal data was available. Data recruitment started in March
2020 and the sample included patients who had consecutively completed their orthodontic
treatment between October 2012 and February 2018 at the Orthodontic Program of the
University of Campania Luigi Vanvitelli, Naples (Italy). The inclusion criteria were an age
between 17 and 35 years; a two-phase non-extraction orthodontic treatment (except for the
third molars) with fixed appliances completed at least two years before data collection; the
presence of all six dental elements of the frontal upper and lower sextant; and initial and
final orthodontic records (lateral cephalometrics, intra/oral photographs, and dental casts
of good quality) (Figure 1). The exclusion criteria were systemic pathologies or intake of
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drugs affecting the periodontal status; periodontitis and/or gingival recessions before the
beginning of the orthodontic treatment; and the presence of labial or lingual piercings.

 

 

(a) (b) 

Figure 1. Post-orthodontic treatment records: cephalometrics (a), photographs, and dental casts (b).

The orthodontic treatment performed in all cases involved in this study included
maxillary expander and/or transpalatal arch in the upper and lip bumper in the lower arch
during mixed dentition followed by multibracket fixed appliances (MBT prescription) and
retention at the end of treatment.

The dental casts were digitalized using the TRIOS® 3Shape intraoral scanner. The
Viewbox 4 software (dHal Software, Kifissia, Greece) was used for the measurements on
digital models and cephalograms by the same trained operator and the following values
were evaluated:

• Anterior crowding through the Little’s irregularity index, defined as the sum of
displacement of the anatomic contact points of the mandibular anterior teeth [35];

• Inclination of the lower incisors to the mandibular plane (IMPA) and of the upper
incisors to the sellar plane (IˆSN).

The gingival phenotype was clinically evaluated on the general appearance of the
gingiva around the tooth and probing the sulcus: the gingival phenotype was considered
thin if the gingiva were delicate, friable, and almost translucent and the periodontal probe
were visible through the gingival tissue, whereas it was considered thick if the gingiva
were dense and fibrotic in appearance and the probe were not visible [36].

At the clinical recall appointment, a questionnaire on general health and oral hygiene
habits (type and frequency of toothbrushing, interdental cleaning, oral washes use) was
delivered to each included patient.

A periodontist evaluated the periodontal status and assessed the following parameters:

• Gingival recession, measured in mm as the distance between the CEJ and coronal
margin of the free gingiva, approximated to the nearest 0.5 mm, both on the buccal
and lingual surfaces of teeth in the II and V sextants;

• Probing pocket depth (PPD), measured with the Williams-Goldman periodontal probe
as the distance from the free gingival margin to the bottom of the sulcus/pocket and
approximated to the nearest millimeter at 6 points for each tooth in the II and V sextants;

• Gingival inflammation, evaluated with the Bleeding On Probing (BOP) score according
to Ainamo and Bay [37];

• Presence of plaque, evaluated with the Plaque Control record (O’Leary) [38] for the II
and V sextants.

If calculus or plaque were present on the tooth surfaces, it was removed before
measuring the gingival recessions. The presence and type of orthodontic retention and the
evaluation of its integrity were checked during the same appointment by an orthodontist.
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Statistical Analysis

On the data collected, a descriptive statistical analysis was performed with calculation
of the mean and standard deviation. The odds ratio (OR) was used as the risk ratio of
association between an exposure and an outcome and represents the odds that an outcome
will occur given a particular exposure, compared to the odds of the outcome occurring in
the absence of that exposure. Data analysis was performed using the SSPS software. The
significance was set at a p value < 0.05.

3. Results

Sixty-three patients met the inclusion criteria and were recalled for follow-up peri-
odontal and orthodontic examinations. Out of these, 22 patients did not respond, or their
telephone number was not active while 10 were transferred out of the country and refused
to come. These patients were examined at the Orthodontic and Periodontal Programs
of the University of Campania Luigi Vanvitelli. They were first interviewed about their
current general anamnesis (diabetes, hypertension, endocrine diseases, disvitaminosis,
dysmetabolism, heart diseases, kidney diseases, state of nutrition, pregnancy, allergy, ongo-
ing pharmacological therapies), and the presence of all anterior upper and lower dental
elements was evaluated. After these follow-up analyses, further 11 patients were excluded.

Thus, a final sample of 20 subjects (9 males and 11 female) ranged between 17.1 and
31.10 years (mean age 11.9 ± 3.7 years) proceeded with complete periodontal clinical
examination. Of these patients, orthodontic and clinical records (dental casts, lateral
radiographs and clinical charts) before (T0) and at the end of the active orthodontic fixed
treatment (T1) were examined (Table 1).

Table 1. Sample sizes and ages (y), at T0 (the start of orthodontic treatment), T1 (the end of orthodontic
treatment), and T2 (follow-up) for the overall sample and subgroups.

Group Subgroup n T0 T1 Mean tx Time T2

Mean SD Mean SD Mean SD Mean SD

Overall 20 11.9 3.7 16.2 3.1 4.4 1.8 21.0 3.2

Sex Male 9 10.8 1.6 15.4 1.8 20.8 1.9

Female 11 12.9 4.6 17.0 3.8 21.1 3.9

The recruited patients started with the following Angle dental class of malocclusion:
7 patients with Class I, 11 patients with Class II (of which 2 with Class II, division 2),
2 patients with Class III and they were orthodontically treated without tooth extraction
(except third molars) with a first phase including maxillary expander and/or transpalatal
arch followed by fixed multibrackets appliances in permanent dentition all achieving a
Class I. The average treatment duration was of 4.4 years (SD 1.8) (Table 1).

The digital cast analysis before (T0) and at the end (T1) of the orthodontic treatment
reported a mean Little’s index of 6.83 (SD 3.41) and 1.79 (SD 1.49), respectively (Table 2).

Table 2. Digital cast and cephalometric analysis before (T0) and at the end (T1) of the orthodontic treatment.

T0 T1 ΔT1−T0 p

Mean SD Mean SD Mean SD

Little index
(mm)

6.83 3.41 1.79 1.49 5.04 3.44 0.001 *

IˆSN (◦) 103.50 7.11 106.20 8.07 2.70 11.37 0.268

IMPA (◦) 91.4 7.4 95.1 10.3 3.625 8.13 0.206

* p < 0.05.
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The relationship between Little’s index at T0 and the GR development was not present
(Table 3). The initial and final cephalometric analyses showed an IˆSN angle of 103.50◦ (SD
7.11) and 106.20◦ (SD 8.07), and an IMPA of 91.4◦ (SD 7.4) and 95.1◦ (SD 10.3), respectively
(Table 2). No correlation was shown between incisors inclination and GR (Table 3).

Table 3. Little irregularity index and GR.

GR GR GR

Little Index
(mm) from 1–3

Yes No from 3–6 Yes No from 6–9 Yes No

exposed 1 5 1 8 1 7

non-exposed 2 12 2 9 2 10

OR: 1.201 OR: 0.444 OR: 0.714

About the periodontal follow-up recall, from the 240 teeth of the frontal sextants (II
and V sextant) examined, 6 teeth had GR (ranging from 1 to 6.5 mm), found in three patients.
A total of three of these were present in the upper arch and three in the lower arch. In the
upper arch two GR were located on the canines, one was on a central incisor, while in the
lower arch, all recessions were present on incisors (one central and one lateral).

Only 2.5% of the total teeth showed buccal GR, and significant results were detected
with the odds ratio calculation. From the periodontal point of view, at the beginning of
the orthodontic treatment, patients of our sample had a slight prevalence of thick gingival
phenotype (n◦11) compared to thin phenotype (n◦9). An odds ratio of 2.857 for the thin
phenotype was reported in association to buccal GR, indicating a tendency to be a risk
factor. The lingual-to-lingual lower retainers at follow-up were present in the 61.9% of
patients while the others wore removable appliances. A good association was shown
between fixed retainers and GR development with an odds ratio of 2,857 (Table 4).

Table 4. Incisor inclinations, gingival phenotype, fixed retainer and GR.

GR GR GR GR

IˆSN
> 102◦ Yes No

IMPA
> 95◦ Yes No

Gingival
Phenotype

Yes No
Fixed

Retainer
Yes No

exposed 2 10 1 6 thin 2 7 present 2 7

non-
exposed

1 7 2 11 thick 1 10 absent 1 10

OR: 0.350 OR: 0.917 OR: 2.857 OR: 2.857

Most patients reported brushing twice a day with a manual toothbrush, without the
use of dental floss. The use of a reduced brushing frequency (no more than 2 times per day)
associated with the lack of cleansing of the interdental spaces may be partly responsible
for the observation of increased plaque and bleeding (Table 5). The periodontal biometric
parameters did not result in any correlation with GR, neither if analyzed on a patient basis,
nor if analyzed on an arch basis or single site. Thus, there was no clear correlation between
GR and brushing type and frequency (Table 5).

Table 5. Anamnestic data at follow-up.

Gingival
Phenotype

Brushing
Frequency

Interdental Cleaning Mouthwash

Thick Thin 2/Day 3/Day No Floss Brush Occasionally 2/Day No

11 9 15 5 16 2 1 6 4 10
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At the time of observation for the present study, the periodontal conditions were
characterized by the presence of a mean plaque index in sextant II of 20.69% (SD 31.74%)
and a mean plaque index in sextant V of 45.42% (SD 37.88%). Only 6 of 20 patients had
an overall plaque index <20%. Bleeding on probing was 19.17% (SD 16.37%) in sextant
II and 40.28% (SD 25.18%) in sextant V, with a similar trend, as expected, with respect to
the presence of bacterial plaque. Only five patients had <20% bleeding in both sextants
analyzed. The mean probing depth for sextant V was 2.08 (SD 0.38), while the corresponding
value for sextant II was 2.04 (SD 0.41) (Table 6). Only one of the patients had pathological
probing depths >3 mm in almost all of the sites of the two sextants analyzed.

Table 6. Periodontal parameters at follow-up.

Upper Arch Lower Arch Full Arch

Mean SD Mean SD Mean SD

PPD (mm) 2.04 0.41 2.08 0.38 2.06 0.39

BOP (%) 19.17% 16.37% 40.28% 25.18% 29.72% 23.53%

plaque presence (%) 20.69% 31.74% 45.42% 37.88% 33.06% 36.69%

4. Discussion

Orthodontic treatment is frequently an elective procedure performed mostly for aes-
thetic reasons. GR and periodontal diseases may compromise the smile esthetics and
general oral health. According to the literature, the prevalence in the general population
of GR, mainly buccal, is high tending to increase with age, and sites with recessions were
susceptible for additional apical displacement and loss of periodontal support [39]. The
aim of this investigation was to recruit only patients without any recession at the start
of the orthodontic treatment in order to identify the role of orthodontic treatment in GR
occurrence at minimum 2-yr of follow-up. The outcomes of our study showed a very
low prevalence of GR compared to the epidemiologic value in the general population at
the same age. However, our sample, collected with strict exclusion criteria, showed a
prevalence of GR in only 2.5% of teeth included in our post-retention clinical examination.
This was in accordance with the prevalence and distribution found in a cross-sectional and
longitudinal study showing a very low occurrence of GR after a follow-up of 12 years of
observation in non-treated patients who did not show recessions at baseline [39]. Gebistorf
et al. [30] also evaluated recessions after the retention phase in a population of 88 subjects.
However, the prevalence of recessions at baseline was 55%, thus justifying the value of
98.9% at post-retention examination. GR has many confounding predisposing and etiologi-
cal factors. Orthodontic treatment is one of the more debated iatrogenic factors that have
been implicated in its occurrence. According to Sawan et al. [33], non-extraction treatment
is related to an increase in risk, with the intercanine width as a negative predictor of gin-
gival recessions. In this study inclination of the incisors was not statistically significant
to GR. This in accordance with Morris et al. [31] who found no correlation with incisor
proclination (IMPA > 95◦) in a post-retention population. In our study we did not find any
correlation between GR and final IMPA value, even when this value was higher than 95◦,
nor with the change of inclination. The change of inclination has been claimed as a factor
responsible for the occurrence of GR. According to Pernet et al. [26] patients with buccal
or lingual recessions presented a mean incisor inclination change of 3◦ (range: −9◦ to
23◦); however, the authors found that among the patients with a more than 10◦ inclination
change, 12 out of 16 had no recessions. Comparing the prevalence observed in our study,
the outcome is similar to Renkema et al. [27] looking at their 2 years of observation. In their
study GR increased after 5 years of treatment, but this difference can be confounded by the
increase in age of the sample. Although the prevalence of recessions in our study is lower,
this could be due to a shorter observation time in our investigation.

According to Vasconcelos et al. [28], incisor retroclination was more correlated to
GR than proclination of lower incisors, even if the buccal positioning of central incisors
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are indicated as a major risk factor for its development. Their results indicated a low
prevalence of GR after orthodontic treatment, in accordance with our observation, but
did not indicate gingival phenotype as a risk factor as well as gingival inflammation, that
was found in 29.72 ± 23.53% of the examined teeth without correlation to GR. Visible
plaque and calculus were a frequent observation (33.06 ± 36.03%). Pandis et al. [40] argue
that the presence of a fixed retainer increased the calculus, which possibly contributed to
the increase in the number of lingual recessions. However, the presence of the bonded
retainer was not correlated with gingivitis or with recessions, all of them found labially. Our
findings do not confirm a correlation between bonded retainer and gingivitis or recessions.
The overall adherence to oral hygiene effective measures of interdental cleaning was low
in our sample, and this can justify the observed high level of plaque and gingivitis. GR
may occur as a consequence of alveolar dehiscence, and it seems crucial to apply light
forces on multiple teeth rather than to a single tooth [41]. Moreover, discrepancies such
as the low prevalence of GR in our study can also be explained by differences in age at
assessment, methods of evaluation, or various behavioral influences (hygiene, smoking,
and professional periodontal treatment) compared to previous evaluations [5]. The odds
ratio was used in this study to approximate the risk ratio because the prevalence of the GR
was low, and it an association was detected with the presence of lower fixed retainer and
thin phenotype, confirming previous findings [16].

The limitations of this study are the small sample size and the retrospective nature of
clinical records before and at the end of the orthodontic treatment, thus the outcomes do
not allow definitive statements. Further studies, including a longer follow-up of patients
with the similar dentoskeletal characteristics and further prospective assessment of gingival
crevicular fluid in patients during and after orthodontic treatment using new and reliable
techniques [42], may help to investigate the reasons for GR occurrence in adults and
orthodontic population.

5. Conclusions

Based on the findings and within the limitations of this study, a non-extraction or-
thodontic treatment seems to not affect either the development of buccal or lingual reces-
sions or the periodontal status after at least two years of retention post-orthodontics. A
slight increased risk for buccal GR development was found only in correlation with the
presence of fixed retainer and thin gingival phenotype mainly in patients with gingivi-
tis. Thus, periodical periodontal follow-up appointments after orthodontic treatment are
needed to motivate subjects in maintaining a better oral hygiene in the adulthood.

Author Contributions: Conceptualization, L.P. and L.N. (Livia Nastri); methodology, F.d., I.S. and
V.G.; data curation, L.N. (Livia Nastri) and L.N. (Ludovica Nucci); writing—original draft preparation,
L.N. (Ludovica Nucci) and F.d.; writing—review and editing, S.M. and D.C.; supervision, L.P. and
V.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the University of Campania Luigi
Vanvitelli (protocol code n◦18/2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

33



Appl. Sci. 2022, 12, 1641

GR gingival recession
CEJ cemento-enamel junction
NCCL noncarious cervical lesions
IMPA inclination of the lower incisors to the mandibular plane
IˆSN upper incisors to the sellar plane
PPD probing pocket depth
BOP bleeding on probing
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Abstract: Bone-anchored appliances for the treatment of Class III malocclusions have recently been
found to reduce the dentoalveolar effects caused by conventional tooth-borne devices while also
improving orthopaedic outcomes in growing patients. The goal of this systematic review was to com-
pare the outcomes of skeletal Class III interceptive treatment with dental anchoring devices to those
achieved with mixed anchored palatal expanders. The inclusion criteria were as follows: patients
who were treated with hybrid anchored palatal expanders and different maxillary advancement
appliances. Study quality was estimated using the Newcastle–Ottawa scale. A search on the Pubmed,
Scopus, Embase and Cochrane Library databases yielded 350 papers. Following the initial abstract
selection, 65 potentially acceptable papers were thoroughly examined, resulting in a final selection of
9 articles. The results in the short-term showed that combined tooth-borne and bone-borne appliances
for rapid maxillary expansion might be recommended in protocols of skeletal Class III treatment to
obtain more skeletal effects and reduce side effects on the upper teeth.

Keywords: Class III malocclusion; mixed anchored palatal expander; skeletal anchorage; interceptive
treatment; systematic review; bone anchorage devices

1. Introduction

The treatment of skeletal Class III malocclusion is sometimes a challenge in orthodon-
tics. The prevalence of this type of malocclusion presents high variability among and
within populations ranging from 0% to 26%: the populations from Southeast Asian coun-
tries (Chinese and Malaysian) showed the highest prevalence rate of 15.8%, Middle Eastern
nations had a mean prevalence rate of 10.2%, European countries had a lower prevalence
rate of 4.9% and the Indian population showed the lowest one of 1.2% [1]. The etiology
of Class III malocclusion is generally genetic, as has been demonstrated in several stud-
ies. [1–3]. A wide range of environmental factors have been suggested as contributing
to the onset of Class III malocclusion (enlarged tonsil, difficulty nasal breathing, habit of
protruding the mandible) [2–6]. Craniofacial features may be attributed to the incongruity
of position and the size of the craniofacial structures at the skull base, maxilla and/or
mandible [7–15]. Several tooth-borne anchorage treatments have been proposed to treat
Class III dentoskeletal disharmony, including intraoral and extraoral appliances, such as the
rapid maxillary expansion [16–19] along with the facial mask (RME/FM) and two occlusal
acrylic splints associated with Class III elastics and chin-cup (SEC III) [20,21].
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Some adverse effects were reported with the use of conventional dental anchorage as
RME/FM such as upper incisors proclination and extrusion and mesial tipping of the upper
molars, gingival recessions, [3,22–28] fenestrations of the buccal cortex and root resorption
of the posterior teeth [29–34]. The SEC III appliances also present some limits, such as
uncomfortable dimensions of splints and the impossibility of having expansion in the
upper arch. Therefore, a modified SEC III protocol including a maxillary bonded expander
has been used with the remaining limit of the mesializing effect of the upper arch [20].
To overcome tooth-borne anchorage treatment limitations, the use of bone anchorage has
recently been proposed [10,35–38]. The use of micro-implants allows for the achievement of
skeletal anchorage without the need for surgical procedures such as mini-plate placement
and removal [39–46]. The goal of this systematic review of the literature is to determine
the efficacy of using a mixed anchored palatal expander to treat Class III malocclusions, as
well as to see if using a bone-anchorage device induces more maxillary advancement with
fewer dental side effects.

2. Materials and Methods

The authors registered this systematic review on PROSPERO, the International Prospec-
tive Register of Systematic Reviews (Centre for Reviews and Dissemination, University
of York, York, UK). The protocol was under registration at PROSPERO with the number
CRD42022207212.

2.1. Search Strategy

The bibliography was rigorously evaluated in accordance with PRISMA 2020 guide-
lines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [17]. Pubmed,
Scopus, Embase and Cochrane Library databases were extensively used for research, with
no limit in terms of publication date, in September 2021. The keywords include Mesh and
non-Mesh terms to limit the field of study. The research strategy was: “skeletal anchorage or
bone anchor or miniscrew or mini-implant or bone screw” combined with “skeletal Class III
or mandibular prognathism or mandibular hyperplasia or maxillary retrusion or maxillary
hypoplasia or mandibular protrusion or Angle Class III” and “interceptive treatment or
early treatment or orthopedic treatment or interceptive orthodontic or interceptive or early
therapy”. These terms were combined in different ways, and further studies cited in the
included articles were analyzed.

Title and abstract screening were performed to select articles for full-text retrieval by
two reviewers (B.M.S. and L.N.). To find potentially relevant papers, an initial screening of
titles and abstracts against the inclusion criteria was undertaken, followed by a review of
the complete potentially relevant papers. Duplicate publications were deleted, and studies
were chosen for inclusion by both authors separately. The two reviewers had a concordance
rate of less than 3%, and any doubts or disputes were resolved following conversation.

2.2. Selection Criteria for the Studies Included in This Review

The inclusion criteria were the following: published articles, articles in press and
reviews concerning studies in humans. Randomized clinical trials (RCTs), case–control
studies and retrospective and prospective cohort studies were accepted. The exclusion
criteria were: case reports, case series, literature reviews, systematic reviews, meta-analyses
and editorials and any articles including animal or laboratories studies or patients with
syndromes or craniofacial deformities or who had undergone maxillofacial surgery. The
eligibility sample criteria were growing patients with skeletal Class III malocclusion who
had undergone orthodontic treatment with mixed-anchored palatal expanders.

2.3. Data Collection Process

The variables recorded for each article reviewed were: author, aim, sample size,
demographic variables (gender, age), treatment used and the study results. A customized
data collection form was created to gather information from the selected studies.
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2.4. Types of Outcomes

The primary outcome was the evaluation of skeletal changes after Class III treatment
using a mixed anchored palatal expander. The secondary outcome was to compare results
obtained using this protocol and others with tooth-borne anchorage.

2.5. Quality Assessment

The Newcastle–Ottawa scale was used by the same researchers to assess the quality of
the studies [47]. In case of a disagreement between the two initial researchers, a consensus
was reached, and the third researcher was consulted in case of question.

2.6. Risk of Bias Assessment

The evaluation of the risk of bias for the selected studies was carried out indepen-
dently by B.M.S. and L.N., using the Cochrane Collaboration tool (Figure 1). In case of
disagreement, the third author (V.G.) was consulted. A consensus was reached through
discussion. Risk of bias rated as “low,” “high” or “unclear” included the following: random
sequence generation, sample size, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome data, selective reporting
and other biases.

Figure 1. Risk of bias assessed according to Cochrane.

3. Results

3.1. Study Selection and Flow Diagram

The initial search identified a total of 350 articles. After removing 73 duplicates,
277 articles were screened and 226 articles were excluded after reading the title and abstract
due to their poor relevance to the research question. The remaining 65 articles were
analyzed. Among these, 56 were excluded for these reasons: 13 were case reports, 12 were
case series, 1 was an animal study, 9 included adult patients, 5 showed orthognathic surgery,
9 did not use palatal screws and 7 was an in vitro study. At the end, 9 articles were included
in the qualitative synthesis (Figure 2).
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Figure 2. Flow diagram of the selection of the studies (according to PRISMA 2020 flow diagram) [17].

3.2. Study Characteristics

On the Newcastle–Ottawa scale, the 9 studies included in this study had varying levels
of quality [25] as shown in Table 1. A total of 5 studies [4,15,29,48–50] presented low to
moderate quality, whereas 4 [1,51–53] presented high quality.

Of the 9 studies, one was a randomized clinical trial, 5 were case-control studies and
3 were cohort studies. In 6 studies, a bone-anchored palatal device group was compared
with the control one. One of these did not receive any treatment. Another was treated with
combined tooth and bone-borne appliances [50]. In two studies, the control groups were
treated with tooth-borne appliances and facemasks [52,54], and in the last one, the control
group was treated with hybrid Hyrax and mentoplates [53].

The patients’ characteristics in the selected studies were: growing phase; skeletal and
molar Class III malocclusion; anterior crossbite and/or edge-to-edge occlusion.

3.3. Qualitative Synthesis of the Studies Included

The qualitative analyses of the studies included were performed (Table 2). Al-Mozany et al. [4]
and Almuzian et al. [15] selected 14 participants (7 M and 7 F; average age: 12.05 ± 1.09 years)
with these features: Cervical Vertebral Maturational (CVM) Stage 2 or 3; retrognathic or hy-
poplastic maxilla; anterior crossbite and dental Class III molars and canines. The exclusion
criteria were: previous orthodontic/orthopedic treatment or congenital abnormalities. All
records (T1) were taken in the centric relation before starting the intervention.
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Maino et al. [49] selected 28 patients (15 males and 13 females; mean age: 11.4 ± 2.5 years).
The inclusion criteria were: growing phase; Class III malocclusion (evaluating Wits index).
The exclusion criteria were craniofacial syndromes and previous orthopedic or orthodon-
tic treatment. Wilmes et al. [29] selected 13 patients (7 females and 6 males; mean age:
11.2 years), but they did not report the inclusion and exclusion criteria. Nienkemper et al. [51]
selected a treatment group of 16 patients and a control group of 16 untreated patients.
At the start (T1), all patients showed mixed dentition, with a Wits index of –2 mm or
less (mean, −5.6 ± 2.2 mm), anterior crossbite or incisor edge-to-edge relationship and
a Class III molar relationship. According to the Cervical Vertebral Maturation method,
all patients were in the prepubertal stage of skeletal maturity (CS1-3). Hourfar et al. [50]
selected 100 patients (59 females and 41 males; mean age: 13.04 ± 4.82 years) with trans-
verse deficits of the maxilla; all had been treated by RME without surgical support in the
context of orthodontic treatment indications. A total of 2 groups of 50 patients were formed,
including a conventional group of 29 females/21 males treated with strictly tooth-borne
appliances and a hybrid group of 30 females/20 males treated with appliances anchored
in both the teeth and jawbone. The patients were further divided into the skeletal Class I
(0◦ < ANB ≤ 4◦) or Class III (ANB ≤ 0◦) subgroup based on their pretreatment cephalo-
metric findings. The other inclusion criteria were Caucasian descent and bilateral posterior
crossbite. The exclusion criteria were: previous orthodontic treatment, the extraction of
permanent teeth, planned extractions, congenital agenesis of permanent teeth, craniofacial
anomalies or trauma, systemic disease, trauma of frontal teeth with or without tooth loss, or
maxillary protraction (facemask). Seiryu et al. [55] selected 39 patients, 20 treated only with
facemasks (FM group) and 19 treated with facemasks and miniscrews (FM + MS group).
Ngan et al. [54] selected 40 Class III patients, 20 of whom received the tooth-borne maxillary
RPE and protraction device and 20 of whom received a bone-anchored maxillary RPE and
protraction appliances. Willmann et al. [53] selected 34 patients for hybrid hyrax appliance
treatment, 17 for the facemask (mean age 8.74 ± 1.20) and the other 17 for mentoplate
(mean age 9.43 ± 0.95) for maxillary advancement.

3.4. Skeletal Anchorage

Various methods have been used, which excluded any skeletal anchorage: Maino et al. [49]
treated patients using a rapid palatal expander (RPE) with hybrid anchorage. Two para-
medial palatal miniscrews were inserted; the RPE’s anterior metal arms were welded
to two metal abutments that fit over the miniscrews’ heads. Al-Mozany et al. [4] and
Almuzian et al. [15] inserted two paramedial palatal miniscrews and two mandibular
miniscrews between the canine and lateral incisors. The Hybrid MARME was cemented
with a glass ionomer cement on day 28 of the miniscrew insertion. The MLA (modified
lingual arch) was built and cemented. The lingual cleats that protruded from the MLA were
attached with composite resin to the lingual surfaces of the anterior teeth. Wilmes et al. [29]
applied two mini-implants in the anterior palate next to the midpalatal suture and near
the second and third palatal rugae. Then, 7 to 10 days after placing the mini-implants, the
hybrid hyrax appliance was inserted and connected to the miniscrews and the first per-
manent molars. Nienkemper et al. [51] placed two mini-implants on opposite sides of the
midpalatal suture in the anterior part. A split palatal screw, two orthodontic bands attached
to the first molars and two abutments screwed to mini-implants made up the hybrid hyrax
appliance. Rigid stainless-steel wire with a diameter of 1.5 mm was used to connect these
components. Rigid sectional wires were soldered to the buccal side of the molar bands to
apply orthopedic protraction forces. Hourfar et al. [50] used two miniscrews in the anterior
palate at paramedian locations. These miniscrews supported the anterior side of a hybrid
hyrax, while the posterior side was connected to the orthodontic bands on the first molars,
with RME force applied via a centrally located expansion screw. Seiryu et al. [55] inserted
a miniscrew in the anterior region of the palate. Ngan et al. [54] placed two mini-implants
in the area of the third palatal rugae. Willman et al. [53] placed two paramedian screws in
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the anterior palate to fit a Hybrid-Hyrax, while in patients treated with mentoplates, the
device was inserted in the subapical region of the lower incisors.

3.5. Expansion Activation Protocol

Maino et al. [49] used a RME with hybrid anchorage according to the Alt-Ramec protocol
(alternation of expansion and compression of the maxillary complex). Al-Mozany et al. [4]
and Almuzian et al. [15] also used the Alt-Ramec protocol. Wilmes et al. [29] activated
the sagittal split screw twice a day by a 90◦ turn immediately after insertion of the hy-
brid hyrax. This resulted in a daily activation of 0.8 mm. RPE was continued until a
30% overcorrection was achieved. The split screw was activated by 90◦ turns 4 times/day
by Nienkemper et al. [51], resulting in an expansion of 0.8 mm/day. The activation was
continued until a 30% transverse overcorrection was obtained. Hourfar et al. [50] activated
the expansion screw of the RME appliance 3 times/day for a change of 0.2 mm per activa-
tion. Seiryu et al. [55] used a screw to support a lingual arch, and no expansion device was
used. Ngan et al. [54] instructed patients to activate the jackscrew twice daily for one week,
whereas patients with constricted maxilla activated for two weeks. Willman et al. [53]
performed the RME activating the screw four times a day.

3.6. Class III Biomechanics

Maino et al. [49]: maxillary protraction was achieved via facemask, which was to be
worn 14 h per day for 4 months. The protraction elastics (400 g per side) were attached
near the maxillary canines, with a downward and forward pull of 30◦ from the occlusal
plane. Al-Mozany et al. [4], Almuzian et al. [15]: prescription was written for two full-time
heavy intra-oral elastics per side, totaling 400 g per side One of these elastics ran in the
long-closing Class III configuration, from the posterior ball clasps on the hybrid MARPE to
the “S” hook. The other ran from the anterior hook on the hybrid MARPE to the MLA in a
short-closing Class III configuration. In Wilmes et al. [26] a facemask was prescribed for
approximately 6 months to simultaneously protract the maxilla. The applied elastics (142 g)
were anterocaudally angulated. Facemasks were used by Nienkemper et al. [51] to achieve
maxillary protraction. The elastics were applied with an inclination in both directions
(downward and forward) of 20–30◦ from the occlusal plane. The elastics delivered 400 g
of force per side, which was controlled by a force gauge. The patients were told to wear
the facemask for 16 h/day. Hourfar et al. [50] used only a RPE, with no sagittal force
directed on the maxilla. Seiryu et al. [55] applied a protractive force of 250 g per side
from the facemask to the hooks using elastics. The FM has been worn for 12 h per day
with a direction of traction force < 3◦ from the occlusal plane. Ngan et al. [54] attached
heavy elastics to generate the maxillary advancement, which delivered 380 g per side. The
prescription was FM for 12–14 h a day. Willman et al. [53] instructed the facemask patients
to wear 400 g elastics per side for 14–16 h per day, adjusting the force vector to have an
inclination of 20–30◦ to the occlusal plane.

3.7. Dentoalveolar Effects

Al-Mozany et al. [4] and Almuzian et al. [15] found a significant proclination of the
maxillary incisors (UI-SN +2.98 ± 2.71◦, p < 0.01) and a retroclination of the mandibular in-
cisors (LI-MP −3.2 ± 3.4◦, p < 0.05). Maino et al. [49] documented that the maxillary molar
had slight extrusion (U6 vert PP 0.42 mm) and mesialization (U6 mesialization 0.87 mm).
The average forward displacement of the incisors was 3.62 mm (Pr-VertT), and their retro-
clination was 2.26◦ with respect to the palatal plane (U1-PP), according to Maino et al. [49].
Wilmes et al. [29] documented only a mesial migration of the maxillary incisors. The right
first molar migrated 0.4 ± 0.6 mm mesially and the left one 0.3 ± 0.2 mm. In addition,
Al-Mozany et al. and Almuzian et al. [4,15] recorded a significant improvement in the
overjet: 5.63 ± 1.36 mm (p < 0.001). Both the manuscripts of Maino and Wilmes [29,49]
did not report the values of OVJ and OVB. Nienkemper et al. [51] recorded a significant
improvement in the OVJ and molar relationship (3.2 mm and –3.1 mm, respectively) in the
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treatment group, but no significant differences between the treatment group and control
group (untreated Class III subjects) could be found in OVB (−0.2 mm) or inclination of the
maxillary (U1-PP: −0.5◦) and mandibular incisors (L1-MP: −1.7◦). Hourfar et al. [50] did
not analyze the dentoalveolar effects of the hybrid hyrax but only the skeletal effects by pre-
and post-treatment lateral cephalograms of the patients. Seiryu et al. [55] referred a major
proclination of the maxillary incisors in the FM group in comparison to the FM + MS group
(FM group: 4.6 ± 4.5◦; FM + MS group: −0.4 ± 4.2◦; p < 0.01), due to the greater improve-
ment of the skeletal relationship in patients treated with palatal anchorage. Ngan et al. [54]
found significant and greater change in OVJ in the tooth-borne group (5.5) compared to the
bone-anchored group (3.4 mm, p < 0.001). This is due to the tooth-borne group having more
forward migration of the maxillary incisors (OLp-Is 2.12 vs. 0.87 mm, p < 0.05). Maxillary
incisors presented a significantly greater downward movement and palatal inclination in
the bone-anchored group (Is-NL 1.34 mm, Is-SNL −4.42◦) compared to the tooth-borne
group (−0.55 mm, −0.19◦, p < 0.05). Furthermore, the tooth-borne protraction facemask
group had a significant and bigger change in molar relationship (2.7 mm) than the bone-
anchored group (1.1 mm, p < 0.05), which was due to a greater differential movement of
maxillary and mandibular molars in the tooth-borne group. Willman et al. [53] found no
statistically significant difference in upper incisor proclination, space loss for the canines
and mesial migration of the molars between the study groups. The majority of the overjet
correction (FM group 3.51 mm, ME group 3.06 mm) was attributable to skeletal effects
rather than dentoalveolar compensation.

3.8. Skeletal Effects

In sagittal dimension, Al-Mozany et al., Almuzian et al. and Dekel et al. [4,15,56]
showed maxillary protraction (SNA 1.87 ± 1.06◦; Vert.T-A 3.29 ± 1.54 mm p < 0.001),
whereas the mandibular base significantly retropositioned (SNB −2.03◦ ± 0.85◦; Vert.T-B
−3.43 ± 4.47 mm, p < 0.001 and p < 0.05, respectively), resulting in a better skeletal relation-
ship (ANB 3.95◦ ± 0.57◦, p < 0.001; Wits 5.15 ± 1.51 mm, p < 0.001). Maino et al. [49] also
showed a maxillary advancement (SNA +2.50◦; Vert.T-A +3.4 mm), while the mandibular
base redirected posteriorly (SNB −0.92◦; Vert.T-B −0.26 mm). The mandibular plane rotated
clockwise, improving the ANB (+ 3.41◦) and the Wits index (+ 4.92 mm). Wilmes et al. [29]
did not consider these parameters but specified only an improvement of Wits appraisal
(2.7 ± 1.3 mm) and an expansion in the first premolar/first primary molar region and in the
first molar region (+ 6.3 ± 2.9 mm and +5.0 ±1.5 mm, respectively). Nienkemper et al. [51]
recorded an increase of 2.4◦ and 2.4 mm SNA and A point to Nasion perpendicular, re-
spectively. Moreover, a significant reduction in CoGn (−2.3 mm) and SNB (−1.7◦) was
recorded. The Wits index increased by 4.5 mm, and the ANB angle improved by 4.1◦.
Hourfar et al. [50] recorded an SNA increase of 2◦, and the maxilla underwent statisti-
cally significant amounts of caudal movement (S-Spa: +3.20; S-Spp: +1.21; N-Spa: +1.84;
N-Spp: +2.89), whereas the maxillary inclination had not changed (NL/NSL: −0.06◦). Fur-
thermore, a mean mandibular post-rotation was assessed (ML/NSL: +1.46).

For the vertical measurements, Maino et al. [49] recorded that the facial angle (SN-
GoGn) increased by 1.64◦ during treatment and the SN-PP angle was reduced by 1.11◦.
Al-Mozany et al. and Almuzian et al. [4,15] indicated Y-axis and lower third (ANS-Me)
significant increases (1.95 ± 1.22◦ and 3.19 ± 2.2 mm, respectively), indicating a post-
rotation of the mandible. The middle facial height (N-ANS) (0.32 ± 1.53 mm) showed no
significant increase. Nienkemper et al. [51] reported that vertical growth was contained as
indicated by a slight increase in the FMA angle (0.5◦) and a little reduction in the Co-Go-Me
angle (2.0◦). The other skeletal vertical values showed no significant differences. Hourfar
et al. [50] revealed increases in the vertical parameters ML/NSL (+1.46) and Björk sum
(+1.46). Seiryu et al. [55] reported that both FM and FM + MS patients showed a significant
increase in maxillary forward growth without mandibular forward growth. During the
active treatment, SNA (FM + MS group: 2.28 ± 1.38; FM group: 1.18 ± 1.08; p < 0.01),
SN-ANS (FM + MS group: 2.58 ± 1.78; FM group:1.28 ± 1.38; p < 0.05) and ANB (FM + MS
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group: 2.08 ± 1.38; FM group: 1.28 ± 1.28; p < 0.05) change was significantly greater in the
FM + MS group than in the FM group.

Ngan et al. [54] found similar maxillary advancement (OLp-A pt., 0.7 mm) and mandible
retropositioning (OLp-Pg, 2.2 mm) in both groups. Both the tooth-borne (Wits 2.19 mm,
ANB 2.58◦) and the bone-anchored (Wits 2.31 mm, ANB 2.17◦) groups improved their an-
teroposterior jaw relationship. Other than that, the tooth-borne (OLparallel–A pt. 1.2 mm)
protraction facemask group had a substantially larger downward displacement of the max-
illa than the bone-anchored protraction facemask group (−0.4 mm, p < 0.005). The tooth-
borne group had a considerably higher mandibular plane angle (SNL–ML 2.76◦) than the
bone-anchored protraction face-mask group (−0.25◦, 0.23◦, p < 0.05). Willman et al. [53] re-
ported a significant improvement in the maxillary position in both groups. Similar changes
in the SNA-Angle (SNA + 2.23◦) and WITS-appraisal (FM Group 4.81 mm, ME 4.14 mm)
during a comparable treatment period were found, while an SNB angle decrease difference
was found in the study groups. In the FM-group, the skeletal effect on the mandible is more
vertical, as evidenced by a posterior rotation of the mandible and a significant opening
of the interbase angle (ML-NL). In the ME-group, however, the B-point remained stable,
while the gonial angle decreased significantly, possibly due to changes in condylar and
ramus growth (Table 3).

Table 3. Dentoskeletal cephalometric results.

Authors SNA SNB ANB OVB OVJ WITS
SNˆGoMe or
Equivalents

Upper Incisor
Position

Lower Incisor
Position

Al-Mozany et al./
Almuzian et al. 1.87 ± 1.06◦ 2.02 ± 0.85◦ 3.95 ± 0.57◦ 1.21 ± 1.89 mm 5.63 ± 1.36 mm 5.16 ± 1.5 mm Y-axis:

1.95◦ ± 1.11◦ UI-PP:2.98 ± 2.71◦ LI-MP:3.2 ± 3.4◦

Wilmes et al. na na na na na 2.7 ± 1.3 mm na na na

Maino et al. +2.50◦ −0.92◦ +3.41◦ na na +4.92 mm SN-GoGn: +1.64◦
U1-PP: −2.26◦

Pr-VertT:
+3.62 mm

na

Nienkemper et al. 2.4◦ −1.7◦ 4.1◦ −0.2 mm 3.2 mm 4.5 mm Co-Go-Me:
−2.0◦

U1-PP:
−0.5◦

L1-MP:
−1.7◦

Hourfar et al. 2.17◦ −0.97◦ +2.77◦ na na na ML/NSL: 1.46◦ na na

Seiryu et al. +2.2 ± 1.3◦ +0.1 ± 1.3 +2.0 ± 1.3 na na na MP-SN:
−0.1 ± 1.3 U1-SN: −0.4 ± 4.2 na

Ngan et al. 1.59◦ −0.8◦ +2.4◦ −0.14 mm +3.46 mm +2.58 mm SNL-ML: +0.24◦ Is-SNL: −2.03 Ii-ML: −1.67

Willmann et al. FM: 2.23 ± 1.30
MP: 2.23 ± 1.43

FM:−1.51 ± 1.13
MP: −0.30 ± 0.98

FM: 3.75 ± 1.45
MP: 2.54 ± 0.99 na na FM: 4.81 ± 1.38

MP: 4.14 ± 1.25

ML-NSL:
FM: 1.17 ± 1.48

MP: − 0.55 ± 1.09

U1-PP◦ :
FM:−1.15 ± 6.45
MP: 0.57 ± 5.49

L1-ML◦ :
FM: −3.84 ± 6.13
MP: 0.56 ± 3.83

3.9. Soft Tissue Analysis

In Al-Mozany and Almuzian’s [15,57] study, cephalometric analysis of soft tissues
revealed a significant increase in the H angle, at 2.76◦ ± 1.8◦ (p < 0.001). None of the
remaining authors [26,46–51] reported soft tissue effects.

3.10. Quality Assessment

Al-Mozany et al., Almuzian et al. and Maino et al. [15,49,57] did not have a control
group, and the patients were not randomized. Wilmes et al. [29] was a randomized study
with a control group of 10 subjects. Nienkemper et al. [51] was a controlled clinical study
with a control group of 16 subjects. It was not a randomized study. Hourfar et al. [50]
was a retrospective cephalometric study with a control group of 50 subjects. It was not a
randomized study. Al-Mozany et al. and Almuzian et al. [15,57] specified that no sample
size calculation was undertaken. Maino et al., Wilmes et al. and Hourfar et al. [29,49,50]
did not report a power analysis. Nienkemper et al. [58] specified that prior pilot research
was used to calculate the sample size calculation. Based on a significant increase in SNA of
2.0◦ with a σ of 1.9◦, an α level of 0.05 and a power of 0.80, the required sample size was
found to be 16 patients in the treatment and control groups, respectively. Al-Mozany et al.
and Almuzian et al. [15,57], in the section of the statistical analysis, reported that a paired-
sample t-test (p < 0.05) was used to compare each variable from T1 to T2, and an error
measurement (Dahlberg’s formula) study was conducted to evaluate the intra-examiner
reliability, while, Maino et al. [49] used the Student t-test to check whether the pretreatment
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and post-treatment variations were significant (p < 0.05). Wilmes et al. [29] did not report
a statistical analysis. According to Nienkemper et al., the data did not demonstrate nor-
mal distribution in an exploratory analysis using the Shapiro–Wilk test [58]. As a result,
nonparametric statistics were applied. The Mann-Whitney U-test was used to look for sig-
nificant differences between the cephalometric variables in the treatment and control groups
at T1 (comparison of beginning forms) and during the T1-T2 interval. Hourfar et al. [50]
performed paired t-tests for the intragroup and analysis of variance (ANOVA) for the
intergroup comparisons. At p < 0.05, the results were considered statistically significant.

The research study design used by Seiryu [55] was a single-center, prospective ran-
domized clinical trial. The sample size was calculated using data from a previous study that
compared the treatment effects of a combination of bone-anchored maxillary protraction
(BAMP) and facemask with a rapid maxillary expander (RME/FM) for maxillary advance-
ment. With a test power of 80%, a significance level of 5% and an effect size of 0.98, the
authors reported that treatment with facemask therapy and miniscrews resulted in 1.5 times
increase in maxillary forward growth. For each group, a sample size of 18 patients was
recommended. A computer-generated 1:1 randomization was carried out by someone who
was not involved in the study. To check for normal distribution, all values were subjected
to the Shapiro–Wilk test. Welch’s t-test was used to assess the significance of differences in
all values that showed normal distribution (age, treatment period, cephalometric variables),
while the Mann-Whitney U-tests were used to assess those that did not. * p < 0.05, ** p < 0.01
were used to indicate statistical significance.

Ngan et al. [54] used a two-tailed t-test with a confidence level of 95% to compare the
starting forms of the control and experimental samples, as well as the skeletal and dental
alterations between the groups at the two time periods. The reliability of cephalometric
readings was determined using the intraclass correlation coefficient of reliability (R). All
cephalometric variables had correlations ranging from 0.96 to 0.99, with the majority
exceeding 0.98 (R value greater than 0.90 indicating high reliability). Willman et al. [53] used
the Shapiro–Wilk test to examine the normal distribution of the measurements. Student’s
t-test for dependent samples or the Wilcoxon test were used to find intra-group differences.
The Mann–Whitney U test or the t-test for independent samples were used to test the
differences between the groups. The 95% confidence of interval was chosen.

4. Discussion

The purpose of this systematic review of the literature was to determine the effec-
tiveness of treating Class III malocclusions using a mixed anchored palatal expander [56].
Due to a scarcity of studies on this issue, only nine publications, largely case series, were
chosen for the following work (characterized by a high research specificity and innovative
protocol aspect).

All of the studies that were analyzed include in their protocol an RME appliance
applied on a mini-screw anteriorly in the palate to obtain skeletal anchorage. Since the first
molars are also included in the device design, it can be denominated as a bone- and tooth-
borne appliance (hybrid hyrax). Al-Mozany et al., Almuzian et al. and Maino et al. [4,15,49]
employed the Alt-Ramec protocol, which resulted in a more significant disarticulation of
the two parts of the maxilla than the other methods of maxillary expansion examined in
this research.

Because the ability of sutures to respond to therapy decreases with age, it has been
suggested that starting maxillary traction with a facemask during the early mixed dentition
period (around 8 years old) will provide the most skeletal benefit [47]. Skeletal anchorage,
on the other hand, is treated at a later age, around 10 years old, when the characteristics
of the bone allow for easier placement and stability [57]. When compared to pure bone-
borne RPE devices such as distractors, the hybrid hyrax is surgically minimally invasive,
and this is also important to avoid any periodontal inflammation [58–61]. The use of
first molars and mini-screws as, respectively, anterior and posterior anchoring units has
various advantages. In fact, according to Wilmes et al. [29], the hybrid hyrax can be
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employed even in individuals who have decreased anterior dental anchoring owing to
missing primary molars, primary molars with resorbed roots or underdeveloped premolar
roots. Moreover, the anterior teeth are excluded in the appliance, and regular orthodontic
treatment can, therefore, be started early. Furthermore, in all tests, the miniscrews were
implanted at paramedian sites in the anterior palate. This configuration is particularly
beneficial for bone availability and safe isolation from vascular and nerve connections. The
optimal size and direction of miniscrew insertions are identified on a cone-bean computed
tomography (CBCT) scan and a 3-dimensional surgical guide to provide safe and reliable
palatal miniscrew insertion [49].

Another significant benefit is that the combination of the hybrid hyrax with a maxillary
protraction facemask is helpful to minimize dental adverse effects, such as teeth mesial
migration. Al-Mozany et al. and Almuzian et al. [4,15] specify that the teeth were partially
implicated in the maxillary protraction utilizing hybrid hyrax for the transfer of forces to the
underlying skeletal systems. The frequent unfavorable consequences of tooth-anchorage
devices, such as buccal proclination of the upper incisors and lingual inclination of the
lowers, are eliminated with this procedure. As a result, the therapy had both skeletal and
dentoalveolar effects (maxilla protraction and mandible posterior displacement).

Furthermore, the upper incisors displayed a forward displacement of 3.62 mm (Pr-
VertT) and a retroclination of 2.26 degrees in reference to the palatal plane (U1-PP), ac-
cording to Maino et al. [49]. It is likely that the retroclination found in many patients
treated with a bone-anchored facemask or hybrid tooth-skeletal anchoring is due to the
treatment’s skeletal benefits and the resultant diminution of the no-longer-required den-
toalveolar compensation. However, despite the anchorage provided by the two mini-screws,
Maino et al. [49] assessed the forward movement of the maxillary molars (although by less
than 1 mm in all cases). The hybrid hyrax, according to Wilmes et al. [29], minimized
excessive forward movement of the upper molars produced by facemask protraction
(1.6 migrated 0.4 ± 0.6 mm mesially and 2.6 0.3 ± 0.2 mm). Nienkemper validated these
findings, recording a modest molar mesial migration (approximately 0.4 mm) [51].

In the Nienkemper et al. [55], Al-Mozany et al. and Almuzian et al. [15,51] studies,
the OVJ was improved. Nienkemper et al. confirmed that the OVB had not improved
significantly, although Al-Mozany et al. claimed an improvement in the results section, but
this did not match the data in the final table. Because Maino et al., Wilmes et al. and Hourfar
et al. [29,49,50] did not show the OVB and OVJ values, it is difficult to know for sure how
the OVB and the OVJ changed after therapy with a hybrid palatal expander. The rise in the
angle SNA and the Wits assessment revealed a considerable skeletal improvement at the
maxillary in the sagittal plane. These values are higher than those obtained with dental
anchorage, indicating that skeletal anchorage is superior to dental anchorage because the
exerted force was supported by a skeletal component as well as by teeth.

Furthermore, all studies indicated a posterior mandibular rotation using their ap-
proach (except Wilmes et al. [29], who did not evaluate the location of the jaw).

These combined, which include maxillary advancement, maxillary caudal movement
and a posteriorly shifted mandibular base, reflect a pattern of three-dimensional geometric
change that, according to Hourfar et al. [50], has the potential to facilitate the treatment
of skeletal Class III patients, but the mandibular clockwise rotation is also a compensa-
tion for the treatment of Class III malocclusions [50]. Finally, patients who had mixed
anchorage with miniscrews had higher maxillary protraction, which reduced unfavorable
dental consequences. The fact that the orthopedic force acts directly on the surrounding
sutures, increases the skeletal impact and eliminates dental compensation is one probable
explanation [52]. However, these results will need to be verified with more randomized
clinical trials and long-term follow-up. According to Seiryu et al. [55], the FM + MS group’s
proclination of the maxillary anterior teeth at T1 was reduced at T2 by improving the
maxilla–mandibular relationship. When compared to orthopedic force alone, the use of
miniscrews [52] had fewer negative side effects on the maxillary teeth. As a result, whereas
mandibular growth was driven forward and lower, neither clockwise rotation nor posterior
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displacement of the mandible occurred, showing that face-mask treatment with a miniscrew
caused less posterior displacement than miniplates and elastics [55].

Ngan et al. [54] and Willman et al. [53] found that both the tooth-borne and bone-borne
groups had identical maxillary protraction; however, Seiryu et al. [55] found that the maxil-
lary protraction in the miniscrew group was bigger by twofold. This discrepancy could be
due to the appliance utilized, the treatment length or the age at which the treatment began.

The tooth-born protraction facemask group had more forward movement of the
maxillary than the bone-anchored protraction facemask group, resulting in a bigger rise in
the OVJ, according to Ngan et al. [54]. Despite the anchorage, the maxillary molars migrated
forward by an average of 0.6 mm in the bone-anchored groups; this was most likely due
to wire bending rather than mini-implant movement. By combining retroposition of the
mandible with advancement of the maxilla, both the tooth-borne and bone-anchored groups
(SNB −2.2◦ and −1.3◦, respectively) enhanced Wits evaluation and ANB changes. The
miniscrews, on the other hand, help to limit the downward movement of the maxilla and, as
a result, the clock-wise rotation of the mandible in the bone-anchored group. Furthermore,
the bone-anchored group had more downward movement of the maxillary incisors than
the tooth-borne group, contributing to the bone-anchored group’s preservation of the OVB.

In Willman et al. [53] study positive skeletal modifications rather than dentoalveolar
compensation were shown to be responsible for the majority of the overjet correction
(FM group 3.51 mm, ME group 3.06 mm). While the skeletal effects on the maxilla were
similar in both groups, the SNB angle was significantly reduced. In the FM group, the
interbase angle was observed to be more opened, caused by a posterior rotation of the
mandible, which might be due to the chincup of the FM. The B point remains constant in the
MP-group, while the gonial angle declines considerably, owing to condylar development
redirection [53].

5. Conclusions

According to the nine studies included in this systematic review, combining tooth-
borne and bone-borne appliances for rapid maxillary extension may be advised in treatment
protocols for skeletal Class III patients to obtain more skeletal results while lowering
maxillary dentition side effects.
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Abstract: The inclusion of both maxillary permanent central incisors is uncommon. This condition
compromises face aesthetics, phonation and masticatory function. Therefore, early diagnosis is essential
to avoid complications and failures. There are various reasons for inclusion, but supernumerary
teeth are the leading cause. Early causes of removal and rapid expansion of the palate determine
a high probability of success with the spontaneous eruption of the impacted elements. However,
it is often necessary to proceed with a surgical–orthodontic treatment. The inclination of teeth in
relation to the midline and the root maturation degree determine prognosis and therapeutic timing.
In this case report, the orthopantomogram (OPG) X-ray of a 9-year-old boy revealed two impacted
supernumerary teeth in the anterior maxillary region, preventing the eruption of the permanent
upper central incisors. The impacted supernumerary teeth were surgically removed at different
times. A straight wire multibrackets technique associated with a fixed palatal appliance was used.
The palatal appliance featured an osteomucous resin support at the level of the retroincisal papilla.
Subsequently, surgical exposure was carried out using the closed eruption technique and elastic
traction, bringing 11 and 21 back into the arch.

Keywords: impacted incisors; supernumeraries; dental inclusion; orthodontic treatment; closed-
eruption surgical technique; guided eruption; surgical exposure

1. Introduction

Eruption anomalies are classified into position-related disorders (ectopic eruption
and transpositions) and timing-related disorders (premature eruption, delayed eruption
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or impaction). These anomalies are also linked to age, sex, race or ethnicity. Both root
developmental staging and patient age are used as criteria to diagnose prematurity or
delayed eruption [1–3].

Eruption disorders are more frequent in the upper arch (69.9%) and the area of the
incisors (51.2%). Furthermore, in 20.5% of cases, first-degree relatives present the same
issue [4,5].

Impaction of the upper central incisors is a rare occurrence (0.06–0.12%), more frequent
in men than in women (1.5:1) [4,6].

Traumatic and obstructive causes are the main factors related to impacted teeth [7].
Dental trauma at a young age could damage the non-erupted permanent tooth germ,

reduce root development, and change eruption direction. This can lead to dilacerated tooth
development with a high risk of uneruption without an orthognathic–surgical therapy [8,9].

Necrosis or ankylosis of a deciduous tooth and the simultaneous presence of sys-
temic pathologies (endocrine diseases, cleidocranial dysostosis) can also determine dental
inclusions [10,11].

The main obstructive causes are: odontomas (complex or compound); follicular cysts;
thick mucosa; bone tissue formed as a result of the early extraction of a deciduous tooth;
and supernumerary teeth [8].

The most common obstructive cause is determined by supernumerary teeth (ST),
77.8% of the ST are found in the maxilla, and 97.2% are in the frontal region. In the anterior
maxillary region, the presence of one or more supernumerary teeth along the midline (1.5%
to 3.5%) hinders the eruption of the incisors (28% to 60%) [5,12–16].

Although the percentage of upper central incisors uneruption or inclusion is low, its
occurrence causes an aesthetic, phonetic and functional discomfort to the patient, arousing
parents’ concern [7,14].

Parents of an impacted incisor affected child are usually motivated to seek an earlier
orthodontic treatment than parents of a child with other orthodontic problems [8,17,18].

The diagnosis of impacted incisors is based on the clinical examination that ascertains
and identifies the retained tooth. Palpating the corresponding alveolar area (both palatal
and vestibular), a painless, incompressible, fibromucosal bump can be appreciated [19].

The diagnosis needs to be completed by radiological examinations:

(1) Intraoral X-rays with periapical and occlusal projections confirm the presence, position
and/or anomaly of the retained maxillary incisors and any underlying developmental
anomaly or pathology. The buccolingual position of the non-erupted tooth can be
localized using horizontal or vertical parallax.

(2) Ortopanthomography X-ray (OPG X-ray) to evaluate the problem in relation to the
entire arch, adjacent tooth and the staging of the eruption of the other dental elements.

(3) Latero-Lateral Teleradiography (LLT) of the head with cephalometric trace to assess
the height and inclination of the crown and root of the impacted tooth.

(4) Cone-Beam Computed Tomography (CBCT) for a three-dimensional evaluation of
impacted elements and surrounding structures.

All these data allow us to correctly plan the treatment and the optimal direction of
traction in order to have a correct extrusion of the impacted tooth with adequate periodontal
support [19–21].

Early treatment is essential because the non-erupted maxillary central incisor can
cause various issues:

(1) Compromission of the aesthetic aspect, phonation and alveolar ridge formation.
(2) Increase of adjacent teeth tip, reducing the space for the non-erupted incisor.
(3) Alteration of the eruptive path (deviation and delay) of the ipsilateral canine [10].

The treatment options for impacted incisors include:

(1) Extraction of the impacted tooth followed by a prosthetic rehabilitation [22–24];
(2) Extraction and repositioning of the lateral incisor in place of the central incisor with

mesial canine and premolar movement, then coronoplasty;
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(3) Surgical-orthodontic recovery of the incisor [25,26].

Most of the patients requiring impacted central incisors treatment are less than 12 years
old; for this reason, the prosthetic solution is not suitable. The extraction of the affected
tooth would lead to a severe loss of alveolar bone, compromising the future insertion of
an implant [18]. On the other side, the surgical–orthodontic solution allows complete
alignment of natural teeth and does not require the creation of a prosthesis [25,26].

Treatment success rates depend on several factors:

(1) The angle between impacted incisor and midline (if greater than 20 degrees, there are
greater difficulties in treatment and a worse prognosis);

(2) The level of the crown of the impacted tooth compared to the eruptive age;
(3) The distance of the impacted incisor from the occlusal plane [8,25,27,28].

A study has verified that performing a rapid expansion with a Rapid Maxillary
Expander (RME) immediately after the obstacle removal leads to an 82% chance of problem
resolution with the eruption of the impacted element after 6–7 months from the obstacle
removal, while without applying the RME, the percentages are reduced by 39% [25,29,30].

Several surgical techniques are commonly used to expose the maxillary teeth. One
technique is the apical repositioning flap. It consists of the apical repositioning of a raised
full-thickness-flap above the included tooth, leaving the element uncovered. Another tech-
nique is the closed eruption. It involves lifting a full-thickness flap, fixing an orthodontic
bracket on the tooth surface, and then completely covering the tooth and bracket with
tissue. These techniques offer some advantages when pulling impacted teeth [10,31,32].

The apically repositioned flap technique allows prompt reattachment of the bracket
if unintentional detachment occurs. However, the closed eruption technique provides
the most aesthetically pleasing result. This technique is most reliable when considering
aesthetic and periodontal health. Vermette et al., recommended using the closed eruption
technique when the tooth is in the center of the socket or when it is high, near the nasal
spine. In these cases, the periodontal state of the exposed teeth after orthodontic treatment
usually revealed an acceptable gingival profile and good adherent gingiva, an increase in
bone level on the mesial, vestibular and distal surfaces, requiring no further mucogingival
surgery [33].

Since many variables affect the recovery of an included tooth in a child after removing
the supernumerary elements or the odontoma, most studies believe orthodontic treatment
is necessary rather than waiting for the spontaneous eruption [8,25,34].

The treatment of impacted central incisors requires a different approach, and it is
longer and more complicated, with the resolution of extraction with subsequent prosthetic
rehabilitation as a valid alternative [35].

According to the latest literature data, the approach for this type of issue is mainly
oriented to surgical–orthodontic treatments [36,37].

Undoubtedly, the best treatment choice is conservative, and it requires careful planning
and close collaboration between orthodontists, oral surgeons and periodontists. Studies
report that the prognosis of orthodontic–surgical treatment of impacted incisors is good,
and failures occur when the etiology of the inclusion is dilaceration [36].

The treatment is relatively long, approximately two years, and is influenced by the
initial height of the tooth included in the jaw [38].

2. Case Report

A 15-year and 6-months-old patient (F.F.) comes to our attention.

2.1. Clinical History

The patient had previously undergone orthodontic treatment since the age of 9, the
presence of persistent deciduous (51 and 61), and two ST were found in areas 11 and 21
preventing their eruption (Figure 1).
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Figure 1. F.F. 9y, OPG X-ray initial clinical evaluation with persistent deciduous 51–61, supernumerary
teeth and impacted incisors 11–21.

The two ST were removed at different times (10-years-old and 13-year-old), and a late
rapid expansion (14-year-old) was performed without any improvement (Figures 2 and 3).

Figure 2. F.F. 13y OPG X-ray presence of one supernumerary tooth and impacted incisors 11–21.

 

Figure 3. F.F. 14y OPG X-ray after RME.

2.2. Clinical Exams and Diagnosis

Patient in good health. Clinical evaluation revealed the absence of teeth 11 and 21.
The orthodontic situation was re-evaluated with new intraoral photos and X-rays

(Figures 4 and 5).
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Figure 4. (A–E) F.F. 15y 6m intraoral photos at the beginning of treatment: right (A), front (B), and
left (C) view; occlusal upper (D), and occlusal lower (E) view.

Figure 5. (A–E) F.F. 15y 6m initial radiographic documentation: LLT (A), OPG X-ray (B), CBCT right (C),
front (D), and left (E) view.

The patient had molar and canine class I, dental and skeletal malocclusion, counter-
clockwise mandibular growth with a tendency to brachycephalic growth, good transverse
dimension arch and slight lower crowding. To confirm the position and relationship with
adjacent structures, CBCT was recommended. The position of the two upper incisors was
assessable with CBCT and LLT.

The 11 and 21 presented a very apical position (immediately under the anterior nasal
spine) and a significant inclination (51.2◦) (Figure 6 and Table 1).
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Figure 6. F.F. 15y 6m Steiner’s cephalometric tracing.

Table 1. F.F. 15y 6m Steiner’s cephalometric analysis.

Values Normal

SNA 80.4◦ 82◦+/−2◦
SNB 78.8◦ 80◦+/−2◦
ANB 1.6◦ 2◦+/−2◦

GONIAC ANGLE 116.1◦ 130◦+/−7◦
INTERINCISIVE ANGLE 98.4◦ 131◦+/−6◦

SUPERIOR INCISOR ANGLE 51.2◦ 22◦+/−2◦
INFERIOR INCISOR ANGLE 28.9◦ 25◦+/−2◦

The patient wore a removable prosthetic device for aesthetic and functional purposes
to replace elements 21 and 11 (Figure 7).
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Figure 7. (A–C) removable prosthetic device for aesthetic and functional purposes to replace elements
21 and 11: patient frontal smile (A); prosthetic device frontal view (B); cast model and prosthetic
device occlusal view (C).

2.3. Therapeutic Plan

An orthodontic–surgical therapy that aimed to pull down the two elements and bring
them into a more occlusal position was adopted. Initially, the elements of the upper arch
were aligned with a fixed straight-wire multibrackets technique, which also made it possible
to apply a pontic in areas 11 and 21, not to compromise the aesthetic and functional aspects
of the patient. After osteotomy, a full-thickness flap was made to access the crowns using
a scalpel. After dental exposure, two eyelets were bonded, and elastic tractions were
applied. The flap was then positioned to cover the teeth and buttons according to the closed
eruption technique. On 16 and 26, a fixed palatal appliance was cemented, with supports
on 14/24 and a retroincisive papillae osteomucosal resin support. This was done to allow
the elements to be pulled without causing unwanted movement of adjacent elements due
to the action-reaction effect. The front resin portion was equipped with three loops to allow
elastic traction in several directions (Figure 8).

 

Figure 8. (A,B) post-operative view before device placement (A); fixed palatal appliance with three
loops and central incisors pontic (B).

After ten months, the upper incisors emerged from the gingiva and reached a more
occlusal position. A further diode laser uncovering and modelling of the mucosa was
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carried out. A 0.019 × 0.025 steel arch was used as anchorage while central incisors were
engaged with a 0.014 thermal nickel-titanium (NiTi) arch (Figure 9).

Figure 9. Upper 0.019 × 0.025 steel arch with a 0.014 thermal nickel-titanium.

Subsequently, the prosthetic elements were removed, and the eyelets were replaced
with metal brackets. This allowed the extrusion with the 0.014 thermal NiTi arch properly
engaged (Figure 10).

 

Figure 10. (A–C): Central incisors with eyelets (A); central incisors with brackets (B); central incisors
extrusion with 0.014 thermal NiTi arch properly engaged (C).

After three months, the incisors were further extruded and almost aligned with the
other elements of the upper arch. Thus, it was possible to engage the 0.014 thermal NiTi
base arch. The metal brackets on 11 and 21 have been further replaced with aesthetic
twin brackets.

The fixed orthodontic treatment was then also started in the lower arch.

3. Results

After 24 months of treatment (including COVID-19 lockdown periods), 11 and 21 were
correctly positioned in the occlusal plane with good bone and periodontal support.

The patient improved the vertical dimension, the upper lip support and the smile
aesthetics (Figures 11–13).
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Figure 11. (A–C) F.F. 17y 7m final radiographic documentation: LLT (A); central incisors intraoral
X-ray (B); OPG X-ray (C).

Figure 12. (A–J) F.F. 17y 7m final intraoral photos: 11 periodontal probing (A,B); 21 periodontal
probing (C,D); right (E), front (F) and left (G) view; overjet view (H); occlusal upper (I) and occlusal
lower (J) view.
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Figure 13. (A–D) F.F. 17y 7m extraoral photos at the end of the treatment: frontal view closed lips (A);
frontal view smiling (B); facial profile with closed lips (C); facial profile smiling (D).

4. Discussion

Careful treatment planning of impacted incisors is crucial for a favorable prognosis. It
is always multidisciplinary as it requires the intervention of an orthodontist and an oral
surgeon [6,16,39].

The choice of the orthodontic–surgical treatment plan with a closed eruption technique
and elastic tractions was guided by several factors.

First of all, the patient’s age (adolescent) was considered: the patient wore a removable
prosthesis that replaced the two missing incisors with significant discomfort [5,40].

Analyzing the patient’s clinical history, it emerged that no extrusion movement of
the impacted incisors had occurred despite the patient having already removed the two
supernumeraries in different periods and had already performed a rapid, although the late,
expansion of the palate (14-year-old) [8]. The alternative solution of extraction of impacted
teeth and implant therapy was then offered [26].

LLT and CBCT confirmed the unfavorable inclination and height of the crowns. The
roots were already wholly developed, so there was no eruptive thrust. Furthermore,
no lacerations were reported [33,41]. Parents were also informed of the possibility of
treatment failure.

After aligning the upper arch with the straight-wire technique, a full-thickness flap,
palatal bone removal and elastic traction with closed eruption were performed. The occlusal
plane was stabilized by a molar cemented palatal device, with first upper premolars support
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arms and an osteo-mucosal support. Otherwise, it could have been affected by the reaction
forces caused by extrusion forces [42].

The device choice has been made to allow the patient to have pontics in zone 11–21
during the treatment and not to have discomfort in social life.

During the OPG X-ray and intraoral X-ray examination, good palatal, mesial and
distal bone margins were highlighted with more significant resorption on the vestibular
side [2,43–47].

The roots were shorter, also in relation to the adjacent lateral incisors. According to
the literature, the reabsorption may be due to the initial impediment caused by supernu-
meraries mobilization and to the orthodontic eruption movement [2].

The treatment lasted 25 months with several periods of inactivation because the patient
was treated during the COVID-19 pandemic, including the first lockdown. The elements
were correctly positioned on the occlusal plane with an excellent gingival margin [48–50].

Upper and lower restraint with retainers and Essix was adopted [51].

5. Conclusions

An early and accurate diagnosis supported by clinical and radiological examinations,
such as OPG X-ray and CBCT, is essential.

It is crucial to evaluate the predictive eruption factors that influence the treatment
plan, such as: age of the patient, history, compliance, distance from the occlusal plane,
vertical position of unerupted incisors and inclination in relation to the midline.

A complication during the tooth eruption could adversely affect the occlusion devel-
opment and potentially burden the child’s psychological evolution.

The early orthodontic interceptive treatment with obstacle removal and an orthopedic
expansion with RME is fundamental.

Elastic tractions with the closed eruption technique for occlusal repositioning is pre-
ferred. This approach improves the intraosseous position and the mucogingival condition
of the retained tooth.

In general, surgical–orthodontics treatment of impacted incisors has a good chance of
success, but it is relatively time-consuming.

It is necessary to inform the patients and their parents of the failure risk and the
increased treatment time, especially in the presence of impacted incisors in a very high
alveolar position.
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