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Abstract: Long-term stability is a crucial point in order to keep the patient’s aesthetic and functional
balance. The aim of this study was to evaluate dental and skeletal relapse in patients who underwent
orthodontic-surgical treatment. This retrospective study included 25 patients who corrected their
dentofacial deformity through orthodontics and orthognathic surgery. The dental casts and lateral
cephalograms were evaluated prior to orthodontic treatment (T0), final of orthodontic-surgical
treatment (T1) and long-term retention phase (T2). The Wilcoxon test with p-value corrected by
the Benjamini–Hochberg method was used to assess differences between the groups. The influence
of retention duration was assessed using the Kruskal–Wallis method. The association of nominal
variables and differences between quantitative variables were assessed using the Fisher and Mann–
Whitney tests, respectively. No dental or skeletal variable presented statistically significant differences
between the final orthodontic-surgical treatment and the long-term retention phase. Eight patients
presented dental relapse (32–95% CI [12.4%; 51.7%]), but no skeletal relapse was observed in any of
the 25 individuals. The type of malocclusion did not influence the relapse rate of orthodontic-surgical
treatment (Fisher, p = 0.202). No differences were found between the different retention times, sex
and age at the end of treatment. Orthodontic-surgical treatment showed long-term stability in the
present study group.

Keywords: orthodontics; orthognathic surgery; relapse; osteotomy; Le Fort I; osteotomy sagittal
split ramus

1. Introduction

Dentofacial deformity (DFD) is characterized by a disharmony between the jaws or
the structures of the skull base, resulting from interference during the individual’s growth
and development process (Table S1 in Supplementary Materials) [1]. The literature refers to
a prevalence of approximately 5% in the population of western countries [2].
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The etiology of DFD can be congenital, acquired or as a consequence of trauma
or tumor processes. Congenital DFD may or may not be associated with craniofacial
syndromes, while acquired DFD results from neuromuscular and functional modifications.
However, there are still situations in which the etiology of DFD remains unknown [2]. DFD
usually develops a malocclusion which can result in aesthetic and functional consequences,
affecting the patient’s quality of life [1].

In growing patients, the correction or reduction of the severity of DFD can be achieved
by using dentofacial orthopedics. When growth is completed, there are two options that
remain for DFD correction: orthodontic camouflage or orthodontic-surgical treatment.
However, patients with severe anteroposterior skeletal discrepancies, skeletal transverse
maxillary constriction, airway problems, inadequate facial aesthetics or facial asymmetry
often require orthodontic-surgical treatment in order to obtain satisfactory functional and
aesthetic results with long-term stability [3–5].

Despite maxillofacial asymmetry being present in all individuals, in cases of moderate
to severe severity, there is a compromise in the patient’s quality of life at a psychosocial
level. Individuals with maxillofacial asymmetry have an aesthetic impairment but also
impairment in chewing and speech. Bimaxillary orthognathic surgery (bilateral sagittal
ramus osteotomy combined with Le Fort I osteotomy) is a surgical technique more accepted
by the scientific community in the treatment of patients with severe facial asymmetry.
Orthognathic surgery allows patients with severe asymmetry to achieve a harmonious
skeletal structure and subsequently improve their function and aesthetics, which would
not be possible to achieve only with conventional orthodontic treatment [3,4,6,7].

The first surgical correction of malocclusion was performed by Hullihen in 1846 [8].
Since then, surgical procedures have been the target of several improvements, with the
bilateral mandibular sagittal osteotomy (BSSO) and Le Fort I osteotomy being the most
used surgical techniques today [4,8,9].

BSSO (Table S1 in Supplementary Materials) was initially described by Trauner and
Obwegeser in 1957, and it involves the division of the mandible in its inferior branch,
promoting the controlled repositioning of the proximal segment. This surgical technique
has several advantages, including the possibility of manipulating the mandible in the
simulation of forward and backward movements, as well as downward and forward
movements; compatibility with the use of rigid internal fixation; favorable post-surgical
stability due to the excellent bone–bone contact that minimizes problems arising from
healing. In about 30% of patients undergoing BSSO, especially in advancement surgeries, it
is recommended to add genioplasty to reposition the chin in relation to the mandibular
body in the transverse plane [4].

The Le Fort I osteotomy, first described by Langebeck in 1861, is characterized by
a horizontal fracture from the piriform aperture to the pterygoid process of the maxilla
bilaterally. This procedure was considered a safe surgical approach based on bone micro-
circulation studies published by Bell in 1975. This intervention allows the maxilla to be
moved in the vertical and sagittal planes. However, the maxillary setback is difficult due to
the presence of bone interferences and anatomical structures that relate posteriorly, such as
the pterygopalatine canal and the pterygoid process [4,10,11].

Orthodontic-surgical treatment is divided into three stages: pre-surgical orthodontics,
orthognathic surgery and post-surgical orthodontics. The pre-surgical stage aims to de-
compensate the dental arches, while the post-surgical stage focuses on final adjustments in
order to achieve a stable occlusion [3,4,12].

Several reports have studied factors that influence occlusal stability in orthodontic-
surgical treatments to optimize the treatment plan. However, the etiology of skeletal and
dental relapse remains unclear seen, as this condition is complex, and the etiology may be
multifactorial [13,14].

Treatment relapse can be immediate (short-term relapse) or after a considerable
amount of time of the surgical procedure (long-term relapse) [12]. Short-term relapse
is described as a physiological adaptation that is related to post-surgical healing and or-
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thodontic treatment and can be the result of an intraoperative error. The most common
intraoperative errors occur due to imprecise planning in the direction of movements and ap-
plied surgical technique, failure of bone fixation or incorrect and imprecise osteosynthesis,
and it can also be identified immediately after the surgical procedure [12]. Long-term re-
lapse can be influenced by several factors, namely surgical, orthodontic and patient-related
factors. The surgical factors include condylar adaptation and repositioning in the glenoid
fossa, type of fixation, and surgeon experience [12,15]. Patient-related factors comprise
masticatory function, occlusion, parafunctional habits (orofacial muscles and adaptive
postural pressure of the tongue) and bone remodeling. Orthodontic factors are related to
long-term occlusion stability [16–19].

According to the systematic review by Haas Junior OL et al., the most understandable
description of stability in orthognathic surgery refers to two clinical studies carried out by
Proffit et al., who report a hierarchical scale of stability, based on their clinical experience
with a sample compiled over more than 30 years [16,20].

The orthognathic surgical procedure classified with greater stability is the maxillary im-
paction and, subsequently, the mandibular advancement. These are the main procedures for
correcting severe skeletal class II malocclusions and are considered to be highly stable even
without rigid fixation. Most patients with skeletal class III undergoing orthodontic-surgical
treatment undergo maxillary advancement surgery or jaw advancement surgery in com-
bination with a mandibular setback. The literature reports that bimaxillary surgery, with
maxillary advancement and mandibular setback, is considered stable when rigid fixation is
used. However, isolated mandibular setback and lower repositioning of the mandible can
be unstable due to the extent of setback and clockwise rotation of the mandible, decreased
overbite, and increased overjet [21,22].

According to Proffit et al., clinically relevant recurrence occurs when there is a devia-
tion greater than 2◦/2 mm in relation to postoperative baseline values [17,18,20].

According to the studies by Proffit et al., during the first year after surgery, patients
with Class II malocclusion with long face present greater stability than Class III patients;
one to five years after orthodontic-surgical treatment, patients with skeletal Class III are
more stable than Class II patients with long face. In the long term, there are fewer patients
with changes in dental occlusion than skeletal changes because dentition generally adapts
to the skeletal change [20].

Several studies report that most clinical changes develop over the course of 1–5 years after
orthognathic surgery, with skeletal relapse occurring primarily in the first year [20,23–27]. At
the dental level, patients with skeletal class II have seen an increase in overjet and overbite
in the long term [28–30]. In patients with skeletal class III, Bailey et al. reported clinically
significant recurrence of the overjet when undergoing bimaxillary surgery, 2% of which
with recurrence greater than 4 mm [9,18]. At the skeletal level, patients with skeletal class
II had a greater recurrence rate with an increase in the mandibular plane angle and ANB
compared to patients with skeletal class III [31].

However, these reports presented several confounding factors, such as different fix-
ation methods, distinct treatment planning and different orthodontists and/or surgeons.
Therefore, more information about long-term monitoring is crucial in order to obtain treat-
ments with aesthetic and functional balance in the correction of severe dental and skeletal
deformities [9].

The aim of this study was to assess dental and skeletal long-term relapse in patients
who underwent orthodontic-surgical treatment and, secondarily, evaluate the influence of
the type of malocclusion, retention time, sex and age at the end of treatment.

2. Materials and Methods
2.1. Study Design and Selection of Participants

In this retrospective longitudinal study, the data were collected from the Institute of
Orthodontics, Faculty of Medicine, University of Coimbra, between November 2020 and
February 2021. The study was conducted in accordance with the Declaration of Helsinki,
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and the protocol (CE-145/2020) was approved by the Ethics Committee of the Faculty
of Medicine, University of Coimbra. All patients gave their informed consent before
participating in the study. The subjects of the study were healthy adults that underwent
orthodontic-surgical treatment with BSSO and/or Le Fort I with dental casts and lateral
cephalograms before and after orthodontic-surgical treatment and at least one year after
appliance removal during the retention stage. All orthodontic treatments were performed
by the same orthodontist using the 0.018-slot Roth technique. Regarding surgeries, all were
performed by the same (team of) surgeons, and semi-rigid fixation was used. Patients
with syndromes or craniofacial anomalies, temporomandibular disorder, who underwent
surgically assisted rapid maxillary expansion previously or with the loss of more than three
teeth for non-orthodontic reasons were excluded from this study. For each patient, dental
casts and lateral cephalograms were collected at three time points: prior to orthodontic
treatment (T0), final of orthodontic-surgical treatment (T1) and long-term retainer phase
(T2). Sex and age at the end of treatment were also recorded.

All measurements were evaluated by the same researcher (J.M.). In order to assess the
intraobserver agreement, the researcher repeated the measurements one month after the
first observation.

2.2. Evaluation of Dental Cast

The evaluation of dental casts included the measurement of the following variables:
overjet, overbite, upper arch depth, inter-canine distance and inter-molar distance in both
jaws. The measurements were performed with a caliper and a ruler with a 1 mm measure-
ment scale. Overbite was determined as the vertical overlap of the upper incisor on the
corresponding lower incisor in the occluded dental casts (Figure 1A,B). The overjet was
measured from the buccal surface of the lower incisor to the incisal edge of the correspond-
ing upper incisor in the occluded dental casts (Figure 1C). The highest overjet/overbite
value is considered. The upper arch depth was measured as the perpendicular distance
from a tangent mesial to the first molars to the contact point between the central incisors
(Figure 1D). The inter-canine distance was established as the linear distance between the
cusp tips of the contralateral canines or, in the case of dental wear, the distance between
the centers of the worn surfaces (Figure 1D). In the case of upper lateral incisor agenesis
and its replacement by the canine, the buccal cusp tip of the contralateral first premolar
is considered. The inter-molar distance was defined as the linear distance between the
mesiobuccal cusp tips of the contralateral first molars or, in the case of wear, the distance
between the centers of the worn surfaces (Figure 1D).

2.3. Analysis of Lateral Cephalograms

Lateral cephalograms were performed by a professional calibrated for this exam using
a Siemens® Othophos CD cephalostat with the following adjustments: potential difference
from 73 to 84 Kv, exposure time from 13 to 15 mA, 0.6 mm focus, 150 cm focus-film distance,
10 cm distance between the film and the midsagittal plane of the head.

Cephalometric analysis was carried out using Dolphin Image software version 11.9
(Dolphin Image & Management Solutions®, Chatsworth, CA, USA). The variables studied
are described in Table 1. All lateral cephalograms were calibrated before the tracing.

2.4. Statistical Analysis

Statistical analysis of the data was performed in the IBM® SPSS® v26 platform and
in R v3.3.2 with a statistical significance level of 0.05. The dental and skeletal variables
were described using the mean, standard deviation, minimum and maximum at each time
point (T0, T1, T2) and for T2 − T1. The Wilcoxon test was used to evaluate the differences
between T2 and T1 after verifying the violation of the assumption of normality using
the Shapiro–Wilk test. The p-value had been corrected for multiple comparisons by the
Benjamini–Hochberg method, with a false positive rate (false discovery rate) equal to 5%.
Dental relapse was defined as a difference greater than 2 mm between T2 and T1 in the
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overjet or (isa-is)–(ii-iia) variables. A skeletal relapse was defined as an ANB difference
greater than 2◦. The influence of retention time on the relapse was evaluated using the
Kruskal–Wallis test and represented by confidence interval graphs whose values were
determined using bootstrapping with 1000 samples. The association between nominal
variables was assessed using the Fisher test, and the Mann–Whitney test was applied to
assess differences between quantitative variables. Intraobserver agreement was assessed
using the iota coefficient [32].
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Figure 1. Evaluation of dental cast: (A,B)—overbite (red line), (C)—overjet (green line), (D)—upper
arch depth (black lines), inter-canine distance (blue line) and the inter-molar distance (orange line).

Table 1. Cephalometric variables.

Cephalometric Variables Description

Skeletal

Sagittal relationship
SNA Maxilla position in relation to the anterior portion of the skull base

SNB Mandible position in relation to the anterior portion of the
skull base

ANB
SNPg

Intermaxillary basal relationship
Chin position in relation to the anterior portion of the skull base

Vertical relationship

ML–SN Angle of the mandibular plane in relation to the anterior portion of
skull base

ML–NL
Gn-tgo-Ar

Intermaxillary angle
Gonial angle

Dental

(isa-is)–(ii-iia)
(isa-is)–NA

Inter-incisal angle
Inclination of the upper incisor in relation to NA

(iia-ii)–NB Inclination of the lower incisor in relation to NB
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3. Results

The sample was comprised of 25 patients (14 female and 11 male) who corrected
dentofacial deformity with orthodontic-surgical treatment and were already in a retention
stage between June 2005 and October 2021. The iota coefficient for the intra-operator
agreement was 1.0, indicating an excellent agreement.

3.1. Dental and Skeletal Relapse

No dental or skeletal variable evaluated presented a statistically significant difference
between the final orthodontic-surgical treatment and the long-term retention phase. The
mean of the difference between T2 and T1 is illustrated in the radar chart (Figure 2). Table 2
shows the mean, standard deviation, minimum and maximum values for dental and
skeletal variables in the three time points as well as the difference between T2 and T1.
Eight patients presented dental relapse (32–95% CI [12.4%; 51.7%]), but none (0%) had a
skeletal relapse.
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3.2. Influence of Malocclusion Type

The sample was comprised of 14 skeletal Class II and 11 skeletal Class III patients. The
differences in means of overjet, (isa-is)–(ii-iia) and ANB between T1 and T0 for patients
without relapse were −2.45 mm (±6.16), 1.64◦ (±12.55) and 2.08◦ (±3.93), respectively. In
patients with relapse, the differences in means were −1.14 mm (±4.90), 0.78◦ (±15.70) and
−0.40◦ (±4.39), respectively. However, no statistically significant differences were found
(MW, p = 0.798, MW, p = 0.842 MW, p = 0.0215, respectively).

Regarding the influence of the type of skeletal class, two cases of relapse in patients
with skeletal Class III (16.7%) and six cases in patients with skeletal Class II (46.2%) were
found without any statistically significant association (Fisher, p = 0.202).

3.3. Influence of Retention Time

There were no statistically significant differences in the confidence intervals of the value
of the difference of overjet, (isa-is)–(ii-iia) and ANB between T2 and T1 (KW, p = 0.821 KW,
p = 0.988 and KW, p = 0.107, respectively) and the different retention times (Figure 3).
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Table 2. Descriptive statistics of dental and skeletal variables.

Variables TO T1 T2 T2 − T1 p † padj
‡

Overjet (mm) 3.71 (5.90) 1.68 (0.79) 1.46 (0.83) −0.21 (0.74) 0.175 0.525
−6.70/17.80 0.40/3.10 0.30/3.10 −1.70/1.30

Overbite(mm)
1.47 (4.48) 1.77 (0.59) 1.98 (0.67) 0.21 (0.52) 0.070 0.390
−14.50/7.80 0.50/2.90 1.10/3.70 −0.60/1.20

Upper arch depth (mm) 27.04 (3.74) 24.77 (4.06) 24.50 (3.84) −0.27 (0.95) 0.118 0.443
19.80/33.50 19.30/31.90 19.50/32.40 −2.60/2.10

Inter-canine distance upper-lower (mm) 6.35 (2.68) 7.83 (2.57) 7.69 (2.74) −0.14 (1.77) 0.932 0.932
0.20/10.60 −2.50/10.40 −0.90/11.20 −5.80/3.20

Inter-molar distance Upper-lower (mm) 6.27 (8.99) 7.16 (8.56) 6.55 (9.25) −0.61 (1.68)
0.053 0.390−3.90/45.80 −1.80/44.90 −7.00/45.90 −7.10/2.20

(isa-is)–(ii-iia) (◦)
26.42 (14.68) 127.78 (7.03) 127.22 (6.40) −0.56 (4.40)

0.840 0.932102.60/160.00 115.70/142.70 116.20/138.50 −10.40/5.60

(isa-is)–NA (◦)
25.86 (9.12) 22.71 (8.46) 23.27 (8.72) 0.56 (3.23)

0.493 0.7405.70/42.80 7.70/39.60 9.40/37.60 −6.10/7.60

(isa-is)–NB (◦)
26.42 (8.15) 26.60 (6.37) 26.87 (6.51) 0.28 (3.11)

0.778 0.9327.40/42.00 14.70/36.90 14.50/38.70 −5.60/6.60

SNA (◦)
80.75 (4.81) 83.06 (4.61) 82.68 (4.27) −0.39 (1.13)

0.078 0.39072.00/88.70 74.60/94.80 76.30/92.80 −2.00/2.10

SNB (◦)
79.30 (8.07) 77.55 (15.29) 80.10 (5.50) 2.54 (14.10)

0.399 0.66563.20/95.10 9.20/96.60 70.20/95.60 −2.80/69.90

ANB (◦)
1.44 (6.57) 2.72 (3.72) 2.54 (3.23) −0.19 (1.00)

0.377 0.665−8.00/12.40 −3.00/9.80 −2.80/9.80 −2.80/1.80

SNPg (◦) 79.82 (8.18) 81.36 (5.76) 81.13 (5.78) −0.23 (1.26)
0.211 0.52863.00/94.50 70.50/97.60 70.30/96.40 −3.00/2.70

ML–NSL (◦)
38.29 (8.09) 37.44 (6.31) 37.59 (6.49) 0.15 (1.79)

0.891 0.93218.00/58.90 27.30/55.80 26.60/57.90 −3.20/3.90

ML–NL (◦)
24.91 (8.34) 23.35 (6.81) 24.40 (6.48) 1.05 (4.24)

0.319 0.66510.00/46.80 9.10/34.10 10.20/39.50 −6.10/13.60

Gn-tgo-Ar (◦) 131.72 (6.53) 130.68 (6.31) 131.28 (6.69) 0.61 (4.72)
0.840 0.932115.00/145.00 114.50/143.60 121.00/153.90 −5.20/14.80

Mean (standard deviation); minimum/maximum; †—Wilcoxon test; ‡—Benjamini–Hochberg adjustment; mm—
millimeters; ◦—degrees.

3.4. Influence of Sex and Age at the End of Treatment

Relapse was observed in four female patients (28.6%) and in four male patients (36.4%)
with no statistically significant association (Fisher, p = 1000). The mean age at the end
of orthodontic-surgical treatment in patients who had relapsed was 27.1 years (±5.06)
and 27.1 years (±8.48) in patients with no relapse. There were no statistically significant
differences (MW, p = 0.667).
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4. Discussion

This study aimed to evaluate dental and skeletal relapse after orthodontic-surgical
treatment as well as the influence of malocclusion type, retention time, sex and age at the
end of treatment in the stability of the treatment. Monitoring treatment relapse avoids eco-
nomic and resource expenditure while simultaneously maintaining the patient’s aesthetic
and functional balance. The most reported variables to evaluate dental and skeletal relapse
in the literature are the overjet and the ANB, SNB and ML–NL angles [9,33–37].

This study showed that orthodontic-surgical treatment seems to have long-term dental
and skeletal stability since none of the variables showed statistically significant differences
(p > 0.05). However, the variables that registered the greatest changes between T2 and
T1 were skeletal (SNB, ML–NL, Gn-tgo-Ar) and dental (inter-molar distance upper-lower,
(isa-is)–(ii-iia), (isa-is)–NA). Recently, a systematic review reported a significant relapse in
the SNB angle variable, attributing this variation to the condylar displacement by rotation
of the proximal segments of the mandible ramus in the long term [9]. Eggensperger et al.
reported a significant skeletal long-term relapse, with an increase of the Gn-tgo-Ar and
ML–NL angles (2.7◦ and 2.4◦, respectively), justified by continuous condylar resorption
that was more prone in patients with higher ML–NL [9,34]. Similarly, Kerstens et al.
stated that counterclockwise rotation leads to compression of the most anterior part of the
articular surface of the condyle, which can result in progressive condylar resorption [34,38].
According to Sahoo et al., the intraoperative change in the angle of the mandibular plane is
positively correlated with the magnitude of recurrence [39].

The difference between these articles and the results of the present study can be ex-
plained by the fact that T1 corresponds to the end of orthodontic-surgical treatment and,
according to current literature, skeletal relapse occurs, on average, one year after orthog-
nathic surgery [4]. Above 1 year, changes result from some combination of compensatory
bone remodeling, postural change, and late growth in the pattern of the original dentofacial
deformity and dental changes [40]. Moreover, several factors can influence the relapse
rate, explaining once more the discrepancies between studies, namely the type of fixation,
the surgeon’s experience, post-surgical occlusal instability and the bone remodeling phe-
nomenon [13,17,18]. Regarding long-term stability, the clinical effect of relapse between
T2 and T1 was evaluated using dental (overjet and intercincisal angle (is-isa)–(ii-iia)) and
skeletal (ANB) variables, establishing the reference value of 2 mm for linear measurements
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and 2◦ for angular measurements [20]. This study did not show any skeletal relapse, which
can be explained by the time considered for T1 evaluation (end of orthodontic-surgical
treatment) and by the mean of the retention phase, which was about 2 years. However, the
retention interval included in this study proves the long-term stability of the treatment as
patients had 1 to more than 9 years of retention.

Furthermore, the relapse rate did not increase with the difference between T1 and T0.
These results are consistent with the study of Moen et al., which did not find a correlation
between relapse and initial cephalometric variables [36]. However, in most studies pub-
lished, T0 corresponds to the pre-surgical moment, and therefore, it does not consider the
dental decompensation performed during a pre-surgical orthodontic phase, whereas, in this
study, T0 corresponds to the initial phase of orthodontic-surgical treatment. Pre-surgical
dental decompensation is described in the literature as the essential phase to improve the
skeletal result obtained and, subsequently, ensure greater stability [41]. Nonetheless, the
initial situation should be considered in the evaluation of relapse seen, as it can interfere
with long-term stability. Will et al. and Eggensperger et al. reported that patients with
skeletal Class II malocclusion showed a correlation between the magnitude of mandibular
movement and skeletal relapse, which could be attributed to neuromuscular adaptations
and subsequent stretching of the pterygoid, masseter and suprahyoid muscles [42]. Simi-
larly, Chen et al. found that increased postoperative skeletal relapse was associated with a
greater mandibular setback. Likewise, Gaitan-Romero et al. performed a systemic review
and meta-analysis, which reported that the dentofacial variants of the pre-surgical facial
morphology influence the changes in condilar structures [15].

Regarding the retention stage, the long follow-up periods chosen are in line with the
findings of Sahoo et al., which indicate that relapse is a continuing process and should be
evaluated in the long rather that the short term [39]. In this study, the clinical impact of
relapse between T2 and T1 was similar in the different retention times. Nevertheless, the
results of dental variables in this study contrast with the study by Eriksen et al., which
reported a statistically significant relapse in the overjet (p = 0.012) and (isa-is)–(ii-iia)
(p = 0.027) between 1 and 12.5 years after orthognathic surgery, attributing this variation
to anterior skeletal relapse of the mandible [37]. Mulier et al. evaluated the long-term
dental stability after orthognathic surgery and found that the overjet tends to increase
in skeletal Class II patients and decrease in skeletal Class III patients regardless of the
type of osteotomy or direction of surgical movement performed [18]. The Joss and Thüer
studies found an increase of 2.41◦ in ANB 12.7 years after surgery (p ≤ 0.0025) in class II
patients [35,37]. This relapse is higher than the one observed in the present study, seen as
the ANB relapse showed a maximum value of 1.8. These differences can be explained by
varying methodologies since most of these studies evaluated relapse immediately after
orthognathic surgery, while the present study assessed relapse after the conclusion of
orthodontic-surgical treatment. This study did not consider the relapse that occurred
during the post-surgical orthodontic phase since there will still be dental compensation
promoted by the fixed appliance.

In terms of sex and age, there were no statistically significant differences found
at the end of treatment which is in agreement with the study by Joss and Thüer [35].
However, according to Moen et al., long-term relapse may be affected by factors with sex
variance, such as condylar resorption, which is more frequent in females with an increased
mandibular plane angle [36].

This study presents some limitations, such as the size of the sample and the inclusion
of skeletal class II and III patients. The sample size in this study did not allow for subgroup
analysis regarding the type of skeletal class, which may result in a bias since different
surgical movements could be performed. The inclusion of different skeletal classes allows
for a comprehensive assessment of relapse without considering the type of skeletal class. In
spite of these limitations, this study presented several strengths that are worth mentioning,
namely, the inclusion of different retention times and long follow-up periods (over 9 years),
allowing the assessment of long-term stability with a sample evenly distributed by the
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retention intervals evaluated. Secondly, the design of this study is also a strength since T0
is considered the initial stage of orthodontic-surgical treatment rather than the pre-surgical
stage, and T1 is the end of orthodontic-surgical treatment rather than the immediate post-
surgical stage. This design allows for the appraisal of dental and skeletal changes over
a longer follow-up time whilst also allowing for greater precision in the assessment of
skeletal stability since dental angulation and interocclusal stability are characteristics that
only become evident at the end of the orthodontic-surgical treatment.

Further studies regarding analysis of subgroups, type and magnitude of surgical
movements as well as patient collaboration in the retention stage should be performed in the
future. Additionally, the use of standardized three-dimensional assessment methodologies
should be considered to overcome the projection and identification errors associated with
two-dimensional images.

5. Conclusions

The treatment of some patients with dentofacial deformities requires orthodontic-surgical
treatment to obtain satisfactory functional and aesthetic results with long-term stability.

This study showed the long-term stability of orthodontic-surgical treatment for the
selected sample, regardless of the type of malocclusion, retention time, sex and age at the
end of treatment.

Stability factors, together with the functional equilibrium of the stomatognathic
system, need to be taken into consideration in order to prevent relapse of orthodontic-
surgical treatment.
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