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The purpose of this study was to perform a systematic review of morphological alterations in the con-
dyles after orthographic surgery involving a sagittal split ramus osteotomy (SSRO), with or without
surgery on the maxilla. Searches were performed on three databases and registered in the PROSPERO.
The selected studies fulfilled the criteria established by the following PICO model: (1) population: in-
dividuals with skeletal dentofacial deformities (class II or III facial patterns), without asymmetry; (2)
intervention: orthognathic surgery for mandibular setback using an SSRO, with or without a Le Fort I
osteotomy, and fixed with bicortical screws or plates and screws; (3) comparison: orthognathic surgery
for mandibular advancement using an SSRO, with or without a Le Fort I osteotomy, and fixed with plates
and screws or bicortical screws; and (4) outcome: condylar resorption rate and relapse. Initially, 1,371
articles were identified and 636 articles were screened after elimination of duplicates, and 6 articles were
selected for qualitative analysis based on the inclusion and exclusion criteria. Five studies had data
regarding the rate of condylar resorption, varying from 0.0% to 4.2%. In conclusion, condylar resorption
and relapses were present in a small percentage of patients studied.

© 2018 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Orthognathic surgery is performed by oral and maxillofacial
surgeons in order to correct dentofacial deformities that alter the
function and aesthetics of patients. There are distinct ways to
perform the surgeries, however all involve osteotomies and fixa-
tions (Obwegeser, 2007).

The type and shape of fixation used for repositioning the con-
dyles are significant. If the fixation generates torque in the con-
dyles, the temporomandibular joint (TMJ) may undergo changes
leading to condylar resorption, pain, malocclusion, and dysfunc-
tional TMJ disorders (TMDs) (Yoshioka et al., 2008).

According to the magnitude and rate of progression, the post-
operative morphological alterations of the condyles may be phys-
iological or pathological (Arnett et al., 1996a, 1996b). In contrast to
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the self-limiting and physiological form of condylar remodeling,
patients with progressive pathological condylar resorption can
experience postoperative relapse, an anterior open bite, decreased
facial height, and TMDs (Hoppenreijs et al., 1998; Park et al., 2012).
The distinction between condylar remodeling and condylar
resorption is sometimes difficult to determine and requires evalu-
ation using imaging (Tsiklakis et al., 2004; Billiau et al., 2007;
Hussain et al., 2008; Katakami et al., 2008).

The purpose of this study was to perform a systematic review of
the morphological alteration rates of the condyles after ortho-
graphic surgery involving the mandible, in patients who under-
went a sagittal split ramus osteotomy (SSRO), with or without
associated procedures on the maxilla, and the clinical correlations.
2. Methods

The systematic review was performed according to the PRISMA
guidelines (Moher et al., 2009) and following the previously pro-
posed models (Pires et al., 2016; Silva et al., 2016). It was registered
Elsevier Ltd. All rights reserved.
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in the PROSPERO with number CRD42016048665. Selection of the
articles was completed by two authors (VNL and LPF) and a third
reviewer (O.M.F.).

2.1. Selection criteria

The studies selected for this review met the criteria established
by the following PICO model: (1) population: individuals with
skeletal dentofacial deformities (class II or class III), without
asymmetry; (2) intervention: orthognathic surgery for mandibular
setback using an SSRO, with or without an associated Le Fort I
osteotomy, and fixed with bicortical screws or plates and mono-
cortical screws; (3) comparison: orthognathic surgery for
mandibular advancement using an SSRO, with or without a Le Fort I
osteotomy, and fixed with bicortical screws or plates and mono-
cortical screws; and (4) outcome: condylar resorption rate.

2.2. Databases

The articles were selected from the PubMed/MEDLINE,
Cochrane Library, and Embase.

2.3. Searches

The searches were conducted using two strategies with the
following descriptors: 'orthognathic surgery' AND
0temporomandibular joint' and 'orthognathic surgery' AND
0mandibular condyle.'

2.4. Selection of articles

The inclusion criteria were as follows: articles written in the
English language; controlled and randomized clinical trials (RCTs),
prospective studies, and retrospective studies; and articles pub-
lished in the last 10 years.

The exclusion criteria were as follows: animal studies, case re-
ports, literature and systematic reviews, case series, and meta-
analyses; studies on patients with the presence of asymmetries;
and articles that did not present relevant data for the purpose of
this study.

2.5. Data collection process

The articles were selected by the authors (VNL and LPF). We
performed inter-examiner (Kappa) tests on each article to evaluate
the title and abstract, in addition to a full reading of the article for
interpretation. Kappa test agreement was present when K ¼ 0.90;
1; 1. An agreement was reached during a meeting where differ-
ences between the two authors were discussed and resolved by the
third reviewer (C.A.A.L). After analysis of the titles and abstracts
based on the inclusion criteria, six articles were selected.

2.6. Data

The following data were identified for each article: first author,
year of publication, type of study, level of evidence, study time,
number of patients, skeletal deformity pattern, gender, mean age,
type of osteotomy, type of osteotomy fixation, postoperative
maxillo-mandibular fixation (MMF) time, follow-up, imaging ex-
amination, software used for analysis, form of analysis, condylar
resorption rate and relapse.

For analysis of the resorption rate in studies that included
measurements of width and height of the condyles, the average
condylar area was calculated, pre- and postoperatively. In studies
that included volume measurements, the resorption rate was
calculated as the difference between the percentage of formation
and that of resorption of the condylar volume.
2.7. Risk of bias in individual studies

The studies were analyzed with the objective of identifying the
risk of bias in the results and conclusions. The methodological
quality of each study was assessed according to the National
Council on Health and Medical Research (NHMRC) (Coleman et al.,
2015) levels of evidence and notes for recommendations that
established levels of evidence, according to the type of research
question, considering the diagnostic accuracy, prognosis, etiology,
and screening intervention. The studies were classified into levels
of evidence (I, II, III-1, III-2, III-3, and IV).
2.8. Method summary

The comparative analysis between the condylar resorption rates
was performed using the percentage difference between the aver-
ages calculated on linear or volumetric values and relapse.
3. Results

The electronic searches of the three databases identified 1,371
articles. Of these, 56 articles were selected after evaluation of the
title and abstract, according to the inclusion and exclusion criteria,
and the elimination of duplicate articles. Of these 56 articles, 50
were excluded because they did not describe the condylar resorp-
tion rate, the method of analysis used, or the validation of a new
technique for 3D analysis. Thus, six articles (Kobayashi et al., 2012;
Park et al., 2012; Scolozzi et al., 2013; An et al., 2014; Ueki et al.,
2015; Xi et al., 2015) were selected for the qualitative analysis,
and none presented sufficient data for a quantitative analysis
(Fig. 1).
3.1. Experimental design

Of the six studies selected, three were prospective (Kobayashi
et al., 2012; Scolozzi et al., 2013; Xi et al., 2015), and three were
retrospective (Park et al., 2012; An et al., 2014; Ueki et al., 2015).
They were published between 2012 and 2015, and the number of
patients in each study ranged from 6 to 76. They included patients
with class III skeletal patterns (Park et al., 2012; An et al., 2014; Ueki
et al., 2015), class II patterns15,(Scolozzi et al., 2013; Xi et al., 2015)
(Table 1).
3.2. Selection of patients

A total of 404 mandibular condyles were evaluated in 202 pa-
tients, with a mean age of 23.3 years. The patients underwent
orthognathic surgery, with a postoperative follow-up period of
12e16 months (Tables 2 and 3).
3.3. Treatment performed

As shown in Table 2, the treatment modalities used involved an
SSRO, with or without a Le Fort I osteotomy, with fixation by
bicortical screws or monocortical plates and screws. During the
postoperative period, a MMF was used for 7e14 days.

Two studies (Kobayashi et al., 2012; Ueki et al., 2015) did not
state which osteotomy was used in each patient (Table 2).



Fig. 1. PRISMA fluxogram statement of the manuscripts selected for this review.

Table 1
Characteristics of the studies.

Authors Year of publication Type of study Level of evidence Time of study No of patients Type of deformities

Ueki K., et al. 2015 Retrospective III-3 2000e2013 43 Class III
Xi T, et al. 2015 Prospective III-3 2007e2011 56 Class II
An SN., et al. 2014 Retrospective III-3 2010e2012 30 Class III
Scolozzi P., et al. 2013 Prospective III-3 2007e2010 45 Class II
Park SB., et al. 2012 Retrospective III-3 2008e2009 22 Class III
Kobayashi T., et al. 2012 Prospective III-3 1998e2006 6 Class II

Table 2
Types of treatments performed.

Authors Osteotomy designer Type of osteotomy fixation Time of MMF Follow-up

Ueki K., et al. SSOR/LeFort I þ SSOR Plates with monocortical screws a Pre-op and after 12 months
Xi T, et al. SSOR Plates with monocortical screws 7 days Pre-op and after 12 months
An SN., et al. SSOR/LeFort I þ SSOR Plates with monocortical screws b Pre-op and after 12 months
Scolozzi P., et al. SSOR/LeFort I þ SSOR Bicortical screws 0 Pre-op and after 12 months
Park SB., et al. LeFort I þ SSRO Bicortical screws b Pre-op and after 16 months
Kobayashi T. et al. SSOR/LeFort I þ SSOR Plates with monocortical screws or Bicortical screws 7e14 days Pre-op and after 12 months

a Data not reported.
b There was MMF but the period of MMF was not reported.

Table 3
Number of patients and osteotomies performed.

Authors Male Female Average age SSOR SSOR þ Le Fort I

Ueki K., et al. a a 28.3 a a

Xi T, et al. 17 39 a 56 0
An SN., et al. 20 10 22,3 15 15
Scolozzi P., et al. 22 23 29,8 28 17
Park SB., et al. 11 11 20,3 0 22
Kobayashi T., et al. a a 21 a a

a Data not reported.

Table 4
Types of analyzes.

Authors Image of exam Software Image analysis

Ueki K., et al. CT Zed View vers~ao 7.0 Measurement
Xi T, et al. CBCT Maxilim Superposition
An SN., et al. CBCT Rapidform XOS3 Superposition
Scolozzi P., et al. Panoramic OxiriX Measurement
Park SB., et al. CBTC OnDemand3D Measurement
Kobayashi T., et al. CT a Superposition

CT ¼ Computed tomography.
CBCT ¼ Cone Bean Computed tomography.

a Data not reported.
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3.4. Condylar resorption rate

For analysis of the condylar resorption rate, five studies
(Kobayashi et al., 2012; Park et al., 2012; An et al., 2014; Ueki et al.,
2015; Xi et al., 2015) used computed tomography, and one (Scolozzi
et al., 2013) used panoramic radiography. The analyses were
performed with different software; however three studies used
measurements (Park et al., 2012; Scolozzi et al., 2013; Ueki et al.,
2015), and three used overlays (Kobayashi et al., 2012; An et al.,
2014; Xi et al., 2015) of the images. Rates of condylar resorption
ranged from 0.0% to 4.2% (Tables 4 and 5).



Table 5
Results of analyzes.

Authors Resorption rate (%) Presence of relapse

Ueki K., et al. 0,0b No
Xi T, et al. 1,45b Yes
An SN., et al. 4,2c a

Scolozzi P., et al. 0,0b No
Park SB., et al. 2,82b a

Kobayashi T., et al. a Yes

a Data not reported.
b Values measured through condylar area.
c Values measured through condylar volume.
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Only three studies presented condylar resorption data (Park
et al., 2012; An et al., 2014; Xi et al., 2015), while studies
involving similar patients did not indicate the rate of condylar
resorption (Scolozzi et al., 2013; Ueki et al., 2015) (Fig. 2).
3.5. Postoperative relapse

Four studies (Kobayashi et al., 2012; Scolozzi et al., 2013; Ueki
et al., 2015; Xi et al., 2015) reported the presence or absence of
Fig. 2. Condylar resorption rate after orthogna
postoperative relapse, however only two studies (Kobayashi et al.,
2012; Xi et al., 2015) measured the extent of relapse, with values
between 2 mm and 6.4 mm.
4. Discussion

The morphological alterations of the mandibular condyles after
orthognathic surgeries are extensively discussed in the literature,
mainly because these alterations are likely to promote condylar
resorption and, consequently, lead to relapse of skeletal dentofacial
deformities (Kobayashi et al., 2012; Ueki et al., 2015; Xi et al., 2015).
Generally, the studies selected for this systematic review showed
that regardless of the deformity (class II or III) or the respective
movement (mandibular advancement or setback, with or without
movement of the maxilla), the condylar resorption rates were
similar, small percentages.

For the reliability of the results, the NHMRC scale, which cate-
gorizes studies according to the type of study, allocation of patients,
and the presence of control groups for comparison of the results,
was used (Coleman et al., 2015. Of the six selected studies, three
were prospective (Kobayashi et al., 2012; Scolozzi et al., 2013; Xi
et al., 2015) (2, III-3; 1, III-2), and three retrospective (Park et al.,
thic surgery in class II or class III patients.



Table 6
Checklist for future study.

1 Gender of the patient
2 Uni- or Bi-maxillary surgery
3 Type of fixation
4 Maxillo-mandibular fixation (use and time)
5 Values of setback/advancement and clockwise/counterclockwise movements
6 Follow-up more than 6 months
7 Type of image exam (CT or CBCT)
8 Software analysis of the images
9 Metric, angular, and 3D volumetric analyses
10 Symptomatology of the TMJ pre- and postoperative through of Index of Helkimo
11 Presence of relapse
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2012; An et al., 2014; Ueki et al., 2015) (3, III-3). One important
point identified was that lack of RCTs limits the direct extrapolation
to a clinical consensus. Therefore, future studies need to be delin-
eated in RCT form, establishing comparison groups (class II and III,
with or without asymmetry).

Even with the limitations, the analysis of the studies in this
systematic review established important clinical considerations
regarding the rate of condylar resorption in the postoperative
period and the repercussions in the TMJ. For this type of evaluation,
despite the methodological reliability scale and results, the pres-
ence of retrospective studies did not negatively influence the ob-
servations of the condylar alterations.

Important data may be lost in retrospective and prospective
studies without accurate assessment. This can occur when clinical
parameters are not analyzed, especially the occlusal and skeletal
relapses due to the degree of condylar resorption. This reinforces
the need for studies that consider the magnitude of clinical and
imaging analyses.

Regarding the relapse rate, Xi et al., (2015) reported a resorption
rate of 1.45%. In these patients, using the horizontal measurement
of the mandibular advancement in relation to the pogonion, they
described relapse at a mean greater than 2 mm. One of the factors
that may have contributed to this relapse is an average value of
mandibular advancement of 4.59 mm (þ/� 3.43 mm). Kobayashi
et al., (2012), found progressive condylar resorption in six out of
34 patients who had a mean of 12.1 mm (þ/� 3.9 mm) of
mandibular advancement. Ueki et al., (2015) demonstrated an
average mandibular setback of 7.0 mm (þ/� 3.1 mm); however,
they did not report on condylar resorption or relapse.

One possible explanation for relapse in cases of pronounced
mandibular advancement is the stretching of the surrounding
muscle fibers. Stretching would cause pressure on the condyles,
retracting them against the joint fossa, and create reabsorption
during the adaptive process of the TMJ (Arnett et al., 1996a; Hwang
et al., 2000). There is little evidence concerning the relation of
mandibular setback to condylar resorption and relapse. Both Ueki
et al. (2015) and Scolozzi et al., (2013) presented groups of skel-
etal class III and II patients, respectively, who underwent mandib-
ular setbacks or advances; however, they did not describe
postoperative relapses or condylar resorption rates. Therefore, the
logical clinical course would be to divide the maxillary movements
to allow for compensation between the mandibular setback or
advancement and the three-dimensional movement of the maxilla.

The literature describes women with mandibular retrognathia,
the presence of pre-treatment condylar atrophy, and subsequent
condylar displacement as risk factors for the development of
pathological condylar resorption (Gill et al., 2008). This assertion
corroborates the findings of the studies selected in this review.
Kobayashi et al., (2012) diagnosed six patients with progressive
condylar resorption, of which five were women, from 34 patients
who underwent mandibular advancement, and Xi et al., (2015)
identified significant reductions in condylar volume (p < 0.05) in
women compared to those in men. Even though there is still no
pathophysiological evidence of the relationship between the fe-
male gender and the major morphological changes of the condyles,
there is strong speculation that the female hormone estrogen ex-
erts a regulatory effect on the bone metabolism of the TMJ (Hajati
et al., 2009; Gunson et al., 2012).

However, new studies investigating the pattern of altered bone
metabolism using more specific imaging tests, such as bone scin-
tigraphy and PET scanning, and evaluating levels of sex hormones
and inflammatory cytokines, may contribute to the clarification of
this metabolic phenomenon.

It is believed that inadequate positioning of the proximal
segment during the fixation after SSRO leads to condylar remod-
eling in different forms and periods (Arnett, 1993). Park et al.,
2012) hypothesized that there would be no significant changes
between the different periods of analysis of the condyles after
orthognathic surgery for correction of class III deformities; how-
ever, the hypothesis was rejected because there was a reduction of
the size and a decrease of the condylar height in the postoperative
period of maxillary surgeries. The regions of bone resorption and
formation suggest an adaptive process of the condyles. The same
authors reported that the internal rotation of the condylar head
can occur both in unilateral or bilateral maxillary surgery,
generating resorption in the adaptive period of the TMJ after
surgery.

The studies analyzed by this review demonstrated that the type
of fixation (plates or bi-cortical screws) was not a decisive factor for
high rates of condylar resorption and was not associated with
postoperative relapses. Independent of the technique used by
experienced orthognathic surgeons for mandibular fixation, certain
factors exhibit less effect on postoperative complications.

As for the accuracy of the analyses utilized by the studies, the
overlapping of images, especially tomographic images used in the
analysis of the condylar remodeling, are efficient; however, they are
limited in the diagnosis of the resorption etiology. Thus, more
specific studies are needed to differentiate the precise factors that
generate the TMJ adaptation from those that generate progressive
condylar resorption through similar methodologies that shows
sufficient data for futures comparisons and it will be possible to
perform a meta-analysis. Therefore, a checklist with mean guide-
lines for future clinical studies has been proposed in this paper as
can be seen in Table 6.

5. Conclusion

According to the results obtained by this systematic review, the
potential for progressive condylar resorption and relapse represent
a small percentage of the patients studied. The condylar resorption
rate seems to occur more in patients with a class II skeletal pattern.
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