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Abstract. After orthognathic surgery for class II dentofacial deformity, remodelling

of the mandibular condyle will take place. In a number of cases, this may evolve
towards a phenomenon of condylar resorption. Yet, studies on the occurrence of this
complication after the correction of a class IIT deformity are scarce. A systematic
review of the literature was performed with the aim of identifying reports on
condylar resorption or remodelling after orthognathic surgery for class III
dentofacial deformity. A search of the international databases yielded 12 eligible
studies. Eight studies reported some degree of postoperative condylar remodelling,
while symptoms of condylar resorption were only described in a limited group of
patients. Thus, the literature may show evidence of condylar remodelling after
orthognathic treatment of class III patients, and anecdotal reports of condylar
resorption exist. The small sample sizes, heterogeneity in methods and outcomes,
and use of two-dimensional radiographs indicate the need for updated long-term
research. In the future, the use of cone beam computed tomography data for
volumetric and morphological condylar analysis in combination with three-
dimensional cephalometry may provide the opportunity to further elucidate this
phenomenon and better characterize its aetiology.
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Structural condylar changes occurring after
orthognathic surgery are well described in
the literature' °. Mandibular osteotomies,
used in single jaw or bimaxillary surgery,
initiate an adaptation mechanism in the
temporomandibular joint (TMJ). Mandibu-
lar osteotomies may often alter the condylar
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position, which leads to different load dis-
tributions in the TMJ. Adaptation mecha-
nisms in the TMJ may trigger bone
remodelling with structural changes that
may result in an altered shape of the condyle.

Condylar changes following orthog-
nathic surgery have mainly been studied

in patients with class II dentofacial
deformity'*® ¥, The focus of these studies
has mainly been on explaining relapse,

* An-Sofie Vandeput and Pieter-Jan Ver-
helst contributed equally to this study as co-
first authors.

© 2018 The Authors. Published by Elsevier Ltd on behalf of International Association of Oral and Maxillofacial Surgeons. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijom.2018.06.008
https://doi.org/10.1016/j.ijom.2018.06.008
http://creativecommons.org/licenses/by-nc-nd/4.0/

194 Vandeput et al.

condylar resorption, or osteoarthrotic
changes. In these studies, postoperative
condylar structural changes were subdi-
vided into two main categories: an adap-
tive physiological process called condylar
remodelling, and a pathological process
called condylar resorption'’. Condylar
remodelling is regarded as a physiological
process involving the equilibrium between
bone resorption and bone formation due to
changed condylar loads and positioning. It
is currently hypothesized that symptoms
do not occur in this group, unless exces-
sive forces are applied during the postop-
erative remodelling period™'*'!. When
this process exceeds its physiological lim-
its, bone resorption outweighs bone for-
mation and  condylar  resorption
occurs”'*!?, This is characterized by pro-
gressive morphological changes with a
decrease in condylar mass and volume,
leading to a decreased condyle and ramus
height. Clinical symptoms that are
reported include the development or re-
lapse of a class II occlusal and skeletal
relationship, emergence of an anterior
open bite with clockwise rotation of the
mandible, and a decrease in posterior fa-
cial height'*'%'314 Other terms used in
the literature for this process are condy-
lysis, condylar atrophy, avascular necro-
sis, dysfunctional remodelling, and
osteoarthrosis’.

Few studies have reported on condylar
changes, either remodelling or resorption,
after orthognathic surgery in patients with
class III dentofacial deformity. Since most
of the research on condylar remodelling or
condylar resorption has involved class II
patients who have undergone mandibular
advancement surgery or bimaxillary sur-
gery, the incidence, definitions, and treat-
ment protocols for condylar remodelling
and condylar resorption are mostly based
on this population®. Hence, there is a lack
of evidence for the identification of risk
factors and the diagnosis and treatment of
condylar remodelling and condylar
resorption in class III orthognathic
patients. The aim of this systematic review
was to assess the available scientific liter-
ature regarding the incidence and extent of
condylar changes following orthognathic
surgery in patients with class III dentofa-
cial deformity.

Methods
Protocol

A systematic review of the literature was
performed using the guidelines of the
PRISMA Statement (Preferred Report-
ing Items for Systematic Reviews and

Meta-Analyses)'>. This study was not
registered.

Information sources

A literature search was conducted in Au-
gust 2017 using the electronic databases
PubMed (National Library of Medicine,
NCBI), Cochrane Central Register of Con-
trolled Trials, and Embase, to identify
condylar changes in Angle class III
patients after orthognathic surgery. The
search included studies published between
1974 and June 2017.

Search strategy

The following key words were used to
build the search strategy: (‘‘orthognathic
surgery’’) AND (‘‘condylar resorption’’
OR “‘condylar atrophy’” OR condylolysis
OR osteoarthritis OR “‘condylar remodel-
ling”” OR ‘‘condylar cartilage’” OR
““mandibular condyle’’) AND (‘“‘Angle
class III malocclusion’’). The search strat-
egy consisted of the use of free text terms
in PubMed; Cochrane Central Register of
Controlled Trials; and Embase; as well as
medical subject heading (MeSH) terms in
PubMed. A hand search of the reference
lists of the identified articles was per-
formed to reveal additional relevant arti-
cles not retrieved in the database search.

Selection of studies

The selection of articles was conducted by
two independent reviewers (ASV and
PJV). After removing duplicates, one re-
viewer first screened the titles and
abstracts of all identified studies to extract
the papers that were definitely not relevant
to the subject of this literature review. In
the case of uncertainty, the article was
included anyway. The full text of the
selected publications that needed further
consideration was obtained and read by
both reviewers, and checked against pre-
determined eligibility criteria. Whenever
there was disagreement, a discussion and
consensus procedure followed.

Eligibility criteria

Articles meeting the following criteria
were included: (1) randomized clinical
trial, non-randomized clinical trial, pro-
spective study, retrospective study, or case
series study design; (2) full text available
in the English language; (3) participants
were patients who underwent orthognathic
surgery for a class Il dentofacial defor-
mity; (4) the intervention was any type of
osteotomy to correct the class III

dentofacial deformity; (5) all follow-up
observation periods were accepted; (6)
outcomes assessed were radiological or
clinical signs of condylar remodelling or
condylar resorption.

The following exclusion criteria were
established: (1) animal studies; (2) literature
reviews; (3) congress abstracts; (4) no full
text available in international databases; (5)
cases of syndromic or systemic disease re-
lated to condylar resorption; (6) patients who
underwent distraction osteogenesis.

Data collection process

Data from each study were independently
extracted and evaluated by the two
reviewers. The data recorded were first
author, publication year, study design,
details of the intervention, patient charac-
teristics, observation period, methods of
outcome assessment, and all reported ra-
diological or clinical signs of condylar
remodelling or condylar resorption.

Risk of bias assessment

A methodological quality and bias assess-
ment was performed independently by two
reviewers (ASV, PJV). Any inter-examin-
er conflicts were resolved by discussion.
Randomized controlled trials were evalu-
ated using the Cochrane risk of bias tool'®,
whereas non-randomized retrospective
and prospective studies were evaluated
using the methodological index for non-
randomized studies (MINORS)'”. This in-
dex scores prospective and retrospective
studies in eight domains for non-compar-
ative studies and 12 domains for compar-
ative studies. The ideal score is 16 for non-
comparative studies and 24 for compara-
tive studies, and these are correlated with
high quality and a low risk of bias.

Results
Study selection

The search yielded a total of 564 results.
After the removal of duplicates, 442 unique
citations were obtained. Twenty-eight more
publications were found by manual search
of the reference lists of the identified arti-
cles. These 470 records were screened by
title and abstract. This selection procedure
resulted in 121 potentially relevant articles.
Further evaluation of the full text eliminat-
ed 109 more articles: six were excluded
because they were not available in the
English language, another five articles
had no full text available in international
libraries, and 98 articles were not relevant to
the subject of the systematic review. Final-



ly, 12 articles meeting the inclusion criteria
were obtained for data extraction and anal-

ysis (Fig. 1).

Study characteristics

Every article included provided an insight
into radiological or clinical signs of con-
dylar resorption or condylar remodelling
after orthognathic surgery in patients with
a class III deformity. Table 1 presents an
overview of the characteristics of each
study. With regard to the study design,
all articles reported non-randomized ret-
rospective studies.

Details of the outcomes studied, meth-
ods of outcome assessment, and follow-up
are given in Table 2. The follow-up period
varied between 10 months and 16 years.
The total number of patients included in
all of the studies was 1376. Of these
patients, 477 had a class III dentofacial
deformity with a range of 12-210 class III
patients across the studies. The age of the
patients ranged from 17 to 43 years. Since
no randomized studies were included, the
assessment of bias was performed using
MINORS'’. Only one comparative study
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was identified; this yielded a score of 14
out of 24, indicating a moderate risk of
bias’. The other 11 non-comparative stud-
ies had a mean score of 10.3 out of 16, also
indicating a moderate risk of bias. The
most frequently seen methodological
flaws were an incomplete description of
the protocol used for patient selection,
absence of a prospective sample size cal-
culation, and the lack of an unbiased as-
sessment of the outcome variables. There
was no need to exclude specific studies
based on the risk of bias assessment, as
there were no important methodological
errors that would have had a relevant
effect on the analysis.

Only a few recent studies investigated
the condylar morphology and surface
changes after orthognathic surgery using
cone beam computed tomography
(CBCT)'*2°. One study, reported in
2006, used spiral computed tomography
(CT) for the assessment of condylar head
remodelling”'. Cephalometric and pan-
oramic radiographs with or without clini-
cal examination were the methods used to
assess the outcomes in the other studies.
Mandibular setback was performed
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q . . . .
alone”'®1%21°2° or in combination with

; 18,20,27,2
other surgical procedures'®2%27-2%,

Condylar remodelling following
orthognathic surgery

Table 3 presents the results, conclusions, and
noted condylar changes found in the selected
studies. Table 4 provides a visual overview
of'the results found in these class I1I patients.
Eight studies reported a certain degree of
condylar remodelling'®>**. Two of the
retrieved studies investigated but found no
association between mandibular setback and
alterations of the condyle”’. Only patients
who underwent an advancement procedure
were susceptible to condylar morphology
changes in these studies’’.

In the CBCT-based studies, condylar
remodelling was classified into three cate-
gories: bone resorption, unchanged surface,
and bone formation'*2°. The study by An
et al. described the changes in six areas on
the condylar head'®. Among the signs of
condylar remodelling, resorption (41.7%)
was observed the most. Bone formation
occurred in 37.5% of the condyles. Remo-
delling did not occur more often in specific

Records identified through
database searching
(n=564)

Additional records identified
through other sources
(n=28)
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[
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Records after duplicates removed
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Full-text articles assessed
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Studies included in
qualitative synthesis
(n=12)

Fig. 1. Flowchart of the study selection process.

Full-text articles excluded,
with reasons
(n=109)
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Table 1. Overview of study characteristics.

Author (Year)

Title

Study
design

Country

Assessment
of bias
(MINORS®)

Number of
class III
patients

Type of surgery”

Class 1
or II

patients
studied

An et al.'®
(2014)

Angja et al.>
(2017)

Ha et al.’”

(2013)

Park et al.?’
(2012)

Katsumata et al.’!
(2006)

Wolford et al.?’
(2002)

Bouwman et al.’

(1994)

Wohlwender et al.”®

(2011)

Eggensperger et a
(2005)

Huang et al.**
(2006)

Joss and Thuer®
(2008)

Morrill et al.°

(1974)

Effect of post-orthognathic
surgery condylar axis
changes on condylar
morphology as determined by
3-dimensional surface
reconstruction.

Evaluation of mandibular
condylar changes in patients
following orthognathic
surgery: a retrospective
study.

Cone-beam computed
tomographic evaluation of the
condylar remodeling
occurring after mandibular
set-back by bilateral sagittal
split ramus osteotomy and
rigid fixation.

Effect of bimaxillary surgery
on adaptive condylar head
remodeling: metric analysis
and image interpretation
using cone-beam computed
tomography volume
superimposition.

Condylar head remodeling
following mandibular setback
osteotomy for prognathism: a
comparative study of
different imaging modalities.
Concomitant
temporomandibular joint and
orthognathic surgery: a
preliminary report.

Condylar resorption in
orthognathic surgery. The
role of intermaxillary
fixation.

Condylar resorption and
functional outcome after
unilateral sagittal split
osteotomy.

Mandibular setback by
sagittal split ramus
osteotomy: a 12-year follow-
up.

Mandibular remodeling after
bilateral sagittal split
osteotomy for prognathism of
the mandible.

Stability of hard tissue profile
after mandibular setback in
sagittal split osteotomies: a
longitudinal and long-term
follow-up study.

Surgical correction of
mandibular prognathism. I. A
cephalometric report.

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

RS

South Korea

India

South Korea

South Korea

Japan and USA

USA

Netherlands

Germany

Switzerland

Taiwan

Switzerland

USA

11/16

8/16

10/16

11/16

9/16

12/16

14/24

8/16

10/16

10/16

14/16

10/16

30

10

22

22

85

210

20

20

17

22

BSSO setback (15)

Bimaxillary surgery

1s)

BSSO setback

BSSO setback

Bimaxillary surgery

BSSO setback (39)
IVRO (46)

BSSO setback and
TMIJ disc
repositioning

IVRO

USSO setback

BSSO setback

BSSO setback

BSSO setback

IVRO

No

Yes

No

No

No

No

BSSO, bilateral sagittal split osteotomy; IVRO, intraoral vertical ramus osteotomy; RS, retrospective study; TMJ, temporomandibular joint;
USSO, unilateral sagittal split osteotomy.
# Methodological index for non-randomized studies (MINORS): ideal scores are 16 for non-comparative studies and 24 for comparative studies.
® Surgery performed in class III patients.
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Table 2. Overview of the follow-up period, outcomes studied, and methods of outcome assessment®.

Follow-up
period Outcomes studied Methods of outcome assessment
Author (Year) (months)
Condylar Condylar Ramus Skeletal Panoramic Cephalometric
morphology  axis height  stability radiograph radiograph CBCT Other

An et al.'® 10-19 + + — - — — + —
(2014)
Aneja et al.” 24 + - + + + + - -
(2017)
Ha et al.”® 15.8 + + - — - - + —
(2013)
Park et al.*’ 16 (£ 4.10) + + - - - - + -
(2012)
Katsumata et al.”! 24 + + — — — + — CT and MRI
(2006)
Wolford et al.>’ 12-101 + — + — + + — Tomography
(2002)
Bouwman et al.” 12 + — — - + + — —
(1994)
Wohlwender et al.”®  12-65 + — + + + + — —
(2011)
Eggensperger et al®  132-192 - — + + — + — —
(2005)
Huang et al.** 24-53 + — - + - + - -
(2006) i
Joss and Thuer® 132-168 - — - + — + - —
(2008)
Morrill et al.*® 12 — — - + — + — —
(1974)
CBCT, cone beam computed tomography; CT, computed tomography; MRI, magnetic resonance imaging.

#44’: type of outcome was studied, or method of outcome assessment was used; ‘—’: type of outcome was not studied, or method of outcome

assessment was not used.

areas. Haetal.'” and Park etal.*” divided the
condylar head into 12 areas and stated that
some areas were more prone to remodelling
than others. The study by Ha et al. reported
that most of the resorption was seen in the
anterosuperior areas in the sagittal plane, in
the laterosuperior areas in the coronal plane,
and in the anterocentral and anterolateral
areas in the axial plane'’. In contrast, Park
et al. observed a predominance of resorp-
tion in the anterolateral and posterolateral
areas in the axial plane’’. As well as the
resorption, Park et al. also described an area
with bone formation. The results for the
coronal and sagittal planes were similar.
Furthermore, both studies found a decrease
incondylar height in the coronal and sagittal
planes following surgery. However, the
condylar changes seen in these studies
did not result in any clinical signs or symp-
toms of a temporomandibular disorder.
Anegja et al. measured the distance from
articulare to gonion”?. The shortening was
calculated in relation to the total length of
the ramus and was indicative of condylar
changes. Only a setback of more than
6 mm showed significant condylar altera-
tions. The nature of the changes was not
further specified. Some studies used the
intraoral  vertical ramus osteotomy

(IVRO) method to achieve setback’'°.
Katsumata et al. did a post-hoc compari-
son between IVRO and sagittal ramus
osteotomy (SSO) and found that in the
IVRO group, 47 out of 92 studied con-
dyles showed signs of remodelling
(51.1%)*'. The SSO group had a lower
rate of condylar remodelling, namely eight
out of 78 studied condyles (10.3%).

Skeletal relapse

Skeletal relapse following orthognathic
correction of class III patients was defined
as a postoperative anterior movement of the
mandible®>?®. Eggensperger et al.”® and
Joss and Thuer” both had an average fol-
low-up period of 12 years. They found a
skeletal relapse measured at B-point of 14%
and 15%, respectively, relative to the
amount of setback. The study of Eggensper-
geretal. didnot observe furtherrelapse after
the first year but did observe a progressive
decrease in ramus height”®. A remarkable
finding from Joss and Thuer was the occur-
rence of further distalization of the mandi-
ble after bilateral sagittal split osteotomy
(BSSO)setback”. There was a clear female
predominance. A similar finding was seen
in the study of Morrill etal.>°. Five out of 22

of patients presented with a pogonion that
had moved further posterior during the
postoperative period. In addition, there
was a tendency to open bite.

Condylar axis changes

Four of the included studies investigated
the effect of condylar axis changes on the
prevalence of remodelling'®?'. An
et al.'® Ha et al.'” and Park et al.>° found
an inward rotation of the condylar axis in
the axial plane after BSSO, and the corre-
lation with remodelling was significant in
all of them. In contrast, Katsumata et al.
reported no rotation of the condylar axis
after BSSO?'. However, the [IVRO group
in that study showed an outward rotation
of the condyle in 79 out of 92 studied
condyles (85.9%), which they associated
with a higher rate of condylar remodelling.

Setback surgery for laterognathia

Lastly, one study investigated condylar
resorption after orthognathic surgery to
correct laterognathia®®. Two out of 20
patients who received a unilateral sagittal
split osteotomy (USSO) setback showed
signs of condylar resorption and an in-



Table 3. Overview of the study results®.

Author Condylar Condylar ~ Condylar  Condylar Ramus Skeletal instability
Year axis changes remodelling resorption height loss height loss Conclusions
Relapse Distalization

An et al.'® + + ND ND ND ND ND Inward axis rotation was correlated with condylar remodelling. Bone

(2014) resorption was more frequent than bone formation.

Aneja et al.>? ND + ND ND + ND ND Condylar remodelling is more prevalent after mandibular advancement than

(2017) setback surgery. It does occur after setback surgery, especially if a setback of
more than 6 mm is performed.

Ha et al."” + + ND + — ND ND BSSO setback resulted in inward rotation, a condylar height decrease, and

(2013) overall condylar remodelling of the condylar head. Bone resorption occurred
mostly on the anterosuperior surface of the condyle. These changes did not
cause clinical signs.

Park et al.>’ + + ND + ND ND ND Significant inward rotation of the condylar axis was noted. CBCT showed

(2012) condylar remodelling with a decrease in condylar height after bimaxillary
surgery. These changes did not cause clinical signs.

Katsumata et al.”' + + ND - ND ND ND Condylar remodelling was more frequent in the IVRO group than in the SSRO

(2006) group. There was a positive correlation between condylar axis rotation and the
incidence of remodelling.

Wolford et al.”’ ND - - ND ND + - No class III patients showed signs of excessive condylar remodelling or

(2002) condylar resorption after bimaxillary surgery. Skeletal instability with relapse
measured at B-point was noted.

Bouwman et al.” ND — - ND ND ND ND No class III patients showed signs of excessive condylar remodelling or

(1994) condylar resorption after IVRO for mandibular prognathism

Wohlwender et al.”®  ND + + ND + - + Condylar resorption was noted in 2 patients who had a USSO. Skeletal

(2011) instability with a decrease in SNB angle occurred.

Eggensperger et a ND + ND ND + + — Skeletal instability occurred after BSSO setback. A decrease in ramus length

(2005) was described. Condylar morphological changes are suggested.

Huang et al.** ND + ND + ND — — Condylar remodelling was noted after setback procedures. The condylar

(2006) i height shortened. This had no effect on skeletal stability.

Joss and Thuer”’ ND ND ND ND ND + + Condylar remodelling was not explicitly mentioned. Some patients presented

(2008) a further distalization of the mandible. Skeletal instability was noted.

Morrill et al.*® ND ND ND ND ND + + Some patients showed further distalization of the mandible and developed an

(1974) open bite tendency.

BSSO, bilateral sagittal split osteotomy; CBCT, cone beam computed tomography; IVRO, intraoral vertical ramus osteotomy; ND, not described in the study; SNB, sella—nasion—B-point angle; SSRO,
sagittal split ramus osteotomy; USSO, unilateral sagittal split osteotomy.

ac_

’: outcome was studied but not found in the study; ‘+’: outcome was studied and found in the study.
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Table 4. Visual overview of study results in class III patients.

Author (year) Title

An et al."® (2014) Effect of post-orthognathic surgery condylar axis changes on
condylar morphology as determined by 3-dimensional surface
reconstruction.

Aneja et al.** (2017) Evaluation of mandibular condylar changes in patients

following orthognathic surgery: a retrospective study.

remodeling occurring after mandibular set-back by bilateral

Ha et al."” (2013 Cone-beam computed tomographic evaluation of the condylar
g
sagittal split ramus osteotomy and rigid fixation. 4/ ‘

Park et al.>* (2012) Effect of bimaxillary surgery on adaptive condylar head
remodeling: metric analysis and image interpretation using
cone-beam computed tomography volume superimposition.

Katsumata et al.>' (2006) Condylar head remodeling following mandibular setback
osteotomy for prognathism: a comparative study of different
imaging modalities.

Wolford et al.>” (2002) Concomitant temporomandibular joint and orthognathic
surgery: a preliminary report.

Bouwman et al.” (1994) Condylar resorption in orthognathic surgery. The role of
intermaxillary fixation.
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Table 4 (Continued )

Author (year)

Title

Wohlwender et al.”® (2011)

Condylar resorption and functional outcome after unilateral

sagittal split osteotomy.

Eggensperger et al.>> (2005)

Mandibular setback by sagittal split ramus osteotomy: a 12-year

follow-up.

Huang et al.>* (2006)

Mandibular remodeling after bilateral sagittal split osteotomy

for prognathism of the mandible.

Joss and Thuer® (2008)

Stability of hard tissue profile after mandibular setback in
sagittal split osteotomies: a longitudinal and long-term follow-

up study.

Morrill et al.*® (1974)

Surgical correction of mandibular prognathism. I. A

cephalometric report.

crease in the sella—nasion—-B-point (SNB)
angle. One also experienced a loss of
ramus height.

Discussion

This systematic review of the available
literature was conducted to identify evi-
dence of condylar remodelling and con-
dylar resorption after orthognathic surgery
in patients with a class III dentofacial
deformity. All 12 of the studies included
reported on postoperative condylar
changes and their consequences. Eight
of the 12 studies reported some degree

of postoperative condylar remodelling'®

2428 A Joss of ramus height was found in
three studies”™”*** and a decreased con-
dylar height was also noted in three stud-
jes' %2024, Progressive posterior
displacement of the mandible after set-
back surgery was described in three stud-
ies”>?%% These findings suggest that
condylar changes do occur following
orthognathic surgery in patients with class
IIT deformity. Despite not being explicitly
labelled as condylar resorption, some
cases were described in which a significant
reduction in ramus and condylar height or
a progressive posterior displacement after

setback surgery was noted. This type of
skeletal instability is expected when con-
dylar resorption occurs.

Two studies compared the incidence of
condylar resorption between class II and
class III patients”’. They both concluded
that only the patients with mandibular
hypoplasia showed signs of resorption.
Factors that may contribute to the higher
susceptibility of class II patients are the
trabecular pattern of the condyles and the
preoperative condylar volume. Krisjane
et al. described a tendency for smaller
condyle measurements in Angle class II
patients with a high mandibular plane



angle®®. Smaller condyles are associated
with a decreased adaptive capacity and are
therefore prone to condylar resorption.
O’Ryan and Epker reported that class II
patients with a high mandibular plane
angle had condyles with a less dense
trabecular pattern’’.

Other risk factors for the development
of condylar resorption are a high mandib-
ular plane angle, an anterior open bite, a
low posterior-to-anterior facial height”™?’,
and a posteriorly inclined condylar neck’".
These are all derived from research on
class II patients. Surgical risk factors in-
clude counterclockwise rotation of the
mandible and large surgical movements®>.
The latter was confirmed in one of the
included studies, where more condylar
remodelling was noted if setback
exceeded 6 mm??. Another possible causal
factor is the inward rotation of the condy-
lar axis after setback surgery. An et al.'®,
Ha et al.'’, and Park et al.?® found a
significant correlation with remodelling.

Eggensperger et al. stated that one of the
main mechanisms contributing to long-
term skeletal relapse is condylar resorp-
tion and condylar remodelling™. Howev-
er, only two of the 12 included studies had
a follow-up period longer than 10
years”>?°. As many studies had a fol-
low-up ranging from 6 months to 2 years,
long-term data are difficult to find and
conclusions regarding long-term skeletal
relapse and its relationship with condylar
remodelling and condylar resorption
should be drawn with caution. Future re-
search providing long-term follow-up
should be encouraged and could provide
answers regarding this topic.

This systematic review also revealed
that research on this topic is incoherent
and no longer up to date. Although most
studies had a similar main goal (e.g.,
identifying condylar changes after orthog-
nathic surgery for class III patients), the
intervention, outcome, and methods of
outcome assessment used, and therefore
the results obtained, varied. Furthermore,
most studies were performed without the
availability of CBCT image acquisition
and its potential for enhanced image anal-
ysis. The conventional two-dimensional
imaging techniques that were used lack
accuracy and reproducibility and can be
considered inferior to CBCT image anal-
ysis for the assessment of condylar mor-
phological changes. Only four studies that
evaluated the postoperative condylar
changes with CBCT or CT were
identified'® 2!, CBCT image acquisition
provides useful data in the planning and
postoperative evaluation of orthognathic
surgery. It allows three-dimensional (3D)
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visualization of the condyles using both
3D volume and surface rendering techni-
ques and also the analysis of condylar
volumes through the application of vali-
dated segmentation techniques®. By
voxel-based superimposition of pre- and
postoperative CBCT data, the amount and
localization of condylar resorption can be
identified.

The studies included that used CBCT
showed that in condylar remodelling, bone
resorption was more prevalent than bone
formation. The most affected region of the
condyle was the antero-superolateral area.
The studies of Ha et al.'” and Park et al.”
showed a significant decrease in condylar
height; however, no associated dentofacial
changes or symptoms were mentioned.
Neither of these studies calculated condy-
lar volumes; instead they used measure-
ments in the sagittal, axial, and coronal
planes to study condylar morphology.

The availability of CBCT image acqui-
sition with consecutive 3D image analysis
by both surface and volume rendering and
condylar 3D volume calculation become
even more interesting if they are combined
with 3D cephalometric analysis. 3D ceph-
alometric analysis is now used in 3D
orthognathic planning protocols***°. By
combining condylar changes and 3D ceph-
alometric data and comparing pre- and
postoperative data, the effect of condylar
changes on skeletal stability post-orthog-
nathic surgery can be objectified. Xi et al.
used this technique to report on condylar
volume changes and their relationship to
skeletal relapse in patients with a class II
dentofacial deformity who were treated by
BSSO advancement®. A cut-off value of a
17% reduction in condylar volume was
proposed to identify the process as condy-
lar resorption, leading to skeletal relapse.
It should however be noted that this cut-
off value is based on a limited study
population that only included class II
patients.

Most reports on condylar remodelling
and condylar resorption have been based
on class II patients and used panoramic
and cephalometric radiographs combined
with clinical examinations to acquire data.
The present systematic review identified
the occurrence of condylar remodelling
following mandibular setback procedures
for class III patients. Also, signs of con-
dylar resorption were described in this
population, e.g. loss of condyle and ramus
height and progressive posterior displace-
ment of the mandible after setback sur-
gery. Only a few studies with a relatively
small sample size have been conducted on
this subject, and the amount of heteroge-
neity between the studies is high. So
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although there are anecdotal reports that
condylar resorption also occurs in class II1
patients, it is difficult to draw conclusions
based on the current literature. Further-
more, the definition of condylar resorption
includes ‘clinical relapse’, which would
be an impossible combination with con-
dylar resorption in class III patients. The
opposite would occur in class III patients
suffering postoperative condylar resorp-
tion: the setback would be aggravated
due to the loss of height of the condyle.

Further evidence-based research is
needed to identify and quantify condylar
remodelling and its effect on skeletal sta-
bility after orthognathic surgery for both
class IIT and class II patients. CBCT image
acquisition and 3D analysis, 3D condylar
volume calculation, and 3D cephalometry
provide great opportunities to aid in this
endeavour.
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