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Objective: Condylar resorption (CR) is one of the major post-surgical
complications of orthognathic surgery. This systematic review (SR) aimed to
evaluate epidemiological data, risk factors, and therapeutical management of
CR. Methods: Six databases were screened by two investigators until September
2020 to obtain all SRs. After reading the titles and abstracts, eligible SRs were
determined and data extraction was performed. Using the latest version of A
Measurement Tool to Assess Systematic Reviews, the methodological quality
of the included SRs was determined. Results: Ten SRs with low or critically-
low methodological quality were included in this review. Mandibular hypoplasia
on the sagittal plane and hyperdivergent growth pattern on the vertical plane
were the most common skeletal alterations in which CR could occur after
orthognathic surgery. Post-operative condylar changes were analyzed both on
two-dimensional and three-dimensional (3D) radiographic examinations. The
incidence of CR was not related to the fixation method. Based on the severity
of the pathological conditions, management of CR can include conservative
or surgical therapy. Conclusions: Despite the limited evidence in literature, CR
is considered a consequence of orthognathic surgery. However, an accurate
diagnosis of CR and a better orthognathic surgical planning must include 3D
radiographic examinations to improve pre- and post-surgical comparison. Well-
designed studies with long-term follow-up and 3D data are needed to clarify
the findings of this analysis..

[Korean J Orthod 2022;52(1):29-41]

Key words: Three-dimensional diagnosis and treatment planning, Class 111
orthognathic surgery, Temporomandibular joint, Condylar resorption

Received July 15, 2021; Revised September 14, 2021; Accepted September 24, 2021.

Corresponding author: Amerigo Giudice.

Professor, Department of Health Sciences, School of Dentistry, Magna Graecia University
of Catanzaro, Viale Europa - 88100 Catanzaro, Italy.

Tel +39-0961712469 e-mail a.giudice@unicz.it

How to cite this article: Barone S, Cosentini G, Bennardo F, Antonelli A, Giudice A.
Incidence and management of condylar resorption after orthognathic surgery: An
overview. Korean J Orthod 2022;52:29-41.

© 2022 The Korean Association of Orthodontists.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.

29


https://orcid.org/0000-0002-0701-2675
https://orcid.org/0000-0002-5091-6979
mailto:a.giudice@unicz.it

Kjo-

Barone et al ® Condylar resorption after orthognathic surgery

INTRODUCTION

For patients undergoing orthognathic surgery, sev-
eral surgical risks with different severity rates must be
considered.' Condylar resorption (CR) is an uncommon
but well-known clinical condition that can occur after
surgical repositioning of the jaws.”” It represents the ad-
vanced stage of condylar remodeling, irreversibly affect-
ing the temporomandibular joint (TMJ).>” As a result of
mechanical load, the adaptive mechanisms that normally
allow to balance bone resorption and bone formation
on the condylar surface are completely lost, resulting in
morphological alterations of the condylar structure.”
Microstructural changes include a significantly reduced
condylar volume and a pathological deformed profile on
the condylar surface.”” External changes have a signifi-
cant influence on aesthetics and may include reduced
posterior facial height, mandibular retrusion, and ante-
rior open bite, especially if bilateral CRs occur.”"

Based on the etiology, CR can be distinguished into
primary and secondary CR.® Primary CR is diagnosed
when CR exists without a well-known cause.”" Con-
versely, both local (trauma, inflammation, infection, etc.)
and systemic (rheumatic immune pathologies, steroid
therapy, etc.) agents can be etiological factors of sec-
ondary CR.® Referring to orthognathic surgery, all oste-
otomies can lead to CR, which can occur in both mono-
maxillary and bi-maxillary surgery.”'” Bilateral sagittal
split osteotomy (BSSO) and/or Le Fort 1 osteotomy can
modify the mechanical forces on the condylar surface,
resulting in CR."

Several studies have focused on condylar alterations
after orthognathic surgery, and some systematic reviews
(SRs) aimed to determine the most crucial risk factors for
CR. However, the different methodological approaches
do not allow to draw firm deductions. The rationale of
this overview was to summarize the most recent knowl-
edge on CR after orthognathic surgery (CROS), empha-
sizing the limitations of previous studies in order to
critically evaluate their conclusions and identify the gaps
in knowledge that should be filled by future researches
with adequate protocols.

This study aimed to systematically review all SRs and
meta-analyses (MAs) to analyze CROS in order to pro-
vide evidence-based information about epidemiological
data, risk factors, and management of CR, evaluating
each outcome in correlation with the qualitative meth-
odological analysis of the included reviews.

MATERIALS AND METHODS

All SRs were systematically reviewed according to the
Population, Intervention, Comparison, Outcomes, and
Study criteria to assess CR in patients who underwent
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orthognathic surgery.

Search strategy

Six databases were investigated: PubMed, Cochrane
Library, Google Scholar, Scopus, LILACS, and Web of
Science. The electronic search was conducted until Sep-
tember 2020, using keywords and MeSH terms connect-
ed by the Boolean operator “AND.” The PubMed search
combined the following term sequence: “orthognathic
surgical procedures”[Mesh] AND “condylar resorption”
AND “systematic review” and “condylar resorption” AND
“orthognathic surgery” AND “systematic review.” The
other search databases combined the following term
sequence: “orthognathic surgery” AND “condylar resorp-
tion” AND “systematic review.” Additionally, a manual
search was conducted in the reference lists of the select-
ed SRs. No restriction of language or publication date
was imposed.

Review selection

The electronic search was independently conducted by
two investigators (SB and GC), screening titles and ab-
stracts in parallel to evaluate the reviews for eligibility. In
case of missing information, full-text reading was nec-
essary for a final decision. A third author (AG) discussed
and resolved any discrepancies between the two authors.
SRs and MAs were included, which allowed for the ex-
traction of data on CROS. Narrative reviews, overview
of reviews, duplicate articles, studies with no evaluation
of condylar morphology, and studies on orthognathic
surgery of syndromic patients or cleft lip and palate pa-
tients were excluded. The Cohen’s kappa coefficient (k)
was calculated to determine the inter-rater agreement
between the two investigators (SB and GC).

Data extraction

The data extraction from the eligible reviews was
independently performed by the same two investiga-
tors (SB and GC), recording the following information:
author, publication date, study design (SR or MA), num-
ber of included studies, number of included patients,
dentoskeletal malocclusion, type of intervention, meth-
odological data, quality assessment of primary studies,
outcomes, results of reviews, and author’s conclusion.

Assessment of methodological quality

The methodological quality of each SR was indepen-
dently assessed by the two investigators (SB and GC) us-
ing the latest version of A Measurement Tool to Assess
Systematic Reviews (AMSTAR-2)."” AMSTAR-2 includes
16 domains, 9 non-critical items, and 7 critical items
that strongly influence the final score. The quality as-
sessment can range from high to critically low."
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RESULTS

Search results and review selection

A total of 62 records were selected from the electronic
search of six different databases (PubMed, n = 9; Co-
chrane Library, n = 0; Google Scholar, n = 25; Scopus,
n = 13; LILACS, n = 1; Web of Science, n = 14), and no

studies were added by manual search. After excluding

Table 1. List of excluded studies

Study Reason of exclusion
Al-Moraissi, 2016 Incoerent topic
Al-Moraissi, 2017 Incoerent topic
Al-Ryhami, 2009 part 1 Incoerent topic
Al-Ryhami, 2009 part 2 Incoerent topic
Catherine, 2016 Incoerent topic
Francisco, 2020 Overview
Haas Junior, 2019 Overview
Ji, 2020 Incoerent topic
Kersey, 2003 Incoerent topic
Merhaban, 2020 Incoerent topic
Nicolielo, 2017 Incoerent topic
Romero, 2019 Incoerent topic
Sansare, 2015 Incoerent topic
Sonego, 2014 Incoerent topic
Verlinden, 2015 Incoerent topic

1. Ide

2. Screening

3. Eligibility

4. Inc

WWW

ntification

Records from databases: 62
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the duplicates, 25 potentially significant studies were
found. After screening titles and abstracts, 23 full-text
articles were screened for eligibility, and 2 studies were
excluded.”'* After full-text reading, 13 reviews were ex-
cluded because they did not meet the inclusion criteria
(Table 1). Figure 1 shows the flow diagram of the search
strategy and SR selection: 10 SRs were included for the
qualitative analysis.”*'*** Quantitative analysis could
not be conducted because no MAs were performed. The
inter-rater agreement coefficient was x = 0.93.

Data extraction

Table 2 summarizes all data extracted from the SRs.
Each SR included a different number of studies (ranging
from 6 to 76), and none performed an MA. The publi-
cation year ranged from 2008 to 2019. Regarding the
study design, most of the SRs included observational
retrospective and prospective studies. Non-randomized
controlled trial (non-RCT) was the most common study
type, with the others being case control study, cohort
study, case series, and case report.”*"*** Only two SRs
described the results of RCTs."* Dentoskeletal Class
11 was the most frequent malocclusion analyzed in the
included SRs.”®"?* Other studies evaluated patients
with dentofacial malformations such as skeletal Class
1, skeletal asymmetry, and skeletal open bite.”'””**
The most common surgical procedure included BSSO
with or without Le Fort 1 osteotomy.”'®** Five reviews
reported the outcomes after Le Fort 1 osteotomy alone,
unilateral sagittal split osteotomy, and intraoral vertical
ramus osteotomy.”'®'®** Post-surgical changes of con-

Records after duplications removed: 25

A 4

Records excluded: 2

Full-text articles for eligibility: 23

A

Records after manual search: 0

A 4

Full-text excluded: 13

luded by

Systematic reviews included in this
qualitative analysis: 10

A 4

Quantitative analysis cannot be performed

.e-kjo.org
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Figure 1. A flowchart of the
search strategy and selection
of systematic reviews.

31



Barone et al ® Condylar resorption after orthognathic surgery

Kjo-

mv
N0 S
(or3ue auerd 9r8ue auerd (sarpmis K=}
soIpnis  Iemqrpuews ySry Iemqrpuewt ysry aAnoadsonar ~~
aanadsord pue Aousapyep M syuaned [ ‘[ern earurpd Y
pue s[ern Ienqrpuew  SSB[D Ul A[ureur aanoadsord 10 (%S'6) 141 S
[eorurpd 9IN[0sqe) PaLMII0 I "'SOUD ‘satpnis (%€°ST) 0SS9 oI1eas W
paziwopuel Aruiiojop [e3afays 03 uonisodsipard I9)uadnNUI ‘(%e'sL) renuewr 0102
Jjoyoerayp pue  joadA ‘(syuened 18013 pey aanoadsord K1981ms LET:d ‘PaQ 1sndny
SaIpMIS Y} JO a[ewa]) xas  sjuaned a[ewa] ‘s[ern earurd  ATe[[Ixewrq [ s18aA 9F QUIPIIN 01861 (2102)
A1ou93019197  9I9M SIOJIBJYSLT  "9%GT 01 %€ WIOIJ SOYD ‘pozIwiopuel UOISN[IJ0[RW 0} §] WOIJ ‘poNqng  Arenue[ L Te10 aZv
o) paziudodarx e} papNou0d paduer QYD MO JO SIOIOBIYSII ‘S[eln [edIUID [ SSe[) pue  paduelady aden3due| ‘aseqele woxy SIRIOIN -
sIoyIne ay ], sIoyIne ayJ, jooouapul  A[[eonu) UN jojuawissassy  uewny)g:  [IISSe[D N 19521 ysisug 9UBIYI0) BV ap Q
SOYD JO 10308} N
[SLI 919M UOTIBI0X m
Ie[nqrpueut =
9SIMD0[D-19}UN0D VO.M
B pUR WW O] < =
JULWddUBADR AN O M
IeMqIpue (so11as ased | <
‘uoneurul ‘Apnis =
Ie[Apuod 1o11a)sod yoeoxdde aA1adsonarx =
e pue ‘918ue auerd [eo1dms 1 S
Iemnqrpuew y3Siy e Areqrxeurq ‘Apnis 5
IIM UoIsn[dd0[ew I19)je pajean aanodadsoxd =
11 sseD ‘Aouspyep  syuaned [T sse[D 1 ‘Apnis z
uadonss ‘Qreway ur [01U0d 9sed T m.
‘uonounysAp (NI, AJUrew parmogo ‘Apmys 11040d <
aane1ado-aid 1°%2 0T SOYD T ‘sarpmis (%2)1a71
)M dewa) ur 0} 7' woxy josiopey  aandisap  (%S52) 0SSE ¥102
Ppa1mado QYD Jo  paduerSOYD Jjo SII pUB [BUONEBAIISCO ‘(%89) yee:d 0)
doudproul IaySy 9oUdpIIUL IR} ‘wsiuRydo UL ¥ ‘sa1pms A1981ms SIRAK Q' TE a8en3uey oIeds 0L61 (9102)
Jey) papnouod  parrodar sarpnis MO ‘A3otopedorsAyd [euonods  Areqxewrq:] :o8eUBdN  YOUdI] pue [enuewt woxy N R E)
UN sIoyIne ay ], 9} JOISON  AJreontr) MN  Jo uopeuIwEXy -SSOId Q) LT :] N ‘N $66C 1L ystsug ‘paNqnd S ouleyie)
A3ojoydiouwx (so1pmas
Ie[ApUOD JO Aienb
JuduIeaI] STY) 0] uoneIae wnipaw [ |
UONEBdIPUTBIIUOD aaneradoard ‘sarpn1s
elOUSIIING UM syuaned ur Airenb-ySiy
JUSWSOUBAPE 10 ‘BTyleu30Inal JUSUIIOUBADR 1) BLIOILID
Ienqrpueut Ienqrpueur 1 IengipuewW  [YOSNOD :0) JUIUWOUBADR
[eo131ns 19)5e m syuened :Ayder8oroyd [eo131ns 1918 (se1pmys  Ie[NQIpURWI Areiqry 102
paiiodar Ppaje1s[adde aq [erorjOyDI[OP as 9[Apuod o1}  9Andadsonarx eordms :| €29:d QUEBIYI0D 0) (910¢2)
sem Apmis PINO2 SOYD Ul Pa1IMdd0 €:1D Ul SsuonesyIpouwt €1 ‘s9IpmIs  UOISN[IJ0[eW s1eaA €67 ‘osequrg 2002 o819
papnjout 8y} Jo 1B} papnou0d SOUD jo €:104D [eorwojeue  aanodadsord JIsse[D  :Seuedly  UONIINSAI ‘sndoog woIj ‘erataeg
Kyrouadoraroly SIOUINE Y], SOUdPIOUI IBYSIH MmoT L*HddD JOuaWIsSassy S ‘SYS ¥) ¢¢ 'l a[8uY ‘N 06L:L ON ‘POINANd US  -[ewIdg
y (D 40
sorpmIS ﬁm__...o HAN (0) pariodax  ym syuaned (d)¥d outad
1Py (2-IVISINV) |, 1K) ,H.Umo JUSUISSasse Ul pauriojrad ym saseq pot
jo f&yrenb HdAD ‘9d0) uonILISAX LEALEN
uoIsnpuo) s)msay sisA[eue souwIodIngQ Lend uonuaAruy uonemdog -ejep Apmg
omio aAnelend vonengeas /(1) sarpmis /() /(1) s19alqns ofensue] Yoaeas /uBisap
uorssnIsIq T Jo poyjowx : : Apmg
e papnpuj  SuoISNIIofeuUr elog,
: : [eladsoud(q
SMIIAJI u_u«mc\_uwm\»m papnjoul Jo 1sSI7 "¢ 3|qel n



Kjo-

Barone et al ® Condylar resorption after orthognathic surgery

Rrumiopp
[edRjOJUSD
109110 0} SUITe SeIq jo
SOUD jo (uononnsuodar S 9)eIdpOUX
JUSUIBAI) AT} Te[Apuod © pamoys
U0 UONBULIOJUT ‘Au10199[Apu0d SaIpnIs
alour ureljqo ‘aonisodarasip) pazruopuel
0} paxmbai uonerado-ar  Aderorp eordmg -uou g 10§
ST 1J0189SI Iojuaunean ‘SOY) Jo ssardord SYONIIN
Aienb-ySig QATIBAIISUOD A1) [01IU0D 0} ‘serq Jo ysu
‘pa1oNpu0od josigouaq pue  pasnsi (Aderatp J)eIOPOW B
9I9M SATPMIS  SYSH SULIIPISUOD JNUOPOYLIO pamoys 1D
pazruopuex ‘UONIPUO0D A} qurds Tesnjooo 10§ SeIq Jo )si1
MdJ pue Jo 11038 1) ‘uoneorpaur) QueIyI0) :O) YoIeas
sardures [rews uo paseq aq JuaUnEan (sarpmis [enueur
M SIIPNIS  PNOYS SOYDJO  AANBAIISUOD) ‘SO SOYD 9andadsomnar 8¢ :d ‘Krexqry 8102
MIJ IR} JUdWISeUrRW A1) I9)Je STRdA Z 0) 10§ suondo 6 ‘Apms s1eak gg QUBIYD0)  19(0100 (6102)
pazrudodax Jet) papNOu0d SUUOUI 9 WIOT] onnaderdayy  aandadsord AUN: 98e ueay ‘asequuyg 01 dn S1e3e
sIoyne oy, sIoyme a3y  INd30pMmod YD) Mmog N JO JUSWISSISSY 1)0T1 4NN 08T ;I UONILNSaION ‘PAINANd us SH
ww G
JO JUSUIdOUBADPE
[eo18ms uep
SOYD 10§
st 1ofeur
PaMOYS W
01 uetp 19ea1d
JUSWIOUBAPR
Ienqgrpue
V'SO4¥0 03
pasodstpaid
Aydone re[Apuod
reordims-axd e
Aydone re[Apuoo  pue uoneuIOUI
aanerado-axd pue Joou Ie[Apuod
BLELERIIN )] Totrasod
Ienqrpuewt -o[8ue uerd
ea131ns jo d[qrpuew Y3y
opmyuSew  YIIM PIJeIIOSSE (zs2) 141
SOUD ‘o[8ue auerd erypeudonal ‘(e1) 0SSg oIeas
9lenyeAs 19)1oq  Ie[nqipuew YSIY IeNGIPUB [IIM ‘(¥01) A198mMS3 [enuewr
o1parmbar  yum ergpeuSonal  UOISN[II0TEUI J] UN:O Arepxewnq ‘Kreiqry
are sajdures Iengrpuewr  sseq) ‘(plo s1eak (sarpmus syuaned QUEBIYI0D) 900C
paydlew Yam ‘(ereway) xas (g > ade) syuaned 2anoadsoid g [eor8ins ‘qava 1sndny
SAIpMIS € papnpPuUISOYD  Sunok (%%°g9) ‘sorpris - payads-jou §ST:d ‘ojupphsd 010861
aanoadsord 10§ S1030€) [s1I sjuaned a[eurd) ur 1:1D SOUYDJo aandadsonarx I9Y)0 pue s1eak 97T ‘osequug  Arenue( (8002)
1ey) pajels JBY) POPN[OU0D PILINII0 SOYD JO Mo[ 6:HddD  $I0)10®JSLI Y} L) uoIsnpooew a8e ueay ‘QUITPIIN woiy R L)
sloyne oy, SIOUINE Y], DUIPLOUIIBYSIH  A[eontn 8:0d0 JO JUSWISSISSY 61 I1SSe[D ‘N 650°€ 1L UN ‘PANANd oS o
y ((0h: fo)
sor A.ﬂm::_c HAN (0) pariodax yum syuaned (d) D d
pms (2-9VLSIY) LD 'LO4D judussasse Ul paurioyrad nm saseq potio
jo Ayrenb TEIE A ‘HdHD ‘Dd0) y - uondLIsax _ YoIeas
ISNPuUo0) s)msay sisA[eue saurooanQ Airend uonuaArdul uopnemndog elEp Apms
amio aAne)end vonenyeaa /(1) serpms /() /(1) s193[qns ofendue] Joreas /usrsap
uoISSNISI(L s Jo poypowr : : Apmg
e papnpuj  SuoISN[IJ0[eUL eloL,
: : [e13[d[soua(q

panunuo) *z 3jqe

33

//doi.org/10.4041/kjod.2022.52.1.29

https

jo.org

-k

Www.e



Barone et al ® Condylar resorption after orthognathic surgery

Kjo-

2
AINI pUE A1031ns Q
Axeqxeunq oye S
Pa1Im220 SOYD 4
JOERE bli 2
19y81y ‘mpadoxd z
[ea131s ay) B4
Surroprsuo)
‘uoneuroul
Ie[Apuod o
Apoudysod e N
pue ‘o[3ue aueyd 2Ieds [enuew N
Temnqrpuewt ySry ‘aseqelep 0
e ‘eneusonal SISAY, pue Q
Ie[NQIpUBW M (sarpmis s10eNsSqy IS
sjuaned Sunok aandadsonal UONBIASSIq =
SOYD orewdj ur Ajurewr 10§ seiq Jo 1san)-01d VO.M
JosisouSerp 9y} PaImId0 SOYD [SLI SNOLIdS pue Ta1s139y =
aao1dwr pinod "Wl g pue W g ‘sarpn1s oIeasay g
SUOISN[OU0D  SWEX? dI30[0IpeI  UIIMIaq paduer aandadsoxd [euoneN <
aATIIUOP as siuoned  1y3iay 1e[Apuod 10J Se1q Jo S ay) ‘a08 =
papnpoaxd onpeusonar JO 9sBaI19p MO[ {10y 10§ ‘S[eLL] [edrur)) s
90USPIAD JO 9[ewad) ur [eonIsA ‘0SSq Serq Jo s :9INIRINI] m.
[9AS[ MO A} ddUdPIOUT IOYSTY I9)e %01 pue y3my) joorserq  saimpadsoxd paysiiqndun ks
pue sa1pnis m £1981ms 29°€ U9IMIdq 1 :ydeiSorper Jodsu [ed2131ns 1910 IVEINAD W
papnpurayljo  orypeudoylio jo pue A1931ms (AL QuUBIY0) :)  INOYIIM IO {19)S139Y S[eIL], »
Arouadoraay uoneddurod Areqxeuwnq Z:SIND (sorpmis PIM 0SS 1 s dnoi yireaH G102 0} m.
[eo13ojopoylour [eo13ms-1sod I9)Je %€ pue 2:109D 0SSgIdayeyD 9a4andadsonar uoIsnId0[ew UN :d [eIQ 9UBIYD0D) 9FET WOIf =
Eliagidin ®9q PNod YD %%’ T U9aMIaq 1:1D Jo uoneognuenb 0T ‘sorpnis II1 SSB[D s1RaA 7' LT ‘asequug  paysiqnd (2102)
PpaIeoap 1B} PapNOu0d paduersOyuD 6:HddD  pueoousppur  aandadsoid  pue ] sse[D a3e ueay ‘PAINQNd  Sd[onIR PN R E)
sIoyme YT, sioyne ayJ, Jo ddusproug moq 8:0d0 JouaWISSAsSY € 11O 1) ¥1:1 ‘ISSB[D ‘I 29811 UONIINSaION  ‘PIAQ DUIPIN IS ®amosnop
SOYD uoneurpur
douanpjuI pnod Te[Apuod (se1q jo ysut
$10198] (59010] Apotraysod e 431y pamoys oIeas
Ie[nosnui ‘eurapa  pue ‘o[due aued SID €€ ‘seiq [enuew
10 98eylIoway Ienqrpueu ysryq JO YSII MO[ ‘IR[OYDS
Ie[NOnIe-eNUI) B ‘UOISN[IJ0[RW pamoys s 913009
aanerado-jsod 11 SSB[D 919A3S € ‘serq Joysu ‘Kreiqry
S)nsarasay) pue (a17ds yons v syuaned y31y pamoys asequug
U0 9JUSPIAS -Udd13 9)o[dwioour  d[eurdy ur Ajurewr SIDY) [00], ‘Kreiqry
J[qerfeI e ‘uonisodax Pa1In20 1] uoneIOqe[0) ysijod QUBIYD0D)
papnpaid I1e[Apuod [ed131ns) ‘A1981ms SO Iaye  AUBIYI0) O 10 ‘YouaIyg ‘PraQ
sarpms-Arenb aaneradoenur I9)Je STRAA T suonedTduod  (S[ern [onuod ‘UBULION) ‘a3pamouny 5102
Y31y jo xor[ oq reyy 0} syjuow aanerado-1sod  pazrwopuern ‘ystdug ur JOQOMISI Areniqag (s102)
1B} paIe[Iap papnpuod g woi doppasp ay -uou g€ RING UN:d poaysiqnd ‘QUIIPaIN 01dn o Tere
s10yIne Ay, sI0UINe AL, PIMod SO¥D Mo DdO  jouopeurwexyg ‘SLOUS) ¥ I UNCIN UN:L SapNIV ‘paNand 4S Psmafezipd|
y (D
meﬁo HINN (D) porrodas pmsiuaned  (d4) ¥O
sarpms LD ‘LD9D porrad
(2-9IVISIV) JUdUISSasse Ul pauriojrad ynm saseq
3o A&yrenb ‘Hd4D ‘Dd0) uonOLISAX LEALEN
uoIsnpPuo) s)msay sisA[eue sawroaInQ Lend uonuaardul uonemdog -e)ep Apmg
ayl jo uonenead a8enSuey /uSisap
aAneuEend /(1) sarpms /() /(1) s1alqns yoaeas
uoISSnISIq Jo poypowx Apmgs
papnpu]  SUOISN[IJ0[BUL eloL,
[ed18o[01pey
[LAEIEY HULET
panunuoy "¢ dqel =5



Kjo-

Barone et al ® Condylar resorption after orthognathic surgery

A198ms
Areqrxeunq pue
0SS 12y HD
Aynuapr 0) pamoyre
Ayderdorpex
[BIUEIOSURI], T
dTpue OSSd
Ia)e payiodar
a1oMm sadueyd
[eo119A TR[ApU0D
Juanbasuod
PuBY) ‘DdO
BurzAreuy ~oeq [01B9S [ENUEBW
-10s Iengipuewt (A1 {Ie[oyoS
J9)e pariodar [9A3] pamoys 918009
SUOISN[OU0D a19M Sagured SIIPMIS 66 ‘1T (syuaned THYNID
dANIUgSp Te[Apuod oN (4 [9A9] pamoys  2€6°T) 0SS ‘PaNand
papnpaid (INL JUSWIAOUBADE :Ayder3orper sarpmis 91 ‘1 ‘(siuaned og1) 92UaI0g JO
S9IpN)s U0 s9ouanbasuod  IEMAIpUBW IR [eTUBIOSUBL], [9A9] pamoys [ 7 ‘(stuaned QoM ‘S[erL],
popnpurye  ssaurey 1o oM  sdnoid QYA pue 1 :8urewr Apmis auo) 02S) OYA pajjonuo)
Jo Ayrenb pamoys SO INq  OSS4 Ul papI0Ja1 srdoosoronyy BLIILID ‘{(syuaned Jo 1915180y
MO[ ) pue ‘A1981ms 19)3e a1om uonisod 9T -TIIN (NL WGaD :O 6¥S) A1031ms [enua)
Krouadoraay INd20 p[nod Ie[Apuod 1ouaisod ¥2 109D uo A1981ms (serpmys  Areqrxeuwurq UN :d QUEBIYI0D) 5102
ey sadueyd 1ejApuod pue 1otadns L:1D  onpeudoyolio  pazIuopuel syuaned s1BaA G'Hg PIAQ  18qO1Q (2102)
pa1eap JBY) POPN[IU0D qI0UT B ‘SIS 21 ‘HdAD JO $109J9 o) -uou ), [II SSe[D pue 98e uBSl SUONIULNSAI QUITPIIN 01 dn T8
SIOUINE Y], sIoyIne Ay, 1D SurzApeuy MO $:0d0 jouopeurwexqg ‘IDY 1) 9LT I SSe[D A 66£'C L ON ‘asequiyg S SNIYPIIA AT,
wui §°9g pue
WU § UdMIaq (91028 11
Surduer soeq-jos PaMoys sarpmys
10 JUSWIdOUBADE aanoadsonar
Tenqrpuer ‘91008 ¢-TI1
jueoyrudis 1o)e Ppamoys sa1prs
pariodar arom aandadsoxd
syuoned gD 10§ asdefax 2 ‘gL
TIIsse[D pue Il syuaned papnpour ea18ms-1sog pamoys Apnjs
SSB[D U9IM)dq Jo a8eyusorad ‘%2 PUB %0°0 sarnpasoxd aandadsord
uostreduod ay) [ews e Ul wPIMIdq Surduer [eo131ns 19130 auo) 9[eds
uo suorsnPuod Surumodo ‘A1e8ms  ouUSIPIOUI [[eWS INOYIM 10 M DYIAHN O
aaprugep  onpeuSoyiiojo e pmm ‘spuaned 0YSS auoS1opun (setpmis [T INOPIM
papnpoaxd ey uonesrduwod I11 sse[D pue I syuoned ur  aanoadsonar 10 YIM OYSS 1 UN :d QUBIYI0D) (8102)
SI.OY JO Yor[ BSIYD  SSB[D UILIB[IUUIS €:1049D suoneIaye ¢ ‘sarpmys syuaned I s1eah £'¢g ysr8uyg ur ‘fasequuy 810C B L3 E)
o) passons Jey) POpnN[OU0d sem SOUD 2:1D Ie[Apuod jo aapdadsord sse[D 201 pue  :98e uedA paysiqnd ‘aurpaN 018002 ey
sI0UINe Ay ], sI0YINE Y], Jo o8e1uadI9g Mo 1:9d0 UONBUTWEXF] €)9:1 IIISSeD S6 :IN 20C:1  soIpms [V ‘POINQNd  WIOI ‘YS  9p saunN
y ((0h:fo)
ﬁ.ﬂe_:_c YN (0) pariodax yum syuaned (@) 9D
sarpms LD ‘L29D porrad
(2-9VLSINY) judussasse Ul paurioyrad nmm saseq
jo Anpenb ‘HdHD ‘Dd0) uonomsal YoIeas
uoIsnpPuo)) s)msay sisAJeue sauroonQ Airend uonuasrdul uopnemdog -ejep Apms
amio aane)end vonenyeaa /(1) sarpms /() /(1) s193[qns oSendue] Joreas /usisap
UoISSNISI(L Haas Jo poypowr : : Apmsg
papnpuj  suoIsSN[IJ0[eUL eloL,
[ed13ojo1pey
[e13[d[soua(

panunuo) *z 3jqeL

35

//doi.org/10.4041/kjod.2022.52.1.29

https

jo.org

-k

Www.e



Barone et al ® Condylar resorption after orthognathic surgery

Kjo-

www.e-kjo.org

‘uonexy

Areqxeuraqul A ‘Surdewll 20UBUO0SAI dndudew ‘TYIA ‘o[eds A3ojoydiow 1e[Apuod ‘SAD ‘[euoisuawWIp-aa1y} ‘g¢ ‘Jurol remqipueworodwal ‘(A ], ‘A1981ns oryjeudoyrio
‘50O ‘A1981ms orpeudoyiio 1938 uondIosal IB[APU0D ‘SOYD ‘QUIDIPIA PISEY-90UPIAT 10J 91U ‘AGHAD ‘[IOUN0)) YoIeasay [eIIPIIA PUE YI[edH [euoneN ‘DYINHN ‘so1pnis

POZIWIOPUBI-UOU 10§ X9PUI [BIIS0[OPOYIOW ‘SYONTIIA ‘[Bl1} PA[[0NU0D paziwopuel ‘1DY ‘steri], Sunioday jo spiepuels pajeprosuo) THOSNOD ‘Aurojoalso jds enides
[eId1e[IUN ‘OSSN ‘AUI01093S0 [ 110, 97 ‘I T ‘AUI0)109)SO SnUIel [BINIdA ‘OYA ‘Aur0)oaiso snurer irds [enides ‘OYSs ‘Awojoayso ypds [enides [erae[iq ‘OSSd ‘uonewioyuy
JNUSINS I10J 9IMINSU] ‘IST ‘Po110daI 10U ‘YN ‘MIIAI ITIBUIAISAS “YS ‘SMIIAY ONBUWISISAS SSISSY 0) [00], JWUAWAINSBI V ‘Z-HV.ISINV ‘@0UBUO0SaI d1loudewt 1ea[onu
AN ‘AydeiSowoy paindwod ‘1) ‘Ayderdowro) pandurod wreaq auod ‘10g) ‘ydeidoiper ornaworeydads ‘Hdq) ‘Aydeidowojuedoylio ‘DJQ ‘uondiosal 1ejApuod ‘4YH

ko)

THIM PIJRIIOSSE
aq p[noo wu 9
uet]) 1918213 yorq
-198 IR[NQIPUBIA
'SOYD jo
uor3a1juanbaxy
1SOW 1]} 91OM
aued [euo10d

https://doi.org/10.4041/kjod.2022.52.1.29

o) ur eare
Ppa1onpuod 1orradnsoIaye|
aq pnoys ay) pue
A3ojoydiow oued renides
Ie[Apuod jo o) ur eare
suopeurwiexe  Iorradnsoigjue
suorsnpuod (¢ pue sojdwes UL 'OUA
2ADIUGOp 191918 UO paseq [e10BUI pUR (syuaned
papnpard SoIpMs dInng 0SSs4d 105 qioq 02) 0SSN
sarpnis oy jo  -osdefor [e1o[s pairodor azom ‘(syuaned
frouadoraray 10 suroyduiAs sagueyo stxe SaIpMnIs ZF1) 0SSd 2IBaS [enURW
9} 19AOMO}]  [BOTUI[D 0} paje[al 1e[Apuo) 4D [[e 10§ seiq jo ‘(syuaned ‘asequig
'SIOLId skemie jou sem paynuapr SII djeIopowt 8.27) OUA UN :d pue ‘sferiy,
[eo18o[opoyow 11Inq ‘syuaned %71 ISBI[ I8 JO 1IN epajedrpur  {(syuaned Lg) s1eok ¢f pafonuo)
JjuedyTudis ou I SS[D UTINJJ0 ISBIIIIP dUWIN[OA €:109D siuaned 1] sse[D SYONIN :O A1981ns pue .1 aden3ue Jo 1035130y
EYEINENEL | PINod SOYD B pue g0 Io)e 21D ur SOUD (setpmys  Areqixeuwurq usaMIaq ysi8ug ur [enua) 2102 (6102)
Jey} paIe[Iap By} POPNOU0D PILIMIV0 saSueyd 6 :HdAD Jojualxe oandadsonarx syuaned a8y paysiqnd aueIyoo) Isndny ur N CRE]
sioyne ay, SIOUINE Y], [edNI2A IB[ApUOD Mo ¥:5d0 pue aduaprouf Me)Cr:I  IIISSe[D N 9LET:L  SoPIIBY ‘pPaNgNd S  ndapuep
(R fo)
&
aaﬁo AN (D) partodax mmsiwaned  (d) WO
Sarpms LD ‘LOdD porrad
(2-9VLSINV) judussasse  ul paurioyrad Pm saseq
jo Ayrenb ‘HddD ‘9d0) UONOLNSAT yoieas
uoISNpPuUo) s)nsay sisAfeue souIodIngQ Arend uopuaAru] uonemdog -ejep Apmg
ayl jo uonenead a8enSuey /uSisap
aapeyend) /(1) sarpms /() /(1) sy3(qns yareas
uoISSNISIq Jo poyowx Apms
papnpuj  SUOISNIIO[eUr eloL,
[ed18o[o1pey
[eI[d[soudq

panunuo) °z 3jqeL

36



Barone et al ® Condylar resorption after orthognathic surgery

Kjo-

dylar morphology were analyzed on two-dimensional
(2D) radiographic examinations (orthopantomography
and/or lateral cephalogram), three-dimensional (3D) ra-
diographic examinations (computed tomography, cone
beam computed tomography, and magnetic resonance
imaging), or combined 2D and 3D examinations.”*">**
The follow-up period ranged between 12 and 60
months, with a minimum and a maximum follow-up
period of 3 and 192 months, respectively.”*">** The
number of patients included in the SRs ranged between
180 and 3,777, with a mean age of 26.6 years.”>'””
Post-orthognathic CR was the primary outcome in the
included studies evaluating the morphological changes
of the mandibular condyle after surgery.”'*** Two SRs
reported the effectiveness of CR management.*'®

Analysis of methodological quality

The methodological quality of each SR was deter-
mined using AMSTAR-2."” Most of the included SRs had
a low methodological quality.”®"""** Three SRs had a
critically low methodological quality.'®'® The most criti-
cal items of the AMSTAR-2 checklist were the absence
of details for excluded studies and the absence of a
comprehensive search strategy.

Condylar resorption

Nine of the included SRs aimed to describe the main
characteristics and risk factors of CROS (Table 3).”'**
Jedrzejewski et al.”” reported that CR manifestations
usually ranged from 6 months to 2 years after surgical
treatment, but Catherine et al.'® extended this time to 6
years post-operatively. Although with different diagnos-
tic methods, CR could be identified by both radiographic
and clinical signs.>'®* Further, CR was recognized by
2D radiological examinations if there was a reduction of
ramus or condylar height, with a minimum vertical de-
crease of 2 mm.”” A 3D analysis of the condylar profile
assessed that a reduction of at least 17% of the condy-
lar volume was considered as the cut-off value for the
diagnosis of CR.® Clinical signs of bilateral CR included
an anterior open bite or a Class 11 malocclusion with
retrognathia.'® On the contrary, an active process of uni-
lateral CR could identify mandibular asymmetry with an
ipsilateral Class 11 malocclusion and a contralateral open
bite.'

There is no agreement among the included SRs about
the role of sex or age in CROS.”"** Five SRs reported
that females showed a higher risk for CR than males,
with an approximate female-to-male ratio of 5:1.'%'""*”

Table 3. Summary of the incidence of condylar resorption after orthognathic surgery

Question

Condylar resorption after orthognathic surgery

Who
Sex:
-5F: 1M
Surgical treatment:

- Bimaxillary surgery: from 67.8% to 75.2% of cases;

- BSSO: from 15.3% to 24.5% of cases;

- Le Fort I osteotomy: from 6.7% to 9.5% of cases
Fixation method:

- Rigid fixation (from 6.3% to 13% of cases);

- Wire fixation (9.9% of cases)

What Radiological signs:

Patients undergoing orthognathic surgery (from 1.2% to 31%)

- A vertical decrease of 2 mm or more of the ramus or the condylar height;

- A reduction of at least 17% of the condylar volume

It was estimated that 60% of cases with CROS developed a resorption that ranged between 10 and 19% of the
condylar surface, 30% of cases showed CROS ranging between 20 and 29%, and 10% of cases had CROS greater

than 30%.
When  From 6 months to 6 years after surgery
Where

Why

Antero-superior and latero-superior areas of the condylar head

CROS was correlared with the following risk factors:

- Impaction of the maxilla and counter-clockwise rotation of the upper occlusal plane with a more posterior

position of the condyles (87% of the cases);

- Mandibular hypoplasia with high mandibular plane angle (21.8% of cases) and with normal/low plane angle

(2.2% of cases);

- Pre-surgical signs of condylar atrophy (20-44% of cases);

- Presurgical TMD recognized (24% of cases)

F, female; M, male; BSSO, bilateral sagittal split osteotomy; CROS, condylar resorption after orthognathic surgery; TMD,

temporomandibular disorder.

www.e-kjo.org https://doi.org/10.4041/kjod.2022.52.1.29
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Two SRs stated that young patients may be more prone
to CR, while de Moraes et al."” concluded that age could
not be correlated with post-operative CR.'*""”' In terms
of pre-surgical evaluation, it was mandatory to exclude
an active process of condylar atrophy, the presence of
severe temporomandibular disorders, and an intra-artic-
ular inflammatory damage.>'*"®

Risk factors for CR were evaluated both in the sagittal
and vertical planes.”"*?* Angle Class 11 with mandibu-
lar hypoplasia was the most common malocclusion in
which CR occurred after a significant mandibular ad-
vancement (incidence rate: 1.4-31%).”"*** An orthogna-
thic plan with advancements greater than 10 mm may
be a risk factor for CR."® Furthermore, in Angle Class 11
malocclusions, micrognathia often involved condylar
morphology characterized by a small volume, a reduced
adaptive capacity to external load, and an increased risk
of CR.® Only one SR reported a more prone CR in Angle
Class 111 malocclusion after a surgical mandibular set-
back greater than 6 mm.’ On the vertical plane, a hyper-
divergent skeletal pattern with an anterior open bite, a
low posterior-to-anterior facial height, and an increased
mandibular plane angle (MPA) could cause CR.”">*
However, the entity to define the critical clockwise rota-
tion of the mandible was not unanimously accepted, but
it could be described when the MPA was greater than
40°."" In patients with a dolichofacial profile, a pre-
surgical posterior condylar inclination was exposed to
CR because the antero-superior surface and the latero-
superior area were subjected to an excessive load on the
sagittal and coronal planes, respectively.”'>**

Fixation method

Six of the included SRs evaluated the type of fixa-
tion in relation to CR.*'*">*" Wire fixation, rigid fixation
(bicortical miniscrew and miniplates), and intermaxil-
lary fixation (IMF) are reported as the possible op-
tions.'®'"” The incidence of CROS or surgical relapse was
not affected by the fixation method in 6.3-13% of the
cases.'”"””" However, a majority of the authors recorded
a high risk of CROS after a prolonged IMF rather than
a rigid fixation, while no difference was found between
wire and rigid fixation.”'®" Although no studies have
compared the two types of rigid fixation, Jedrzejewski et
al.” reported that bicortical miniscrews could determine
inferior alveolar nerve damage.

Management of condylar resorption

Two included SRs reported the main therapeutic ap-
proaches for CR.>'® Despite the fact that there are no
precise guidelines on the management of CR to date,
several suggestions were made, differentiating the pre-
and post-surgical phases of evaluation.’ In the pre-
operative phase, the aim was to annul or limit the

38

risk factors.® In the post-surgical phase, the objectives
included the treatment of inflammation and pain, as
well as the correction of skeletal deformities and oc-
clusal instability.”'® Conservative or surgical treatment
were proposed.”'® Conservative therapy managed to
avoid CR progression, stabilizing the pathologic condi-
tions without improving dentofacial deformities.”'® 1t
included anti-inflammatory drugs, occlusal splints, phys-
iotherapy, and in some cases, orthodontic or restorative
treatments.>'® Surgical treatment should be performed
at least 6 months after orthognathic surgery, consider-
ing the severity of CR, the surgeon’s experience, and the
patient’s intentions.’ Disc repositioning, condylectomy,
chondro-costal graft, or complete prosthetic TMJ recon-
struction were more invasive therapeutic options that
were reported as possible treatments for CR.*'

DISCUSSION

The purpose of this review was to examine the current
evidence of CROS, relating the methodological analysis
of each SR included in this study. CR has been recog-
nized as one of the major post-surgical complications
occurting in orthognathic patients.' 1t can be considered
an irreversible correspondence of the physiological con-
dylar remodeling, characterized by a severe impairment
of condylar morphology with or without clinical symp-
toms.” In this overview, a population of patients with
skeletal deformities who had undergone orthognathic
surgery was analyzed, excluding the SRs of syndromic or
cleft lip and palate patients in whom different hetero-
geneous comorbidities can be associated with skeletal
malformations.”” This SR aimed to answer the following
questions: “Can CR be considered a severe complication
of orthognathic surgery?;” “What are the main risk fac-
tors for CROS?;” and “How can CROS be managed bet-
ter?”

Ten SRs were included in this overview. Quanti-
tative analysis could be reported because no MAs were
performed.”®'"*?* For each SR, the qualitative analysis
recorded the final score of AMSTAR-2 obtained by the
evaluation of its 16 items.” Although the absence of MA
precluded the evaluation of some critical domains, the
methodological assessment of the included SRs ranged
between low and critically-low quality.”*"** A compre-
hensive search strategy (item 4) and adequate details for
the excluded studies (item 7) were the most common
missing data in the AMSTAR-2 checklist.

The qualitative evaluation of the included SRs allowed
to analyze the main characteristics of CROS, summariz-
ing the most significant risk factors and better manage-
ment reported in literature. CR related to orthognathic
surgery can occur 6 months to 6 years after the surgi-
cal treatment, and both clinical and radiological signs

7,8,15-22
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should be examined. 1t was not unanimously accepted if
sex or age could influence this pathological condition.
However, young female patients seem to be more prone
to CROS.”"?* Despite the limited evidence in literature,
altered estrogen levels could interfere with the post-op-
erative morphological changes occurring on the condylar
surface.”® An increased inflammatory process negatively
involves the synovial tissue and fibrocartilage synthesis,
predisposing to TMJ instability and bone resorption.”
CR may expose the patient to skeletal relapse, resulting
in an anterior open bite and a Class 11 dental relation-
ship for mandibular clockwise rotation if it occurs bi-
laterally.'® Similarly, unilateral CR could be recognized
by a contralateral open bite and an ipsilateral Class 11
malocclusion, emphasizing an asymmetric profile of the
mandible.'® These clinical manifestations are consequent
to CR because suitable joint relationships are required to
allow mandibular functions, even with altered condylar
morphology.”'

Despite the low quality of evidence, all SRs identified
Angle Class 11 malocclusion as the most frequent skeletal
deformity in which CROS occurs.””'*** Surgical treat-
ment of mandibular hypoplasia aimed to obtain a stable
advancement of the jaw without post-operative relapse.
An orthognathic plan with a mandibular advancement
greater than 10 mm should be considered with caution
because it represents a risk factor for CR.'® After surgery,
backward suprahyoid muscle forces and reduced con-
dylar volume are the most common problems in Class
11 patients, which decrease the adaptive capacity to ex-
ternal load, favor irreversible condylar alterations, and
predispose to relapse.”"*>*°

Despite the low qualitative assessment of the included
SRs, hyperdivergent facial type was recorded as a sig-
nificant risk factor for CROS on the vertical plane.”"*
Concerning the clockwise rotation of the mandible, the
specific cut-off for CR was not unanimously accepted,
but an MPA greater than 40° was reported as a critical
value.'®"® Major condylar changes were emphasized in
patients with a lower posterior-to-anterior facial height
ratio due to a significant increase in perimandibular tis-
sue stretching after surgery.” Furthermore, hyperdiver-
gent facial type is often associated with a pre-operative
posterior inclination of the condyle.”'*** A large surgical
advancement of the mandible with an important coun-
ter-clockwise rotation causes excessive forces on the
antero-superior and latero-superior areas of the condy-
lar head, predisposing to CROS because unbalanced load
occurs on less dense surfaces.””

Referring to the management of CR, two SRs de-
scribed the main treatment options for CROS.*'® A con-
servative therapeutic approach aimed to stop the patho-
logic progression, stabilizing the clinical conditions with
anti-inflammatory drugs, occlusal splint, physiotherapy,

www.e-kjo.org https://doi.org/10.4041/kjod.2022.52.1.29

and orthodontic or restorative treatments.”'®*" Surgi-

cal therapy is reserved for severe cases of CROS, and it
should be performed no sooner than 6 months after or-
thognathic surgery.*”® The goal of the surgical options is
to improve the clinical situation, correct the post-opera-
tive relapse, and restore an adequate condylar morphol-
ogy.”'®”” However, a reoperation should be considered
with caution, evaluating the pathological progression,
and should be meticulously planned to avoid worsening
of the disease.’

In this overview, the main limitation of the conclusions
relates to the presence of SRs with low or critically-low
methodological quality. All reported results should be
interpreted considering an imprecise search strategy of
the studies and a limited methodological assessment of
CROS. Most of the SRs included studies that evaluated
CR on 2D radiographs, but 3D analysis of condylar pro-
file is fundamental to obtain more specific information
about the trend and severity of CR.”****** As reported in
literature, a reduction of at least 17% of the condylar
volume was considered a significant radiological sign of
active CR.”** To date, orthognathic surgery has been a
precise surgical procedure with a pre-operative 3D plan-
ning." An accurate pre-surgical 3D morphometric analy-
sis of the condyles could improve the treatment plan and
avoid post-operative relapses, allowing to maximize safe
movements and minimize risky ones. The extent of the
jaws’” movements, direction, and rotational component
could be influenced by the pre-surgical condition of the
condyle by evaluating the possible degree of compro-
mise. For this reason, the pre-operative assessment of
condylar morphology could also be performed on 3D
scans, excluding an active process of condylar atrophy
or intra-articular inflammation. Because a post-surgical
3D examination was often required, a pre-operative and
post-operative comparison of the condylar surface could
be achieved, allowing to recognize important details for
the diagnosis and entity of CROS.”*

CONCLUSION

CR is a possible consequence of orthognathic surgery,
with an incidence rate of 1-310. Mandibular deficiency,
female hyperdivergent patients, and pre-surgical con-
dylar alterations were the most reported risk factors for
CROS. To limit inflammatory processes and improve
clinical conditions, an adequate therapeutic approach
involves conservative or surgical treatment, considering
the severity of CR and disease progression. Although
many advancements have been made with the appli-
cation of 3D technologies, it is still difficult to find a
standardized method for intraoperative condylar reposi-
tioning. To date, scientific evidence is scarce and limited
in order to draw certain conclusions. Future perspectives
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must include improvements in both the diagnostic and
prognostic phases. An accurate diagnosis must be based
on 3D data after an adequate standardization of the
radiological characteristics of CR has been defined. Ad-
ditionally, well-designed RCTs with long-term follow-up
and pre- and post-operative 3D comparisons of condylar
surfaces should be implemented to confirm the findings
of this review.
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