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TMEPIAHWH: Néa texvohoyikd péoa epappdloveal oho-
éva kal TepIoodtepo oty opBoyvabikr xelpoupyIkr.
[MPOoNYPEVES TEXVIKEG arelkdviong, didyvwaong Kal katdp-
TIoNng tou oxediou Bepareiag, aMd kai Tpocopoiwong,
kaBodriynong Kkar agloAdynong tou Bepameutikol aro-
TeAéopatog katahapPdvouv otadiakd T Béon twv oup-
Batkwv texvikwy, kabiotwvtag duvatd Tov Tpiodidotato
Yneiakd oxediaopd kai v eEatopikeupévn Bepareutiki
QVTIETWTTION TWV KPAVIOTIPOOWTTIKWY SUCHOP@IOV. ATIAEG
KAl TTOONYHEVES ATTEIKOVIOTIKEG TEXVIKEG TPIWV dlaoTdoe-
wv, OMTWE N ameikdvion ureprxwv Telwv dilaotdoswy (3D
U/S), n payvnukry (3T-MRI) kai n afovikr) Topoypagia
(CT) toiwv dlaotdoswy Kal ) UMoAOYIoTIKY Topoypagia
kovikig oéopung (CBCT), kabwg kar cuvduacpol Twv te-
XVIKWV QUTWV KATatdooovtal otd oUyxpova TEXVOAOYIKG
HEaQ, TV OTIYHH TIOU N POUTIOTIKY XEIPOUPYIKY KAl N OTTT-
kr) avdhuon tecodpwy diaotdoewy €xouv Adn apxioel va
Bpiokouv KAIVIKY epapuovr. 2UpTepaouatikd, n mpododog
TV TEXVIKQOV Sidyvwaong kai oxediaong otnv opBoyvadikr
XEIPOUPYIKK TTapoucidlel TOMA Tipogyxelpntikd, dieyxel-
PTIKA KAl JETEYXEIPNTIKA TIAEOVEKTAHATA PEIVOVTAG On-
pavaikd TG MOavATNTES EMMAOKWY Kal TTAPEXOVTAG Aopd-
Aeiq, akpiBeia kar uPnAé enfmedo 1atpikrg TepiBaing.
2xkomdg g Tapouoag PiBNoypapikic avaokdmmong
efval n ouMovyr|, mapouaiacn kar agloAdynon véwv Oe-
Sopévwv kal olyxpovwy dIayvwotkwy PeBddwy otov
Topéa TG 0pOoyvabikAig XeIPoUPYIKAG.

AEZEIZ KAEIAIA: opBoyvalixi xeijpoupyikri, Sidyvwon,
TpIobIdoTartn ameikovion, WnQIakrj Xeipoupyikr oxedia-
on, tpiodidotat) ektunwon, uroloyiotikd kaBodnyou-
LEVEG TEXVIKEG, a&loAdynon

SUMMARY: New technological tools are increasingly
being applied in orthognathic surgery. Advanced tech-
niques of imaging, diagnosis and treatment planning de-
velopment, as well as simulation, guidance and evalua-
tion of the treatment outcome are gradually taking the
place of conventional techniques, enabling three-dimen-
sional (3D) digital planning and personalized treatment
of craniofacial deformities. Conventional and advanced
three-dimensional techniques, such as three-dimension-
al ultrasound imaging (3D U/S), three-dimensional mag-
netic resonance imaging (3T-MRI), three-dimensional
computed tomography (CT) and cone beam computed
tomography (CBCT) imaging, as well as combinations of
these techniques, are classified as modern technological
tools, while robotic surgery and four-dimensional video
stereophotogrammetry have already begun to find clini-
cal application. In conclusion, advances in diagnostic and
planning techniques in orthognathic surgery present
many preoperative, intraoperative and postoperative
advantages, significantly reducing the chances of com-
plications and providing safety, accuracy and a high level
of medical care.

The aim of this literature review is to collect, present
and evaluate new data and contemporary diagnostic
methods in the field of orthognathic surgery.

KEY WORDS: Orthognathic surgery; Diagnosis, Three-
dimensional imaging, Digital surgical planning, Three-di-
mensional printing, Computer-aided techniques, Evalu-
ation
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EIZAIQrH

Q¢ opboyvabikr| xeipoupyikr Bewpeftal o Topéag g
otopaukig kal yvabompoowtkAG  XEIPOUPYIKAG, TToU
aoxoleftar pe ) S16pBwaon Twv OKEAETIKWY amokAioe-

WV Kal ooBapwv SUCHOPYIKV TOU KPAVIOTIPOOWTTIKOU

oupmAéypatog (oe eykdpaolo, ofeNdio kal otegavidio

enfmedo). H epappoyr| g mpoumobétel ) diapkr| Kai
apoiBaia ouvepyaoia Tou eidikoy oTopato-yvabompoow-

TKkoU xelpoupyou pe eidikd opbBodovukd. H olumpadn

Twv dUo eidikottwy cUPBAMel otn BeAtiwon Twv Bacikav

Aermoupyiv TG olykieiong (pdonon kai opiINia) Kal otn

Siaxeipion g avanveuotikrig andeeagng, diopbuvovtag,

TIaPAMNAQ, Ta Undpxovta aiobnuikd mpoPAipata kar Ta-

péxovtag otov aoBevr) kahitepn moidta Cwrig (1,2,3,4).

Méxpr ofipepa, Ta Bacikd PEoa yia T PEAETN TwV OKeAe-

TIKWOV QVWHANI)V TOU KOAVIOTIPOOWTTIKOU GUHTTAEYHATOG

kal TN oxediaon g Bepameutikig TOUG AVTIETOTIONG

armotehodoav ta akdhouba (2,3,5,6):

* KAvikr e€€taon),

* AfUn oupBatikwv ewtoypd@idv kal avdiuon Si1odi-
dotatwv aktvoypaeiwy (mAdyia kar omobompdaobia
aKTIvVOYyPa®ia Tou Kpaviou Kai Tou TPoowTiou),

* Afovikr Togoypagia kal ekpayeia HEAETNG,

* >xediaon kal avanapaywyr] Twv OKEAETIKWY KIVAOEWY
e TN Xprion nuImpooappolopevwy apfpwtipwy Kai

» Xprjon KOIVWV XEIPOUPYIKWY VAPOAKWY aKPUNKAG
pnTivng

KoAdppog N. kai ouv./Kolomvos N. et al.

INTRODUCTION

Orthognathic surgery is defined as the field of oral and
maxillofacial surgery, which deals with the correction of
skeletal discrepancies and significant deformities of the
craniofacial complex (in the transverse, sagittal and coro-
nal planes). Its application requires constant and mutual
cooperation between the specialist oral and maxillofa-
cial surgeon and the orthodontic specialist. The part-
nership between the two specialties helps to improve
the basic functions of occlusion (chewing and speaking)
and the management of respiratory obstruction, while
correcting existing aesthetic problems and providing the
patient with a better quality of life (1,2,3,4).

To date, the basic tools for studying skeletal abnormali-

ties of the craniofacial complex and designing their ther-

apeutic management have been the following (2,3,5,6):
¢ Clinical examination,

* Conventional photographs and two-dimensional (2D)
radiographs (lateral and posteroanterior skull and fa-
cial radiographs),

» Computed tomography (CT) scan and cast models,

* Design and reproduction of skeletal movements using
semi-adjustable articulators and

* Use of conventional surgical acrylic splints of occlusion.
It has been reported that 2D imaging techniques can-
not clearly capture the complexity of the 3D anatomy
of maxillofacial structures (7). Also, 2D surgical plan-
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‘Exel avagepOei du o1 diodidotateq ameIKOVIOTIKES Te-
XVIKEG Sev Umopolv va anodwoowv pe od@rveld Ty
TTOAUTTAOKSTNTA TNG TPIodIAoTATNG avatopiag twv yva-
Bompoowmkwv dopwv (7). Emiong, n diodidotatn xel-
poupyiki oxediaon pmopel va odnyrjoel oe oedAuata
kal avakpiPeieg, oxeuldpeveg pe TN petagopd Tou
TIPooWTTIKOU TOEOU, TNV AKTIVOYPAQIKA TIAPApopewan,
TNV KATAOKEUX TWV XEIPOUPYIKWY VAPOAKWY aKPUAIKAG
PNTIVNG KAl TNV EVOOEYXEIPNTIKY EMAVATOTIONETNON TWV
00TKQV TUNHdTwV (3,5,6,8). H avdmuén, wotdoo, oly-
XPOVWV TEXVONOYIKWY HECWV UTTOPE va avupeTtwrTioel,
oe deydho Babud, toug mepiopiopols autolg, BeAtiw-
vovtag ) diayvwotikr) S1adikaoia kai TTapéxoviag akpl-
Br kal mpoPAEYIpa amoteéopata (9).
Q¢ olyxpova texvoroyikd péoa Bewpouvtal (10,11,12)
(Mivakag 1):
* ATIAEG 1] TIPONYHEVEG QTTEIKOVIOTIKEG TEXVIKEG TOIWV
Slaotdoewy,
* Kataokeuaotikég diadikaofeg umoPfonBoulpeveg amd
uttohoyIoTr,
* 2uvduaopdg dUo f/kal TEPIOCATEPWY ATTEIKOVIOTIKWY
TEXVIKQY,
* TeXVIKEG TOU PENOVTOG, TTou €xouv 1dn apxioer va
Bplokouv KAIVIKA epappoyn.
2Komdg NG mapouoag PiPANoyearikig avaokdong
efval n mapouaoiaon véwv Sedopévwy kal olyxpovwy Si-
AYVWOTIKOV TEXVIKWY, KaBWE Kal ) eMEpEor autwy otov
Topéa g opBoyvabikig XelpoupyIkAG.

ning can lead to errors and imprecisions related to
facebow transfer, radiographic distortion, fabrication of
surgical acrylic splints, and repositioning of bony frag-
ments intraoperatively (3,5,6,8). However, the devel-
opment of modern technological tools can, to a large
extent, address these limitations, improving the diag-
nostic process and providing accurate and predictable
results (9).

Modemn technological tools are considered to be

(10,1'1,12) (Table 1):

» Conventional or advanced 3D imaging techniques,

» Computer-assisted manufacturing processes,

» Combination of two and/or more imaging techniques,

* Techniques of the future, which have already started
finding clinical application.

The aim of this literature review is to present new data

and modern diagnostic techniques, as well as their influ-

ence in the field of orthognathic surgery.

Conventional 3D imaging techniques

1. 3D Cephalometric analysis

It is based on patient imaging data from cone beam com-
puted tomography (CBCT) and software that provides
tools for three-dimensional cephalometric measure-
ments (I3). Specifically, in CBCT, predefined anatomi-
cal landmarks are set and measurements are made with
the use of appropriate points, lines, planes and angles
to determine malformations of the craniofacial complex

Table I: Modern technological tools in orthognathic surgery

Conventional 3D imaging techniques

Advanced 3D imaging techniques

Computer-assisted manufacturing
processes

Combination of two and/or more imaging

I) 3D Cephalometric analysis
2) Laser Scanning
3) Stereophotogrammetry

[) 3D Ultrasound (3D U/S) imaging

2) 3D Magnetic Resonance Imaging (3T-MRI)

3) 3D Computed Tomography (3D CT)

4) Cone Beam Computed Tomography (CBCT)

) Stereolithographic Biomodelling

2) Patient-specific surgical splints

3) Patient-specific surgical cutting guides for osteotomy,
stabilization plates and implants

|') Stereophotogrammetry and CBCT

2) Laser Scanning and CBCT

techniques

Techniques of the future, which have
already started finding clinical application

Tépog 25, No [, 2024/Vol 25, No |, 2024

3) Intraoral Laser Scanning, 3D CT and stereoscopic
photography (stereo camera)

|) Four-dimensional (4D) Video Stereophotogrammetry
2) Real-time computer-assisted intraoperative surgical
navigation

3) Telemedicine

4) Robot-assisted (Robotic) Surgery



ATTAEG aTTEIKOVIOTIKEG TEXVIKEG TPIWV
dlaotdoswv

1. Kepahopetpik avdiuon toiwv diaotdoewv

BaoiCetar oe dedopéva ameikovioewv tou acBevolg
amné v agovikry Topoypagia kwvikrig déoung (CBCT),
KaBwg Kal oe AOYIOHIKO TIOU TIApEXel epydAeia TpIo-
Sidotatwy  kepalopetpikwy  petprioewy (I3). Zuyke-
koipéva, otnv CBCT opiCovtal ouykekpigéva avatopi-
K& opdonua kal Tmpayuatonololvial HETPATEIG HE TN
XpAon KAtdMnAwv onpeiwy, ypapuwy, emmedwy Kal
YWVIQV, YId ToV TIPoodIopIopd TTAPAPOPQOOEWY TOU
KpaviompoowtkoU cupmAéypatog (14,15). H akpiBeia
TWV KEQANOPETPIKWY HETPACEWY efval emTaktiky, ape-
VOG YIa TV aQVIXVEUON ACUPHETPIOV TOU TIPOCWITOU Kdal
APETEPOU YIA TNV EMAPKN EVNPEPWON OXETKA HE TNV
éktaon, TV evtdrmon Kai v KateuBuvon autwy, Pdoel
Twv Tplodidotatwy aneikovioewv (16). Qg ek Toutou,
EMTPEMETAl APTATEPN avanapdotacn NG Tmeaydatikrig
HOP@OAOYIAG TOU KPAVIOTIPOOWTTIKOU CUPTAEYUATOG,
oe avtiBeon pe 1o diodidotato mAdyio kepahroypden-
pa, émou n Se&id kar n apiotepr] MAeupd umeptiBevtal
n pia mavw oty aMn (10,13). TlapdMnAa, n texvikr
aut] a&loloyel TV okehetikr) ox€on TG Pdong Tou
Kpaviou pe Tv dvw 1) v kétw ydbo, kabwg kar v
oxéon Petagy twv duo ywdbwv (17). Mapéxel, emiong,
TN duvatdtnta PEtpnong NG EMurKoug avamuéng tou
KOQVIOTTPOOWTTIKOU  GUPTAEYHATOG, HIKDWY OUYKAEIOI-
akwv dIa@opOTTOINCEWY, AMd KAl KOavIOTIPOOWTTIKOV
aroxkhiogwv (10). Téhog, oupPdMel otn Sidyvwon kai
Katdption tou oxediou Bepareiag oe aobevelq pe avd-
yKn yia opBoyvabikr XeipoupyIkr, EMTPEMOVTIAG TV oU-
YKPION TNG TIPOEYXEIPNTIKIG KAl HETEYXEIPNTIKAG EIKOVAG
Tou acBevr}, evw n diayvwotiki NG agiomotia aviayw-
vi€etar aut] NG KAAoIKAG KEPANOWETPIKAG avdAuong
(10,13,14,15,17) (Eidva I).

2. 2dpwon e axtiveg laser

AlakpiveTal n Texvikr] 0dpwong Tou TPoowTou, Kabwg
kai n evdootopatikr] odpwon. O 0apwtrig ToU TPOoW-
Tou efval pia pn emepPatiky kAl avemagn CUOKeUr pé-
TPNONG, TIou Kataypdeel TV TpIodIdotatn Hop@oioyia
TOU TPOCWTTOU KAl TV PAAQK®YV IOTWY, AMOTUTTWVOVTAG
TNV TTEAYHATIKY UPn Kal 1o xpwpa tou Séppatog. Eva
and Ta 0eéAn NG TeEXVIKAG autig eival n xprion yen-
yopng Kar avénagng odpwong, Tou Turikd O¢ yivetal
aioBnt] and tov aobevr). H peyaitepn axkpifeia ka-
Taypaerg Tapoucidletal oto PECO TPITNHOPIO ToU
Tpoowtou, eve TapdMnAia diatiBetar autdpatn ava-
YWOPIoN TwV eKPPAoEwy TOU TIPOCWTOU, CUPBEMo-
VIag otV Katavonon tng Yuxoloyikrg katdotaong Tou
aoBevoug kai otn digukdAuvon tng emkoivwviag Peta&u
Bepdmovtog kal aoBevouc. O1 6apwtég autol Xpnoiyo-
ToloUvtal eUPEWS atnV KAVIKY TTRdEN, eEaopahiCovtag
aopdheia kai aglomotia. [Napouoidlouv xapnAd kOoTog
Kal eUKONIQ XeIpIopWY, Katéxovtag kouPikr Béon ot

KoAdppog N. kai ouv./Kolomvos N. et al.

Eix. I: Tpiodidotatn okeAetikr ameikévion (Bdoel g oroiag pmopef
va mpayuatorioindel Tpiodidotatn kepahopetpik avdiuon) (18)
Fig. I: 3D skeletal imaging (from which 3D cephalometric analysis
can be performed) (18)

(14,15). The precision of cephalometric measurements
is imperative, both to detect facial asymmetries and to
provide adequate information about their extent, loca-
tion and direction based on 3D images (16). Therefore,
a more accurate representation of the actual morphol-
ogy of the craniofacial complex is allowed, in contrast
to the two-dimensional lateral cephalogram, where the
right and left sides are superimposed on each other
(10,13). At the same time, this technique evaluates the
skeletal association of the skull base with the maxilla or
mandible, as well as the relationship between the two
jaws (17). It also allows the measurement of the longitu-
dinal development of the craniofacial complex, slight oc-
clusal variations and craniofacial deviations (10). Finally,
it contributes to the diagnosis and treatment planning
for orthognathic patients, allowing the comparison of
the patient's preoperative and postoperative condition,
while its diagnostic reliability rivals that of conventional
cephalometric analysis (10,13,14,15,17) (Figure 1).

2. Laser Scanning

The facial scanning technique is distinguished, as well as
intraoral scanning.

The facial scanner is a non-invasive and intact measur-
ing device that records the 3D morphology of the face
and soft tissues, capturing the actual texture and color
of the skin. One of the benefits of this technique is the
use of a fast and contactless scanning, which is typically
not detectable by the patient. The highest accuracy of
recording occurs in the middle third of the face, while
automatic recognition of facial expressions is available,
helping to understand the patient’s psychological situa-
tion and facilitating the therapist-patient communication.
These scanners are widely used in clinical practice, en-
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didyvwor), mpdyvwon Kkai oxediacn tng Beparmeiag kai
ETTEEMOVTAG TN AeTrtopepr] peteyxeipnuky a&loAdynon
kal avdAuon NG ouppeTpiag Tou Beparmeutikol amote-
ANopatog (11,14,19). Meiovéktnua G OuyKeKPIPEVNG
TEXVIKIG ATTOTEAET O EKTETAPEVOGS XPAVOG AYING TG od-
pwong, Tou tnv Kabiotd akatdAMnAn yia maidiatpikd Te-
plotatikdg, kKabwg kar n exmoprr emBAapoug yia ta pd-
Ta ewtdg Katd T AN Tpiodidotatwy eikévwv. Emiong,
éxouv mapatnenBel opdiuata | eMefmovia dedopéva
0dpwong, Katd v amotinwon EmMEAVEI®Y TToU KAtd-
ypdpovtar Suokoha, dmwg ta epudia kar ol BAepapideg,
iou iapouaidovrar pe tn popen tounag (I 1,19).

O evbootopaukds oapwtig anoteAetal amd pia ev-
dootopatiky Kkdpepa, €vav NAEKTPOVIKG  UTTOAOYIOTH
kal éva KatdMnho Aoyiopikd. Xpnoiporoleftal yia
MUn mAnpogopidv Tpiodidotatng tomoypagiag Kai
XPWHATIKAC UG TWV OKANPWV KAl HAAGKWV 10TWV TG
oTopaTKAG KOINGTNTAG, OMwe Ta ddvTid, Ta oUAd Kal Ol
BAevvoydvol, ameubeiag amd to otdpa tou aoBevoug,
oxnuatiCovag éva tplodIdoTato ameKoVIoTIKO HOVIEAO
NG olykAeiong. Ta tpiodidotata, autd, Yneiakd Jovte-
Aa emtpEnouy TV andkInon dIayvwatiKWy TANPOYOPI-
v, TV Katdption Tou oxediou Bepareiag, tnv kaAUtepn
eMmKovwvia PeTaly emepPavOvinv Kal TV KATdokeur
€EATOPIKEUPEVWY OUOKEUWV. H Texvik autr| , TapdMn-
AQ, OUPPBAMEI OTNV QVTIHETWOTION TWV TIEPIOPICHWY TWV
OUPBATIKWY TEXVIKWV amotunwong, OTwg efvar n alMayr
ot SIA0TAOEIG TWV AMOTUTTWTIKOV UNIKWY, N EKTETApEVN
didpkeia kar 1o MEdPANpa anobrikeuong tou peydhou
OyKoU amoTuUMwudTwy, Kal SlukoAUvel T Ay amnotu-
TwPdtwy and aobevelg e Eviovo aviavakAaotikd mviy-
pou/epétou, duomvoia 1y dyxog (4,11,19).

3. 2TepeopwrtoypappeTpia

H ynoiakr ewtoypappetpia amotelel Texvikr] UPnAiG
akpiBeiag, mou PaociCetal otn gwtoypdenon tou acbe-
voUuq pe éva Celyog e1dIkd SIapopPwUEVWY QWToYPap!-
KOV pnxavav. Katd ) Sidpkeia g e&étaong, ¢nteftal
and tov aobevr) va mapayeivel pe KAEIOTO oTOPa o€
Bon KevtpIkAg OUYKAEIONG , APoU TTPWTA €Xel KATATTIEN,
dIaTPWVTag tov puikd tévo Tou TIPOoWTTOU XaAdEod.
Ev ouvexeia, o pwtoypagieq autég, Tou AapPdvovtal
amé dUo dIapopETIKEG KateuBUVaEelg, emonuaivovtar he
mpokaBopiopéva onpeia avapopdg, yia T Ayn akp-
BV petprioewy Kar T dnuioupyia evog Tplodidotatou
HOVTENOU TNG KEQAAG Kal Tou Tpaxriiou, to omoio dia-
el o apxikd Tou péyebog kar oxrpa. Mpdkertal yia
amif, pn emepBatikn TEXVIKY, He HIKpd Xpdvo Ajiing Kai
arouoia aktivoPoAiag, yeyovdg mou tnv kabiotd 1davikr
yia mmaidiatpikoug acBeveiq. Mmopel va cuvduaotel pe
eikdveg and v akovikr) Topoypaeia Kwvikrg Séopung
(CBCT) «ar emtpéner v a&loAdynon Tou TpoowTiou
amné omoladimote kateuBuvon, pe pia pdvo Aqyn. Kata-
ypd@el Pe AETTTOPEPEIa TN HOP(OAOYIa Tou TIPOCWTToU
Kal TIG AMAVEG TwV JAAAK®V 10TWY, amOTEAVVIAG, €T,
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suring safety and reliability. They are low cost and easy to
use, being central to diagnosis, prognosis and treatment
planning and allowing detailed post-operative evaluation
and analysis of the symmetry of the therapeutic out-
come (I1,14,19). The disadvantage of this technique is
the long scan acquisition time, which makes it unsuitable
for paediatric cases, and the emission of eye-damaging
light when acquiring 3D images. Errors or missing scan
data have also been observed when scanning surfaces
that are difficult to capture, including eyebrows and eye-
lashes, which are displayed as holes (11,19).

The intraoral scanner is comprised of an intraoral cam-
era, a computer and an appropriate software. It is used
to obtain three-dimensional topography and color tex-
ture information of the oral cavity's hard and soft tissues,
such as teeth, gums and mucous membranes, directly
from the patient's mouth, forming a three-dimensional
imaging model of the occlusion. These three-dimension-
al, digital models allow for the acquisition of diagnostic
information, the development of a treatment planning, a
better communication between practiotioners and the
construction of personalized appliances. This technique,
at the same time, helps to overcome the limitations of
conventional imaging techniques, such as the change
in the dimensions of the impression materials, the ex-
tended duration and the problem of storing the large
amount of impressions, and facilitates the taking of im-
pressions from patients with severe gag/vomiting reflex,
dyspnea or anxiety (4,11,19).

3. Stereophotogrammetry

Digital photogrammetry is a high-precision technique,
based on photographing the patient with a pair of
specially designed cameras. During the examination,
the patient is asked to remain in a closed mouth, in
centric occlusion, after having swallowed, while keep-
ing the facial muscles relaxed. These photographs,
taken from two different directions, are then marked
with predetermined reference points to obtain accu-
rate measurements and to create a three-dimensional
model of the head and neck, which retains its original
size and shape. It is a simple, non-invasive technique,
with a short acquisition time and no radiation, mak-
ing it ideal for paediatric patients. It can be combined
with cone beam CT (CBCT) images and allows the face
to be evaluated from any direction in a single scan. It
captures in detail the facial morphology and soft tissue
changes, making it the first choice method for images’
superimpositioning after orthognathic surgery. Finally, it
provides the possibility of projecting and rotating the
3D images in any direction on a personal computer,
facilitating communication between practitioners and
making this technique ideal for the planning and evalua-
tion of orthognathic surgery in patients with craniofacial
anomalies (1 1,14,19).



pEBodo exhoyAG yia Ty Tpaypatomoinon urepBécewy,
petd and opboyvabikég emepBdoeig. Téhog, mapéxel T
duvatdtnta mpoBoAig Kal TEPIoTPOPIG, TIPOG OTIoIa-
drjrmote katevBuvon, twv TPIodIGoTatwy ameIKoVIoEWY
OTOV TTIPOOWTTIKG UTIOAOYIOTH, SIEUKOAUVOVTAG TNV €ri-
Kolvwvia petagy twv Bepamdviwy kar kabiotwvag v
Texvikry autr) 15aviky yia tv oxediaon Kkar agloAdynon
opBoyvabikwv emepfdoewy oe aoBevelg Pe kpaviompo-
owrikég avwpanieg (11,14,19).

MponyHéveg ameIKoVIOTIKEG TEXVIKEG

TPIVV dlaotdoswy

1. Aneikévion uneprixwv tpiwv dlaotdogwy

H ameikévion pe umeprixoug eival apketd diadedopévn
otnv kabnuepivr KAIVkr) TIdEn, Adyw tou xapnAou Ko-
OTOUG KAl TNG YPryopng anddoong Tou eEac@aiidouy.
O1 oUoKeUEG ameIkdVIoNG UTTEPHXWV TEIWV SIAoTdoewv
akohouBolv avarruoodpevn Topeia, cupPdioviag
OTNV OTTIKOTIONOoN Kal amelkdvIon TwV HAAAKOV 10TOV
Tou oWpPatog wg tplodidotateg dopég (20). H texvikn
auty emTpPETel TV ameikdvion oASKANpwv Twv e&eta-
(Opevwv opydvwy ot TpeIg diaotdoelg, e§acpaiifovtag
HETPAOEIG TWV TIOCOTIKWY TOUG XAPAKTNPIOTIKWY, avVe-
Eaptrtwe mpooavatoNiopoy, anartel oxetkd pikpr) e€el-
dikeuon tou emepfaivovtog kar mapoucidlel emavainyi-
pATNTA OtV armeikovion TG TIEPIOXNG EVOIAPEPOVTOG
(amé tnv (dia otk ywvia Tou eAfgBn o€ mponyoUpe-
vn e&étaon). ‘Etol, ouvelopEpel oTov €Aeyxo NG avia-
TIOKPIONG TWV 10TWY oTo Bepareutikd oxédio. Emmiéoy,
miapéxel tn duvatdtnta ouvéuaopol Twv Sedopévwy e
Ta AMOTEAEONATA AMWV ATTEIKOVIOTIKWV TEXVIKWY, OTIWG
G payvnukrg topoypagiag (MRI) (20). KabopiotikA
efval, T\o¢, n oupBoAr TG otV Kataokeur] eEAtop-
KEUREVWY TPIOOIAOTATWY HOVIEAWY, TTOU TIAPOUCIdlouv
TNV akpiPry avatopia kar maboloyia tng mepIoXAG, PEow
ene€epyaoiag kal TUNPAToToinonG TwV OYKOPETPIKWV
eIKOVWY, OUPBANOVTAG OTov TIPOEYXEIPNTIKG OxedIa-
OMO Kal OTNV TIPOCOHOIWON TTOAUTTAOKWY EMEPATIKWY
S1adikaoiwv og aoBevelG Pe KPavIOTTPOOWTIKEG avwa-
Neg (14,21).

2. Mayvnukr topoypagia toiwv diaotdoswv

"Evag oapwtric tpiodidotaotng payvnukig Topoypapi-
ac (3T-MRI) énpioupyel éva payvnukd medio pe dImAd-
ola 1oxU, uPnAdTePn avaiuon kar aglomotia kar cuvto-
pATEPO XPOVO AMYNG amd TG OUPPATIKEG TOHOYPAPIES,
arodidovtag eEIpETIK  avatopiky Aemtopépeia. Ta
Tpéxovia ouotripata 3T-MRI emtpémouy ) pop@oro-
yikr) Slgepelivnon NG avatopiag pe uPnAr avdluon xw-
pou, xpdvou kai avtiBeong (amaparitntn otn didyvwon),
evioxUovtag tn diayvwotikr) agia g Hayvnukrig Topo-
ypapiac doov apopd tnv eEeidikeuon kai euaiobnoia
1600 otV Kabnuepvr KAIVIKY TIPAgn 600 Kal og EPEU-
VNTKEG eQappoyeG. [Npdkertal yia pia un emeppatki
kal ao@a, xwpic aktvoPBohia X, texvikr. Meiwvel Tov

KoAdppog N. kai ouv./Kolomvos N. et al.

Advanced 3D imaging techniques

1. 3D Ultrasound (3D UIS) imaging

Ultrasound imaging is quite widespread in daily clinical
practice, due to the low cost and fast performance they
provide. Three-dimensional ultrasound imaging devices
are rising, contributing to the visualization and imaging
of soft tissues of the body as three-dimensional struc-
tures (20). This technique allows imaging of the entire
examinated organs in three dimensions, ensuring mea-
surements of their quantitative characteristics, regard-
less of their orientation, requires relatively little operator
expertise and shows repeatability in imaging the area of
interest (from the same angle of view taken in a previ-
ous examination). Thus, it contributes to the control of
tissue response to the treatment planning. In addition, it
provides the possibility of combining the data with the
results of other imaging techniques, such as magnetic
resonance imaging (MRI) (20). Finally, its contribution
to the construction of customized 3D models, showing
the exact anatomy and pathology of the region, through
processing and segmentation of volumetric images, is
crucial, contributing to preoperative planning and simu-
lation of complex invasive procedures in patients with
craniofacial abnormalities (14,21).

2. 3D Magnetic Resonance Imaging (3T-MRI)

A 3T-MRI scanner creates a magnetic field with twice
the power, higher resolution and reliability and shorter
acquisition time compared to conventional scans, deliv-
ering outstanding anatomic detail. Current 3T-MRI sys-
tems allow the morphological examination of anatomy
with high resolution of space, time and contrast (requi-
site in diagnosis), improving the diagnostic value of MRI
in terms of specialization and sensitivity in both everyday
clinical practice and research applications. It is a non-in-
vasive and safe, X-ray-free technique. It reduces the risk
of imaging distortions, significantly reducing the require-
ment for repeated scans and, thus, patient’s discomfort
and maximizing diagnostic ability and precision. It is an
essential tool for the analysis of both soft and hard tis-
sues of the face, contributing to the 3D assessment of
facial deformities, diagnosis and planning of their treat-
ment. The disadvantages of this technique include the
claustrophobic tendency of some patients, the difficulty
of keeping a still position, mainly in juvenile patients, and
the limitation of the examination to patients with me-
tallic appliances. Other limiting factors include the high
cost and reduced availability of these scanners. In the
future, it is speculated that 3D cephalometric analysis
will be performed on 3T-MR|, as opposed to CBCT,
with a potential for its routine usage in orthodontic and
orthognathic treatment (11,22).

3. 3D Computed Tomography (3D CT)
A three-dimensional CT scan (3D CT) is composed of a
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KivOUVO QTTEIKOVIOTIKWY TIAPAHOPOWOEWY, TEPIOPICO-
VIag ongavtkd tnv avdykn vyia enavarapBavopeveg
oapwoelg kai, dpa, v Tahamwpia tou acBevoulq Kai
peylotomolwvtag T SIayvwotik Ikavétntd Kai akpiBeia.
Arotelel TOAUTIO gpyaleio yia v avdiluon TG00 Twv
HAAGK®V 600 Kal TwV OKANPWV I0TWY TOU TIPOCWTTOU,
oupBdMovtag otnv Tpiodidotatn ektiunon twv Tpo-
OWTIKWV duopopIwy, otn didyvwon kal oxediaon g
BepameuTiKAG TOUG AVTIPETWINIONG. 2T HEIOVEKTAPATA
TNG TEXVIKNG QUTHC OUYKATAAEYOVTAl Ol KAEIOTOQOPIKES
Tdoeic oplopévav aaBevav, n duokohia diatripnong axi-
vntng Béong, 16iwg oe vedtepoug aoBeveic, kabBwg kar o
TIEPIOPIOPAC EQAPHOVAG TNG eE€taong oe aoBevelc pe
HETAMIKEG OUOKeUEG. Emiong, otoug meplopiatikolg Ta-
pdyovteg NG e&étaong oupmepiAapBdvovtal 1o ubnAd
KOOTOG KAl N pelwpévn SIaBeoIudTnTa TwV CUYKEKPIYE-
VWV Topoypdewy. 2To pEMov, mBavoloyeital n mpay-
patoroinon TeIodIdoTatwy KEQAAOHETPIKWY AVAAUCEWY
oe 3T-MRI, évavt Twv aovIKOV TOHOYPAPIOY KWVIKAG
déopng (CBCT), pe okomd tnv kabnuepivr) xprion
g otnv opBodovtikr kal opBoyvabikr aviieETOMmon
(11,22).

3. Abovikr} Topoypagia tpiwv dlactdoswy

H a&oviki topoypagia toidv diaotdoewv (3D CT)
oxnuatiCetar and pia tpiodidotatn mpoBoAr, Pe N
xprion eykdpoiwv diatopwy Tou owpatod. [apoucidlel
uwnAr 8déon aktivoBoAiag kar uPnAd KOOTog, Yeyovog
Tou TNV Kabiotd akatdMnAn otnv kabnpepiv) KAIVIK
npdEn. Qotdoo, xdpiv TwV TANPOPOPIAKWY SESOUEVWY
Tou e€aopahiCel oxetikd pe Tig maboAoyieg Tou otopa-
TOTTPOCWTIKOU CUCTAUATOG, Toug yvabiaioug KOATToug,
TNV Kpotagoyvabikr SidpBpwon, TIg avatopikES TapaA-
AQVEG Kal Ta Kpaviopoowikd olvopoua epapudletal
eupéwg oty Odovuatpikr (I1). Emiong, xapaktnpei-
Cetal and piKpAOTEPA TOCOOTd OPANIATOC, HEIWHEVO
Bdpufo kar kaAUtepn Ikavdtnta Sidkpiong oToXeiwv
XapnAig avtiBeong, oe olykpion pe tv agovikr) Topo-
ypagia kwvikig déopng (CBCT), mapéxovtag kahitepa

Tépog 25, No [, 2024/Vol 25, No |, 2024

Eix. 2: Afovikr| topoypapia
Tplwv dlaotdoewy (24)

Fig. 2: 3D Computed Tomog-
raphy (3D CT) (24)

3D projection, using cross-sections of the body. It pres-
ents a high dose of radiation and high cost, which makes
it unsuitable for everyday clinical practice. However, due
to the information it provides about the pathologies of
the orofacial system, maxillary sinuses, temporoman-
dibular joint, anatomical modifications and craniofacial
syndromes, it is widely applied in dentistry (I 1). It is also
characterized by lower error rates, reduced noise, and
better capacity to discriminate low-contrast features
in comparison with cone beam CT (CBCT), providing
better-formed and anatomically correct images (23)
(Figure 2).

4. Cone Beam Computed Tomography (CBCT)

[t consists of a cone-shaped X-ray beam and a two-
dimensional square digital detector and has a greater
spatial resolution, allowing, with a single revolution
of the radiation source, the entire area of interest to
be captured. It, thus, ensures a significantly shorter ir-
radiation time and, accordingly, considerably reduces
patient’s discomfort (14,19,23,25). It is more prone to
technical errors compared to 3D CT, showing higher
noise, low contrast in soft tissues and less uniform im-
ages. However, it excels in distinguishing small variations
in the size of the examined anatomical structures and
in identifying osseous changes (11,19,23). At the same
time, it has the advantage of being less costly and hav-
ing a lower dose of radiation than CT (11,13,14). It is
used both in the diagnostic and planning process of fa-
cial asymmetries by creating a virtual 3D patient from
CBCT data, and in the preoperative assessment of their
therapeutic outcomes. It helps to distinguish between
unilateral and bilateral deviation of these asymmetries in
patients requiring orthognathic surgery, while improving
the differential diagnosis of craniofacial anomalies and
syndromes (I 1,14) (Figure 3).

Computer-assisted manufacturing processes
Initially, the under-study region is scanned, via CT scans,
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OXNPATIoPEVEG KAl avaTopikd opBég ameikovioelg (23)
(Eixéva 2).

4. Aovikn topoypagia Kwvikic 6éouns

Xpnoidorolel pia kwvik &éopn akuvov X kar évav
S1081d0tato TETpdywvo YneIakd avixveutr] Kar Tapou-
o1dlel uPnAOtepn avdAuon XWPOoU, ETTPETOVIAC, HE
pia pévo mepiotpo@r TG TNYNAS aktivoBdoAnong, v
Kataypaer] oAdkAneng g meploxig evolapéPovTog.
E€aopaliCel, £tol, onpavtikd pIKpATEPO XPAVO AKTIVO-
BdéAnong Kai, avtiotoixa, meplopiCel apketd TNV TAAal-
nwpia tou aoBevolg (14,19,23,25). Eivar mepioodtepo
EMpPPEEMAG Ot TeXVIKA O@QAAPATA, CUYKEITIKA HE TNV
tpiodidotatn afoviky topoypagia (CT), mapouoidlo-
Vtag peyalitepo Bdpufo, xapunhq avtiBeon oe paia-
KoUG 10ToUG Kal AYOTEPO OHOIGHOPPES ATTEIKOVIOEIG,
Qotdoo, umeptepel wG TPOC T didKpIoN PIKPWV SIaKu-
pdvoewy oto péyebog twv efetalduevmv avatopiKwy
popiwv KAl WG TIPOG TNV avixveuon OoTIKWV petaBo-
Aav (11,19,23). Tautdxpova, meovektel eppaviCoviag
HIKpOTEPO KOOTOG Kal XaunAdtepn Sdon aktivofBoAiag
ané v CT (I1,13,14). Xpnoigoroleital apevog ot
Siayvwotikr kar oxediaotikr) diadikacia acupPETPIVY
TOU TIPOOWTIOU, HEOW TNG dnpIoUPYIag evog eIKOVIKOU
Tpiodidotatou aoBevr| amd ta dedopéva tng CBCT, kai
APETEPOU OTNV TTOOEYXEIPNTIKY eKTIPNon Twv Bepareu-
TKOV TOUG amoteAeopdtwy. 2UpBdMer otn didkpion
peta&u povOTAeupnG Kal apeimeupng andkNiong Twv
QOUPPETPIOV autwy og aoBevelg, Tou xpri¢ouv opbo-
yvabikiG xelpoupyIikiG, PeAtidvovtag, mapdAnAa,
Siagopikr SIdyvwon KPAavIoTTPOOWTTIKWY  aVWHANI®Y
kar ouvdpdpwy (I 1,14) (Exdva 3).

YmoBonBoupeveg and umoloyioth
KATaoKeuaoTikEG S1adikaoieg

ApPXIKE, N UTIO PEAETN TIepIoxr] 0apwveTal, HEow agovi-
KWV TOHOYPAPIWV, Kal €vag NAEKTPOVIKOG UTTOAOYIOTHG,
pe éva ebIkd KATtaokeudotikd Aoyiopikd, kabodnyefl
eEeISIKEUPEVOUG EKTUMTWTEG TPIWV OlaoTdoewy, yid N
dnuioupyia evédg tpiodidotatou otepeohiBoypapikou
povtéou perétng (12,27,28,29). Me 1o povtého autd
efval duvatr| n mpoeyxelpnTiky afloAdynan, n eIKOVIKr
oxediaon kal mpOPAeYn tou Bepameutikoy aTMOTEAE-
opatog, n KaAUtepn emkoivwvia Peta&y Bepdmoviog
Kkal aoBevous, KaBWE Kal n KaTaoKeur| EATOPIKEUPEVWY
XeEIPOUPYIKWY ouokeuwv (12,29). EEatopikeupévor xel-
poupyikol vdpOnkeg, odnyol ooteotopiag, MAdkeg ota-
Beporoinong kai egeutelpata kataokeudoval, HEow
ouotnudtwy CAD/CAM (Computer-aided design /
Computer-aided manufacturing), kai epappdlovtar oi-
eyxelpnukd wg epyaleia kabBodriynong, yia tn petagpo-
Pd Twv amoteAeoPdTwy Tou eikovikoU oxediaopol oto
xelpoupyikd medio, oe ouvduaoud, ouvibwg, e ou-
otuata xeipoupyikig kabodrynong (11,14,27,30,31).
‘Etol, e§aopaliCetar akpiPeia, agiomotia kai peteyxel-

KoAdppog N. kai ouv./Kolomvos N. et al.

~

Ei. 3: AGovikr| topoypagia kwvikig déopng (odpwon 360° katd
TNV oroia n mNyr| twv aktivwy X kar évag avtioToIxog avixveutig
NG TIEPIOXIG KIVOUVTIAI OUYXPOVIOHEVA YUpw ard Tty KEQAAr Tou
aoBevouc (26)

Fig. 3: Cone Beam Computed Tomography (CBCT) (360° scan, in
which the X-ray source and a corresponding area detector move
synchronously around the patient's head) (26)

and a computer, with a specific fabrication software,
guides specialized 3D printers to create a 3D stereo-
lithographic study model (12,27,28,29). With this mod-
el, it is possible to perform preoperative evaluation, vir-
tual surgical planning and prediction of the treatment
outcome, better communication between therapist
and patient, and the construction of personalized surgi-
cal devices (12,29). Personalized surgical splints, oste-
otomy cutting guides, stabilization plates and implants
are manufactured, via computer-aided designing/com-
puter-aided manufacturing (CAD/CAM) systems, and
applied intraoperatively as guidance tools to transfer
the results of virtual design to the actual surgery, usu-
ally in combination with operational guidance systems
(1'1,14,27,30,31). This ensures accuracy, reliability and
postoperative patient satisfaction, substantially reducing
the intraoperative time and potential errors of the con-
ventional approach and preventing deviation from the
intended treatment plan (10,12,14,21,27,29,31).

Combination of two and/or more

imaging techniques

The combination of 3D imaging devices can guide cli-
nicians in selecting the most appropriate technique, in
order to collect the intended data from different tissues,
such as the facial bones, extraoral soft tissues, teeth and
mucosa. It can be applied for the creation of a “virtual
3D patient”, so that orthodontists and maxillofacial sur-
geons can assess the patient's craniofacial skeleton, as
well as soft tissues in a unified manner, providing ad-
vanced planning and outcome prediction of the treat-
ment. The challenge in combining multiple imaging
techniques is the superimposition of information from
seperate devices and in various file formats. Indicative
combinations of imaging modalities include: stereopho-
togrammetry combined with cone beam computed to-
mography (CBCT), the combination of intra- and extra-
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pNTKH Ikavoroinon tou acBevolg, mepiopiovtag ou-
olaoTikd o dieyxelpntikd xpdvo kar ta mhavd o@dh-
HATa TNG CUPPATIKAG TIPOCEYYIONG KAl ATOTPETOVTAG
TNV andkhion amnd to mpoPAendpevo oxedio Bepaneiag
(10,12,14,21,2729,31).

Yuvduaopdg duo ri/kal mepIoodTEPWY
QTTEIKOVIOTIKWV TEXVIKWV

O ouvbuaopdg ouokeuwv TPIoSIAOTATNG ATTEIKOVIONG
pmopel va Pondroer Toug KAIvikoUg 1aTpoug otny e
Aoyr NG KAtaMnASTEPNG TEXVIKAG, YIa TN SUAMOYH Twv
TipoPAendpevwy dedopévwy and Siapopetikolg 1I0ToUG,
OTIWG O OKEAETAG TOU TIPOOWTIOU, OI EEWOTONATIKO! pa-
Aakol 1otof, Ta &dvuia kar or BAewwoydvol. Mmopel va
epappoatel yia tn dnpuioupyia evog «eikovikou Tpiodid-
otatou aoBevoucy, wote ol opBodovrikol kal o yva-
Bompoowrikol xelpoupyol va pmopolv va agiohoyn-
OOUV TOV KPAVIOTTPOOWTTIKG OKEAETS Kal TOUG HAAAKOUG
I0ToUG Tou acBevolg eviaia, TTAPEXOVTAG TIPONYHEVN
oxediaon kal mpdPAedn Tou Bepareutikoy amoteAéopa-
10G. H mpdkAnon otov ouvbuaopd MoManAwv arneiko-
vioewv eival n unépBeon mMAnpoopiwv and diapope-
TIKEG OUOKEUEG KAl OF SIAPOPETIKEG HOPPEG APXEIWV.
Evdeiktikol ouvbuacopoi ameikoviotkwv Pebddwv eivar:
N OTEPEOPWTOYPAPHETPIA e TV aEovIKY Topoypagia
kwvikig &éopng (CBCT), o ouvduacudg evdootopat-
KV Kal eEwotopatik)v odpwtwyv kar CBCT, kabwg ka
evOOOTOPATIKWY 0apwTWY, aEoviKAG Topoypagiag tpi-
ov diaotdoewv (CT) Kal OTEPEOOKOTIKAG PWTOYPAPIag
(stereo camera) (11,19).

Texvikég Tou péNovtog (mou €xouv dn
apxioel va Bpiokouv KAIVIKA gpappoy)

1. Ommukr avduon teoodpwv diaotdoewv

H ok avdhuon tecodpwv diaoctdoswv (4D video
stereophotogrammetry) emtpénel v Kataypagry du-
VAPIKOV KIVIJOEWY ToU avBpwTTivou TIpoowItou Kal Ty
avdhuon Twv SUVAPIKWV eKPPAOEWY TOU TIPOOWTIOU
(1'1,32). Epapudletar otnv opBoyvabikr xeipoupyikn
yia v avdadei€n g acuppetpiac, katd T oidpkeia
Tipaypatonoinong dIapdpwy ekPPdoEwy ToU TIPOoW-
Tou. 2Tadiakd, mapatneeitar n avdmuén g dnpioup-
yiag evog eikovikoy, Kivoupevou acBevr] teoodpwv dia-
otdoewy o€ TIPaypuatikd xpovo (1 1).

2. Ajoroinon ouotnudtwv xelpoupyikic kaBodrynang uro-
BonBouuevwv aré tov uroAoyioTr, o€ MEAyUdTKS Xpovo

Ta ouotrjpata xeipoupyikig kaBodrjynong epappdlo-
VIal OleyxelpnTUKd Kal TIapéxouv atov emepfaivovta
duvatdtnta mapakoAouBnong tng evoedelypévng -
TaPoMig kal mpooappoyrig g yvdBou oe mpaypatiko
XPOVO, PEIGVOVTIAG TNV TOavATNTA XEIPOUPYIKWV OQaM-
PATWV Kal EMMAOKWY 0t A0BeVE(G e AOUPPETPIEG TIPO-
owrou (21,27,33). O Baoikdg eEomAiopdg mepiAapBdvel
pia ouokeun avayvwpiong, éva oUotnpa mapakoAoudn-
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oral scanners and CBCT, as well as intra-oral scanners,
three-dimensional computed tomography (CT) and ste-
reoscopic photography (stereo camera) (11,19).

Techniques of the future (which have already
started finding clinical application)

1. Four-dimensional (4D) Video Stereophotogrammetry
4D video stereophotogrammetry allows the recording
of dynamic facial movements and the analysis of dynam-
ic facial expressions (11,32). It is used in orthognathic
surgery to highlight asymmetry, during the realization of
various facial expressions. Progressively, the develop-
ment of creating a 4D, moving virtual patient in real time
is observed (11).

2. Real-time computer-assisted intraoperative surgical navi-
gation

Surgical navigation systems are applied intraoperatively
and allow the surgeon to monitor the appropriate jaw
modification and adjustment in real time, reducing the
possibility of surgical errors and complications in pa-
tients with facial asymmetries (21,27,33). The standard
equipment includes an identification device, a monitor-
ing system, a computer and a screen for visualizing the
captured images. Infrared cameras, detectors and com-
puter algorithms, deriving data from laser scanners, CT
scans or other imaging techniques, are used to track the
positioning and movement of the surgical tools, as well
as the patient’s anatomy. These images ensure for the
surgeon high accuracy in calculating the necessary surgi-
cal movements during osteotomies and in performing
the required changes. The recording is based on light-re-
flecting markers placed in the tracked region, providing
reliability, good functionality in the operating room and
a significant reduction in intraoperative time. A prerequi-
site, of course, for the application of these systems is the
preoperative planning of navigation (27), while their high
cost and limited availability are defined as drawbacks of
the procedure (21,27,31).

3. Telemedicine

It is a type of remote medical treatment, which uses infor-
mation and communication technologies (34). The equip-
ment required is simple and usually consists of a computer
linked to a digital camera, a microphone and speakers (35).
[t connects one or several health professionals, either with
other health practitioners or with patients, facilitating the
exchange of medical data and, thus, the diagnosis, plan-
ning and selection of the appropriate treatment (11,34).
Telemedicine is essential in taking collegial decisions on
real-time patients’ therapeutic management, promoting dis-
tance leaming at academic level and ensuring the appropri-
ate surgical preparation (34). Finally, its contribution during
the COVID-19 pandemic was pivotal, significantly reducing
the exposure of medical staff to infectious agents (35).
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ong, évav utoAoyIoTr kai pia 08dvn ormtikomoinong Twv
Myewv. YTIEpUOPEG KAPEPEG, AVIXVEUTEG Kal ahyOpIBpol
uTToAOYIoTWY, aviAavtag dedopéva amd oapwieg laser,
abOoVIKEG TOHOYPAPIEG 1 GAEG ATTEIKOVIOTIKEG TEXVIKEG,
XpnolpoTolouvtar yid TV TapakoAouBnon tng tomobé-
Tnong kar NG kivnong tou xelpoupyikoU eEomhiopod,
kaBwg kai TG avatopiag tou acBevouc. O armeikovioeig
autéc eEaoealiCouy yia Tov xelpoupyd ubnAr akpiPeia
OTOV UTIOAOYIoUS TwV amapaitnTwy eMeUPATIKOV KIvA-
0wV, KAtd TIG OOTEOTOWIEG, KAl OTNV Tpaydatonoinan
Twv anarolpevwy aMaywv. H kataypaer faciCetar oe
@wrtoavakhaotikolg Seikteg, Tomobetnpévoug oty und
riapakoAouBnon mepIoxr|, TapExovtag a&lommotia, Kah
Aertoupyikdtnta oto emepfatkd medio Kar onuavtiki
peiwon tou dieyxeipnuikol xpdvou. Npoimdbeon, Bé-
Baig, yia TV eQappoyr TWV CUYKEKPIHEVWY CUTTNHATWY
amnotelel o mpoeyxelpnTkdg oxediaoudg g kabodn-
ynong (27), eved To uPnAd kOOTOG Kal N TIEPIOPIOUEVN
S1aBeoipdtnta autwy anoteAolv peiovektrjpata g Oi-
adikaoiag (21,27,31).

3. TnAeiarpixn

Mpdkertal yia pia poper| €€ amootdoews ITPIKAG TIa-
pakoAoUbnong, Tou xpnaidoTolel TexvoAoyieg TTAnpo-
@oplwv Kai emkoivwviag (34). O amartolpevog eEomAI-
opdG eivar amh\dg kai, ouvrBwg, amoteAeital and évav
NAEKTEOVIKS UTIoAOYIOTH, ouvOEdEpéVO Pe pia Yneiakn
Kdpepa, éva pikpOPwvo kal nxefa (35). Zuvdéer évav
1| TIePIOCATEPOUG ETayyeAatie uyelag, efte pe AMoug
emayyeAudtieg uyeiag eite pe aoBeveic, dieukoAlvovtag
TNV avtaMayr] 1atpikev dedopévwy kal, dpd, T didyvw-
on, v oxediaon Kkai v emAoyr] TG KatdMnAng Oe-
pameutikrg avupetwmong (11,34). H tAeiatpikr| oup-
BdMel kaBopiotikd otn AMyn cuMoyikav amo@doewv
oxetkd pe tn Bepameutik) diaxeipion twv aobevwy oe
TIPAyHatiké Xpdvo, mpowbel tnv €€ amootdoewg exral-
deuon oe akadnudikd enmedo kar eEacpaliCel TV ka-
TAMnAN emepPatikr mpoetoiyaoia (34). Téhog, n ouvel-
opopd G katd tn didpkeia g mavonuiag COVID-19
Atav KopPikr, eplopiCovtag onpavtkd tnv ékbeon tou
IATPOVOCNAEUTIKOU TIPOOWTTIKOU O€ AoIpoydvoug Tiapd-
yovteg (35).

4. Popmoukr} xeipoupyikr

latpikd popumdt éxouv epappootel oe didpopa emep-
Baukd media, epgpavifoviag apketd TAEovektripatd,
OTWG n UTIEPPAC TwV TTEPIOPICHWY Tou avBpwmvou
mapdyovta, n eAdXIoTa eMePPATIKY) XEIPOUPYIK, N Xd-
HNAY HETEYXEIPNTIKY EVOXANON Kal N oUvVIOPn TTapdo-
vy OTO VOoOKoelo. 2tnv opBoyvabikh Xeipoupyikr,
poprmotikd ouctripata Ba pmopoloav ato péMov va
OUHPETEXOUV OF TIEPITTIWOEI OOTEOTONIag Kal emna-
vaTomoBETNoNG ToU OOTEOTOPNPEVOU THANATOG, MEl-
wvovtag tnv mbavotnta Sieyxeipnukoy o@AAIATog
Kkal rapouacidlovrag auénpévn akpifeia, otabepdtnta

KoAdppog N. kai ouv./Kolomvos N. et al.

4. Robot-assisted (Robotic) Surgery

Medical robots have been applied in different surgical
fields, showing several advantages, like overcoming the
human factor limitations, minimally invasive surgery, low
patient's discomfort postoperatively and short stay in
the hospital. In orthognathic surgery, robotic systems
could in the future be involved in cases of osteotomy
and relocation of the osteotomized segment, reducing
the possibility of intraoperative error and showing in-
creased accuracy, stability and repeatability. However,
their use requires a spacious operating room, in order
1o set the robotic system, as well as preparation time,
both inside and outside the operating room, for its pro-
gramming and manipulation. Currently, however, they
are used during preoperative planning to simulate the
surgical procedure in 3D models of the face (36,37).

CONCLUSIONS

Orthognathic surgery is a demanding procedure, the
success of which relies on careful preoperative planning,
precise intraoperative transfer and implementation of
the prescribed treatment planning, as well as postopera-
tive follow-up (28,29,38). The accuracy of this procedure
is cited as the most influential factor in its outcome and
patient’s satisfaction, being further influenced by the time
and experience of the practitioner (36,39). Thorough-
ness and stability during osteotomy, repositioning and
immobilization are of utmost importance for repairing
maxillofacial function and appearance, as well as pro-
tecting the surrounding anatomical structures during
orthognathic surgery (37). Modern imaging techniques,
3D virtual planning and 3D surgical simulation determine
the progress of the surgery through their contribution
to diagnosis and treatment planning, as well as to the
case follow-up, the therapists’ better communication and
the evaluation of the therapeutic outcome (I 1,16,40).
3D surgical simulation, in particular, has the capacity to
ensure better prediction of the treatment outcomes and
to enhance the achievement of a balanced, symmetrical
facial appearance (16). In conclusion, the application of
modern technological tools in the field of orthognathic
surgery contributes to the creation of more accurate
treatment planning, the reduction of treatment planning
time and the improvement of surgical outcomes, provid-
ing safety, reliability and a high level of medical care (39).
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kar emavahnyipétnta. Qotdoo, n Xpron Toug amnartel
EMMA£OV XWPO OTO Xelpoupylkd Bdiapo, via tn @iAo-
Eevia Tou popmotikol ouoTpAatog, KaBwg kar xpdvo
TIPOETOINACIAC, eviog Kal ektdC NG XEIPOUPYIKAG al-
Bouoag, yia Tov TPoYPApPATtIodd Kai ToV XeIPIoPS Tou.
Mpog o Mapdy, MavIwG, Xpnalpomololvial katd tov
TipogyxelpnTkS oxediaopd, yia v TTPOCOPOInon NG
enmepPankrg diadikaoiag oe TpI0OIAOTATA POVTEAT TOU
npoowrou (36,37).

2YMIMEPAXMATA

H opBoyvabikr xeipoupyikr) armotelel pia amartnukr oi-
adikaoia, Tng omoiag n emrtuxia BaciCetal otov auotnEd
TIPOEYXelPNTIKS oxedlaoud, atnv akpifr] dieyxeipnuik
HETapopd Kai epappoyr] Tou mpoPAemdpevou oxediou
Bepareiag, kabBwg kar ot PETEYXEIPNTIKY TTApakoAoudn-
on (28,29,38). H axpiBeia ¢ diadikaociag autig ava-
QEPETal WG O TIAéOV EMOPATTIKOC TTAPdyovTag yid Ty
ékPaor] NG kal v Ikavoroinon tou acBevoug, emmpe-
acépevn, emmAéoy, amd To XPAVo Kal TNV eUmelpia Tou
emepBaivovtog (36,39). H Aetmtopépeia kar ataBepdtnta
KaTtd v ooteotoia, TNV avdtagn kai v akivntoroin-
O PEPOUV KATAAUTIKY) ONpacia atny amokatdotaon g
yvaBompoowikiG Asrtoupyiag kai g egedviong, Ka-
Bwg Kkar otnv TMPoCTAcia Twv TIAPAKeJEVWY aVaTOHIKOV
dopwv katd ) didpkeia tng opBoyvabikrg emépPaong
(37). Ta olyxpova ameikovioTkd PEaa, o eIKoVIKOG TPIOo-
didotatog oxedlaopdg Kai N XeIPOUPYIKY TTOOCOHOIWaN
TV diaotdoewv kabopifouv v eEENEN NG emépPa-
onG, Héow NG oUPBOAC Toug agevdg ot didyvwon
kal otnv oxediaon tng Beparmeiag kai apetépou otV
TIapakoAouBnon tou TepIoTatikoy, atnv KAAUTEPN €TTi-
Koivwvia peta&l twv Bepandviwv kal otnv agioAdynon
Tou Bepameutikoy amoteAéopatog (11,16,40). H tpio-
didotatn xelpoupyIKr] TIPOCOHOIWAT), CUYKEKPIHEVA, EXEI
N Suvatdtnra va eEaoaliCel kaAUtepn TESBAEYN Twv
BepameutikWV aMOTEAEOUATWY Kal va evioxUel TNV £TTi-
TEUEN HIAG I00PPOTINHEVNG, CUHHETPIKAG SWNG Tou TTpo-
owrou (16). >upmepaopatikg, n epappoyr oUyXpovwy
TEXVONOYIKWV PECWY OToV Topéa TG 0pBoyvabikig xel-
POUPYIKAG OUVEIOQEPE! OTn dnuioupyia akpiPéotepwyv
Bepameutikwv oxediwy, otn Peiwan Tou xpdvou oxedia-
opou tng Bepareiag kar ot BeAtinon Twv XepoupyIKOV
aroteAeopdtwy, Tapéxovtag acpdieia, agiomatia Kai
uPnAS emimedo Iatpikrig mepiBaing (39).
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