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UHa oueHka Ha AuueBume npoMeHU Npu nauueHMmu AekyBaHu c 6op3a
MakcuAapHa ekcnaH3ua 8 cMmeceHO U NOCMOAHHO Cb3bbue

OPUTMHAAHA CTATWUA

KAMHUYHA OLIEHKA HA
AMUEBWUTE NMPOMEHW NPU
NMAUNEHTA AEKYBAHU

C BbP3A MAKCUAAPHA
EKCMNAH3NA B CMECEHO U
NMOCTOAHHO Cb3bbUE

CLINICAL EVALUATION OF
FACIAL CHANGES IN PATIENTS
TREATED WITH RAPID
MAXILLARY EXPANSION IN
MIXED AND PERMANENT
DENTITION

FrEOPrMEBA M. *, EM. EMUANAHOB**,
C. I)KEHKOB***, K. CTAMATOB****,
I'P. NOPOAHOBA*****

PE3IOME ABSTRACT

CvBpemeHHama oOpmMOgoOHMuUA omuuma u
aHaAu3supa He camo hpomeHume B nonoXkeHuemo
Ha 3bbume u okaysusma, HO u npomeHume
8 mekume mvkaHu Ha Auuemo. 3a ga ce
OueHAM MOYHO me3u hpomeHu ho Bpeme Ha
opmogoHmcko aAeueHue ce usnon3Bam mogeau,
nonyuyeHu om 3D auueBu ckaH

upaHua. Bwu3mokHocmume 3a 3acHemaHe
U mpuusmepHa oueHka Ha npomeHume 6
mekume mvkaHu gaBam auueBume ckeHepu

GEORGIEVA M., EM. EMILIYANOV,
S. DZHENKOV, K. STAMATOV,
GR. YORDANOVA

Modern orthodontics takes into account and
analyzes not only changes in the tooth position
and occlusion, but also changes in the soft
tissues of the face. To accurately assess these
changes during orthodontic treatment, models
obtained from 3D facial scans are used. Facial
scanners and CBCT examinations provide the

ability to capture and assess three-dimensionall

u CBCT uscnegBaHuama. B Hacmoawama
paspabomka ce onucBa pasaukama caeg
opmogoHmcko AeueHue npu aBmomamuuyHoO
2eHepupaHu 3D mogenu Ha Auue, usnoasBauku
CBCT uscnaegBaHe. Lienma e ga ce nokaausupam
30HUMe Ha npomsaHa B AuueBume cmpykmypu
npu AeyeHuemo Ha nhauueHmu. W36paHu ca
gBama nauueHmu ¢ mpaHcBep3aneH makcunapeH
gedbuuum — eguHuam B cmeceHO cb3vbue, a
gpyaus BvB ¢popmupaHO NOCMOAHHO Cb3bbue.
Odeduuumom e cBop3aH ¢ egHOCcmpaHHa
(npu cmeceHo cob3bbue) u gBycmpaHHa (npu
nNocmosiHHO cb3bbue) gucmanHa kpbcmocaHa
3axanka. MayueHmume ca AekyBaHu ¢ memaaHo

changes in the soft tissues. This study describes
the difference after orthodontic treatment in
automatically generated 3D models of the face
using CBCT examination. The aim is to localize
the areas of change in facial structures during
patient treatment. Two patients with transverse
maxillary deficiency were selected — one in mixed
dentition and the other in permanent dentition.
The deficiency is associated with unilateral (in
mixed dentition) and bilateral (in permanent
dentition) distal crossbite. The patients were
treated with a metal-printed appliance for tooth-

borne rapid maxillary expansion. 3D bone

* TA. acucmeHm B kamegpa Opmogonmus, ®OM — Cocdus

** NokmopaHm B kamegpa OpmogoHmus, OJM - Coodus

*** AcucmeHm, Kamegpa no geHmaaHa, opaAHa u AuueBo-uealocmua xupypaus, @AM — Codus
**** NokmopaHm, Kamegpa no geHmaaHa, opaAHa u AuueBo-uealocmua xupypaus, @M — Codus
***** Mpopecop B kamegpa Opmogormus, ®OM — Codus

TOAOHTCKWU rMnperaneA
oM 27 /2025, KHV>KKa 1




KAanuHuuHa oueHka Ha AuueBume npomMeHu npu nauueHmu AekyBaHu
MakcunapHa ekcnaH3ua B8 cmMeceHO U NOCMOoOSaHHO Cb3bbue

npuHmupaH anapam 3a 6vp3a makcuaapHa
ekcnaH3ua cvoc 3vbHa onopa. 3D kocmHu u
AuueBu usobpakeHua ca noayvyeHu om CBCT
uscnegBaHe HanpaBeHo B guazHocmuuHama
¢asa (T1) u B8 kpasa Ha Ppasama Ha 3agvprkaHe
Ha pe3y\mama u HenocpegcmBeHo cBanaHe
Ha anapama (T2). MNepuog mexXgy T1 u T2
e B8 pamkume Ha 4-5 meceua. OueHaBam ce
kocmHume npomeHu 8 mpaHcBep3anHa nocoka
u ce npaBu cynepumnosuuyua Ha kocmHume u
mekomvkaHHume cmpykmypu.
yBeauuaBaHe B wupuHama Ha makcunapHama
6asza, mBvpgomo Hebue, pasMepume Ha
anBeonapHama kocm u yBeauuveHue Ha HuBo
okaysanHa wupuHa. NMpomeHu B anBeonapHama
wupuHa Ha goAHa YeAlocm He ce HabAalogaBam, HO
kAnuHUUHO ce HabalogaBa HeliHama cnoHmaHHa
pomauus u npemecmBaHe caeg om6aokupaHe
Ha okaysanHume HapyweHus.
npomaHa Ha mMekume mvkaHu ce omkpuBa 6
HOCHama wupuHa, cy6Ha3aAHama 30Ha, 20pHama
ycmHa u 3oHama kom sutura zygomaticomaxillaris.
CvBpemeHHUMe mexHoAo2uu npegnazam
pasauvHU cucmemu (copmyepu) 3a AuueBo
3acHemaHe. [loayueHume om u3caegBaHemo
gaHHU ouepmaBam 30HuUmMe Ha npomaHa, koumo
6uxa 6GuAU NpuueAHU noAema npu MmopceHe
Ha omkaoHeHua, ko2zamo ce u3noa3Ba AuueBo
3acHeMaHe.

Mocmuza ce

Haud-3Hauuma

and facial images were obtained from a CBCT
examination performed in the diagnostic phase
(T1) and at the end of the retention phase and
immediate removal of the appliance (T2). The
period between T1 and T2 was 4-5 months. Bone
changes in the transverse direction are assessed
and superimposition of bone and soft tissue
structures is performed. An increase in the width
of the maxillary base, hard palate, alveolar bone
dimensions, and occlusal width is achieved. No
changes in the alveolar width of the mandible
was observed, but clinically, its spontaneous
rotation and displacement is observed after
deblocking the occlusion. The most significant
change in the soft tissues is found in the nasal
width, the subnasal area, the upper lip, and the
area of the zygomaticomaxillary suture. Modern
technologies offer various systems (software) for
facial imaging. The data obtained outlines the
areas of change that would be target fields when

searching for discrepancies using facial imaging.

BbBEAEHUE

B cvBpemeHHOoMo guzumanHo obuwecmBo >kuBeewo
NO cmaHgapmu HaAa2aHu om couuaAHUme meguu, cpeg
opmogoHmMume u hauueHmume HapacmBa akueHmbm
He camo Bobpxy nogpaBHaBaHemo Ha 3vbume u okay-
3usma, Ho u Bbpxy npomeHume B Mekume mbkaHu
Ha Auuemo22, 3a ga ce OoueHAm MOouHO npomeHume B
mMekume mvkaHu no Bpeme Ha opmogoHmcko AeueHue,
Bce no-z2onam Bpou opmogoHMuU u3noA3Bam Mogeau,
noAayyeHu om 3D AuueBu ckaHupaHusi, 3a uscaegoBa-
mencku ueau®27. BucokonpeuusHume 3D AuueBu cke-
Hepu ce u3noA3Bam yecmo B opmogoHmcku uscnegBa-
Hus, ocobeHo 3a uamMepBaHe Ha AuueBama cumempus,
HO U 3a koHcmamupaHe Ha u3meHeHusma B AuueBume
meku mokaHu'824, [opagu caokHume gemauau B
3D AuueBume cmpykmypu, msixHama pekoHcmpykuus
npegcmaBasBa 3HauumenHo npegu3BukamencmBo npeg
usnon3BaHume 3a moBa codmyepu. ToBa npegonpe-
gena BvamokHocmu 3a Bapuauuu. PekoHcmpykuus Ha
AuueBusm mogen MoXke ga ce HanpaBu upe3 Hachaazs-

INTRODUCTION

In contemporary digital society, which is subject to
the standards imposed by social media, orthodontists
and patients are placing increasing emphasis not only on
teeth alignment and occlusion, but also on changes in the
soft tissues of the face?2. In order to accurately assess
changes in soft tissues during orthodontic treatment, an
increasing number of orthodontists are using models
obtained from 3D facial scans for research purposes®27,
High-precision 3D facial scanners are frequently used
in the field of orthodontic research, particularly for the
purpose of measuring facial symmetry, but also for the
detection of changes in facial soft tissues824. The
reconstruction of 3D facial structures is a challenging
task for software utilised for this purpose, due to the the
complex nature of these structures. This predetermines
possibilities for variations in the structures. Facial
model reconstruction can be achieved through the
superimposition of parameters that delineate the shape
and texture of the face. The integration of artificial
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Ha oueHka Ha AuueBume npomMeHU Nnpu nauueHmu AekyBaHu c 6opsa
MakcuAapHa ekcnaH3ua 8 cMmeceHO U NOCMOAHHO Cb3bbue

BaHe Ha napamempu xapakmepusupawu ¢dopmama u
mekcmypama Ha Auuemo. HaBauszaHe Ha uskycmBeHus
uHmenekm B noasa Ha opmogoHmckama guazgHocmu-
ka nosBonu BbBekgaHe Ha pas3AuYHU 2e0MeEMpPUYUHU
wabaoHu, koumo ga 2eHepupam Bucoko peaAucmuuyHu
3D AuueBu cmpykmypu. NMoayueHume mogeau coomBem-
cmBam Ha ucmuHckomo uoBewko Auue u mMozam ga
6bgam npo2HO3upaHu NPOMEeHU upe3 AuHeuHU kombuHa-
uuu om mes3u napamempu. Tesu MogeAu moz2am ga ce
usnons3Bam 3a cybekmuBHU oueHku, obyyeHue Ha nauu-
eHmu, komyHukauus u m.H. CvBpemeHHume AuueBume
ckeHepu ce 6asupam Ha Mpu MexXHoAO2UU 3a u3obpa-
>keHusi: Aasepu, cmpykmypupaHa cBemauHa u cmepeo-
¢domozpamempus’®. Hanpumep aBmopu onucBam, ue 3D
ckeHepom FaceSCAN, koumo pasyuma npegumHO Ha
mexHoAo2usma cbC cmpykmypupaHa cBemauHa, gaBa
2pewka npu ckaHupaHe om npubAusumeaHo 0,2 mm25,

NpomeHume B AuueBama Mmopdonozus yecmo ca
nopBoHavaneH guazHocmuuyeH npusHak, koiumo 3ageu-
cmBa nocnaegBawu uUHMEPgUCUUNAUHAPHU guazgHocC-
MuYHU u3caegBaHus u BaazonpusmcmBa nocmaBsHe
Ha guazHo3a Ha nauueHmaZz! [losHaBaHemo Ha HoOp-
MaAHUME gbA20CPOYHU hpomeHu B AuueBume cmpyk-
mypu e Heobxogumo, 3a ga ce HanpaBsm npozHo3u
3a pe3yamamume om AeueHuemo u oueHka Ha pucka
om peuuguB, Ho cbwo maka u ga ce npegBugsm
HOPMaAHUME nNpoMeHu, cBbp3aHu CbC cmapeeHemo3.
(Dusuoroz2uUHUME NPOUECU U HapyweHus ca guHamuuHu
u ca cBvp3aHu ocobeHo ¢ Bb3pacmma, maxHama u3saBa
3agbAkumenHo 2eHepupa npomeHu B kpaHuodauuan-
Hus komnaekc!l. Mo Bpeme Ha nepuoga Ha pacmex,
dopmupaHemo Ha BbHwWHuUsA Bug Ha AuuEmMoO ce omHacs
Hau-Beue go pasBumuemo Ha dopmama u pasmepa
Ha Auuemo; cobwecmByBa B3aumoszaBucuma Bpb3ka
mMexkgy kocmHama mopgonrozus u obema Ha mMekomb-
kaHHama 06B8uBka'. MoBeuemo om me3u NpoMeHu ca
npoyuBaHu goceza Bopxy 2D namepanHu uedanrozpamu
u ompassBam Hal-yecmo npomeHu B npoduna. Om
gpyea cmpaHa Bv3HukBa Bvnpocbm gokoako nauueH-
mume ocb3HaBam me3u npomeHu20, [pyz HezamuBeH
MomeHm e npoy4BaHusi, koumo ce npaBsam mexkgy gBa
goncu BpemeBu uHmepBana, npu koumo He moxke ga
ce omueme HampynBaHemo Ha zpewku B8 npomsHama
Ha mekume mvkaHu, koasmo ce gobaku Ha npomeHu B
MeAeCHOMO meaAo.

EguH om ocHoBHume ¢okycu Ha opmogoHmckama
mepanus e AeveHuemo Ha uHcyduuueHuus B zopHa
uenlocm - HamaneH mpaHcBep3aneH, a noHskoza u
cazumaneH pa3amep. lpu me3u nauueHmu ce npuaazam
cvBpemeHHU anapamu (Hau-yecmo RME) npoekmupaHu
gu2umaAHO U npeuusHo npou3BegeHu no mexHoAoz2uS
Ha agumuBHo npuHmupaHe. lpu me3u AeveHus ce
nocmuza: kopuzupaHe Ha ckeaemHus mpaHcBep3aneH

OAOHTCKW lrpernea
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intelligence within the domain of orthodontic diagnostics
has facilitated the development of diverse geometric
templates, which in turn have enabled the generation
of highly realistic three-dimensional facial structures.
The resulting models demonstrate a high degree of
correspondence to the human face, and changes can
be predicted through linear combinations of these
parameters. These models can be used for subjective
assessments, patient education, communication,
etc. Modern facial scanners are based on three
imaging technologies: lasers, structured light and
stereophotogrammetry'®. For instance, authors describe
the 3D scanner - FaceSCAN, which relies primarily on
structured light technology, as having a scanning error of
approximately 0.2 mm25,

Changes in facial morphology are frequently
the first diagnostic indication, which then prompts
further interdisciplinary diagnostic tests and facilitates
the diagnosis of the patient?!. A comprehensive
understanding of the typical long-term changes in facial
structures is essential for predicting treatment outcomes
and evaluating the risk of relapse. This knowledge also
facilitates anticipation of normal changes associated
with the ageing process3. Physiological processes and
disorders are understood to be dynamic and particularly
age-related, and their manifestation inevitably generates
changes in the craniofacial complex'!. During the
growth period, the formation of the facial appearance is
principally concerned with the development of the shape
and size of the face. An interdependent relationship
exists between bone morphology and soft tissue
volume'. To date, the majority of research on these
changes has been conducted using two-dimensional
lateral cephalograms, with the majority of studies
reporting alterations in the profile. Conversely, the
question of patient awareness regarding these changes
remains a subject of inquiry20. A further negative aspect
is that studies are conducted at long time intervals,
which does not allow for the accumulation of errors in
soft tissue changes due to changes in body weight to be
taken into account.

A primary focus of orthodontic therapy is the
treatment of upper jaw insufficiency, characterised
by reduced transversal and, in some cases, sagittal
dimensions. In the case of these patients, contemporary
appliances (most often RME) are utilised, which are
digitally designed and precisely manufactured using
additive printing technology. The efficacy of these
treatments has been demonstrated by their ability to
correct skeletal transverse deficiency, increase the
perimeter of the dental arch, improve smile aesthetics by
reducing the buccal corridors, and widen the airways'.2,
It is evident that these factors also have a significant




KAanuHuuHa oueHka Ha AuueBume npomMeHu npu nauueHmu AekyBaHu
MakcunapHa ekcnaH3ua B8 cmMeceHO U NOCMOoOSaHHO Cb3bbue

geduuum, yBeauuaBa ce nepumembpa Ha 3vbbHama
gbea, nogobpsaBa ce ycmuBka upe3 HamandaBaHe Ha
bykanHume kopugopu u ce paswupsBam guxameAaHume
nomuwal-2, Bcuuko moBa okasBa BausHue u Bbpxy mop-
donoz2usma Ha mekume mokaHu Ha Auuemo. B uHmepec
Ha nauueHmume € me3u NpoMeHuU ga bbgam pasbpa-
HU u npegBugumu. Bbv3amokHocmume 3a mpuusamepHa
oueHka Ha npomeHume B mekume mvkaHu gaBa 3D
AuueBomo 3acHemaHe u CBCT mexHukama. Mekume
mbkaHu obave ca caabo npegcmaBeHu cbc CBCT
mexHukama'®>. Busyaausauusma Ha mekume mubkaHu
upe3 Aa3epHo noBbpxHocmHO ckaHupaHe u cmepeodo-
mozpamMempusi € MHO20 MOuYHO, HO ckbno. B cbwomo
Bpeme mo npegocmaBa obpasu c Bucoka pesonlouus
6e3 paguauusz'?. TouHocmma Ha cmpykmypupaHume
cBemauHHU cucmemu e cpaBHuma ¢ masu Ha gupekm-
HUMe aHmMponoMempuyYHU uamepBaHus u MHO20 aBmopu
3akalouuxa, ue moBa e HageXkgeH nogxog 3a oueHka Ha
mekume mvkaHu Ha Auuemo’3,

Lobpe e ga ce oueHam u npegckakam npomeHume
B8 cnokHume AuueBu cmpykmypu Bb3 ocHoBama Ha 3D
mexHoAoz2uume. 3a nNbAHOMO pasbupaHe Ha KAUHUYHO-
mo Bv3geucmBue om u3noAn3BaHume B npakmukama
opmogoHmcku anapamu e Heobxogumo ga ce u3scAeg-
Bam u mekomvbkaHume npomeHu B pasAuuHU MOpdOAO-
2UYHU obaacmu Ha Auuemo.

B Hacmoswama paspabomka ce onucBa pasauka-
ma caeg opmogoHmcko aeueHue npu aBmomamuuHo
2eHepupaHu 3D mogenu Ha Auue, usnonsBauku CBCT
uscnegBaHe. LIEATA e ga ce aokaausupam 30HUMe
Ha npomsHa B AuueBume cmpykmypu npu AeueHue Ha
nauueHmu pacmsawu B cMeceHo cb3bbue u makuBa B8
NOCMOAHHO Cb3bbue. [laHHUME we ce usnoasBam npu
uscnegBaHe Ha nauueHmume ¢ AuueB ckeHep u cpalBHs-
BaHe gBurkeHuemo Ha mapkepume.

MATEPUAA N METO[,

EmuuHu cvobparkeHus:

ToBa npoyuBaHe e ogobpeHo om KEHUMYC -
7995/07.10.2024 u e yacm om u3cAaegBaHe no npoekm
MPAHT — [0-176/2025. MpoyuBaHemo bewe npoBegeHo
aHOHUMHO, 3a ga ce 3awumu AuyHama uHdopmauus Ha
nauueHmume. Bcuuku yuacmHuuu gagoxa uHdpopmupa-
Ho cbanacue. KAuHUYHUME npouegypu 6sxa npoBegeHu
B8 cbomBemcmBue ¢ Hacokume Ha [ekaapauusima om
Xen3uHku Ha CBemoBHama meguuuHcka acouuauus u
MuHucmepcmBomo Ha 3gpaBeona3BaHemo 3a gobpa
kAauHuuHa npakmuka.

M3bpaHu ca gBama nauueHmu Hykgaewu ce om
npomsiHa B mpaHcBep3anHus pa3mep Ha 2o0pHa yeAlocm
— eguHusm B cmeceHo cb3bbue (MauueHm 1), a gpyaus
BbB ¢dopmupaHO nNOCMoOsHHO Ccb3bbue (MauueHm 2).
Odeduuumvm Ha 2opHama ueAlocm e gokasaH u oue-

impact on the morphology of the soft tissues of the face.
It is in the best interests of patients that these changes
be both understood and predictable. The potential
for three-dimensional evaluation of alterations in soft
tissues is facilitated by 3D facial imaging and CBCT
technology. However, the current literature suggests
that soft tissues are poorly represented by the CBCT
technique’. The utilization of laser surface scanning
and stereophotogrammetry for the visualisation of soft
tissues is a highly accurate method, but ones that are
costly. Concurrently, it provides high-resolution images
without radiation2:17. The accuracy of structured light
systems has been shown to be comparable to that of
direct anthropometric measurements, with many authors
concluding that this is a reliable approach for assessing
facial soft tissues’s.

In addition, it is advantageous to utilise three-
dimensional technologies to assess and predict
alterations in intricate facial structures. In order to
comprehend the clinical implications of orthodontic
appliances in practise, it is imperative to undertake
a comprehensive analysis of soft tissue alterations in
diverse anatomical regions of the face.

In this study, the authors seek to describe the
difference that emerge in automatically generated
3D models of the face subsequent to orthodontic
intervention, by using CBCT examination. The aim of
this study is to identify the areas of change in facial
structures during the treatment of growing patients in
mixed dentition and patients in permanent dentition. The
data will be used for examination of patients with a facial
scanner and comparison of marker movement.

MATERIAL AND METHOD

Ethical considerations:

This study was approved by KENIMUS -
7995/07.10.2024 and is part of a study under project
GRANT - D-176/2025. The study was conducted
anonymously to protect patients personal information.
All participants gave their informed consent. Clinical
procedures were performed in accordance with the
guidelines of the World Medical Association‘s Declaration
of Helsinki and the Ministry of Health‘s guidelines for
good clinical practice.

Two patients were selected for this study, both of
whom required change in the transversal dimension
of the upper jaw. Patient 1 was in mixed dentition,
while Patient 2 had formed permanent dentition. The
upper jaw deficiency was clinically, biometrically
and radiographically proven and assessed, and was
associated with unilateral or bilateral distal crossbite.

Three-dimensional bone and facial images were
obtained from a CBCT examination performed in the

OPTOAOHTCKUN MPE




HUYHa oueHka Ha AuueBume npomMeHu Nnpu nauueHmu AekyBaHu c 6opsa
MakcuAapHa ekcnaH3ua 8 cMmeceHO U NOCMOAHHO Cb3bbue

HeH KAUHUYHO, BuomempuuHOo, peHmeaeHozpadcku u e
cBbp3aH ¢ egHocmpaHHa uAu gBycmpaHHa gucmaanHa
kpbcmocaHa 3axanka.

3D kocmHu u AuueBu usobpadkeHus ca NOAyyeHU
om CBCT u3scnegBaHe HanpaBeHo B guazHocmu4yHama
¢daza (T1) u B8 kpas Ha pa3ama Ha 3agbp)kaHe Ha pe3yA-
mama om ekcnaHgepa u He2oBomo HenocpegcmBeHo
cBanaHe (T2). Nepuog mexkgy T1 u T2 e B pamkume Ha
4-5 meceua. 3a mo3u kpamvk nepuog He ce HabalogaBa
pacmex, kolumo bu Mo2bA ga noBausie Ha pesyamamu-
me Npu no-gbAb2 nNepuog.

KAuHuyeH npomokoa:

Cneg npeuusHa guazHocmuka, BkalouBawa CBCT
uscnegBaHe Ha hauueHmume u mexHume pogumeAnu ce
npegcmaBsa nbAeH AeuebeH naaH. MauueHmume u mex-
HUMe HacmMoUHUUU Ca NpUeAu AeYeHuUe NO MOo3u nAaH
u ca nognucanu uHdopMupaHO cbanacue. CHemu ca
umM gu2umanHu mogenu. OpmogoHmckuam ekcnaHgep
ce npoekmupa Bbpxy noayuyeHus STL ¢aua ¢ nomo-
wma Ha CAD/CAM codmyepa Exocad. eHepupaHusam
¢daun c bbgewume anapamu ce ekcnopmupa kom 3D
MemaAHa npuHmupawa mMawuHa 3a npou3BogcmBo.
3a npousBogcmBomo Ha Co-Cr anapamu ce u3snoa3Ba
MemaneH npax Wirobond C+ (BEGO Medical GmbH)
cbc cbcmaB Co-64%, Cr-25%, V-5%, Mo-5% u aasep-
HO cuHmepoBaHu pewemku Ha Truprint 1000 (Trump
Group). [lMpouecom 3aBvpwBa c omcmpaHsBaHe Ha
onopHume eaemeHmu, kamo ce u3bsz2B8am cnoukume u
gpy2u mepmuuHu edpekmu.

AkmuBupaHemo Ha anapamume € no egHoOMuneH
npomokoA: obyuaBa ce pogumensa ga akmuBupa ¢ egHo
3aBopmaHe (1/4 obopom) gHeBHO anapama B egHo u
cbwo Bpeme Ha geHoHowuemo. KoHmpoAHUmMe npeaae-
gu ca BegHvk cegmuuHOo B nepuoga Ha pas3wupsBaHe
(2 go 3 cegmuuu). Caeg nocmuzaHe Ha Heobxogumusm
3a kAUHUYHUSA cayvau peayamam BuHma ce baokupa
U nauueHma HaBau3a B8 pemeHuuoHHama ¢asa om 3
mMeceua. (puzypa 1). B geHsa Ha cBansHe Ha anapama
ce npaBu Bmopomo CBCT u3scaegBaHe.

O6pabomka Ha gaHHU U usmepBaHus:

AuHeUHume u3mepBaHus (T1) u (T2) ca cpaBHeHu.

HanpaBeHu ca caegHume AuHelHU u3caegBaHus
B egHu u cobwu mouku npu caegHume nokasameAau
(Quazypa 2):

MxBW1 - mm - LlupuHa Ha Bazama Ha Makcunama
- npegu ekcnaHaus - pascmosHuemo mMexkgy npeceuyHa-
ma mouka Ha xopu3oHmaAHama AuHusi, MuHaBawa npe3s
20pHama yacm Ha Hebuemo, U AamepaAHUMe CMeHU Ha
20pHama vealocm

MxBW2 - mm - LlupuHa Ha Bazama Ha Makcunama

OPTOAOHTCKU MperaneaAa
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diagnostic phase (T1) and at the end of the retention
phase of the expander and its immediate removal (T2).
The interval between T1 and T2 is typically 4-5 months.
During this brief period, no growth is observed that could
influence the results over an extended timeframe.

Clinical protocol:

Following a thorough diagnosis, which includes a
CBCT examination, a treatment plan is presented to the
patients and their parents. Patients and their guardians
have accepted treatment according to this plan and
signed an informed consent form. Digital models have
been taken. The design of the orthodontic expander
is on the obtained STL file with the help of CAD/CAM
software Exocad. The generated file with the future
appliance is exported to the 3D metal printing machine
for production. For the fabrication of a Co-Cr grids, a
metallic powder Wirobond C+ (BEGO Medical GmbH)
with composition Co-64%, Cr-25%, V-5%, Mo-5% and a
laser sintering grids Truprint 1000 (Trump Group), were
used. It is finished with removing the support elements,
avoiding solder joints and other thermal effects.

The activation of the appliances follows a standard
protocol - parents are taught to activate the appliance
with a quarter turn daily at the same time of day. Check-
ups are once a week during the expansion period,
which lasts 2-3 weeks. Once the desired clinical result
has been achieved, the screw is fixed and the patient
enters a three-month retention phase. (Figure 1). On
the day that the appliance is removed, a second CBCT
examination is performed.

Quaypa 1: VHmpapaoparHu cHumku

Ha pasAuYHUMe emanu om AeYeHuUemo Ha nauueHmume
Figure 1: Intraoral photos of the

different stages of the patient’s treatment

Data Processing and Measurements:

The (T1) and (T2) linear measurements were
compared.

The following linear studies were conducted at the
same points for the following indicators (Figure 2):

MxBW1 - mm - Maxillary Basal Width — before
maxillary expansion - the distance between the
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- cneg ekcnaHsus

MxAW1 - mm - MakcuaapHa AnBeonapHa LUupuHa
- npegu ekcnaH3us - uamepBa ce kamo pazcmosHuemo
mexXgy ueHmpoBeme Ha cvnpomuBaeHue (LIP) Ha 2op-
Hume nvbpBu mMoAapu

MxAW2 - mm - MakcuaapHa AnBeonapHa LUupuHa
- cneg ekcnaHsus

MxOW1 - mm - MakcunapHa OkaysanHa LUupuHa
- hpegu ekcnaH3us - pascmosHuemo MexXgy ueHmpaa-
Hume amku Ha 2opHume nbpBu MoAapu

MxOW2 - mm - MakcunapHa OkaysanHa LWWupuHa -
cneg ekcnaHsus

MnAW1 - mm - MaHgubynapHa AnBeonapHa
WupuHa — npegu ekcnaH3usa - usamepBa ce kamo pas-
cmosiHuemo mexkgy ueHmpoBeme Ha cbnpomuBaeHue
(LP) Ha goAHume nbpBu Moaapu

MnAW2 - mm - MaHgubynapHa AnBeonapHa
WupuHa - caeg ekcnaH3us

HPW1 - mm - LlupuHa Ha TBbpgomo He6ue - npegu
ekcnaHsus - uamepBa ce kamo pascmosHuemo mexXgy
Hau-AamepaAHume mouku Ha kocmHomo Hebue

HPW2 - mm - llupuHa Ha TBopgomo Hebue - cneg
ekcnaHsus

NCW1 - mm - llupuHa Ha HocHama KyxuHa - npegu
ekcnaHaus - usmepeHa mexkgy Hau-wupokume yacmu Ha
AamepaAHUme HOCHU CmeHuU

NCW2 — mm - WupuHa Ha HocHama KyxuHa - caeg
ekcnaHsus

PH1 - mm - BucouyuHa Ha He6uemo - npegu ekcnaH-
3us - nepneHgukyasap om MxOW go cymypama/weBa Ha
Hebuemo

PH2 - mm - BucouuHa Ha He6uemo - caeg ekcnaH-
3us

Before Measurements

Quaypa 2: AuHeuHu usmepBaHus u nokazamenu
Figure 2: Linear measurements

AHaAu3 Ha gaHHume:

MoAyueHuUmMe gaHHU om npoyuyBaHemo ca aHaAusupa-
HU ¢ nomowma Ha SPSS 19.00 3a Windows. 3a 0606-
waBaHe Ha gemozpadckume gaHHU Ha nauueHmume u
usmouHUUUmMe Ha HacouBaHe Bsixa u3noA3BaHu onuca-
meAHU cmamucmuuecku Memogu.

intersection of the horizontal line passing through the
top of the palate with the maxillary lateral walls

MxBW2 - mm - Maxillary Basal Width — after
maxillary expansion

MxAW1 - mm - Maxillary Alveolar Width — before
maxillary expansion — measured at the level of the
center of resistance of the first molars - measured as
the distance between the centers of resistance of upper
first molars.

MxAW2 - mm - Maxillary Alveolar Width — after
maxillary expansion

MxOW1 - mm - Maxillary Occlusal Width — before
maxillary expansion - the distance between the central
fossa of the upper first molars

MxOW2 - mm - Maxillary Occlusal Width — after
maxillary expansion

MnAW1 - mm - Mandibular Alveolar Width — before
maxillary expansion - at the level of the center of
resistance of the first molars - measured as the distance
between the centres of resistance of the lower first
molars

MnAW2 - mm - Mandibular Alveolar Width — after
maxillary expansion

HPW1 - mm - Hard Palate Width — before maxillary
expansion - measured between the most lateral points
of the bony palate

HPW2 - mm - Hard Palate Width — after maxillary
expansion

NCW1 - mm - Nasal Cavity Width — before maxillary
expansion — widest distance between the lateral nasal
walls

NCW2 - mm - Nasal Cavity Width — after maxillary
expansion

PH1 - mm - Palatal Height — before maxillary
expansion — measured as perpendicular distance from
MxOW to the suture of the palate

PH2 - mm - Palatal Height - after maxillary expansion

Data Analysis:

The obtained survey data were analyzed using SPSS
19.00 for Windows. Descriptive statistics were used
to summarize the patient demographics and referral
sources

RESULTS

Good treatment results were achieved in both patients
(in mixed and permanent dentition). Expansion of the
upper dental arch and upper jaw was achieved, and
the occlusal relationships were normalized (Figure 3).
Patient 2 continued his treatment with second treatment
phase with a fixed technique.

OpPTOAOHTCKM
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PE3YATATU

MoAyueHu ca gobpu AeuebHU peayamama u npu gBa-
Mama nauueHmu (8 cmeceHo u B nocmosHHO Cb3bbue).
MocmugHamo e paswupeHue B 2opHama 3bbHa gvaa
U 20pHa uenlocm, HopmaAu3upaHu ca okay3aAHume
cbomHoweHus. (Quaypa 3). MauueHm 2 npogbakaBa
cBoemo AeveHue BbB Bmopa AeuebHa dasza c ¢ukcu-
paHa mexHuka.

Kakmo moke ga ce Bugu om Tabauua 1 e nocmue-
Hama npowmsiHa B wupuHama Ha MakcunapHama basa
om 2.82 mm npu nauueHm 1 u 2.00 MM npu nauueHm
2. YBeauuaBaHe pa3mepume Ha anBeonapHama b6asa ca
cvbomBeHmHo 3a nauueHm 1 — 2.41 mm, a 3a nauueHm
2 — 4.4 mm. lNMpomeHume Ha HuBo oOkay3aAHa wupuHa
cbomBemHo ca: npu nauueHm 1 — 3.6 MM; Npu nauu-
eHm 2 — 5.17 mm, koemo 20Bopu 3a noayyeHa noBeue
BecmubynapHa uHkAuHauus npu nbpBume MoAapu.
lMpomeHu B anBeonapHama wupuHa Ha goAHa uenlocm
He ce omuyumam, HO kAUHUYHO ce HabalogaBa HeuHama
ChoHMaHHa pomauus U meHgeHuus koM HopmaAusupa-
He B ueHmMpaAHO nonoXkeHue.

IoAbouuHama Ha Hebuemo e chagHana npu gBama-
ma nauueHmu c¢: nauueHm 1 — 1.21 mm, a npu nauueHm
2 — 0.42 mm. KocmHume npomeHu B8 auueBume kocmu,
koumo ce cvomHacsam c mekomvkaHHu npomeHu ca:
MpomsiHa B wupuHama Ha HOCHama KyxuHa npu nauu-
eHm 1 — 0.4 Mm; npu nauueHm 2 — 2.0 mm; LupuHa Ha
mBovpgomo Hebue npu nauueHm 1- 1.2 MM, Npu nauueHm
2 - 2.4 mm.

Quaypa 3: MpomsaHa B wupuHama Ha 2opHa Yealocm u okAysaaAHUme
cbomHoweHus cpaBHeHo npegu u caeg ekcnaH3us Ha 2opHa Yealocm.
Figure 3: Change in upper jaw width and occlusal relationships
compared before and after upper jaw expansion.

As can be seen from Table 1, a change in maxillary
base width of 2.82 mm was achieved in patient 1 and
2.00 mm in patient 2. The increase in alveolar base
dimensions is 2.41 mm for patient 1 and 4.4 mm for
patient 2. The changes in occlusal width are as follows:
patient 1 — 3.6 mm; in patient 2 — 5.17 mm, which
indicates greater vestibular inclination of the first molars.
No changes in the alveolar width of the lower jaw were
observed, but clinically, its spontaneous rotation and
tendency to normalize in the centric position were
observed.

The depth of the palate has decreased in both
patients: patient 1 — 1.21 mm, and patient 2 — 0.42 mm.
The bone changes in the facial bones that correlate
with soft tissue changes are: Change in the width of the
nasal cavity in patient 1 — 0.4 mm; in patient 2 — 2.0
mm; Width of the hard palate in patient 1 — 1.2 mm, in
patient 2 — 2.4 mm.

Tabauya 1: Peayamamu om usmepBaHusma npu gBamama nauueHmu
8 npocnegsBaHume napamempu

Inpuna na Makcwiapna Makcwnapna | Mawambyaapna | apupa na | [npusa na | Becownna

'l:'hnﬁlle HI.'IH:I:I:IEPHI. I.."IHH;H'IH];IIII. ﬂl.'l}'}i.l]lll I.I'IIEI;H'IHPHI. TB‘I.F.I'I,I] HiEHA Ha 'I.'th.[ll}
Gaza LM HA LTHPHEA T nedue KYXHHA Hebne

MxBWI | MxBW3I | MxAWI | MaAW2 [ MxOWI | MxOW2 | MoAW | MoAWD | HFWI | HPWE | RCWI1 | SCW2 | PHI | FH2

E::::: 54.8 876 | 376 | 40.0 | 41.6 45.2 45.2 452 | 292 | 304 | 2760 | 28.0 (12.0| 10.8

'IEE:':" 55.2 57.2 | 408 | 452 | 452 50.4 49.6 496 | 284 | 30.8 | 31.60 | 33.6 (20.0| 19.6

Table 1: Measurement results for both patients

Dentition Maxillary Basal Maxillary Maxillary Mandibular Hard Palate | Nasal Cavity Palatal
‘Width Alveolar Width | Occlusal Width | Alveolar Width ‘Width Width Height

MaBWI1 | MxBW2 | MxAWE | MxAW2 | MxOWI | MxOW2 | MoAWE | MaAW] | HPWI | HPFW2 | NCWI | NCW2 | FH] | PH2

Densiion | 348 | 576 | 37.6 | 40.0 | 416 | 452 | 452 | 452 | 29.2| 30.4 | 27.6 | 28.0 | 12.0|10.8
P;:u'::' 55.2 57.2 | 408 | 452 452 0.4 49.6 49.6 | 28.4 | 30.8 | 31.6 | 33.6 | 20.0) 19.6
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MNMoAyueHume pe3yamamu ce BusyaAusupam npu
cynepumno3upaHe Ha kocmHume uscaegBaHus npegu (B8
cuBo) u caeg (B uepBeHo) Ha Puaypa 4. Taka ce ouep-
maBam npomeHAuBume kocmHu noaema. lMpu Haaudue
Ha acumempus kakmo e cAyyas ¢ nauueHm 1 ce ouep-
maBa 3Hauuma egHocmpaHHa npomsaHa B kocmHume
cmpykmypu, ocobeHo npu goaHa uenlocm, kbgemo ce
HabalogaBa camokopekuus 8 no3uuusma u Npu HelHo-
mo ombAaokupaHe.

Quaypa 4: Cynepumnosuuus Ha kocmHu cmpykmypu — npegu (cuBo)

u cneg (4epBeHo) creg 6vp3o paswupsBaHe Ha eopHama vealocm - A —
kocmHu npomeHu npu MauueHm 1 (cmeceHo cb3vbue); b — kocmHu npo-
MeHu npu MauueHm 2 (NoCmMosHHO cb3bbue)

Figure 4: Superimposition of bone structures — before (gray) and

after (red) rapid maxillary expansion - A — bone changes in Patient 1
(Mixed dentition); B — bone changes in Patient 2 (Permanent dentition)

HabalogaBaHume mekombkaHHU NPOMEHU HanNbAHO
cvomBemcmBam Ha kocmHume yBeAauueHu napamempu
(Quaypa 5). OmpadkeHue ce ycmaHoBsBa B 3oHama
Ha Hoca, koemo omzoBaps Ha pa3wupeHuemo B masu
30Ha u B ocHoBama Ha zopHa uealocm. Hau-3Hauumu
NpoMeHU ce omuyumam B ceameHma Ha 20pHa yCmHa,
koemo ce cBvp3Ba ¢ aneonapHume kocmHu HapacmBa-
Hus B 2opHa uealocm. lNpu nauueHMvm B NOCMOSAHHO
Cb3bbue ce omueme no-gpaMamuyHo yBeauueHue Ha
WwupuHama Ha 3bbHama gbz2a B mMoaapHama obaacm u
moBa Hamupa cBoemo omparkeHue u npu mekombkaH-
HOmMO umno3upaHe, gokamo npu nauueHm 1 moGBa He e
Bugumo. EgHocmpaHHomo ombaokupaHe 8 nosuuusma
Ha goAHa ueAlocm npu egHocmpaHHama kpbvcmocaHa
3axanka (nauueHm 1) ce HabalogaBa upe3 egHocmpaH-
Hume 30HU Ha npomsHa B goaHa uealocm (B gacHo).
Hokamo npu nauueHm 2 npomeHume B goAHa uenlocm
ca gBycmpaHHu.

ANCKYCUA

Mpu nauueHMumMe e nocmuzHamo paswupeHue Ha
kocmHama ocHoBa Ha 20pHa uealocm om 2-3 mwm, a
B 3oHama Ha 3vbHama gbza om 3.5-5 MM u ca Bb3-
cmaHoBeHu okaysanHume cbomHoweHus B gucmaaHus

The results obtained are presented in Figure 4, which
illustrates the superimposition of the CBCT examinations
prior to (in grey) and subsequent to (in red) the
treatment. The following superimposition outlines the
variable bone fields. In cases with facial asymmetry,
such as Patient 1, a substantial unilateral alteration in
bone structures is evident, particularly in the lower jaw,
where self-correction is observed upon resolving the
occlusal blockage.

The observed changes in the soft tissue are in full
concordance with the increased parameters of the
bones (Figure 5). A reflection is found in the nasal area,
corresponding to the expansion in this area and at the
base of the upper jaw. The most significant changes
have been reported in the upper lip segment, which is
associated with alveolar bone growths in the upper jaw.
In the patient in permanent dentition, a more dramatic
increase in the width of the dental arch in the molar
region was observed, which is also reflected on the soft
tissue superimposition. In contrast, this is not visible in
patient 1. The unilateral deblocking of the lower jaw in the
crossbite (patient 1) is observed through the unilateral
areas of change in the lower jaw (on the right). In Patient
2, the changes affecting the lower jaw are bilateral.

Quazypa 5: Cynepumnosuuus Ha meku movkaHu — npegu (cuBo) u caeg
(4epBeHo) creg 6vp30 pa3wupsBaHe Ha eopHama yealocm - A — kocmHu
npomeHu npu lMauueHm 1 (cmeceHo cb3vbue); b — kocmHu npomeHu npu
IMayueHm 2 (nocmosHHO cb3vbue)

Figure 5: Superimposition of facial soft tissue — before (gray) and

after (red) rapid maxillary expansion - A — bone changes in Patient 1
(Mixed dentition); B — bone changes in Patient 2 (Permanent dentition)

Discussion

In the depicted patients, an expansion of the basal
bone of the upper jaw by 2-3 mm and in the dental
arch area by 3.5-5 mm, was achieved, and the occlusal
relationships in the distal segments were normalized. In
growing patients, changes after expansion are expected
both at the level of the hard palate and in the surrounding
maxillary bones and bone sutures (zigomaticomaxillary,
frontomaxillary, nasomaxillary, and frontonasal)25. It
is anticipated that these alterations will manifest as
changes in the soft tissues that cover these regions.

OpPTOAOHTCKM
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yuyacmuok. [Npu pacmawu nauueHmu cAaeg ekcnaHsus ce
ovakBam npomeHu kakmo Ha HUBo mBbpgo Hebue, maka
u npu okonHume makcuaapHu kocmu u kocmHu weBoBe
(3uzomamukomakcunapeH, ¢poHmomakcusapeH, Ha3s0-
makcunapeH u ¢ppoHmoHasaneH)2°, QuakBaHo e mesu
NPOMEHU ga ce mpaHcAupam u mbpcsm kamo npomsHa
u B8 mekume mvkaHu nokpuBawu me3u 3oHuU. EgHa om
Hau-uecmo u3caegBaHume aHamoMuuHuU obaacmu BbB
Bpv3ka ¢ RME e Hocom u 3oHama Ha kaHuHoBama
¢doca, npegBug mscHama aHamomuuHa Bpv3ka mexXkgy
makcuaapHama u HocHama obaacmé. NamepeHume om
Hac npoMeHU npu nauueHm 1 u nauueHm 2 ca mo4Ho B
me3u obaacmu: yBeAuuaBa ce wupuHama Ha HocHama
kyxuna (c 0.4 u 2.0 mm) u mBopgomo Hebue (c 1.2 u
2.4 mv) ; HamansBa BucouyuHama Ha mBvbpgomo Hebue
(c 0.4 u 1.2 mm).

Dindaroglu cvobwaBa, ue cneg RME ca HabalogaBa-
HU npomeHu B mekume mvkaHu Ha Auuemo B zopHama
yacm Ha AUUEMO, goAHama yacm Ha Auuemo, mekume
mbkaHu Ha Hoca u obaacmma Ha goAHama u 2opHama
ycmHa®. Tesu npomMeHu MoXe ga He ca HUmO cume-
MPUYHU, HUMO XOMO2€HHU, kozamo ce B3eme npegBug
aHamomuuHama Bpvska MeXkgy Hoca u Makcuaama?.
Mpu nauueHmu, npu koumo cmecHeHUemo e pe3yamam
om HapyweHus B guwaHemo noumu BuHaz2u ce ycma-
HoBsBam acumempuuHo pa3Bumu cmpykmypu (mBbpgu
u mekomvkaHHu) B HazomakcunapHusi komnaeke u moBa
ce ompazssBa 8 acumempuvHomo noBausBaHe Ha me3u
cmpykmypu.

Pezucmpupam ce 3HavYumeAHuU npomeHu B mekume
mukaHu Ha Auuemo kakmo 8 obaacmma Ha Hoca, maka
U Ha 2opHama ycmHa. HabalogaBam ce noaokumeaHu u
ompuuameAHu omkaoHeHust B gpyaume MOp¢HOAOSUYHU
obracmu Ha Auuemo. 3oHume Ha akmuBHa npomsHa
cbBnagam ¢ mesau omuemeHu u om gpyau aBmopu?.
3a no-nogpobHo pasbupaHe Ha npomeHume B mekume
mukaHu, mpa6Ba ga ce gedpuHupam npuueAHUme 30HU,
koumo ga ce npocaegsBam. ToBa nunomHo npoyuBaHe
HacouBa, kou Buxa BuAu cneuudpuyHu AuueBu opueH-
mupu.

NeueHus ca HanpaBeHu Ha cybekmu, koumo ca BbB
¢dasza Ha akmuBeH pacmexk. 3a gocmoBepHocmma Ha
pe3yamama, Bopxy koumo He oka3Ba BausiHue pacmerka
B8 mo3u kpamvk nepuog Hu gaBa uscaegBaHe Ha Huang
et al. Te cbobwaBam, ue pacmexkbm mMoke ga He okadke
3HayumenHo BausHue Bopxy uscaegBaHume napame-
mpu, ako ce oueHsBa 3a nepuog om 6 go 7 meceual'2,

He mpsa6Ba ga ce nponycka Bpv3kama c 6aokadka,
koumo ce noayuyaBa npu gucmanHama kpvcmocaHa
3axanka B8 pa3Bumuemo Ha 2opHa udealocm kakmo
cazumanHo, maka u BepmukaaHo. [Jocma uyecmo npu
masu gpyna nauueHmu moke ga ce HabalogaBa pas-
AUYHa anBeonapHa BucouuHa Ha 2opHa yeAlocm B AsBo
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One of the most frequently studied anatomical areas
that are in relation to RME is the nose and the canine
fossa area, given the close anatomical relationship
between the maxillary and nasal areas. The alterations
observed in patients 1 and 2 manifest in the following
specific areas: an increase in the width of the nasal
cavity (by 0.4 and 2.0 mm) and the hard palate (by 1.2
and 2.4 mm); and a reduction in the height of the hard
palate (by 0.4 and 1.2 mm).

Dindaroglu reports that following RME, alterations
in the soft tissues of the face, specifically the upper
and lower regions, as well as the soft tissues of the
nose and the lower and upper lip areas, have been
observed®. When the anatomical relationship between
the nose and maxilla is taken into account, these
changes may not be symmetrical or homogeneous4. In
patients whose compression of the maxilla results from
breathing disorders, asymmetrically developed structures
(hard and soft tissue) are almost always found in the
nasomaxillary complex, and this is reflected in the
asymmetrical impact on these structures.

Significant changes are observed in the soft tissues
of the face, both in the nasal area and the upper lip.
Positive and negative deviations are also observed
in other morphological areas of the face. The areas
of active change coincide with those reported by
other authors28. In order to achieve a more detailed
understanding of the changes that occur in soft tissues,
it is necessary to define the target areas that are to be
monitored. The findings of this pilot study indicate which
specific facial landmarks would be appropriate.

The subjects on whom these treatments are
performed are selected because they are in a phase
of active growth. The reliability of the results, which
remained unaffected by growth over this brief period,
has been validated by a study conducted by Huang
et al. The researchers concluded that growth may not
exert a substantial influence on the parameters under
investigation, provided that assessment is conducted
over a period of 6 to 7 months™2,

It is imperative to acknowledge the connection with
the occlusal blockage that occurs with the posterior
crossbite in the development of the upper jaw, both
sagittal and vertical. In a considerable portion of cases,
different alveolar heights of the upper jaw are observed
on the left and right sides, thereby impacting the
dimensions of the maxillary expansion and manifesting
as facial asymmetry.

In the contemporary context, three-dimensional
imaging technologies frequently supersede direct
anthropometry as a modality for acquiring quantitative data
concerning the soft tissues of the face'®. Anthropometric
parameters are studied simultaneously in three planes,
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u gsacHo, koemo ce ompassBa Ha pa3mepa Ha HeUHOMO
paswupeHue u ce Busyanusupa kamo aAuueBa acume-
mpus.

IHec 3D mexHoAo2UUME 3a u30bpassBaHe gocma
yecmo 3amecmBam gupekmHama aHmponomempus
kamo memog 3a noayyaBaHe Ha koauuecmBeHa uHdoOp-
mMauus 3a mekume mokaHu Ha Auuemo'®. NacaegBam ce
aHmponoMempu4HU napamempu egHoBpemeHHO B mpu
paBHuUHU, a Cbwo U obemu c 2oAdMa mouHocm Bopxy
3D obpasu om CBCT823, B cvBpemuemo CBCT cmaBa
3a xapakmepusupaHe Ha mopdoao2uvHUME U pasmep-
Hume pas3auku. feomempuyHusm mopdomempuyeH aHa-
AU3 ce ocHoBaBa Ha opueHmupu om koHkpemHu aHamo-
MuyHU mouku Bobpxy kpaHuodauuanHume cmpykmypu.
PaspabomeHume B8 moBa HanpaBaeHue codmyepu nos-
BonsBam u gocmoBepHo u3non3BaHe Ha uskycmBeHus
uHmenekm (Al) B noayuaBaHe Ha pesyamamume?:10,

Te3u npomeHu u maxHama B3aumocBop3aHocm
Bce owe He € gocmambuHO KAUHUYHO npoyuyeHa.
Bb3amokHocmume Ha cbBpemMeHHOmO mMmexXHOAO2UY-
HOo pa3Bumue gaBam HOBu nonema 3a u3caegBaHe.
CvBpemeHHUMEe mexHOAO2UU Npegaazam pasAUYHU Cuc-
memMu (copmyepu) 3a AuueBo 3acHemaHe kamo: Aasep-
HU ckeHepu, cmepeodomozpamempus U ckeHepu cbc
cmpykmypupaHa cBemauHa. YcmaHoBeHo e, ye mou-
Hocmma Ha ckeHepa cbCc cmpykmypupaHa cBemauHa e
0,57 + 0,07 mm u uszanekga e Hau-gobpa B cpegHama
obracm Ha Auuemo?2®. MoayueHume om uscaegBaHemo
gaHHU ouyepmaBam 30HUMe Ha npomsaHa, koumo buxa
BUAU NPUUEAHU noAema Npu mobpceHe Ha OmMKAOHEHUS,
kozamo ce u3anoa3Ba AuueBo 3acHemaHe.

3SAKAIOYEHUE

YcmaHoBeHu ca noAokKUMEeAHU U ompuuameAHuU
kopenauuu mexkgy makcuaapHomo paswupsiBaHe u npo-
MeHume Ha mekume mbkaHu Ha Auuemo. Hau-3Hauuma
npomsHa Ha mekume mvkaHu ce omkpuBa B8 HocHama
WwupuHa, cybHasaAHama 30Ha, 2opHama ycmHa U 30Ha-
ma koM sutura zygomaticomaxillaris. 30HU Ha npomsHa
ce HabalogaBam B goaHa uenlocm, koumo msacHo ce
cBop3Bam ¢ HeUHOMO cnoHMaHHO npemecmBaHe npu
ombaokupaHemo Ha okAy3aAHUME HapyweHus.
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as well as volumes with high accuracy on 3D images
from CBCT8:23, In the contemporary era, CBCT is utilised
for the purpose of characterising morphological and
dimensional discrepancies. Geometric morphometric
analysis is predicated on landmarks from specific
anatomical points on the craniofacial structures. The
software developed in this field also allow for the reliable
use of artificial intelligence (Al) in obtaining results?.10.

The existing literature on the subject does not yet
provide sufficient clinical studies of these changes
and their interrelationships. The advancements in
modern technologies have given rise to novel research
opportunities. Modern technologies provide a variety of
systems (software) for facial imaging, including laser
scanners, stereophotogrammetry, and structured light
scanners. The accuracy of the structured light scanner
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facial imaging.

CONCLUSION

Positive and negative correlations have been
established between maxillary expansion and changes
in the soft tissues of the face. The most significant
changes observed in soft tissue were found in the nasal
width, the subnasal area, the upper lip, and the area
towards the zygomaticomaxillary suture. Observations
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in cases of occlusal discrepancies that have been
corrected.
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CucmemMamuueH ob3o0p Ha 3bHO — anBeonapHu u ckeanemHu acnekmu
gucmanHomo npemMecmBaHe Ha 2opHU MoAapu 6e3 kocmHa onopa npu
nauueHmMu coc 3aBopuweH pacme>k

OPUTUHAAHA

CUCTEMATUAYEH OB30OP
HA 3bbHO — AABEOAAPHHA
N CKEAETHWU ACMNEKTU HA
ANCTAAHOTO NMPEMECTBAHE
HA TOPHA MOAAPU BE3
KOCTHA OINMOPA MNMPU
NMALVMEHTUN CbC 3ABDLPLUEH
PACTEXX

OOPrAHM N.*, A. AHOPEEBA**,
B. N'YPTYPUEBA***

CTATWUA

A SYSTEMATIC REVIEW
OF THE DENTOALVEOLAR
AND SKELETAL ASPECTS
OF MAXILLARY MOLAR
DISTALIZATION WITHOUT
SKELETAL ANCHORAGE IN
NON-GROWING

PATIENTS

FORGHANI P., L. ANDREEVA,
V. GURGURIEVA

PE3IOME ABSTRACT

»Ha ce cobMHABaw e HenpuamHo, HO ga cu
cuzypeH e Heneno“ M. de Voltaire

Peslome: EQuH om HauuHume 3a ocuaypaBaHe
Ha mAcmo B 3vbHama gvz2a e gucmaausupaHe
Ha cmpaHu4yHume 3vb6u. Mpe3 90 — 2oguHuU ce
nosaBuxa nopBume anapamu 3a npemecmBaHe
B8 npegHo-3agHa nocoka. Hilgers 1992 cv3gaBa
nopBuam anapam, Hap. Pendulum. Tou 2o
cvuemaBa ¢ ekcmpaopanHa cuna u noay4vaBa
MHO20 go6vbp pe3ynmam Ha npemecmBaHe B8
gucmanHa nocoka.

Llen Ha Hacmoawomo npoyuBaHe e ga
cucmemMamusupame uHpopmMauuama om
AUMepamypHume gaHHU 3a 3b6HO — anBeonapHu
u ckeaemHume
npemecmBaHe Ha MoAapu, 6nazogapeHue Ha
3b6HO — anBeonapHa onopa npu hauueHmu
cbc 3aBvpweH pacmexX ¢ onpegeneHu BugoBe
anapamu 3a gucmaausupaHe. (@Pokycom Ha
uscnegBaHemo 6ewe kakBu ca pasauvuama Ha
anapama Carriere motion Il.

Mamepuan u memoguka: ¢ mopcaukume
PubMed, Scopus, Web of science, Science

NpPOMeHU npu gucmaAHO

“To doubt is uncomfortable, but to be certain
is ridiculous.” — M. de Voltaire

Abstract: One method of creating space in the
dental arch is the distalization of the posterior
teeth. In the 1990s, the first appliances for
anteroposterior tooth movement emerged. In
1992, Hilgers developed the first such appliance,
called the Pendulum. He combined it with
extraoral force, achieving highly effective distal
movement.

The aim of this study is to systematize
information from the literature regarding
dentoalveolar and skeletal changes resulting from
maxillary molar distalization using dentoalveolar
anchorage in non-growing patients, specifically
with certain types of distalization appliances. The
focus of the research was to examine the specific
effects of the Carriere Motion Il appliance.

Materials and Methods: Using search engines
such as PubMed, Scopus, Web of Science,
ScienceDirect, and Google Scholar, and the
following keywords: Carriere Motion Il, maxillary

* [OokmopaHm B Kamegpama no OpmogoHmus 3a nepuoga 2021 — 2024 2., ®OM - Codus
** Mpodecop B kamegpa OpmogoHmus, OOM - Coodus
*** [A. acucmeHm B Kamegpa MNMpomemuuHa OeHmanHa MeguuuHa, ®OM - Coodus
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emMamuueH ob3op Ha 3bbHO — anBeonapHU U ckenemHu acnekmu Ha
cmaAHOMoO npemMmecmBaHe Ha 2opHU MoAapu 6e3 kocmHa onopa npu
nauueHmMu coc 3aBopuweH pacme>k

Direct, Google Scolar no onpegeneHu
kalouoBu gymu: Carriere motion Il, e¢pekm Ha
gucmaausupaHe Ha 20pHU MoAapu, BmopuuHu
cneyudpuyHu gBurkeHusa, onopa npu Carriere
motion I, uUHUU3uBu,
npemMoAapu u Moaapu, 6axa HamepeHu 86
nybaukauuu. Mogb6paxme 10 Buga anapamu 3a
gucmaanusupaHe Ha 3v6u 6e3 kocmHa onopa.
Cucmemamusupaxme gBuxkeHuemo Ha 3b6ume 8
cmpaHuYyHua yuyacmok Ha 2opHama 3bbHa gveaa,
cmpaHuuHume edekmu, koumo ce noayyaBam
BvB8 ¢poHmanHua yuyacmok Ha cvbwama u
mobpcuxme HaAuvuemo Ha gBurkeHue 8 gonHama
3b6Ha gvza. MomobpcuxmMme gaau uma ckeaemHu
NPOMEHU npu AeYeHUemo ¢ me3u anapamu.

Pesynmamu: ycmaHoBuxme pasmepa Ha
gucmaausupaHe Ha cmpaHu4dHume 3v6u B8
MUAUMEemMpuU, MeguaAHO npemecmBaHe Ha
20pHUME npeMoAapu, hpompysus Ha 20pHuUme
pes3uu, aH2yrayusma Ha onucaHume 3vb6u, kakmo
u gBukeHue B8 gonHama uenalocm npu Carriere
motion Il, uscanegBaxme Hanuuuemo Ha ckenemHu
npomMmeHu B8 2opHa 3vb6Ha gv2a u Bpememo, 3a
koemo ce nocmuza neueb6Huam epekm.

KalouoBu gymu: Carriere motion ll, epekm Ha
gucmaausupaHe Ha 20pHU MoAapu, BmopuuHu
cneyudpuuHu gBurkeHusa, onopa npu Carriere
motion ll, HaknoHABaHe Ha uHUU3uBu, npeMmonapu
u MoAapu.

HaknoHABaHe Ha

molar distalization effect, secondary specific
movements, anchorage in Carriere Motion II,
inclination of incisors, premolars, and molars, a
total of 86 publications were identified.

We selected 10 types of distalization
appliances that function skeletal
anchorage. We systematized the tooth
movements occurring in the posterior segment of
the maxillary arch, the side effects in the anterior
segment, and examined the presence of any
movements in the mandibular arch. Additionally,
we investigated whether skeletal changes were

without

present during treatment with these appliances.

Results: The amount of distalization of the
posterior teeth was measured in millimeters,
along with the mesial movement of the upper
premolars, protrusion of the upper incisors,
and the angulation of the aforementioned teeth.
Mandibular teeth movement associated with
the use of the Carriere Motion Il appliance were
also evaluated. Skeletal changes in the maxillary
arch and the duration required to achieve the
therapeutic effect were assessed.

Keywords: Carriere Motion Il, distalization
effect of maxillary molars, secondary specific
movements, anchorage in Carriere Motion I,
inclination of incisors, premolars, and molars.

YBOA: ocHoBeH npobaem B opmogoHmusma e kak
ga ce ocuzypu Macmo B 3bbHama gbza? baazogapeHue
Ha pa3Bumuemo Ha geHmMaAHOMO Mamepuano3HaHue
u nosBama Ha HoBu cnaaBu nocnregHume mpu gece-
muAemus Memogume 3a cb3gaBaHe Ha macmo ce yBe-
AUUUXa. KoM gobpe no3Hamume U gbA20 U3NOA3BaHu
Memogu kamo: 6aBHo paswupeHue, npompygupaHe Ha
3bbu u ekcmpakuus Ha 3vbu, kbm msax ce gobaBuxa u
6bp30mMO pas3wupeHuUe, gucmaAu3upaHemo Ha 3vbbu c
uau 6e3 kocmHa onopa u emalnoBama pegykuus Ha
emauna (cmpunung) (Qua. Ne 1). EguH om HauuHume 3a
ocuzypsBaHe Ha macmo B 3bbHama gbeza e yBeauuaBaHe
Ha HelUHus nepumembp kamo ce npemecmBam 3vbu B
caszumanHa nocoka. lNpompygupaHemo Ha ¢$poOHMAaAHU-
me 3bbu e BbuonozuyeH Memog, 3awomo me 3aemMam
npaBuAHOMO cu noAoXkeHue u odopmsim npegHus ydac-
mbk Ha 3bbHama gvaa. Mpe3 90 — me 2oguHu 6e npeg-
AokeHa memogukama Ha gucmanHo npemecmBaHe Ha
Monapume. To moke ga e ¢ uau 6e3 ckenemHa onopa.
®yHkuuoHaneH Au e mo3u memog? B Aumepamypama

DAOHTCKUM rNnperneA
27/2025, kHV>KKA 1

INTRODUCTION: A central challenge in orthodontics
is the creation of space within the dental arch. Due to
advancements in dental materials and the development
of new alloys over the past three decades, available
methods for space gaining have significantly expanded.
In addition to long-established techniques such as
slow expansion, tooth protrusion, and extraction, newer
approaches including rapid expansion, distalization
with or without skeletal anchorage, and interproximal
reduction have been introduced (Fig. 1).

One strategy for creating space in the dental arch
involves increasing its perimeter by moving teeth in
the sagittal direction. Protrusion of the anterior teeth is
considered a biologically favorable method, as it helps
establish proper alignment and defines the anterior
portion of the arch. In the 1990s, the technique of molar
distalization was introduced, which may be performed
with or without skeletal anchorage. The functionality of
this method has been widely explored in the literature.




CucmemMamuueH ob3o0p Ha 3bHO — anBeonapHu U ckeanemHu acnekmu Ha
gucmanHomo npemMecmBaHe Ha 2opHU MoAapu 6e3 kocmHa onopa npu

nauueHmMu coc 3aBopuweH pacme>k

uma MHoXkecmBo uscaegBaHusa no mo3su Bonpoc.

LIEATA Ha Hawemo u3cnegBaHe e ga cucmemamu-
3upame uHdopmauusma om AumepamypHume gaHHuU 3a
3bbHO — anBeonapHume u ckeaemHume npomeHU npu
gucmanHo npemecmBaHe Ha MoAapu, baazogapeHue
Ha 3bbHO — anBeonapHa onopa npu nauueHmu Cbe
3aBopweH pacmeX c pasauyHu BugoBe anapamu 3a
gucmaausupaHe.

MATEPUAA N METOOUKA: ¢ mbpcavkume PubMed,
Scopus, Web of science, Science Direct, Google Scolar
no kalouoBu gymu: Carriere motion Il, ebekm Ha guc-
maAnu3upaHe Ha 20pHU MoAapu, BmopuyHu cneuudpuuHu
gBuxkeHus, onopa npu Carriere motion Il, HakaoHsBaHe
Ha UHUU3UBU, NpemMoAapu U MoAapu bsaxa HamepeHu 86
nybaukauuu, koumo cucmemamusupaxme B mabauua
Ne 1.

M3bpaxme gecemme HaU-yecmo npuAazaHu ana-
pamu 3a gucmaausupaHe Ha 20pHU NbpBu Monapu 6e3
kocmHa onopa. Te ca caegHume:

Pendulum (¢ue. Ne 4 A);

. Clear aligners (duz. Ne 4 B);

. K — loop appliance (¢uz. Ne 4 B);

. Distal jet (due. Ne 4 IN);

. Bonded Molar Distalizer (¢uz. Ne 4 [1);

apb N~

. Intraoral Bodily Molar Distalizer (¢uz. Ne 4 E);
First-class Appliance (duz. Ne 4 X);

. Keles slider (¢puz. Ne 4 3);

. Fastback appliance ( ¢uz. Ne 4 W);

10. Carriere motion Il (duz. Ne 4 K)

Kol e anapamvm, koumo gucmaausupa Hau-edek-
muBHO? Bovnpoc, Ha koumo mpygHo Moke ga ce
omzoBopu npu 20AIMOMO pa3Hoobpasus Ha anapamu.
3awomo me He omeoBapsm egHO3HAUHO Ha PasAUYHU
Bonpocu kamo edpekmuBHocm Ha AeueHuemo, NPOgbA-
>KumeAHoCcm Ha AeveHuemo uAu komdopm Ha nauueH-
ma.

Pa3snpegenuxme benesume 3a cpaBHeHue maka:

1. [BukeHus Ha 3vbu B 2opHama 3bbHa gbaa.

1.1, JucmaausupaHe Ha 20pHU MOAApu — pascmos-
Hue B muaumempu;

1.2. AHzynauus Ha 20pHU MoAapu — B 2pagycu;

1.3. MeguanHo npemecmBaHe Ha 2opHUmME npemo-
Aapu;

1.4. TlpompygupaHe Ha 20pHUME UHUU3UBuU;

2. BukeHue Ha 3bbu B gonHama 3bbHa gbaa.

2.1. Meguanu3upaHe Ha gOAHUME MOAApu — pas-
cmosiHue B muAumempu;

2.2. AHzynauus Ha goAHU Monapu — B 2pagycu;

2.3. lNMpompygupaHe Ha goAHUME UHUU3uBu

3. CkenemHu npomeHu — cbwecmByBam Au npu
3b6HO gBuwkeHue?

© o N®

Que. 1. PazauuHu memogu 3a ocueypsBaHe Ha mgcmo B 3bbHama
gvea
Fig. 1. Various Methods for Creating Space in the Dental Arch

AIM: to systematize the available literature on
dentoalveolar and skeletal changes associated with
molar distalization using dentoalveolar anchorage in
non-growing patients treated with various types of
distalization appliances.

MATERIALS AND METHOD:

Using the search engines PubMed, Scopus, Web
of Science, ScienceDirect, and Google Scholar, and
the keywords: Carriere Motion II, distalization effect
of maxillary molars, secondary specific movements,
anchorage in Carriere Motion I, inclination of incisors,
premolars, and molars, a total of 86 publications were
identified and systematized in Table 1.

The ten most commonly used appliances for distalizing
maxillary first molars without skeletal anchorage were
selected. These are as follows:

Pendulum (Fig. Ne 4 A);

2. Clear aligners (Fig. Ne 4 B);

3. K - loop appliance (Fig. Ne 4 C);

4. Distal jet (Fig. Ne 4 D);

5. Bonded Molar Distalizer (Fig. Ne 4 E);
6

7.

—

. Intraoral Bodily Molar Distalizer (Fig. Ne 4 F);
. First-class Appliance (Fig. Ne 4 G);
8. Keles slider (Fig. Ne 4 H);
9. Fastback appliance (Fig.Ne 4 I);

OPTOAOHTCKUN MPErASA
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Taba. 1. CucmemamusupaHe Ha
u3non3BaHume 6asa gaHHU U peaucmpu

Juarpama [pusma 2020 -
Haentnuuupane na 6a3ara 1anul u PerucTpu

f ﬂ Oybnupanu cratum —
3 ® PubMed: 16 6pos;
a W Scopus; obuy Gpon

uw Web of science:

. Science Direct; 86

¥ Googie scholar;

b Mpernepasu

MyGnaumi © vocTHa onopa — TAD
il aucTanmsatopu — 17 craTun, KoWTO
H OLI,QHE'HH Mo ACNYCTUMOCT —  Gaxa waknkweHn

68 crarum

70 cratun

MMeNHO TEKCTOBK MICTIENBAHNA «
o0 29 bpon
£ MbNHO TEKCTOBM MICNENBAHMA C
H AHANAKI HA JaHHWTe — 22 Dpon

Ha mabauua Ne 1 e npegcmaBeHa guazpama
.Mpuama 2020“13, B kosamo ca npegcmaBeHu u3noA3Ba-
Hume u3scAegBaHus. 68 HayuyHu npoyuyBaHus ca onpe-
geneHu kamo gonycmumu 3a BkalouBane B Hawemo
uscAaegBaHe. Om msax 29 ca BkaloueHu camo B OCHOB-
Hama uacm Ha 063opa, 22 ca BkaloueHu B ocHoBHama
yacm Ha 0630pa U C aHaAu3upaHuU gaHHU Ha cmamuc-
muueckus aHaAu3 u 17 ca omcmpaHeHU cmamuu, 3acs-
2awu TAD-gucmaauzamopu, movu kamo moBa uscaegBa-
He pasanexkga gucmaausupawu anapamu 6e3 ckenemHa
onopa. Obwusam 6pou nauueHmu, uscaregBaHu B pasaae-
gaHume cmamuu e obwo 738.

Hue cucmemamusupaxme pasauvyHume GBugo-
Be casumanHu gBwkeHus B zopHama 3bbHa gbea.
MNMpemecmBaHemo Ha 3bbume e npegcmaBeHo B MuAume-
mpu, a aHgyaauusima Ha 3bba — e B gpagycu. (¢ue. Ne 2)

Haunn ma fianapcnpane ma TRHACHEAT B CRrTLInG nocoks

LINPUN W ELEETE B WTOpRETE \apas 1 mqeare

BIORTE (Y e

TR WnnpE

Qua. 2 Hayun Ha 6araHcupaHe Ha gBukerHusma B8 cazumanHa nocoka

3arybara na onopa ¢ Gnaronpusarsa npu kaac 1z

Qua. 3 MpompygupaHemo Ha 2opHume uHUU3UBL, koemo e cneuupuyHoO
gBuwkeHue 3a anapamume, gucmaAuupawu 20pHUMe CmpaHu4HU 3bbu, e
HebaazonpusimHo npu kaac ll; u 6aazonpusmro npu kaac ll,. [BwkeHuemo
Hanpeg — >kenaHO UAU HeXkeAaHo ce gb/Aku Ha 3agyba Ha onopa

OPTOAOHTCKUN MperneAa
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nauvuueHmMu coc 3aBopuweH pacme>k

10. Carriere motion Il (Fig. Ne 4 J)

Which appliance provides the most
distalization?

This is a difficult question to answer given the wide
variety of available appliances. They do not uniformly
address key aspects such as treatment effectiveness,
duration, or patient comfort.

The comparison criteria were organized as follows:

1. Tooth movements in the maxillary arch:

1.1. Distalization of upper molars — measured in
millimeters;

1.2. Angulation of upper molars — measured in
degrees;

1.3. Mesial movement of upper premolars;

1.4. Protrusion of upper incisors;

2. Tooth movements in the mandibular arch:

2.1. Mesial movement of lower molars — measured
in millimeters;

2.2. Angulation of lower molars — measured in
degrees;

2.3. Protrusion of lower incisors;

3. Skeletal changes: do skeletal changes occur
during dentoalveolar movements?

effective

Table 1. Systematization of the
Databases and Registers Used (PRISMA flow diagram)

Identification of studies via datat and
Records identified from PubMed, Records removed before
Scopus, Web of science, screening:
ScienceDirect and Google Duplicate records removed (n
Scholar: =16)
(n=86)
—
Records screened
(n=70)

Screening

Reports assessed for eligibility
(n=868)

Reports excluded:
Only concerning TAD
distalizers (n = 17)

Studies included only in body of

and data analyzed
(n=22)

review

n=29

Studies included in body of review
—

Table 1 presents a ,PRISMA 2020“ diagram [13],
illustrating the studies included in this review. A total of
68 scientific studies were deemed eligible for inclusion.
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Anapamu, koumo gucmaaudupam 20pHUME CMmpaHuy-
HU 3bbu, BkAloueHu B uscaegBaHemo ca npegcmaBeHu Ha

¢duze. Ne 4
ﬁFé:Zgas_‘;Wge

Pendulumrappliance
/ ¥

|." [ \‘;?I&\\{_

A./A Pendulumb b./B Clear aligners B./C K — loop appliance

Bonded Molar

Distaljet appliance
Rt opet Distalizer (BMD)

'} 1
I’/D Distal jet [./E Bonded Molar E./F Intraoral Bodily
reles slid

Flrst-_cjas_‘g_ﬁnﬁ?an%e
| N WV

- L3\

%/ NEAT
XK./G First-class Appliance

3./H Keles slider

Distalizer Molar Distalizer

K./J Carriere motion Il

./l Fastback applince

Que. 4. PazauuHu BugoBe anapamu 3a gucmanusupaHe Ha 20pHU MOoAa-
pu 6e3 kocmHa onopa

Fig. 4. Different types of appliances for distalization of maxillary molars
without skeletal anchorage
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Que. 5. OnucaHue Ha gBukeHusma Ha 20pHUMe 3b6U — NPegHU U
cmpaHU4HU Ha pasanegaHume anapamu 3a gucmanusupane. [JBuxenusma
Ha 3vbume B gonHama 4ealocm, yuumo gBukeHus npegu3BukBam camo om
Carriere motion Il

Of these, 29 were included only in the main body of the
review, 22 were included in both the main review and
the statistical analysis, and 17 were excluded as they
concerned TAD-based distalizers, whereas this study
focuses solely on appliances without skeletal anchorage.
The total number of patients examined across the
included studies is 738.

Different types of sagittal movements in the maxillary
arch were systematized. Tooth displacements are
reported in millimeters, and angulations are expressed
in degrees (Fig. 2).

Dizrribarcion af Saginal Movemenis: Disealizavion and Archorage Tooch Response

D ®

Pwsal toplaeemen fmmi Protrusion {mm)
Medial Anguiation (*) Inclination (%)

Dfalal chplacarmaal (mim)
Digtal Angulation (%)

Mebipiaciaztgs] o W Pl il lpaaured for the sparcr
B0nd PR pramolang Irigon

Maasuned Sor tha firel gnd

ancond uppar molaes

Fig. 2. Distribution of Sagittal Movements: Distalization and Anchorage
Tooth Response

Anchorage loss is favorable in Class 2b

Fig. 3. Protrusion of the upper incisors as a characteristic movement

of appliances used for maxillary posterior distalization: undesirable in class
ll/1 and beneficial in class ll/2. The forward movement — whether desired
or not — results from anchorage loss.

Parsdulum applan

Clear nigners

FeLoog applano

Fastback sppiase
Drwind kot npadiancy

Biorndnd Molsr Digaize (BWD)
Il Bty Moo Qistndoer (EA0)
Finit-class applance

L A

. ottt Mctions |1 {GM )

Fig. 5. Description of anterior and posterior maxillary tooth
movements with the reviewed distalization appliances. Mandibular tooth
movements were observed only with the Carriere Motion Il appliance.
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Que. 6. OnucaHue Ha pesyamama om gBukeHusma npu anapam
Carriere motion Il
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Fig. 6. Description of the treatment outcomes associated with tooth
movements using the Carriere Motion Il appliance
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Que. 7. OnucaHue Ha nocokama Ha cuAume u MOMEHMUMe Npu npuAa-
2aHe Ha anapam Carriere motion Il

PE3YATATI:

M3cnegBaxme kakBu ca pesyamamume om npemecm-
BaHemo B mMeguanHa u gucmanHa nocoka Ha 3vbume B
cmpaHuy4Hus yyacmbk, uaMepeHo B MuAauMempu; aHzy-
Aauusma, usmMepeHa B 2pagycu u npompy3usma Ha
3bbu. Ha guazpama Nel e npegcmaBeH pa3viepom Ha
gucmaausupaHe Ha 20pHU nbpBu monapu B Muaumempu
npu pasauuHume BugoBe anapamu 3a gucmaau3upaHe
Ha 20pHU nbpBu Moaapu. CpegHomo gucmanusupaHe Ha
cmpaHa e om 1,20 mm Hal-manko npu Bonded Molar
Distalizer (BMD) go 5,20 mm Hau-20AIMO gucmaau3upaHe
npu Intraoral Bodily Molar Distalizer (IBMD).

Fig. 7. Description of the direction of forces and moments generated by
the Carriere Motion Il appliance

RESULTS:

The outcomes of mesial and distal tooth movements
in the posterior segment were examined, measured in
millimeters, along with angulation (measured in degrees)
and tooth protrusion. Diagram 1 presents the amount of
distalization of the maxillary first molars in millimeters for
the various types of distalization appliances. The average
distal movement per side ranged from 120 mm (the
lowest, observed with the Bonded Molar Distalizer — BMD)
to 5.20 mm (the highest, observed with the Intraoral Bodily
Molar Distalizer — IBMD).
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[Auazpama 1. JucmanusupaHe Ha 2opHume nbpBu Moaapu 8 Muaumempu
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Diagram 1. Distalization of maxillary first molars in millimeters comparison
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Ha guagpama Ne2 e npegcmaBeHo gucmanHomo
HakAoHsBaHe Ha 20pHUMEe nbpBu Moaapu B 2pagycu. Hau-
mankomo HaknoHsiBaHe e npu anapama 3a gucmanusupa-
He Keles slider nog 12 (0,909) u Hau-2onsMomo HakAoHsBa-
He npu Pendulum u First-class Appliance, koemo e 8,602

Diagram 2 shows the distal tipping of the maxillary first
molars in degrees. The smallest tipping was observed with
the Keles Slider appliance at less than 12 (0.909), while
the greatest tipping occurred with the Pendulum and First-
Class Appliance, reaching 8.60°.
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Huaepama 2. [JlucmanHo HaknoHsiBaHe Ha 2opHUmMe nvpBu Monapu B gpagycu

Ha guagpama Ne 3 e npegcmaBeHo meguanHOMO npe-
MecmBaHe Ha 3vbu. MpemecmBam ce gBama 2opHU npe-
MoAapu npu Bcuuku BugoBe anapamu 6e3 Carriere motion
IIl. Mpu Hezo mankume kbmHuuu He ce npemecmBam,
nopagu Aacmuuume |l kaac. Mpu mo3u anapam, obaue
ce cbobwaBa 3a mMeguanHO npemMecmBaHe Ha goAHUmME
nopBu Monapu, koemo ce goaku Ha geucmBuemo Ha Aac-
muuume Il knac. BcbwHocm Carriere motion Il e anapam,
koumo Bause Ha gBeme uealocmu, baazogapeHue Ha
u3noA3BaHume aacmuuu. MNpu egHoueAlocmHume anapa-
mu Ce MeguaAusupam 20pHUME NPEMOAApPU.

Diagram 2. Distal tipping of maxillary first molars in degrees

Diagram 3 illustrates mesial tooth movement. Mesial
displacement of the maxillary premolars was observed
with all appliances except the Carriere Motion Il. In this
appliance, the upper premolars do not shift due to the
influence of class Il elastics. However, mesial movement
of the mandibular first molars is reported, attributed to
the effect of the elastics. In fact, the Carriere Motion
Il appliance impacts both jaws due to the interarch
forces produced by the elastics. In contrast, single-arch
appliances result in mesial movement of the upper
premolars first molars, except for the Carriere Motion Il that
leads to medialization of the lower molars.
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JLuazpama 3. MeguanHo npemecmBaHe Ha 3vbbu. EgHo4YealocmHume
anapamu mMeguaausupam 2opHuUme npemoaapu, a Carriere motion Il, nopagu
BknlouBaHemo Ha aacmuuu Il kaac, Bogu go meguarHo npemecmBaHe Ha
goaHume nvpBu monapu.

Ha guacpama Ne 4 e npegcmaBeHa meguanHama
aHzyAauusi Ha 20pHUME NpPeMoAapu Ha anapamume C
egHouenlocmHo getcmBue. NoBeuemo anapamu Hakao-
HaBam npemonapume okono 22, cuaHo HaknoHsBaHe ce
nonyyaBa npu npunaz2aHemo Ha BMD u Distal-jet noBeue
om 42 MMpu Carriere motion Il He ce HabalogaBa makoBa
HaknoHsiBaHe, nopagu onopama B goAHama uealocm.

Diagram 3. Mesial tooth movement. Single-arch appliances cause mesial
movement of the upper premolars, while the Carriere Motion Il, due to the use
of class Il elastics, leads to mesial movement of the lower first molars.

Diagram 4 presents the mesial angulation of the upper
premolars with single-arch appliances. Most appliances
produce a tipping of approximately 2°, while significant
angulation exceeding 4° is observed with the BMD and
Distal-jet. In contrast, no such angulation is seen with the
Carriere Motion Il appliance due to its anchorage in the
mandibular arch.
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HAuazpama 4. MeguanHo HaknoHsiBaHe Ha 3vbu — aHzyrauusma Ha
20pHUMe npemonapu, koemo ce omyuma npu Bcuyku anapamu 3a gucma-
AU3UpaHe U omyumaHe Ha MeguaAusupaHe Ha goaHume mMoaapu, koemo ce
omyuma camo npu Carriere motion Il

Mpompy3us u HakaoHaBaHe Ha uHUU3UBU ce HabAlo-
gaBa npu Bcuuku anapamu 3a gucmaauaupaHe ¢ uskalo-
yeHue Ha Carriere motion Il. Mpu He2o ce HabalogaBa
npompysus Ha goAHume pe3uu. OcobeHomo Ha mMo3u
anapam e, ue Aacmuuume Il knac npegomBpamsBam

Diagram 4. Mesial tipping of teeth — angulation of upper premolars
observed with all distalization appliances, and mesial movement of lower
molars observed only with the Carriere Motion Il appliance

Protrusion and tipping of the incisors are observed
with all distalization appliances except the Carriere
Motion II. In this appliance, protrusion occurs in the
lower incisors. A distinctive feature of the Carriere
Motion Il is that the class Il elastics prevent the typical
forward movement of the upper incisors. (Diagrams 5

xapakmepHomo cneuuduuHo gBukeHue Ha 20pHUME and 6)
uHUU3uBu Hanpeg. (dQuazpamu Ne 5 u Ne 6)
i MpOoTPY3uA Ha rOpHATE UHLM3WBM (Mm) " * Protrusion of '~"F'F'B‘F incisors (mm)
hevaee (Terey =0 Taal Waight . mlﬁ.:l W, musﬁ.l;l
] =
Anapat Cpegio  SD Bpoi  Temect [osepurensn Dosepurenss Pruhn 1% 0% R 1% EAU T4 140
& . Mg Shie LT 15 "% 0,50 12,85, 05
naumeHTI WHaeRe HHaeKE ey - - N o Deman L n
i 1w L] 145 P 0 e 0] L
Perdum 140 08 W omm 140 [1.34; 1.48] ] EMD i 0o 1 1.1% 3,60 162, 3 80] ]
Keles Sider 090 00 15 1% 090 [0.89; 0.61] ] Dt et om  on ] "% 1080 72,62 0,60 L]
First.class 160 00 B 1% 160 (1,56, 1.61) [ ] P Each L] B % 39106199 n
[BMD 0 00 15 11.1% 0.80 [0.88: 0.81] a Hedoop 1w oon 15 1.1% ©A001.5% 1.81] L}
BMD g0 00 18 1M.1% 360 [360: 3.60] ] Tokal (0% o) T 0N 1 AT 2] “—
E::u:: ?g EE i; :: t: ?gﬁ%?ﬂ s v Pratrusian of lower incigors (mm) for CM I ]
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Huazpama 5. [Mpompysus Ha pesuume. Ta e omyemeHa kakmo npu
2opHume pesuu, koemo e npu Bcuuku uscnregBaHu anapamu 3a gucmasu-
3upaHe, maka u npu gonHume, Ho camo npu Carriere motion Il. Mpu Hezo
npompygupaHe Ha 20pHuUme pe3uu He ce HabalogaBa

HaknoHABaHe Ha ropHUTe MHUM3KBK (°)

Anapat Cpearo  SD Bpoit  Tewmecr [loseputenes [Hosepureney
NALMEHTI nHgeke MHAEKE

w2

Penduum i 20 M 10.0% 150( 328 272

Keles Sicer 3% 00 15 100% 330( 328, 3M)]

First-class 200 00 15 10.0% 200[ 198 201

1BMD 120 00 15 100% 1200 119 121

BMD a0 00 18 10.0% 300[ 300 3.00)

Distal Jet 480 00 4 10.0% 480[ 460, 460

Fast back 520 00 I’ 10.0% 520( 520 520)

Keloop 570 00 15 10.0% S70[ 568 571

Clear 1320 00 10 100%  -13.20[-13.21.-1318)

Total {95% CI) a7 90.0% 170 200 547)

wrz Haknowssare Ha gonHuTe wnyusmen |°) npu CM ||
Cadriere motion 400 15 185 10.0% 400[ 378 4

Total (95% C1) 662 100.0%

. 193[ 1.47; 533
Test for subgroup diflerences: ChE' = 1.42, df = 1 (P = 0.23)
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Diagram 5. Incisor protrusion. Protrusion of the upper incisors was
recorded with all examined distalization appliances, while protrusion of the
lower incisors was observed only with the Carriere Motion Il. No protrusion
of the upper incisors was noted with this appliance.

Inclination of upper incisors ()
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CucmemMamuueH ob3o0p Ha 3bHO — anBeonapHu U ckeanemHu acnekmu Ha
gucmanHomo npemMecmBaHe Ha 2opHU MoAapu 6e3 kocmHa onopa npu
nauueHmMu coc 3aBopuweH pacme>k

JLuazpama 6. HaknoHsBaHe Ha pe3uume — npu uscaegBaHume ana-
pamu uma HaknoHsiBaHe Ha 2opHume pe3uu, Ho camo Carriere motion Il ce
omyuma HakAoHsBaHe u Ha goaHUme pe3yu

EguH om nokasameaume, koumo Aeuumensim usbupa
npu npuaokeHue Ha gageH AeuvebeH anapam, e Bpe-
mMemo Ha geucmBue Ha anapama. I opmogoHmbm, u
nauueHmMbm umMam egHa UeA — AeUeHUsim pesyamam ga
ce nocmuzHe 3a koankomo e Bv3amoxkHo no-kpambk nepu-
og. Ha ¢ua. Ne 8 e cucmemamusupaHo Bpememo Ha
geucmBue Ha pasaaegaHume anapamu. Hal-kpamkusm
nepuog 3a hocmuzaHe Ha >keAaHOmo gucmaausupaHe e
nog 6 meceua — Bonded Molar Distalizer (BMD). Hau-
gbA20 geucmBawume anapamu 3a gucmaausupaHe Ha
cmpaHu4Hu 3vbu ca: Fastback applince (FBA) u Clear
alainers (CA) — Hag 1,5 2oguHu. OcmaHaAume anapamu
ca cobusmMepumu nog 10 meceua, koemo e gonycmu-
MO, 3aWomo gucmaAu3upaHemo Ha 3bbu e noMouieH
Memog 3a Cb3gaBaHe Ha Macmo B 3vbHama gvea, ¢
uskaloueHue Ha anauHepume.

i TR BT EmBE 00T 4 (Mt A 10§ WA

i = I I %=9.2 meceua
. Inn=l_.En

¥ F |

Que. 8. Bpememo, 3a koemo nposBsBam aeuebHomo cu geucmBue
pasaudHume BugoBe anapamu 3a gucmaAusupaHe Ha 3bou.

CkenemHu acnekmu Ha gucmaausupaHemo Ha
cmpaHuvHuUme 3ov6u

Kakmo 6ewe npegcmaBeHo no-zope, onucaxme geH-
mo-anBeonapHume epekmu Ha geicmBuemo Ha u3cAeg-
BaHume anapamu. Pesayamamume 6sxa oyakBaHu. lMpeg
Hac cmoeuwe Bvbnpocbm — gaau uma ckenemHu ebekmu
CAeg NpuAazaHe Ha anapamu 3a gucmaAu3upaHe camo
C geHmo-anBeonapHa onopa U MO Npu nauueHmu Cbe
3aBvpweH pacmexX. M3acaegBaHusma bsaxa HanpaBeHu
B8 KauHukama Ha g-p Kapuepe B8 BapcenoHa, VicnaHus,
Om eguH U cbwu uscaregoBamen — gokmopaHmovbm. ToBa
HaMaAu go MuHumMym 2pewkama npu usmepBaHemo, npu
moBa nauueHmume b6sxa AekyBaHu om eguH U Cbwu
AeUUMeA — Cb3gameAsm Ha anapama, hauueHmckume
gocuema 6sxa egHU U Cbwu.

Diagram 6. Incisor angulation. Angulation of the upper incisors
was observed with all examined appliances, while angulation of
the lower incisors was recorded only with the Carriere Motion
l.

One of the key factors influencing the clinician’s
choice of appliance is the duration of treatment. Both
the orthodontist and the patient share a common goal:
achieving the desired treatment outcome in the shortest
possible time.

Figure 8 summarizes the active treatment duration for
the reviewed appliances. The shortest period required to
achieve the desired distalization was under 6 months,
recorded with the Bonded Molar Distalizer (BMD). The
longest treatment durations were observed with the
Fastback Appliance (FBA) and Clear Aligners (CA), both
exceeding 1.5 years.

The remaining appliances achieved distalization within
a timeframe of under 10 months, which is considered
clinically acceptable, as this procedure typically serves
as an adjunctive method for gaining space in the dental
arch. An exception is clear aligners, where distalization
may function as a primary treatment objective.

' Treatment duration (months)

g .
; - =92 months

] . ' 1

Fig. 8. Duration of therapeutic action of different types of distalization
appliances.

Skeletal aspects of posterior maxillary tooth
distalization

As previously outlined, the dentoalveolar effects
of the examined appliances were described, and the
results were largely as expected. The key question that
remained was whether skeletal effects could also be
observed following the use of distalization appliances
relying solely on dentoalveolar anchorage, particularly in
non-growing patients.

The studies were conducted at Dr. Carriere’s clinic
in Barcelona, Spain, by a single researcher—the
doctoral student—which minimized measurement error.
All patients were treated by the same clinician, the
inventor of the appliance, and the patient records were
consistent across the sample.
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CucmemMamuueH ob3op Ha 3bbHoO — anBeonapHu U ckenemHu acnekmu Ha
gucmasHomo npemMmecmBaHe Ha 2opHU MoAapu 6e3 kocmHa onopa npu

nauvuueHmMu coc 3aBopuweH pacme>k

Lledanomerpuyen aHanmns

* TI — massn opean nocrapanero Ha CM I
T2 - nanmm cnea ceananero na CM T

+ CTaHIAPTHIIPARII VCTIOBIA, EINH § ChI
PEHTTEHOR AMAPAT I NedaTocTar:;

+ ETH I CRIIN INCIST0BATET:

Pedepermam mmmm;

* Beprukaana (VRL) : 1omipatensata mo
JNCTATHATA NORBPXHOCT HA fossa pretigoidea

+ Xopuzonranna (HRL) : @panxdyvprexa pasHiHa)

Cephalometric analysis

Hadisgraphs taken hefore 0 11 placement

{ (T} amd affler debonding (TI)
L Seandasdined conditioas., uking the same X-ray
(o { paama R B pia

A singh cperati b reurns comisloncy

Reference planes ©
» Vertical (VRL) : Picrygnid veriical plane

= Horizontal (HEL) : Frankfust boronial

Qua. 9. LeparomempuueH aHaruz — uscaegBaHu ca uegparomempuy-
Hume peHmzeHozpaguu npegu (T1) u creg (T2) nocmaBsHemo Ha anapa-
ma Carriere motion Il

Torama A

i3 — - AL AT B tirma B
TP Bl T RHAR

SERPAN Terach G

Tiria Py

Quz. 10. Toukume, koumo ca uznoasBaHu 8 uzcregBaHemo 3a onpege-
AfiHE Ha ckenemHuUmMe NPOMEHU.

M3caegBaHu napamempu:

baovau: SNA, SNB, ANB

AuHuu:

Co - A (gbmkuHama Ha 2opHama uenlocm)

A — VRL (onpegendHe Ha npegHO-3agHama no3u-
uus Ha 2opHama u4ealocm cnpamo ¢dukcupaH uepeneH
opueHmup)

A — HRL (BepmukanHama no3uuusi Ha Makcuanama)

Co — Gn (obwama goakuHa Ha goaHama uenlocm)

B - VRL (aHmepo-nocmepuopHomo noAokeHue Ha
goAHama uenlocm)

B — HRL (BepmukaaHama no3suuus Ha mouka B)

Pg — VRL (aHmepo-nocmepuopHomo noroXkeHue Ha
6paguukama)

Pg - HRL (BepmukaaHama no3uuus Ha bpaguukama)

b} OPTOACHTCKU MPpEeraea,

TOM 27 /2025, KHU>XKKA 1

Fig. 9. Cephalometric analysis — cephalometric radiographs were
examined before (T1) and after (T2) placement of the Carriere Motion Il
appliance

Torama A

it — il AL AT B Tirma A
TP Bl T AR

EERI TiriE P

Fig. 10. Cephalometric landmarks used in the study to assess skeletal
changes

Parameters analyzed:

Angles: SNA, SNB, ANB

Linear measurements:

— Co-A (length of the maxilla)

— A-VRL (anteroposterior position of the maxilla
relative to a fixed cranial reference)

— A-HRL (vertical position of the maxilla)

— Co-Gn (total mandibular length)

— B-VRL (anteroposterior position of the mandible)

— B-HRL (vertical position of point B)

— Pg-VRL (anteroposterior position of the chin)

— Pg-HRL (vertical position of the chin)

— Alv—j (juga alveolaris — point located 3 mm from
point A)




CucmemMamuueH ob63o0p Ha 3bHO — anBeonapHu u ckeanemHu acnekmu
gucmanHomo npemMecmBaHe Ha 2opHU MoAapu 6e3 kocmHa onopa npu

nauueHmMu coc 3aBopuweH pacme>k

B uedanomempuuHus aHanAus b6saxa usnoAsBaHu
cmaHgapmHu pedepeHmHU AuHuu kamo Bepmukan-
Hama pedepeHmHa AuHusa (VRL) u xopusoHmaaHama
pedepeHmHa AuHus (HRL), koemo e om cvwecmBeHo
3HaueHue 3a ocuzypsBaHe Ha moyHa u BbanpousBoguma
oueHka Ha kpaHuodauuanHume cmpykmypu (Quz. Ne
12 u Ne 13).

VRL, yecmo geduHupaHa kamo nmepuzougHa Bep-
mukanHa AuHus (PtV), npegcmaBasBa cmabuneH aHa-
MOMUYEH OpueHmup 3a oueHka Ha aHmepo-nocmepu-
OopHOMO nonokeHue Ha ckeaemHu mouku kamo mouka
A, mouka B u nozoHuoH (Pg). Tou kamo npemuHaBa
npe3 nmepuzougHama obaacm — 30Ha, kosmo e caabo
noBausHa om pacmeX uAu opmogoHmcko AeueHue, ms
cAyku kamo HagekgHa BepmukaaHa oc 3a cagumanHu-
me u3amepBaHus.

HRL, obukHoBeHo e koHcmpyupaHa ycnopegHo Ha
¢pankdypmckama xopuzoHmana (Po-Or) uau Ha SN
— basanHama paBHuHa (sella-nasion). Ta npegocmags
cmabuAHa xopu3oHmanHa omnpaBHa AuHus 3a oueHka
Ha BepmukaAnHama no3uuus Ha AuueBume cmpykmypu.

B cbuemaHue, VRL u HRL no3BoasBam npeuusHa
gByuamepHa oueHka Ha ckeaemHu gucnhponopuuu u
ebekma om AeueHuemo, kamo nognomazam B3emaHe-
Mo Ha kAuHUYHU peweHus kakmo B cazumaaAHa, maka
u BvB BepmukaaHa nocoka.

B Hacmoswus aHaAu3, caeg AeuyeHuUe C Aacmu-
uu Knaac I, ce HabalogaBa fAcHo paszpaHuueHue
Mexkgy npoMeHume, U3MEPEHU CNPSIMO XOPU30HMAaAHa-
ma (HRL) u BepmukaaHama (VRL) pepepeHmHa AuHus.
Mo-koHkpemHo, nokazameau cnpamo HRL kamo A-HRL
(+1.80 mm), Pog—HRL (+0.50 mm) u B—HRL (+0.03 mm)
nokasBam yBeauueHue, koemo ompassBa BepmukanHo
usmecmBaHe Ha ckenemHume OpueHmMupu Ha 2opHama
u gonHama uyealocm. B cobwomo Bpeme, nokazameaume
cnpsmo VRL HamanaBam, BkalouumeaHo A-VRL (-0.26
mm), B-VRL (-2.42 mm), Pog—VRL (-0.61 mm) u J'alv—
VRL (-0.02 mm), koemo cBugemencmBa 3a pomauus Ha
MaHgubyaama no nocoka Ha yacoBHukoBama cmpenka.

ONCKYCUA:

Anapamume 3a gucmaausupaHe CbC 3bbHO-anBeo-
AapHa onopa, npuAokeHu B 2opHama 3bbHa gbz2a umam
noymu egHu u cobwu edpekmu. JucmaaHo npemecmBaHe
U gucmaAHa aHz2yAauus Ha 20pHUME MOoAapu; MeguanHo
npemecmBaHe U aHz2yhauus Ha 20pHUME NPEMOAapu;
npompygupaHe Ha 2opHUmMe uHuu3uBu.!!

Mpu Carriere motion Il, nopagu HezoBomo gByue-
AlocmHo geucmBue uma owe pasAudHu  gBuxkeHus.
Te ca B goaHama uenlocm. [MopBomo e meguanHo
npemecmBaHe u HaknoHsBaHe Ha goAHume nbpBu
mMonapu, koemo ce gonku Ha Bv3geucmBue Ha Aac-
muuume Bmopu kaac, koemo e baazonpusmHo npu

Qua. 11. Touka Alv — j aHmponorozuyHa mouka, kosmo ce Hamupa Ha
3 MM nog mouka A 8 juga alveolaris. C4uma ce, 4e msa e no-cmabunHa om
m. A, 3awomo He ce Bausie om npomeHume B gBuxkeHusima Ha kopeHume Ha
2opHUMe peauu (uAlocmpauusma e npegocmaBeHa om g-p B. lypaypueBa)”

Fig. 11. Point Alv—j — an anthropological landmark located 3 mm below
point A in the *juga alveolaris*. It is considered more stable than point A,
as it is not affected by changes in the root position of the upper incisors
(illustration provided by Dr. V. Gurgurieva) [7]

In the cephalometric analysis, standard reference
lines were used, including the vertical reference line
(VRL) and the horizontal reference line (HRL), which
are essential for ensuring accurate and reproducible
assessment of craniofacial structures (Figs. 12 and 13).

The VRL, often defined as the pterygoid vertical
line (PtV), serves as a stable anatomical reference
for evaluating the anteroposterior position of skeletal
landmarks such as point A, point B, and pogonion
(Pg). Since it passes through the pterygoid region—
an area minimally affected by growth or orthodontic
treatment—it provides a reliable vertical axis for sagittal
measurements.

The HRL is typically constructed parallel to the
Frankfurt horizontal plane (Po-Or) or the SN plane
(sella—nasion). It offers a consistent horizontal baseline
for evaluating the vertical position of facial structures.

Together, VRL and HRL enable precise two-
dimensional assessment of skeletal discrepancies and
treatment effects, supporting clinical decision-making in
both sagittal and vertical dimensions.
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Quea. 12. AuHeuHume u vanoBu nokasameau, koumo ca u3nonsBaHu
B uscnegBaHemo 3a onpegensHe Ha ckenemHume npomeHu. Tabauua Ha
npoMeHUmMe Ha napamempume CAeg AeqeHue

Fig. 12. Linear and angular measurements used in the study to assess
skeletal changes
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memMamuueH ob63op Ha 3bbHO — anBeonapHu U ckenemHu acnekmu Ha
JucmaAHoOmMo npemMecmBaHe Ha 2opHU MoAapu 6e3 kocmHa onopa npu

gucmanHume 3axanku. Bmopomo e — npompygupaHe
Ha goAHume pe3uu.’® To moke ga e >kenaHO UAU He,
B8 3aBucumocm om cbnomcmBawama gedopmauus.
MpemecmBaHuama u gucmanHume HakaoHsBaHus Ha
3bbume B cmpaHuuHus yyacmbk Ha 2opHama 3bbHa
gb2a ca Cbu3MepumMu C ocmaHanume pasanexkgaHu
anapamu. OcBeH moBa, kakmo npu Bcuuku gpyau mexk-
gyyenAlocmHu Aacmuuu, ce HabalogaBa ekcmpysus — 8
mo3u cAyyal Ha goAHUme nbpBu MoAapu u 20pHUMe
kyuewku 3b6u. ToBa Bogu go omBapaHe Ha 3axankama
u yBeauuaBaHe Ha npegHama auueBa BucouuHa, koemo
omHoBo MoXe ga bbge >kenaHo uAau HedkenamenHo, B
3aBucumocm om konkpemHama guazHo3za.2:3.817

Pomauusma no nocoka Ha uacoBHukoBama cmpea-
ka Ha d¢yHkuuoHanHama okay3anHa paBHuHa, kamo
cmpaHuueH epekm om aacmuuume B Carriere Motion
I, moke ga bbge dakmop 3a HaMaAeHU XOpPU3OHMAaAHU
(HRL) usmepBaHus u yBeauuaBaHe Ha Bcuuku Bepmu-
kaaHu AuHeUHu usmepBaHus (VRL). Bbnpocom, koumo
ocmaBa HeussiCHEeH e: gaAu U3MeHeHusima Ha hapame-
mpume ce gbAkam peanHO Ha ckeaemHu NPOMEHU UAU
Ha pomauusma Ha MaHgubyanama Hasag u HagoAy — UAU
kombuHauus Ha gBeme ¢pakmopu?

Hau-3HayumenHomo yBeAuueHue Ha AUHEEH napa-
mMemvp e yBeauueHuemo Ha A-HRL ¢ 1,80 mm. Kakmo
bewe obcvgeHo, moBa Moxke ga ce obacHu ¢ yBeauue-
Hue Ha goAHama npegHa BucouuHa Ha Auuemo (LAFH),
nopagu npuAokeHuemo Ha aacmuuume Il kaac. Hapeg
¢ moBa ce HabalogaBa u HamaneHue Ha Co-A (-0.65
mm), koemo nvpBoHauanHO MoXe ga ce uHmepnpemu-
pa kamo pe3yamam om pomauusma Ha okaysaanHama
paBHuHa no nocoka Ha yacoBHukoBama cmpenka, Cb3-
gaBawa unlosus 3a ckbcsaBaHe Ha makcunama B cazu-
maAHama paBHuHa.

Bonpeku moBa, moke ga ce uambkHe apzymeHm
npu pacmawume nauueHmu, 4Ye HaMaAeHuemo Ha
gonrkuHama Co—-A npegcmaBasBa peanHa ckeaemHa
npomsHa B peayamam Ha gelcmBuemo Ha Aacmuuume
kaac Il nogobeH Ha headgear effect. ToBa ce ocHoBaBa
Ha dakma, ue gucmanHuama cuaa, ynpaxkHsBaHa Bopxy
20pHUS 3bbEeH ce2MeHm, uma nomeHuuaAn He camo ga
npegu3Buka geHmaaHo npemecmBaHe, HO U ga npegus-
Buka pemogenupaHe B obaacmma Ha npegHama uacm
Ha makcunama.51516,18 [pu no-npogbAkumeAHa UAU
uHmMeH3uBHa ynompeba Ha Class Il enacmuuHa msza,
ce cv3gaBam cuau, koumo mo2am ga o2paHuyam npeg-
Hus pacmexX UAU gopu ga cmumyAupam pesopbuus 8
3oHama okono mouka A, Bogewo go peaAHO Hamaas-
BaHe Ha gbakuHama Ha 2opHama dealocm (Co-A).10
(Makmop, koumo cowo Moke ga obscHU HabalogaBaHo-
mo HamaneHue B uamepBaHemo Co-A e, ye no3uuusama
Ha kopeHume Ha 2opHume uHuu3uBu oka3Bam BAusHue
Bopxy mouka A. lNpu usnonsBaHe Ha Class Il nacmuuu,

TOAOHTCKWU rMnperaneA
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nauvuueHmMu coc 3aBopuweH pacme>k

In the present analysis, following treatment with class
Il elastics, a clear distinction was observed between
changes measured relative to the horizontal (HRL) and
vertical (VRL) reference lines. Specifically, parameters
measured against the HRL—such as A-HRL (+1.80
mm), Pog—HRL (+0.50 mm), and B-HRL (+0.03 mm)—
showed increases, indicating vertical displacement of
skeletal landmarks in both the maxilla and mandible.
At the same time, parameters measured relative to
the VRL—A-VRL (-0.26 mm), B-VRL (-2.42 mm),
Pog-VRL (-0.61 mm), and J’alv—VRL (-0.02 mm)—
decreased, suggesting a clockwise mandibular rotation.

Qua. 13. HabalogaBa ce cepuosHa npomsHa 8 nonoxkeHuemo Ha m. A.
AuHeuHusm paamepbm Co — A ce HamansBa. Vi3BecmHo e, ye npu npomsHa
Ha kopeHa Ha 20pHUsl ueHmpaAaH peseu ce HabalogaBa u npomsHa B8 no3u-
uusma Ha m. A (ualocmpauusma e npegocmaBeHa om g-p B. lypaypueBa) 7

Fig. 13. A significant change in the position of point A was observed.
The linear measurement Co—A decreased. It is well known that alterations
in the root position of the upper central incisor can lead to changes in the
location of point A (illustration provided by Dr. V. Gurgurieva) 7

DISCUSSION:

Appliances for distalization with dentoalveolar
anchorage, when applied in the maxillary arch, tend to
produce similar effects: distal movement and tipping of
the upper molars; mesial movement and tipping of the
upper premolars; and protrusion of the upper incisors.!

In contrast, the Carriere Motion Il appliance, due to
its inter-arch mechanism, induces additional movements
in the mandibular arch. The first is mesial movement and
tipping of the lower first molars, resulting from the use of
class Il elastics—an effect considered favorable in cases
of distal occlusion. The second is protrusion of the lower
incisors.' This can be either desirable or undesirable,
depending on the accompanying malocclusion. The
amount of distal movement and tipping in the maxillary
posterior segment is comparable to that achieved with
other appliances. Additionally, as with all appliances
utilizing intermaxillary elastics, extrusion is observed—
specifically of the lower first molars and upper canines.
This leads to bite opening and an increase in lower




CucmemMamuueH ob63o0p Ha 3bHO — anBeonapHu u ckeanemHu acnekmu
gucmanHomo npemMecmBaHe Ha 2o0pHU MoAapu 6e3 kocmHa onopa np

nauueHmMu coc 3aBopuweH pacme>k

usnpaBsHe Ha 2opHume uHuu3uBu Bogu go npomsHa
B8 nonokeHuemo Ha mexHume kopeHu. ToBa, om cBos
cmpaHa, moke ga goBege go meguanHo npemecmBaHe
Ha mouka A. 3amoBa Hue npunokuxme uamepBaHe om
m. Alv — j go xopusoHmanHama AuHus - HRL u Bepmu-
kanHama AuHus — VRL, napamemuvbp, koumo cuumame,
ye e no-cmabuneH’.

CnegoBamenHo, Bbnpeku uye pomauusma Ha okay-
3aAHama paBHuHa CcbC cuz2ypHocm uzgpae poas B mesu
NPOMEHU, HaAu4yuemo Ha egHoBpemeHHO BepmukanHo
usamecmBaHe Ha mouka A u ckocsiBaHe Ha Co-A, moxke
ga ce mbAkyBa kamo kombuHupaH epekm om geHman-
Ho-anBeonapHu u ckenemHu aganmauuu, npegu3BukaHu
om Class Il hacmuuume. Oanu epekmbm e npegumHO
geHmanHo-anBeonapeH uau ckenemeH 3aBucu om moBa
ganu nauueHmom e B pacmexk uau He, kamo npu He
pacmsawu nauueHmu noBeuemo npoMeHu npegcmaBas-
Bam geHmanHo-anBeonapHu komneHcauuu.42

Bonpeku ue xopusoHmaaHama npomsHa, obcbgeHa
no-paHo, ocmaBa go usBecmHa cmeneH cnopHa, ekcm-
pysusma Ha 3vbbume nog BvbageucmBuemo Ha Aacmu-
uume Il knac Bogu go yBeauuaBaHe Ha LAFH (A-HRL).
ToBa ce monkyBa kamo ckeaemHa npomsiHa, kosmo
Moke ga bbge KAUHUYHO BAazonpusmHa npu nauueH-
mu ¢ HapyweHu BepmukanHu cvomHoweHus.1 OcBeH
moBa, Bbnpeku ye xopuzoHMaAHUmMe uameHeHus nog 1
mm mMoXke ga ca cmamucmuyecku 3Havyumu, me He ca
kAuHuuHO 3Hayumu. 3a pasauka om msx, BepmukanHu-
me u3mMeHeHus Hag 1 mm umam kAuHU4YHa cmouHocm,
mbu kamo gopu 1 mm ekcmpysus Ha 3agHu 3vbu Bogu
go omBapsHe Ha 3axankama c npubAusumeaHo 2-3
mm.12

Bvgewu npoyuBaHus cnegBa ga paszpaHuuyaBam
SICHO cmeneHma Ha ucmuHcka ckeaemHa npomsHa om
ma3su, kosmo ce go/nku Ha pomauust no yacoBHukoBama
cmpenka Ha MaHgubynama, usnoasBaHe Ha 3D obpasHa
guazHocmuka, kakmo u gbA20CpOYHO npocaegsBaHe, 3a
ga ce ycmaHoBu cmabuaHOoCmma Ha hocmuzHamume
pe3yamamu.

3AKAKOYEHUE:

HanpaBeHusim cucmemamuueH aHaAu3 Ha Aumepa-
mypama no3BoasBa ga HanpaBum caegHume 3akaloue-
HUSA:

1. Bcuuku egHouenlocmHu anapamu, npuAoXkeHu
3a gucmaausupaHe Ha 20pHume moaapu, ocBeH guc-
manHo npemecmBaHe, koemo € om 2 — 5 mMm, umam u
gucmanHa aHaynauus Ha monapume om 0,90 — 8,6%;

2. Bcuuku egHouyeAlocmHu anapamu, npuAokeHU
3a gucmanusupaHe Ha 20pHUMme MOoAapu umam megu-
anHO npemecmBaHe u HakaoHsBaHe Ha npemonapume
-om2-4wmmvu 1,5 go 4,702

3. Bcuuku egHoueAlocmHu anapamu, npuAokeHU

anterior facial height (LAFH), a change that may be
either advantageous or disadvantageous depending on
the diagnosis.2:3.8,17

Clockwise rotation of the functional occlusal plane,
a known side effect of class Il elastics used with the
Carriere Motion I, may contribute to the reduction of
horizontal (HRL) measurements and the increase in all
vertical (VRL) measurements. An unresolved question
remains: are the observed changes in parameters the
result of true skeletal changes rather than clockwise
mandibular rotation, or a combination of both?

The most significant increase in linear measurement
was observed for A-HRL, with a value of +1.80 mm.
As previously discussed, this can be explained by the
increase in LAFH, resulting from the application of class
Il elastics. At the same time, a decrease in Co—-A (-0.65
mm) was recorded. This could initially be interpreted as
an effect of clockwise occlusal plane rotation, creating
the illusion of a reduced sagittal maxillary length.

However, in growing patients, the reduction in Co-A
may reflect a true skeletal change due to the effect of
class Il elastics, similar to that of headgear., 5151618
The distal force applied to the maxillary dental segment
has the potential not only to produce tooth movement
but also to induce remodeling in the anterior maxillary
region. Prolonged or intense use of class Il elastics may
exert forces that limit anterior maxillary growth or even
stimulate resorption around point A, leading to an actual
shortening of the maxilla (Co-A).10

Another factor that may explain the observed
reduction in Co-A is the influence of upper incisor root
position on point A. With class Il elastics, the uprighting
of the upper incisors leads to a shift in root position,
which in turn may medially displace point A. For this
reason, we included measurements from point Alv—j to
both the horizontal (HRL) and vertical (VRL) reference
lines.

Therefore, although rotation of the occlusal plane
certainly contributes to these changes, the combination
of vertical displacement of point A and shortening of
Co-A may be interpreted as a composite effect of
dentoalveolar and skeletal adaptations induced by class
Il elastics. Whether the effect is primarily dentoalveolar or
skeletal depends on the patient‘s growth status; in non-
growing individuals, most changes reflect dentoalveolar
compensation. 49

Although the horizontal change discussed earlier
remains somewhat controversial, extrusion of teeth under
the influence of class Il elastics leads to an increase in
LAFH (A-HRL). This is interpreted as a skeletal change
that may be clinically beneficial in patients with vertical
disproportions.! Furthermore, while horizontal changes
under 1 mm may be statistically significant, they are
not clinically relevant. In contrast, vertical changes
exceeding 1 mm are of clinical importance, as even
1 mm of posterior tooth extrusion can result in an
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ucmemMamuueH ob3op Ha 3bbHoO — anBeonapHu u ckenemHu acnekmu Ha
gucmasHomo npemMmecmBaHe Ha 2opHU MoAapu 6e3 kocmHa onopa npu
nauvuueHmMu coc 3aBopuweH pacme>k

3a gucmaausupaHe Ha 20pHUme MOAapu, hpompygupam
u HakAoHaBam 2opHuUme pe3uu om 1 — 4 mm u om 1 —42,

4. Vwma pasaudusi npu Carriere motion Il, nopagu
gByuealocmHomo cu geucmBue — ycmaHoBsaBa ce megu-
aAHO npeMecmBaHe Ha goAHU wecmu 3bbu ¢ okono 2,5
MM U MeguanHO HaknoHsBaHe ¢ 4,29

5. Opy2omo pasauvue e npompygupaHe Ha gOAHU-
me uHuu3uBu c okono 4 Mmm u HaknoHsiBaHe okono 4°.

6. Aacmuuume knac Il He Bogam go npemecmBaHe
Ha 20pHUMEe pe3uu, a NPegumMHO go mAXHOMO u3npaBsHe.

7. HamansBa ce pascmosHuemo Co — A, HO ganu
npomsiHama ce gbaku Ha gBukeHuemo Ha kopeHa Ha
20pHUSA pes3eu UAU Ce NPOMeHs no3uuusma Ha m. A,
moBa 3a ceza He moXke ga ce kaxke.

8. YBeauuaBa ce pascmosHuemo A - HRL u coom-
BemHo yBenauuaBaHe Ha goAHama npegHa BucouuHa Ha
AUUEMO.

He 6uBa ga ce nponyckam peguua ¢pakmopu, koumo
noBausBam pesyamamume.
Te ca:
N Bb3pacm Ha nauueHma;
\ Tekecm Ha gedopmauusama;
\ KoonepamuBHocm Ha nauueHma;
\ LleA Ha AeueHuemo;
\ MpogbrkumeaHocm Ha AeveHuemo;
\ BuamokHocm u Bug Ha onopama;
N BepmukanHu omkaoHeHus;
N BmopuuHu gBukeHus u puck om 3azyba Ha onopa;
\ 3v6Ha u ckeAemHa aHamMoOMusi Ha naUUeHMa;
\ Micmopus Ha NpPegxogHU AeYeHus;
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increase of 2-3 mm in bite opening.'2

Future research should clearly differentiate between
true skeletal changes and those resulting from clockwise
mandibular rotation, incorporate 3D imaging, and include
long-term follow-up to assess the stability of the
treatment outcomes.

CONCLUSION:

The systematic review of the literature allows the
following conclusions to be drawn:

— All single-arch appliances used for distalization of
maxillary molars, in addition to achieving distal movement
ranging from 2 to 5 mm, also produce distal tipping of the
molars between 0.90° and 8.6°;

— All single-arch appliances used for distalization of
maxillary molars cause mesial movement and tipping of
the premolars, ranging from 2 to 4 mm and from 1.5° to
4.70°, respectively;

— All single-arch appliances result in protrusion and
tipping of the upper incisors between 1-4 mm and 1°-4°,
respectively.

Distinct differences are observed with the Carriere
Motion Il appliance due to its inter-arch mechanics:

— Mesial movement of the lower first molars is
approximately 2.5 mm, with a tipping of around 4.2°;1°

— Protrusion of the lower incisors is approximately 4
mm, with tipping of around 4°;

— Class Il elastics do not cause forward displacement
of the upper incisors, but rather contribute to their
uprighting;

— A decrease in the Co-A distance is observed,
although it remains unclear whether this is due to root
movement of the upper central incisor or an actual
positional change of point A;

— An increase in the A-HRL distance is noted,
indicating an increase in lower anterior facial height.

Several factors that may influence these outcomes
should not be overlooked. These include:

\ Patient age

\ Severity of the malocclusion

\ Patient compliance

\ Treatment goals

\ Duration of treatment

\/ Availability and type of anchorage

\ Vertical discrepancies

\ Secondary movements and risk of anchorage loss

\ The patient’s dental and skeletal anatomy

\ History of previous treatments




CucmemMamuueH ob63o0p Ha 3bHO — anBeonapHu U ckeanemHu acnekmu Ha
gucmanHomo npemMecmBaHe Ha 2opHU MoAapu 6e3 kocmHa onopa npu

nauueHmMu coc 3aBopuweH pacme>k

bUBAUOTPADUA:

1. Altieri F, Mezio M, Guarnieri R, Cassetta M. Comparing
Distal-Jet with Dental Anchorage to Distal - Jet with Skeletal
Anchorage: A Prospective Parallel Cohort Study. Dent J (Basel).
2022 Sep 27:10(10):179. doi: 10.3390/dj10100179. PMID:
36285989, PMCID: PMC9600778.

2. Areepong, Daniel & Kim, Ki & Oliver, Donald & Ueno,
Hiroshi. The Class II Carriere Motion appliance: A 3D CBCT
evaluation of the effects on the dentition. The Angle Orthodontist.
2020,90. doi: 10.2319/080919-523.1.

3. Barakat D, Bakdach WMM, Youssef M. Treatment effects of
Carriere Motion Appliance on patients with class 1l malocclusion:
A systematic review and meta-analysis. Int Orthod. 2021
Sep;19(3):353-364. doi:10.1016/j.0rtho.2021.05.005. PMID:
34127400.

4. Caprioglio A, Beretta M, Lanteri C. Maxillary molar
distalization: Pendulum and Fast-Back, comparison between two
approaches for Class Il malocclusion. Prog Orthod. 2011;12(1):8-
16. doi: 10.1016/j.pio.2011.02.007. PMID:21515227.

5. Caruso S, Nota A, Ehsani S, Maddalone E, Ojima K, Tecco S.
Impact of molar teeth distalization with clear aligners on occlusal
vertical dimension: a retrospective study. BMC Oral Health.
2019 Aug 13;19(1):182. doi: 10.1186/512903-019-0880-8. PMID:
31409348, PMCID: PMC6692944.

6. Dinkova M., Gr. Yordanova, Assessment of dental - alveolar
changes in Pendulum distalization of upper permanent molars,
Orthod. review, 2005; 7(1):19-25

7. Gurgurieva, V. G.. Morphometric Analysis of the Soft Tissue
Facial Profile, Dissertation Thesis, Sofia, 2013.

8. Hashem AS. Effect of second molar eruption on efficiency
of maxillary first molar distalization using Carriere distalizer
appliance. Dental Press J Orthod. 2021 Aug 27;26(4):e2119146.
doi: 10.1590/2177-6709.26.4.e2119146.0ar. PMID: 34468560;
PMCID: PMC8405137.

9. Keles A, Sayinsu K. A new approach in maxillary molar
distalization: intraoral bodily molar distalizer. Am J Orthod
Dentofacial Orthop. 2000 Jan;117(1):39-48. doi: 10.1016/5s0889-
5406(00)70246-0. PMID: 10629518.

10. Kim-Berman H, McNamara JA Jv, Lints JP, McMullen C,
Franchi L. Treatment effects of the Carriere® Motion 3D™
appliance for the correction of Class Il malocclusion in adolescents.
Angle Orthod. 2019 Jun 24;89(6):839-846. doi:10.2319/121418-
872.1

11. Lone IM, Zohud O, Midlej K, Proff P, Watted N, Iraqi FA.
Skeletal Class I Malocclusion: From Clinical Treatment Strategies
to the Roadmap in Identifying the Genetic Bases of Development
in Humans with the Support of the Collaborative Cross Mouse
Population. J Clin Med. 2023 Aug 6;12(15):5148. doi: 10.3390/
Jeml12155148. PMID:37568550; PMCID: PMC10420085.

12. Papadopoulos MA, Melkos AB, Athanasiou AE.
Noncompliance maxillary molar distalization with the first class
appliance: a randomized controlled trial. Am J Orthod Dentofacial
Orthop. 2010 May,137(5):586.e1-586.e13; discussion 586-7. doi:
10.1016/j.ajodo.2009.10.033. PMID: 20451774.

13. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ 2021;372:n71.
doi: 10.1136/bmj.n71

14. Schmid-Herrmann CU, Delfs J, Mahaini L, Schumacher E,
Hirsch C, Koehne T, Kahl-Nieke B. Retrospective investigation of
the 3D effects of the Carriere Motion 3D appliance using model
and cephalometric superimposition. Clin Oral Investig. 2023
Feb;27(2):631-643. doi: 10.1007/s00784-022-04768-4. PMID:
36355224, PMCID: PMC9889508.

15. Serafin M, Fastuca R, Castellani E, Caprioglio A. Occlusal
Plane Changes After Molar Distalization With a Pendulum
Appliance in Growing Patients with Class II Malocclusion: A
Retrospective Cephalometric Study. Turk J Orthod. 2021 Feb
23;34(1):10-17. doi: 10.5152/TurkJOrthod.2021.20050. PMID:
33828873; PMCID: PMC7990272.

16. Shashidhar NR, Reddy SR, Rachala MR. Comparison of
K-loop Molar Distalization with that of Pendulum Appliance
- A Prospective Comparative Study. J Clin Diagn Res. 2016
Jun;10(6):ZC20-3. doi: 10.7860/JCDR/2016/19560.7931. PMID:
27504403; PMCID: PMC4963763.

17. Wilson B, Konstantoni N, Kim KB, Foley P, Ueno H. Three-
dimensional cone-beam computed tomography comparison of
shorty and standard Class II Carriere Motion appliance. Angle
Orthod. 2021 Jul 1;91(4):423-432. doi:10.2319/041320-295.1.
PMID: 33560300; PMCID: PMC8259752.

18. Yin K, Han E, Guo J, Yasumura T, Grauer D, Sameshima G.
Evaluating the treatment effectiveness and efficiency of Carriere
Distalizer: a cephalometric and study model comparison of Class
11 appliances. Prog Orthod. 2019 Jun 18;20(1):24. doi: 10.1186/
540510-019-0280-2. PMID: 31209589; PMCID: PMC6579799.

Agpec 3a kopecnongenyus: Address for correspondence:

0-p Haam @opzanu

Kameopa no Opmooonmus
@axynmem no [lenmanua Meouyuna
Meouyuncku Ynusepcumem, Coghus
byn. “Cs. I'eopeu Coghuticku” Ne 1
Cogpus 1431, Bvaeapus

e-mail: Payam.forghani@me.com

Dr Payam Forghani
Department of Orthodontics
Faculty of Dental medicine
Medical University - Sofia

1,St. Georgi Sofiiski” Blvd.
Sofia 1431, Bulgaria

e-mail: Payam.forghani@me.com

OPTOAOHTCKU NPerAeA Iy
TOM 27 /2025, KHU>XKXKA 1




EBoalouua Ha MmamepuaAaume u mexHoAnozuume 3a uspabomBaHe Ha
aralHEPU — MUHaAO, HacMmosauwe U bbgewu nepcnekmuBu

EBOAIOLINA HA
MATEPUANTE U
TEXHOANOI'MATE 3A
U3PABOTBAHE HA AANANHEPU
— MUHAANO, HACTOALLE N
BbAELLN NMEPCMNEKTUBU

NEPHULUKA M.*

EVOLUTION OF MATERIALS
AND TECHNOLOGIES

FOR ALIGNER
MANUFACTURING — PAST,
PRESENT, AND FUTURE
PERSPECTIVES

PERNISHKA M.

PE3IOME ABSTRACT

CvBpemeHHama geHmanHa MeguuuHa
npeMmuHaBa npe3 mexHono2uuHa peBoalouus
6razogapeHue Ha Hanpegvka B o6aacmu kamo
gu2umanHo naaHupaHe, CAD/CAM (computer
aided design and manufacturing — komnlomvpHo
noghomo2Ham gusallH u npou3BogcmBo) u
uskycmBeHuam uHmenaekm, koumo pagukanHo
npoMeHAM gua2HOCMUYHUMe u AevyebHUmMe
koHuenuuu. Tesu uHoBauuu noBausaxa
3HauumenHo Bopxy uzbopa Ha AeuebHU cpegcmBa
B8 opmogoHmuama u usmecmBaHemo Ha ¢okyca
om ¢ukcupaHama mexHuka kom npospavHama
CHeMaema anapamypa — analHepu.

AnaliHepume cobwecmByBam om noumu
mpu gecemuAemusd, HO npe3 nhocAegHUme
20guHu MeXHOAO2UYHUAM Hanpegvok (¢]
mAxHomo u3pabomBaHe e uskalovyumenHo
guHamuueH. [pexogbm om mpaguyuoHHOMO
mepmodopmoBaHe kbm coBpemeHHUME Memogu
Ha MPUU3MEPHO NpuHMuUpaHe 3Ha4YumeAHO
yckopsaBa u onpocmaBa nabopamopHus npouec.
AgumuBHama mexHono2uA He camo HamanaBa
Bpememo u pasxogume 3a npou3BogcmBo, HO
cobwo maka HamanaBa BoanepogHusa omnevyamok
u npegocmaBa peguua kauHu4yHU npegumcmBa.
Bonpeku moBa, cvowecmByBam u Hakou
Hegocmamvuu, cBvp3aHu ¢ mexHoAO2UAMaA
Ha nNpuHmMupaHe U Heo6xogumocmma om
gonbAHUMEAHa obpabomka caeg npuHmupaHe,
koumo Mozam ga noBAuAam Ha MexaHU4yHume
kauecmBa Ha analHepume u ychexa Ha
AeveHuUemo.

OAOHTCKWM MNnperaneA
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Over the past two decades, modern dental
medicine has undergone atechnologicalrevolution
driven by advances in digital planning, computer-
aided design and manufacturing (CAD/CAM), and
artificial intelligence. These innovations have
significantly changed diagnostics and treatment
planning. This shift has moved the focus from
fixed appliances to invisible, removable devices
called aligners.

Aligners have been around for over thirty years,
but recent advancements in their manufacturing
have been especially fast. Transitioning from
traditional thermoforming to modern methods
such as 3D printing has made the process faster
and more efficient. Additive technology not only
reduces production times and costs but also
lessens environmental impact and provides
key clinical benefits. However, there are some
downsides to 3D printing, such as the need for
post-polymerization and post-processing, which
can affect the mechanical properties of the
aligners and the overall treatment outcome.

Choosing the appropriate material for

thermoformed aligners—whether single-

* OpguHamop no OpmogoHmus kem LIMAM, Qakyamem no genmanHa meguuuHa, MY — Codus




EBonlouua Ha MmamepuaAaume u mexHoAnozuume 3a uzpabomBaHe Ha
anadHepu — MuHano, Hacmosauwe u bbgeuwu nepcnekmuBu

N36opom Ha nogxogaw, Mamepuaa
(egHOCAOEH UAU MHO20CAOEH) 3a uspabomBaHe
Ha mepmodpopmoBaHu anauHepume okasBa
Bopxy  mexHume
mexaHuuHu kauecmBa 8 uHmpaopanHama cpega
— akocm Ha Hamuck, MOgyA Ha eracmu4vHOCM,

couwecmBeHo BauaHue

onmuyHu  xapakmepucmuku, um6ubupaHe
Ha meyHocmu u gpyau. Om gpyz2a cpega nhpu
analiHepume, uspabomeHu upes3 3D npuHmupaHe
ce u3non3Ba NpuHUUNHO pa3AuveH Mamepuaa u
mexHono2usd, koemo npegnonaza U pa3AuvHU
dusukomexaHuuHu kavuecmBa Ha kpalHus
npogykm.

Llenma Ha Hacmoswus AumepamypeH 0630p
e ga cucmemamusupa cowecmByBawume gaHHU
OMHOCHO pa3AauvHume mexHuku 3a uspabomka
Ha analiHepu. LLle ce pasaanegam npegumcmBama
u Hegocmamvbuume Ha Bceku om memogume,

we ce oueHAM mexHume Bv3geucmBusa Bopxy

mexaHuuHume kavyecmBa u  kAuHU4YHOMO
noBegeHue Ha analiHepume. B o0630pa we
6bgam cpaBHeHu kakmo wmemogume Ha

mepmodopmoBaHe u MpPUU3IMEPHO NPUHMUpPaHe,
maka u pasaudHUmMe Mmamepuaau, usnonsBaHu 3a
uspabomka Ha analiHepu, ¢ uen npegocmaBaHe
Ha nobAHa kapmuHa 3a
u npunokumocmma Ha me3u cvBpemeHHU

edpekmuBHocmma

mexXHOoAO2UU.

their mechanical performance in the mouth,
including aspects like strength, elasticity, optical
properties, and liquid absorption. Conversely,
directly printed aligners utilize different materials
and technologies, leading to a variety of physical
and mechanical properties in the final product.
This literature review aims to organize
existing data on various aligner manufacturing
techniques. We will summarize the advantages
and disadvantages of each method and assess
their effects on the mechanical properties and
clinical performance of aligners. The review
compares thermoforming and direct printing,
as well as different materials used in aligner
fabrication, to provide a comprehensive overview
of the effectiveness and applications of these

modern technologies.

yBOf,

3a cbBpemeHHama opmogoHmcka mepanus noumu
He cbwecmByBam ozpaHuueHus B AeueHuemo Ha hauu-
€HMuU C pasAudeH mun Manokaysuu. ToBa omuacmu
ce gonku Ha ¢dakma, ue HoBume mexHonozuu, kamo
guaumaAHOmMoO hAaHupaHe, uHmezpupaHemo Ha CAD/
CAM mexHonozuume u uskycmBeHus uHmenekm ce
npuaazam nopBo B8 mMeguuuHama 3a paspabomBaHemo
Ha pasAuYHU MeguuuHcku usgeauss.

OmgaBHa opmogoHmckomo AeueHue He € ¢oky-
cupaHo eguHcmBeHo Bvpxy nogpacmBawu nauyueHmu
- C nogxogawa anapamypa Mozam ga 6bgam AekyBaHu
kakmo geua, maka u Bv3pacmHu. C HapacmBaHemo
Ha ecmemuyHume u3uckBaHus Ha nauueHmume, B
nocAegHUMe 20guHU egHa om Hal-nonyAspHUME opmo-
goHmcku anapamypu npegcmaBasBam cHemaemume,
npo3pavHu anapamu - analHepu.

YcmaHoBeHo e, ue koHBeHuuoHaAnHama opmogoHmus
C MemaAHu BecmubynapHu bpekemu e ecmemuuHo
npuemAuBa camo 3a 55% om nauueHmume?23. Hag 90%

INTRODUCTION

Currently, there are no restrictions on orthodontic
treatment for patients with various malocclusions. This is
partly because new technologies such as digital planning,
CAD/CAM (computer-aided design and manufacturing),
and artificial intelligence are first employed in medicine
for the production of various medical devicess.

Contemporary orthodontic treatment no longer
focuses only on treating growing patients; with the right
appliances, not only children but also adults can be
treated. Due to patients‘ increasing aesthetic demands
in recent years, one of the most popular orthodontic
appliances has become removable, transparent aligners.

It has been established that conventional orthodontics
with vestibular metal braces is aesthetically acceptable
for only 55% of the patients23. More than 90% of adult
patients accept aesthetic appliances and vacuum-formed
transparent retainers. With appropriate modifications and
the ability to influence growth, aligners can also be used
on growing patients.
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om Bv3pacmHume hauueHmu npuemam ecmemuyHume
anapamu u BakyymHO usameaaeHUme npo3payuHu pumed-
Hbpu, a ¢ Heobxogumume Mogudukauuu u BoamokHocm
3a HanpaBasBaHe Ha pacmeXa, aralHepume mozam ga
B6vbgam npuaokeHU U npu nogpacmBauwu nauueHmu.

TexHOAO2UYHUSM Hanpegobk om nocaegHume gBe
gecemunemus pas3Bu 3HaUUMEAHO analHepume: msx-
Hama uspabomka U naaHupaHe Baussm cowecmBeHo
Bopxy buomexaHu4yHomMo um noBegeHue. Mo Mo3u HaYuH
om cpegcmBo, Nogxogawo 3a AeveHue Ha Aeku gedop-
Mauuu, anauHepume ce npeBopHaxa B nbAHA aAnmepaH-
muBa Ha ¢ukcupaHama mexHuka, ¢ kosmo mozam ga
ce AnekyBam u nauueHmu ¢ mexku 3bb6HO-anBeorapHU
HecvomBemcmBus, BkalouumeaHo u B nogezomoBkama
3a opmozHamHa xupypaus. YcmaHoBeHo e, ue kaacuue-
ckusim npouec Ha mepmodpopmoBaHe BugouameHs mexa-
HuyHume kauecmBa Ha anauHepume, moguduuupauku
npunokeHume cuau. 3amoBa Bce no-2onsMa yacm om
cbBpemeHHama UHgycmpus U HayyHama obuwHocm ce
cbcpegomouaBa B uscaegBaHemo u uspabomBaHemo
Ha gupekmHo npuHmupaHu anauHepu, koumo ce pas-
AuuBam om mepmodpopmoBaHume no cBoume mMexaHuu-
HU U XuMuuHu cBoucmBa®.

AnauHepume npegcmaBasBam cmoAucmu, HeuHepm-
HU noAumMepu, koumo ce npomeHsim B8 uHmpaopaAHama
cpega nog Bv3geucmBuemo Ha goBkameaHume cuau,
monAuHa, BaakHocm, npogbakumenHus koHmakm covc
cAloHueHume eH3umu u m.H3. AzpecuBHama opaAHa
cpega Bogu go cbwecmBeHu uaMeHeHus B MexaHUUHu-
me u xumuyHume cBoucmBa kakmo Ha mepmodopmo-
BaHume, maka u Ha anauHepume, uspabomeHu no agu-
muBHa mexHonozusi. lNpomeHsim ce maxHama skocm Ha
Hamuck, oz2vBaHe, usHocoycmouuuBocm u gp., koumo
e Heobxogumo ga B6bgam gonbAHUMEAHO u3cAegBaHu ¢
oz2neg yBeauuaBaHe npegBugumocmma u HageXkgHocm-
ma Ha opmogoHmMckomo AeueHue ¢ anauHepu.

Ncmopuuecko pazBumue

Owe om 30pama cu analHepume ca npegcmaBeHu
kamo ecmemuuHa aamepHamuBa Ha d¢ukcupaHume
BecmubynapHu 6pekemu. MuoHepom, koumo cbagaBa
ugesma 3a anapam, koumo ga no3uuuoHupa 3vbume
u ga gemalausupa ¢uHaAHUME emanu Ha OpMOJgoHM-
ckomo AeueHue, e KecauHe!!, owe npe3 cpegama Ha
40-me 20guHU Ha MuHaAusi Bek. MopBoHauanHO araluHe-
pume ca memog 3a u3BopwBaHe camo Ha MaAku 3b6HU
npemecmBaHus, a B nocaegcmBue KecauHe, kamo
BusuoHep, npegBuwkga, ue no-komnaekcHume 3b6HU
gBuwkeHus, Mo2am ga ce nocmuz2Ham U ¢ goNbAHUMEA-
HU cpegcmBa, nognomazawu npo3payHama wuHa. Kom
MOo3u MOMEHM mexHoAo2uUsima uzocmaBa u He MoXe ga

OAOHTCKW lrpernea
M 27 /2025, KHV>KKA 1

Technological progress over the past two decades
has greatly improved aligners, with modern fabrication
and planning significantly enhancing their biomechanical
performance. As a result, aligners—initially suitable
only for minor discrepancies—have become a viable
alternative to fixed appliances. They can now be used
to treat patients with complex dentoalveolar issues,
including cases involving orthognathic surgery planning.
It has been shown that the traditional thermoforming
process changes the mechanical properties of aligners,
thus modifying the forces they exert. That's why a
growing focus in the industry and scientific community
is on developing and manufacturing directly printed
aligners, which differ from thermoformed ones in their
mechanical and chemical properties characteristics.

The aligners are resin non-inert polymers that
change in the intraoral environment due to bite forces,
temperature, humidity, prolonged contact with enzymes
in saliva, and other factors. The harsh oral environment
causes significant alterations in the mechanical
and chemical properties of both thermoformed and
additively manufactured aligners. Their compressive
strength, flexural strength, wear resistance, and other
characteristics vary, which requires further research to
improve the predictability and reliability of orthodontic
treatment with aligners.

Historical development

Since the beginning, aligners have been presented
as an aesthetic alternative to fixed vestibular braces.
The pioneer who created the idea for an appliance
that positions the teeth and details the final phases of
orthodontic treatment is Kessling, since the mid-1940s.
Initially, aligners were mainly used for minor tooth
movements. Later, because Kessling is a visionary,
he foresaw that more complex movements could be
achieved with additional tools to assist the transparent
appliance. At that time, the technology was not fully
developed and couldn’t accomplish this, so the concept
was forgotten for a couple of decades. Technological
advancements revived Kessling’s idea nearly 50 years
after its original inception, when digitalization became
integrated into orthodontics®.

At the beginning of the 90s, Sheridan? describes
a technique that combines aligners with interproximal
enamel reduction, maintaining the principle of minor
tooth movements. The so-called “setup” from Kessling
is necessary for each tooth movement. Therefore, on
each clinical visit, the doctor should take an impression,
which is extremely time-consuming from both clinical
and technical perspectives.

The first published clinical case was in 2000 with
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npegAaoku MEXHOAOZUYHO peaAusupaHe Ha mesu ugeu
u masu koHuenuus e 3abpaBeHa 3a Hakonko gecemune-
mus. TexHoAo2uuHUSM Hanpegbk Bv3parkga ugesma Ha
KecnauHz egBa cneg 50 2oguHu, kozamo guzumaanusauu-
ama nocmeneHHo HaBAusa B8 opmogoHmusama®.

Mpe3 Hauanomo Ha 90-me 2oguHu Sheridan? onucBa
mexHukama Ha ynompeba Ha aaalHepu B8 kombuHauus
¢ uHmepnpokcumanHa emaunoBa pegykuust kamo 3anas-
Ba npuHuuna 3a MUHUMaAHU npemecmBaHus. T.Hap.
om KecauHz “cemvn” e Heobxogum 3a Bcako 3b6HO
npemecmBaHe u cbomBemHo Ha Bcako noceweHue ce
cHema HoB omneuamvbk, koemo e uskalouumeaHo Bpe-
Meemko om kAuHUUHA U AabopamopHa 2aegHa mouka.

MopBuam nybaukyBaH kauHuueH cAyyal e npe3s
2000z2. ¢ nobpBo nokoneHue Invisalign anauHepu 3a
MUHUMaAHO cmpynBaHe u 3amBapsHe Ha mpemu.
MocmeneHHo cucmemama ce pa3BuBa, cb3gameaume
U ycmaHoBsBam, ue 3a u3BopwBaHe Ha Hakou mpygHu
gBukeHus, kamo Hanpumep gepomauuu u ekcmpyaus,
ca HeobxoguMu mM.Hap. amaymbHmMu, koumo ga Cb3-
gagam gonbAHUMEAHU noBbpxHOCMU 3a hpuAazaHe Ha
cuanama. AmaumvoHmume npegcmaBasBam komno3umHu
B6ymoHu, koumo ce uanoA3Bam 3a ynpakHaBaHe Ha cuaa
Bopxy 3vba B kombuHauus ¢ anauHepa®.

CvBpemeHHume uHoBauuu B analHep opmogoHmus-
ma npomeHam cobuwecmBeHo npoueca Ha uspabom-
BaHemo um — paspabomBam ce cCMOAU 3a gupekmHo
npuHMupaHe Ha aanalHepu, upe3 koumo ce yckopsBa
npoueca no uspabomkama um, kakmo u ce 3agoBoas-
Bam ekonozuuyHume usuckBaHusi kom anapamypama.

TexHono2uA Ha uspabomBaHe Ha analiHepu

MogobHo Ha Bcako opmogoHmcko AeueHue u moBa
C analUHepu 3anouyBa ¢ guazHocmuka u uszomBsHemo
Ha nogpobeH nAaH Ha AeveHue. M3pabomBaHemo Ha
cvBpemeHHUMe anauHepu MoXke ga ce u3Bobpwu no
XubpugeH (aHano20B80-gu2umaneH) U U3USA0 gu2uma-
neH memog. MopBusm BkalouBa cHemaHe Ha knacu-
yecku omneuambuu, omauBaHe Ha 2uncoBu mMogeAu,
aHano20B8u usmepBaHus, caeg koemo mogeaume ce
ckaHupam c AabopamopeH ckeHep u anauHepume ce
nAaHUpPam ¢ noMowma Ha pasAuudHu copmyepu’. Ypes
AabopamopHus ckeHep ce mpaHcdopmupam ¢usuue-
ckume geHmanHu omneuambuu uAu 2uncoBu mogeau B
gu2umanHU MOgeAU, NPOUEC HapeyeH guzumanusupaHe
Ha mogeaumel®. XubpugHusm memog e Bpemeemvk u
mpygoemvk, 3amoBa npegnouumaHusm memog e usus-
AO gu2umaasHusm.

HOuazumanHuam memog BkalouBa uHmpaopanHo cka-
HupaHe, npu koemo ce noayyaBa gupekmHo guzumaneH
Mogen. C nomowma Ha uHmpaopaAsHume ckeHepu ce
ocuzypsaBa moueH u edekmuBeH guzumaneH o0bpas,

the initial generation of Invisalign aligners, designed
mainly for minor crowding and space closure. At that
time, the system‘s developers realized that for more
complex movements like rotations and extrusions,
attachments should be used. These attachments are
composite buttons that help generate force on the tooth
in conjunction with the aligners®.

The current innovations in aligner orthodontics
radically transform the fabrication process. New resins
have been created for direct printing of aligners, which
greatly accelerates production and also meets ecological
standards for the appliances.

Technology of fabrication of aligners

Like any orthodontic treatment, the process with
aligners begins with diagnostics and the development
of a treatment plan. The creation of aligners can be
done using either the hybrid analogue-digital method
or a fully digital approach. The first method involves
taking impressions, creating physical models, then
scanning those models with a laboratory scanner, and
planning the aligners with the help of various software
tools”. The lab scan is the process by which physical
dental impressions are transformed into digital models, a
process known as digitalization of models'®. The hybrid
method is time-consuming and requires a variety of
different skills. That’s why the preferred method is the
fully digital one.

The digital method includes intraoral scanning, which
provides a fast digital model. With the help of intraoral
scanners, we can obtain precise and effective digital
models that can be used for general diagnostics
and treatment planning as well as for future aligner
fabrication22,

After creating the treatment plan, digital models should
be prepared on which the aligners will be fabricated.
These steps for model creation are as follows:

- Import of digital scans
- Creation of virtual models
- Orientation and removal of artifacts from the

- Modification of teeth and gums

- Segmentation of teeth, a process where an
object can be divided into different files using CAD
software, turning each into a single CAD object

- Adjustment of tooth axis

- Construction of attachments

- Identification and recording of models based on
the count and sequence of aligners

Once the digital aligner treatment plan is finished,
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koumo moke ga bbge uanon3BaH kakmo 3a ugnocmHa
guagzHocmuka u opmogoHmcko naaHupaHe, maka u 3a
nocaegBawomo uspabomBaHe Ha anauHepu22,

Cneg cb3gaBaHe Ha naaHa Ha AeuveHue cnegBa
ga ce nogeomBsam guzumanHume mogeau Bopxy koumo
we bbgam uspabomeHu anauHepume. Cmbnkume no
nogzomoBka Ha mogeaume ca cAegHuUme:

- BvBe)kgaHe Ha guzumanHume ckaHoBe

- Cv3gaBaHe Ha BupmyaAHu mMogenu

- OpueHmupaHe u u3pa3BaHe Ha U3AUWHU apme-
¢pakmu no ckaHoBeme

- MoguduuupaHe Ha 3bbu U 2uHauBa

- CeameHmupaHe Ha 3bbu — npouec, npu koumo
gageH obekm noayueH upe3 CAD-copmyevp, ce pas-
gens Ha omgenHu ¢aunoBe u Bceku om msax cmaBa
camocmosameneH CAD-obekm

- AganmupaHe Ha 3vbHama oc

- KoHCcmpyupaHe Ha amaumMbHmMu

- Ngenmudukauus u HomepupaHe Ha mMogeAume,
cbobpasHo bpoa u nocaegoBameAaHocmma Ha anauHe-
pume

Cneg 3aBbpwBaHe Ha gu2umanHus nAaH Ha
AeUEeHUe 3a analHepu e Heobxogum cneuuaAusupaH
copmyep, kolmo 2eHepupa npuHmupyemu ¢aunroBe B
STL ¢popmam (standard tessellation language — cmak-
gapmeH mpuusmepeH ¢aunoB d¢opmam). Te moz2am
ga ce usnpamam koM npuHmep 3a uspabomBaHe Ha
cepulHu mogenu. 3a kayuecmBomo Ha npuHmMupaHume
MOgeAu cbuwecmBeHo 3HauyeHue umam Hacmpoukume
He npuHmepa 3a gebeAauHama Ha NpuHMuUpaHuUme CAO-
eBe, no3uuuoHupaHemo Ha Mogena Bbpxy naouama 3a
npuHmMupaHe, Bpememo 3a noAumepusauusi u gp. Tesu
napamempu mpsabBa ga 6bgam cbobpaszeHu ¢ MexHOAO-
2uyHume BvamokHOoCmMuU Ha hpuHmepa u usuckBaHusma
Ha usnoAsBaHama cmona’. lMpu kaacuueckus nogxog
C NpuHMuUpaHuU MogeAu, aaalHepume ce uspabomBam
Bopxy me3u mogeAu nocpegcmBom npouec Ha mepmo-
dopmoBaHe.

TepmodopmoBaHe Ha analiHepu

TepmodpopmoBaHemo e Bogewama mexHOAO2US,
kosmo ce u3noa3Ba 3a npouszBogcmBo Ha OpmMOgOHM-
cku anauHepu. Ypes Hes ce cb3gaBam npeuusHo odop-
MEHU U nepcoHaAusupaHu 3a Bceku nauueHm anauHepu.
TepmopopmoBaHe moke ga ce u3Bopwu Bbpxy 2unco-
Bu mogenu uau Bobpxy npuHmupaHu mogeau, kamo 3a
ueama Ha npou3BogcmBomo Ha anauHepu ce u3non3Ba
Bmopusm memog.

Om cowecmBeHo 3HauveHue 3a 6BuomexaHukama
Ha cucmemama e, ye mepmodopmoBaHemo npoMeEHs
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specialized software is required to create a printable STL
files (standard tessellation language). These files are
then sent to a 3D printer to produce serial models. The
quality of the printed models depends on printer settings
such as layer height and polymerization time. These
parameters should be adjusted considering the printer's
technological capabilities and the specific requirements
of the resin used’. In classical fabrication with printed
models, aligners are created using thermoforming on
these models.

Thermoforming of aligners

Thermoforming is the primary technology used in
the manufacturing of orthodontic aligners. It enables
the creation of precise, personalized aligners for each
patient. This process can be performed on traditional
plaster models or 3D-printed models, with the latter
method being more commonly employed.

Thermoforming plays a crucial role in the biomechanics
of the system because it alters the properties of the
material, and the intraoral environment further modifies
the qualities of the aligner (such as increasing water
absorption and decreasing transparency, etc.)2!.

The process begins by heating the thermoplastic
material to a temperature where it becomes soft and
moldable. Then, the softened material is placed over the
model. Using vacuum forming or positive pressure, the
plastic conforms to the model, creating the aligner. In
modern orthodontics, we utilize thermoforming machines
for this process424,

After the cooling and hardening of the thermoplastic
foil, the aligner is cut on the previously planned
trimline most of the time with a machine (CNC
machines(computer numeric control) could be used
as well as laser cutting), and it is polished for patient
comfort enhancement#24,

Direct printing of aligners

The widespread adoption of 3D printing in dental
medicine has led to the direct printing of aligners,
eliminating the need for thermoforming25.

The method utilizes photo-curable resin and DLP
(Digital Light Processing) printers, which create the
material with the right thickness and flexibility. Applying
this technology in orthodontics has great potential to
improve effectiveness and reduce plastic waste, which
are important due to the quickly growing environmental
concerns. Direct printing of aligners eliminates some
issues typically associated with 3D printing of models
and the thermoforming of aligners on those models20.

Nevertheless, before moving solely to direct printing,
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cBoucmBama Ha mamepuana, a UHmpaopaAHama cpega
moguduuupa kauecmBama Ha anauHepa (noBuwaBa ce
abcopbuusma Ha Boga, HamaAaBa mpaHchapeHmHocm-
ma u gp.)2'.

Mpouecom 3anouBa c HazpsBaHemo Ha mep-
MonAacmu4yeH Mmamepuan go memnepamypa, npu kosmo
Mamepuasbm ce naacmuduuupa u moke AecHO ga ce
odopmu no mogena. Caeg moBa Hazpemusm Mamepuan
ce nocmaBs Bopxy npuHmupaHus mogeAn. C nomowma
Ha BakyymHO u3mezasHe uAu no3umuBHO HaAns2aHe
pasMmekHamusim MamepuaAbm ce aganmupa no MogeAa,
kamo no mo3u HauuH ce cb3gaBa analHepbm. B cvBpe-
MeHHama opmogoHmus, mo3u npouec ce u3BvpwBa ¢
nomMowma Ha mMawuHu 3a mepmodopmoBaHe* 24,

Cneg kamo mepmonaacmuuyHama naaka ce oxaagu
u BmBobpgu, anauHepbm ce u3pa3Ba no npegBapumenHo
NAaHUpaHus koHmyp, Hal-4ecmo MawuHHO (Moz2am ga
ce usnoA3Bam kakmo ¢pe3 mawuHu, maka u AasepHo
uspasBawu makuBa) u ce noaupa, 3a ga ce ocuzypu
komdpopm 3a nauueHma#24,

JAupekmHO npuHmupaHe Ha anauHepu

C HaBauzanemo Ha 3D npuHmupaHemo B geHman-
Hama MeguuuHa ce Ccb3gage MmexXHOAO2US 3a m.Hap.
gupekmHo npuHmupaHe Ha aaalHepu, upe3 koumo ce
eAUMUHUpa npouecbm Ha mepMdpopmoBaHe2S,

Memogbm BkalouBa ¢omonoaumepusupawa cmora
u DLP (digital light processing — uudppoBa obpabomka
Ha cBemauHama) npuHmep, ¢ koUmo ga ce npuHmupa
MamepuaA cbC cbomBemHa gebeAuHa u enacmuyHocm.
Ynompebama Ha ma3u mexHonozusi B8 opmogoHmckume
npakmuku npegocmaBs nomeHuuan 3a yBeauuaBaHe
Ha epekmuBHocmma u HamansaBaHe Ha omnagbuume,
koemo e om cbuwiecmBeHo 3HaueHue ¢ o2neg Ha hoBu-
waBawume ce ekonozuuHu usuckBaHus. JupekmHomo
NpUHMUpaHe Ha analHepu eAuMuHupa Hskou HemoOYHo-
cmu, koumo ce acouuupam ¢ MpPUU3MEPHOMO NPUHMU-
paHe Ha mMogeAau u nocaegBawomo mepmodopmoBaHe
Ha anauHepu Bopxy max20,

Bonpeku moBa, npegu u3usino ga ce npemuHe kom
gupekmHO npuHMupaHe, € HeEObXOguUMO ga Ce YMOUHU,
ye moBa e cbBcem HOBa mexHoAo2US U € Heobxogumo
ga bvge HanpaBeHo cpaBHeHue ¢ mepmodopmoBaHume
anauHepu, ga ce mecmBa msaxHama mouHocm u kau-
HuuHa epekmuBHocm10.14,25,

Cneg npuHmMupaHe Ha asauHepume om CneuuaAHu
CMOAU, C UEeA ocuzypsBaHe Ha onmuMaAHU MOYHOCM,
kauecmBo u BuonoHocumocm, € Heobxogumo me ga
Hbgam gonbAHUMEAHO obpabomeHu, upea3 m.Hap. npo-
uec Ha BmopuuHa obpabomka. Om kalouoBo 3HaueHue
e cneg moBa analHepume ga ce novucmsm om ocma-
mbyHama HenoAumMepu3upaHa cmoaa. [lpaBuaHama

it’s necessary to clarify that this technology is quite new
and needs to be compared to the thermoform aligners
to test their precision and clinical effectiveness10.14,25,

After printing aligners from special resins to ensure
optimal precision, quality, and biocompatibility, post-
processing is essential. For directly printed aligners, it’s
vital to remove all uncured resin. Proper post-processing
also affects the aligner’s transparency; they should
be cleaned with isopropyl alcohol, ethanol, or other
recommended solvents. Some manufacturers suggest
removing unpolymerized resin using a centrifuge instead.

The next essential step in aligner production is
post-polymerization, which takes place in a specialized
chamber. This process ensures biocompatibility and the
final mechanical properties of the aligner.

Finally, the aligner should be polished to eliminate
any rough edges, which could cause gum inflammation.

Materials for aligner fabrication

The materials used for aligner fabrication
should meet certain requirements. Ideally, thermoplastic,
orthodontic, transparent aligners should provide light,
continuous, and controlled forces that produce the
necessary tooth movements. The mechanical properties
of these materials can be improved by mixing different
types of polymers, such as polyester, polyurethane, and
polypropylene3. In addition to these, the ideal aligner
material should possess low hardness, suitable stress,
stability, excellent transparency, low cytotoxicity, and
high biocompatibility. Additionally, the materials used
for aligner fabrication should also have a low carbon
footprint.

In their review, Hennessy et al.? summarize the types
of materials used for aligner fabrication according to
their chronological appearance and type

First generation of materials for aligner fabrication

The early forms of transparent aligner systems were
entirely based on thermoforming without any additionals.
The first published clinical case dates back to 2000,
involving the first generation of Invisalign aligners,
which were used to treat minimal crowding and space
closure. In September 2001, the material used for
fabricating Invisalign aligners was a polymer blend called
Proceed30 (PC30), which could not fulfill all the physical,
chemical, and clinical requirements for orthodontic tooth
movement. This necessitated the development of a
second-generation aligner.

Second generation of materials for aligner fabrication
The second generation of aligners uses additional
composite buttons. The material used is a single-layered
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BmopuuHa obpabomka ocugypsBa u Heobxogumama
npo3payHocm Ha aasauHepa. AaauHepume caegBa ga
fbgam uaMumu C U30NPONUAOB aAkoXoA, emaHOA UAU
gpy2 npenopbuaH pasamBop 3a nouucmBaHe. Hakou npo-
uzBogumenu He npenopbvyBam noyucmBaHe ¢ pa3mBop,
a omcmpaHsBaHe Ha HenoAumMepu3upaAama CcmoAa
nocpegcmBom ueHmpodyaupaHe.

CnegBaw, kalouoB eman om nogeomoBkama Ha
anauHepume e BmopuyHama noAumMepusauusi, kosmo ce
u3BbpwBa B cneuuanHa kamepa. YUpes Hest ce ocuzyps-
Ba BbuocvBmMecmumocm u gocmuzaHemo Ha kpalHume
MexaHuuHu kauecmBa.

Hakpas anauHepume ce noaupam, maka ue ga Hama
ocmpu pvboBe, koumo ga gpasHam 2uHzuBama Ha
nauueHma.

Mamepuanu 3a uzpabomBaHe Ha anaiiHepu

Mamepuaaume 3a uzpabomBaHe Ha anauHepu mps6-
Ba ga omzoBapsm Ha onpegeneHu usuckBaHusi. B uge-
aAHUA cAyyal mepmonaacmuyHume opmogoHmcku npo-
3pauHu anauHepu mpabBa ga ynpakHaBam caabu, npo-
gbAkumenHu u koHmpoAaupaHu cuau, koumo ga 2eHepu-
pam >keAraHume 3bbHU nNpemecmBaHuf. MexaHuuHume
kauecmBa Ha me3u MamepuaAu Moz2am ga b6bgam
nogobpeHu upea cMecBaHe Ha pasauuHu BugoBe noAu-
Mepu kamo noAuecmep, NOAUypemaH u NOAUNPONUAEHS.
OcBeH moBa ugeanHusm Mamepuaa 3a anauHepu mps6-
Ba ga e ¢ Hucka mBvpgocm, ¢ agekBamHa ycmouuyu-
Bocm Ha cmpec, gocmambyHa eAacmuyHOCm, OMAUY-
Ha npo3pauHocm, Hucka uumomokcuuyHocm u Bucoka
BbuocvBmecmumocm. Kbm cbBpemeHHume usuckBaHus
OMHOCHO MamepuaAume 3a uspabomBaHe Ha anauHe-
pu ce gobaBsa u no-Hucbk BvaaepogeH omneyamvk no
OmHoweHue Ha maxHama uspabomka.

B cBou 0630p Hennessy u koa.? o6o6waBam Bugo-
Beme mMamepuaAu 3a uspabomBaHe Ha anauHepu cno-
peg nosBama u Buga um:

lMopBo nokoneHue mamepuanu 3a u3spabomBaHe
anauHepu

PaHHume ¢popmu Ha npo3payHumMe anauHep cucmemu
ce ocHoBaBam u3usno Ha mepmodopmoBaHe Ha naac-
muuHa naaka 3a anauHepu 6e3 HukakBu gonbAHUMEAHU
cpegcmBa. MopBuam nybaukyBaH kauHuueH cayuau e
npe3 2000 2. ¢ nvpBo nokoneHue Invisialign 3a MuHu-
MaAHO cmpynBaHe u 3amBapsHe Ha npocmpaHcmGa.
Mpegu cenmemBpu 2001 mamepuanbm, om koumo ce
uspabomBam aaauHepume Invisalign e cmec om noAu-
Mepu, nog mbpzoBckomo ume Proceed30 (PC30), koumo
He ycnsaBa ga omeoBopu Ha Bcuuku dusuuHU, XUMUYHU U
kAuHuuHU u3uckBaHusa 3a opmogoHmcko npemecmBaHe,
koemo Hanaza Heobxogumocmma om paspabomBaHe Ha
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polymer for medical use, composed of polyurethane,
methylene diphenyl diisocyanate, and 1,6-hexanediol.
This material offers 1.5 times better elasticity and four
times better adaptation than PC309.

Third generation materials for aligner fabrication

In 2013, the company Invisalign started using a
multilayer aromatic thermoplastic polyurethane/
copolyester material that offers gentle, continuous
forces, improved adhesion, chemical stability, increased
transparency, and fracture resistance..

As a result, the material applies continuous low forces
on the teeth. This material exhibits better elasticity,
ensuring more predictable orthodontic movements.

In recent days, thermoplastic materials include
polyethylene terephthalate glycol, polypropylene,
polycarbonate, thermoplastic polyurethanes, and
ethylene vinyl acetate®.

Thermoplastic polymers

Thermoplastic polymers can be classified into
amorphous and semicrystalline types based on their
molecular structure. Amorphous polymers are composed
of irregularly distributed molecular structures and are
characterized by a low level of molecular saturation.
Semicrystalline polymers, on the other hand, contain
both amorphous regions and crystalline domains these
domains are well-ordered, with packed chains. The
crystalline regions act as fillers within composite
materials. Amorphous polymers are generally softer,
transparent, less constricted, and possess better
resistance. Conversely, semicrystalline polymers are
harder, opaque or translucent, resistant to chemicals,
and have a sharp melting point3.

Polyethylene terephthalate (PET) is formed by
combining ethylene glycol with terephthalic acid and
exists in both amorphous and crystalline forms, with the
type of form influencing the material‘s properties. PET
is found in foils, films, or filaments and is frequently
used as a replacement in the production of vascular
prosthetics. In its amorphous state, PET is transparent
and demonstrates sufficient plasticity. In its crystalline
form, it is opaque and white, with increased hardness,
resistance, and strength. PET can be rigid or semi-rigid
depending on the fabrication method, and it exhibits
excellent mechanical properties and resistance to
various solvents’s.

Polyethylene terephthalate glycol (PET-G) is a non-
crystalline copolyester composed of 1,4-cyclohexane
dimethanol (CHDM), ethylene glycol, and terephthalic
acid. The material is known for its excellent transparency;,
good fluidity, solvent resistance, and printability. It is also
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Bmopomo nokoAeHue arauHepu.

Bmopo nokoneHue mamepuanu 3a u3pabomBaHe Ha
anauHepu

Mpu Bmopomo nokoneHue analHepu ce nosBs-
Bam gonbAHUMEAHU cpegcmBa - koMnNo3umHu GYmMoHuU.
M3non3Ba ce egHOCAOEH nOAUMEPEH Mamepuaa 3a
MeguuuHcku ueau cvc cbcmaB noAuypemaH MemuAeH
gudeHuA guusouuaHam 1.6 xekcaHguoAa. Ypes Hezo ce
ocuzypsBa 1,5 nomu no-gobpa eanacmuyHocm u 4 nomu
no-zonsMa aganmuBHocm om PC309.

Tpemomo nokoneHue Mamepuaau 3a u3dpabomBaHe
Ha anauHepu

Mpe3 2013 2. komnaHusma Invislign BvBexkga
HOB MHO20CAOEH apoMamuyeH mepmMonAacmuUeH NOAU-
ypemaH/ ko-noauecmepeH mamepuaa, koumo ocuzypsBa
HeXkHa U no-npogbAkumenHa cuaa, nogobpeHa agxesus,
XUMuuHa cmabuaHocm, nogobpeHa mpaHchapeHmHocm
u ¢ppakmypHa pesucmeHmHocm®.

B pe3ayamam Ha moBa mol ocu2ypsiBa npogoa-
>kumeAHu cnabu cuau Bopxy 3vbume. To3u mMamepuan
e ¢ no-gobpa eaacmuuyHOCM U 2apaHmupa nho-gobpa
npegBugumocm Ha opmogoHmckume npemecmBaHus.

KoM Hacmoswusm MOMEHmM mepMonAacmuyHume
MamepuaAu Ce CbCmosm Om NnOAUEMUAEH mempad-
maaam 2AukoA, noAunponuAeH, noaukap6oHam, mepmo-
NAACMUYHU NOAUYpemaHu u emuaeH BuHuA auemam®,

Tepmon/\acmuleu noAumMepu

TepmonAacmuuyHUME NOAUMEPU Mo2am ga bbgam
knacupuuupaHu kamo amopdHu, noaykpucmaauHoBu
noaumepu, ocHoBaBawu ce Ha msaxHama MOAeKyAspHa
cmpykmypa. AMopdHUME NOAUMEpPU Ce CbCmosm om
HenpaBuAHO pasnpegeneHu MOAEKyAsSpHU cmpykmypu,
xapakmepusupawu ce ¢ Hucko HuBo Ha MonekyAaspHO
HacuwaHe. lMoaykpucmaauHHume noAumepu om gpyaa
cmpaHa ce cbcmoam kakmo om amopdHU pez2uoHu,
maka u om kpucmaAuHHU goMeHU - npaBuAHu, ¢ egHak-
Ba ¢popma, nakemupaHu Bepuau. Poasma Ha me3u kpuc-
manHU gomMeHu mMoXke ga ce onpegeAu kamo Ha nbAHU-
meAaume B8 komno3umHume mamepuaau, koemo ocuay-
psBa mBobpgocm u pu2ugHOCM Ha MepmMonAacmuyHume
Mamepuanu. AmopdHume noaumepu nvbk om gpyza
cmpaHa ca no-meku, mpaHcnapeHmHu, nogaekam Ha
no-manko cBuBaHe u umam no-gobpa peaucmeHmHocm.
MoaykpucmanuHHume noAumepu ca mBvpgu, onakepHu
UAU MpaHCAyUEHMHU, npumexaBam gobpa XumuuHa
pesucmeHmMHoCmM u umam ocmpa mouka Ha moneHe3,

MoAnuemuneH mempadmanamom (PET) kombuHu-
pa emuneH 2Aukon ¢ mempadmanamHa kuceauHa u
cobwecmByBa kakmo B8 amopdHa, maka u B8 kpucmanaHa

resistant to chemical changes. This modified version
of PET transitions from semicrystalline to amorphous,
resulting in increased transparency and enhanced
aesthetic appeal. The transition temperature between
these states is approximately 80 degrees, which enables
easier handling and provides properties similar to those
of glass. The mechanical and optical qualities of PET-G
make it suitable for use in fabricating aligners.3

Thermoplastic polyurethane (TPU) consists mainly of
bi- and triisocyanates and polyols. It is a unique type of
polymer that exhibits multiple desirable properties: it is
very easy to machine, possesses excellent mechanical
and elastomeric characteristics, offers chemical and
abrasion resistance, as well as adhesive properties.
Under load, the thermoplastic polyurethane regains its
original shape after the load is removed, as it can stretch
and recover due to its flexibility.3

Polymer blends for the fabrication of aligners

Polymer blends consist of three polymers: polyester,
polyurethane, and polypropylene, which are frequently
used in the fabrication of aligners. Multiple studies
on thermoplastic multilayer foils have demonstrated
that they possess improved mechanical and chemical
characteristics, which may enhance the clinical
performance of the aligners.3

The ratio of individual polymers greatly influences their
properties. For instance, a blend of PETG/Polycarbonate/
TPU at 70/10/20 exhibits superior mechanical properties
compared to other ratios, resulting in optimal orthodontic
forces. Additionally, a 70/30 ratio of PETG/PC2858 offers
the best tensile strength and elongation break.3

Materials for direct printing of aligners

Using three-dimensional printing can help mitigate
many adverse effects of the thermoforming process.
It provides better geometric accuracy and precision,
improved adaptation, mechanical strength, and a more
efficient and reproducible result process 13,25. One of
the biggest benefits of these aligners is their ability to
precisely control the thickness in each section, which
directly affects their mechanical properties.

Orthodontic printing materials encompass acrylonitrile
butadiene styrene (ABS), stereolithographic resins
(epoxy), polylactic acid (PLA), polyamides (nylon), glass-
filled polyamide, silver, steel, titanium, photopolymers,
wax, and polycarbonates.

Tera Harz TC-85, introduced by Graphy, is a
photopolymer whose precise formula remains
undisclosed. Designed specifically for direct aligner
printing, this biocompatible material is available in both
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dopma, kamo muna Ha popmama Bausie Bopxy kauecm-
Bama Ha mamepuana. PET moxke ga covwecmByBa nog
dopmama Ha naaku, GuamoBe uau purameHmu u Yecmo
ce u3noa3Ba kamo 3amecmumen 3a npucagku u 3a
npou3BogcmBo Ha BackyaapHu npome3u. B amopdHo
cocmosiHue PET e mpaHcnapeHmeH u gemoHcmpupa
gocmambyHa naacmuuyHocm, a B kpucmanHa cmpyk-
mypa e onakepeH u 6aA u npumexkaBa mBbpgocm,
ycmotuuBocm u gobpa cuna. PET moke ga e puzugeH
UAU noaypuz2ugeH B 3aBucumocm om memoga Ha u3pa-
6omBaHe, npumeXkaBa omAuyHU MexaHuuHu kauecmBa
U pe3ucmeHmMHOCM cpeuwy pasAuYHU pasmBopumenui3.
PET-G npegcmaBasBa HekpucmaneH ko-noauecmep,
koumo ce cvcmou om 1,4-uuknoxekcaH 2-memaHOA
(CHDM), emuneH aaukon u mempadmanamHa kuce-
AUHa. Mamepuanom ce xapakmepusupa C OMAUY-
Ha mpaHchapeHmHocm, agekBamHu BbamokHocmu 3a
meuauBocm, pe3ucmeHMHOCM Cpewy pasAuYvHU pas-
mBopumenu u Mmoke ga ce npuHmupa. To3u Mamepuan e
ycmouyuB Ha XumMuuHU npomeHu. ToBa e moguduuupaHa
dopma Ha PET om noaykpucmaaHo kbM amMop¢dHO Cbe-
mosHue, koemo gaBa Bv3mokHocm Ha Mamepuana ga
bbge no-mpaHcnapeHmeH u ecmemuueH. MpexogHama
memnepamypa Ha mMamepuana om egHomo B gpyzomo
cocmosiHue e okono 80 2pagyca, koemo no3BoasBa
no-gobpa MaHunyAauus Ha MamepuaAa U HanogobsBa
kauecmBama Ha cmvkaomo. MexaHUYHUME u onmuu-
Hume kauecmBa Ha PETG 20 npaBam mamepuana, nog-
xogsauw, 3a uspabomBaxe Ha anauHepu.3
TepmonaacmuueHusm noauypemad (TPU) ce cbcmou
NPeguMHO OM gu- U mpuu3ouuaHamu u NOAUOAU. Tou e
gpya mun noaumep, koumo npumexkaBa mHokecmBo
nogxogawu kauecmBa: MHO20 AecHa MawuHHa obpa-
bomka, OMAUYHU MeXaHUUYHU U eAacmomepHu xapak-
mepucmuku, XumMuyHa u abpa3uoHHa pes3ucmeHmHocm,
kakmo u agxe3uoHHu kauecmBa. lNpu HamoBapBaHe
MepMONAaCMUYHUSAM NOAUYPEMaH Ce NPOMeHs U MoXke
ga Bb3BvbpHe opuzuHanHama cu ¢opma caeg omcmpa-
HaBaHe Ha HamoBapBaHemo: uma Bv3mokHocm 3a
ygbnkaBaHe u BoacmaHoBaBaHe, mbu kamo npumerkaBa
2bBkaBocm u Bucoka ycmouuuBocm Ha paskvcBaHe.d

MHozocnolHu naaku 3a anauHepu

MoAuMepHUME CMeCU Ha mpu NoAUMEpPA: hoAuecmep,
noAuypemaH U NOAUNPONUAEH, ca Bce no-yecmo U3noA3-
BaHu B komepcuanHomo npou3BogcmBo Ha anauHepu.
MHokecmBo u3caegBaHus Ha mepMONAaCMuUYHU MHO-
20CAOUHU naaku 3a analHepu gemoHCmpupam, ye me
npumexkaBam nogobpeHu MexaHUYHU, XUMUYHU kavecm-
Ba, koumo 6uxa NogobpuAu KAUHUYHUME pe3yamamu Ha
anatHepume.3

CbomHoweHUEMO Ha OMgeAHUME NOAUMEPU 3Hauu-
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transparent and white options. TC-85DAC (clear) is
completely transparent, whereas TC-85DAW (white)
combines durability with aesthetic appeal. Furthermore,
Graphy states that customized colors can be developed
for specific needs!.

Main characteristics of the material are:

- Shape memory

- Shape recovery

These two characteristics are crucial in the
production of aligners because a material that is too
rigid and lacks elasticity would not be able to perform the
necessary biomechanical functions for tooth movement.
As the hardness of the printed resin increases, so does
its brittleness. Therefore, after printing, the aligners
undergo a vital post-curing process, which is performed
according to the manufacturer’s instructions in a special
nitrogen chamber under pressure. This post-curing
process is essential for the mechanical properties and
biomechanical performance of the aligners.

Zenelis, Panayi et al.26 found that the mechanical
properties of printed aligners depend on the printer
used in their production, and differences in clinical
performance are to be expected!®16:26, They show that
using the same resin, Tera Harz TC-85DAW (Graphy),
on five different printers—both LCD and DLP—results
in notable differences in Martens hardness, elastic
modulus, and elastic index. A key takeaway is that
the type of printer significantly affects the mechanical
properties of the resin. Since all groups used the same
resin and post-curing process with the same machine,
the only variable was the printer itself.

In 2023 Park et al'® conducted a comparative
study, using micro-computed tomography (micro-CT)
to analyze the thickness, gap width, and translucency
of 3D-printed and thermoformed aligners. The study
showed significant differences in these parameters,
with variations in the areas of best fit depending on
the type and location of the teeth. Additionally, it was
found that centrifugation after processing improves the
translucency of 3D-printed aligners.

Mechanical properties of the materials for aligner
fabrication

Orthodontic treatment using removable thermoplastic
appliances is a relatively new approach in orthodontics,
and some aspects of this treatment remain insufficiently
researched. The forces exerted by aligners are particularly
significant because they depend on the thickness and
mechanical properties of the thermoplastic material,
especially its rigidity. Flat samples are inadequate for
simulating the force characteristics of thermoplastic
appliances because the final thermoformed body
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meAHOo Bausie Bopxy mexHume kauecmBa. Taka Hanpu-
mep cmec om PETG/Polycarbonate/TPU B cbomHowe-
Hue 70/10/20 Bogu go no-gobpu mMexaHuuHu kavecm-
Ba B cpaBHeHue C gpyau MEXHU CbOMHOWEHUs U
cbomBemHo - goO ONMuUMaAHU OpPmMOgoHMCKU CUAU.
CvomHoweHuemo 70/30 - PETG/PC2858 cvuemaBa
Hau-gobpama kombuHauus om skocm Ha ONbH U YgbA-
»kaBaHe npu ckbcBaHe.3

Mamepuanu 3a npuHmupaHe Ha analiHepu

C nomowma Ha MPUU3MEPHO NpuHMUpaHe Moz2am
ga ce usbezHam MHokecmBo HebaazonpusmHu edek-
mu om npoueca Ha mepmo¢dopmoBaHe, Mo2am ga ce
nocmuzHe no-gobpa 2eoMempuyHa MOYHOCM U nhpe-
uusHocm, no-gobpo aganmupaHe, MexaHu4Ha ycmouuu-
Bocm u no-epekmuBeH u BvanpousBogum npoueci325,
EgHOo om Hau-zoneMume npegumcmBa Ha mo3u mun
anauHepu e BbamokHocmma 3a moueH KOHMPOA Ha
gebeanuHama Ha analHepa BbB Bceku eguH Hez208
yuyacmbk, koemo e npsko cBop3aHO C MexaHu4yHume
kauecmBa.

Mamepuanaume, koumo ce usnoA3Bam 3a npuHmupa-
He B opmogoHmusima BkalouBam: akpoHumpuaHa-6yma-
gueH-cmupeHoBa naacmmaca, cmepeoAumozpadpuyHuU
Mamepuaau (enokcu cMoAu), noAuAakmamHa kucenu-
Ha, noAuamug (HalAOH), CMbKAO-HaNbAHEHU noAuamug,
cpebpo, cmomaHa, mumad, ¢omonoaumepu, Bocvbk u
noAukapboHamu.

Tera Harz TC-85 e ¢domonoAaumepeH Mamepuaa,
npegcmaBeH om ¢upmama Graphy, kamo 3aceza ¢up-
Mama He paskpuBa mouHus My cbcmaB. To3u mame-
puan e paspabomeH 3a gupekmHO npuHmMupaHe Ha
anauHepu. Tou e 6BuocbBmecmum ¢omonoAuMepeH
Mamepuaa, HaAauveH B gBa uBama: npospaueH u bsA.
TC-85DAC (clear) e u3uano mpaHcnapeHmeH, gokamo
TC-85DAW(white) ocuzypsiBa usgpokauBocm u ecme-
muka. B gonbaHeHue, Graphy mBopgu, ue moke ga
npegocmaBu u 8 uHguBugyanusupaHu uBemoBe, koumo
ga omzoBopsam Ha cneuuduuHu Hy>kgu'.

OcHoBHU xapakmepucmuku Ha Mamepuana ca:

- namem 3a ¢popmama (Shape memory)

- Bv3cmaHoBaBaHe Ha popmama (Shape recovery)

Te3u gBe xapakmepucmuku ca uskalouumenHo
cobwecmBeHu npu uspabomkama Ha asalHepu, mbu
kamo ako mamepuanom e npekaneHo mBvpg u He
npumexkaBa eaacmuyHoCcm He 6u MO2bA ga U3NbA-
HABa Heobxogumume buomexaHuuHu ¢yHkuuu, 3a ga
u3BopwBa 3b6HU npemecmBaHus. C yBeAuueHuemo
Ha mBbpgocmma Ha npuHmMupaHama cMoAa, ce YBe-
AuvaBa HetHama kpexkocm. 3amoBa, caeg npuHmu-
paHe Ha aAauHepume, me npemMuHaBam npe3 0cobeHo
BakeH npouec Ha Bmopu4yHa noAumepusauus, kolmo

consists of various geometric elements. In vitro studies
face certain limitations, as accurately replicating the
clinical situation is challenging, which can decrease their
relevance and realism. It is also known that in cases
of highly protruded incisors, the thermoforming sheet
becomes thinner in this region, resulting in a reduced
force generated during treatment with the aligner.

Most studies on materials for aligner fabrication
assess the primary force system rather than the actual
one, which may differ due to the anisotropic distribution
of the periodontal ligament around the toothS.

Multiple factors influence the force distribution
properties of thermoplastic appliances. The first depends
on the type of material, its thickness, and the amount
of activation. From there, the difference in removable
thermoplastic appliances can result in additional tooth
movement with each aligner step3.

Thermoplastic materials used for aligner fabrication
are primarily polymers that exhibit different characteristics
and must withstand various types of stresses in the
oral environment. These include mechanical stress
from functional and parafunctional movements, thermal
stress from the thermoforming process, and exposure
to changes in oral temperature, and chemical stress
resulting from saliva and the consumption of different
foods and beverages. The mechanical properties of
thermoplastic polymers can change after thermoforming,
highlighting the importance of testing these materials post-
thermoforming. Additionally, the thickness of the material
influences its physical and mechanical properties.
Studies show that the properties of aligners change with
variations in thickness following thermoforming and after
10 days of intraoral use, which can affect the material‘s
overall performance in appliances®. To compensate for
these alterations, most aligner companies recommend
changing the aligners every 10 days.

The materials used for aligner fabrication are not
fixed and are susceptible to changes caused by heat,
humidity, forces, and prolonged contact with saliva,
enzymes, and the oral environment. As a result,
alterations in their mechanical properties or changes
that occur intraorally during orthodontic treatment can
be observed, which could impact the treatment outcome.

To reproduce intraoral aging of the material, most
studies use artificial saliva, an ethanol solution, and a
temperature-controlled water bath. Consideration should
be given to the fact that these tests are performed
under conditions that do not exactly replicate intraoral
conditions.

The dynamic stress relaxation of various thermoplastic
materials is measured in an underwater bath at 37°C and
in atmospheric conditions over period of three hours. In
all cases, the residual stress decreases over time, with
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ce u3BbpwBa cnopeg ykaszaHusma Ha npousBogumens
B8 cneuuanHa asomHa kamepa u nog HanszaHe. Tasu
BmopuyHa noAumMepu3sauusi € om cowecmBeHo 3Haue-
Hue 3a MexaHuyHume cBolcmBa u buomexaHu4yHOmMo
noBegeHue Ha anauHepa.

MN3caegBaHe Ha Zenelis, Panayi u koa26. ycmaHo-
BsBa, yue mexaHuuHume kauecmBa Ha NpuHmMupaHume
anauHepu 3aBucsm om npuHmepa, ¢ koimo ca uspa-
bomeHu u ce ouakBa pasauka 8 MAXHOMO KAUHUYHO
noBegeHue15:16:26, Te gokasBam, ue egHa u Cbwa CMOAA
Tera Harz TC-85DAW, (Graphy), npuHmupaHa Ha nem
pas3AuyHu npuHmepa — kakmo LCD, maka u DLP, npo-
AB8sB8a cvwecmBeHu pasauvus B8 MapmeHcoBama cu
mBvopgocm, MogyAa Ha eAacmuyHOCm U eAacmuuHus
uHgekc. MumepecHo 3akaloueHue om u3scaegBaHemo
e, yue Bugbm Ha npuHmepa e cbuiecmBeH pakmop 3a
MexaHuuHume kauecmBa Ha cmonama, mvu kamo Bcuu-
ku uscaegBaHu 2pynu BkalouBam egHa u cbwa CMOAa,
npouecbm Ha BmopuyHa noAumMepusauus e u3BbpuweH
C egHa U Cbwa MawuHa, cbomBemHo eguHCcmBeHama
pa3auka e B npuHmepume.

CpaBHumenHo npoyuBaHe, npoBegeHo om Park u
kon'®, npes 2023 2., usnoa3Ba mukpokomnlomvpHa
momozpagdusa (Mukpo-CT), ¢ koamo ce aHaAusupa gebe-
AUHama, wupuHama Ha npasHuHama u NnoAynpo3pad-
Hocmma Ha 3D-npuHmupaHu u mepmodpopmoBaHu arau-
Hepu. MNpoyuBaHemo paskpuBa 3HauumeaHu pasauku B
me3u napamempu, ¢ Bapuauuu B8 obracmume Ha Hau-
gobpo npuaszaHe B 3aBucumocm om Buga u mecmono-
AokeHuemo Ha 3bbume. OcBeH moBa e ycmaHoBeHo,
ye ueHmpodyaupaHemo caeg obpabomka nogobpsaBa
noAynpospayHocmma Ha 3D npuHmupaHume aAauHepu.

MexaHuuHu kauecmBa Ha MamepuaAume 3a uspa-
6omBaHe Ha analiHepu

OpmogoHmckomo AeyeHue CbC CHEMaemMu Mmepmo-
NAaCmMuUYHU anapamu € OmHocumeAHo HoB memog B
opmogoHmusima u Bce owe HIMa gocmambyHO U3CAEg-
BaHus Ha Hskou He20Bu acnekmu. OpmogoHmckume
cunu, koumo ce ynpaxkHsBam om asauHepume npeg-
cmaBasBam ocobeH uHmepec, mbl kamo me 3aBucam
om gebeAauHama u MexaHu4yHume kauecmBa Ha mepmo-
nAacmMuyHUA Mamepuaa Ha aaaliHepume, 0CobeHo Hezo-
Bama pueaugHocm. Maockume npobu He ca nogxogawu
3a cumyAaupaHe Ha xapakmepucmukume Ha cuaume Ha
mepmMonAacmuyHuUme anapamu, mbU kamo msAomo,
koemo ce obpa3syBa caneg mepmopopmoBaHe ce cbcmou
Om pasAUYHU 2e0MEMPUYHU EAEMEHMU.

MHBumpo uscaegBaHusma npumexkaBam Hsakou
ozpaHuyeHus, mol kamo BbanpousBerkgaHemo Ha kau-
HUYHama cumyauus e mpygHo, koemo Bogu go 3azyba
Ha cowecmBeHocm u peaAucmuuHocm. W3BecmeH
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a much faster relaxation occurring during the water bath.
Some materials exhibit slower stress relaxation over time
in a hydrothermal environmentS.

Polymer materials absorb water in both moist and air
conditions, and this water absorption causes expansion
and alters their mechanical properties. Intraoral
hygroscopic expansion can impact the fit of appliances
and may alter the orthodontic force system.

Different thermoplastic materials exhibit varying levels
of water absorption and changes in aligner thickness.

It has been discovered that the mechanical properties
of the aligners decrease during the orthodontic treatment.
Sifakakis et al.23 found that after 14 days on the aligners,
calcic biofilm microfractures and abrasive zones had
been generated. Additionally, the aligners lose their
transparency. An increase in Vickers hardness is
observed on the buccal side, which is likely related to
the chewing process. The elastic index value increases,
suggesting that the aging material becomes more
brittle and less resistant to wear, as shown by the
Martens hardness decreases?3. Meanwhile, the elastic
modulus of the materials changes. After immersion in
a temperature-controlled water bath, Invisalign aligners
do not experience significant changes in their elastic
modulus, unlike the PETG thermoplastic used to make
aligners, which shows a notable increase. Overall,
varying degrees of increase or decrease in their elastic
modulus are observed.

Some of the mechanical properties of the aligners
are similar to those of PETG thermoplastic retainers,
which are used for over six months. The longer they are
used in vivo, the more their surface roughness increases,
and they become more rigid and harder. This is believed
to be due to mechanical wear and degradation caused
by the intraoral environment and biofilm.

Sifakakis23® also examined the mechanical properties
of aligners made from polyurethane. Typical changes
associated with the polyurethane softening process were
observed. Thermoplastic polyurethane has a two-phase
microstructure composed of hard and soft segments.
The separation of these phases occurs due to the
incompatibility between the hard and soft segments. The
hard segments cluster in regions aligned perpendicular
to the applied stress. Conversely, the mechanical
properties weaken, which is linked to the relaxation of
residual stress generated during fabrication or the loss
of plasticizers during intraoral exposure.

A different aspect of Sifakakis23 study is the biological
compatibility of materials used in aligners. A key finding
is that in vitro aging does not result in residual monomer
deposition, as demonstrated after short-term immersion
in an ethanol-water solvent or artificial saliva. These
thermoplastic materials contain a diphenyl structure,
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dakm e, ye npu CuAHO npompygupaHu pesuu, naakama
3a mepmodopmoBaHe uamvHsBa B masu 30Ha, koemo
HamansBa 3anokeHama B cmovnkama om AeuveHuemo
cuna B anauHepa.

MoBeuemo uscaegBaHus Ha Mamepuaaume 3a asal-
Hepu oueHsBam nvpBuyHama cunoBa cucmema, a He
peanHama cunoBa cucmema, BeposmHO e pasAuvHa,
nopagu aHU30mMpPONHOMO pa3npegeneHuUe Ha NEpPUOgOH-
maaHume AuzameHmu okoAao 3vbas.

MuHokecmBo ¢pakmopu Baussm Bopxy kauecmBama
Ha npegaBaHe Ha cuanama Ha mepMonAacmuyHuUme ana-
pamu. Cuaama 3aBucu om Buga Ha mamepuana, He20-
Bama gebeauHa, cmeneHma Ha akmuBauus. Ommam
U pasAuYHUME CHEMaemMu MepMOoNnAacCmuyHU anapamu
Mozam ga 3anazam pasaudeH obem gBudkeHus BvB
Bceku omgeneH anauHeps.

TepmonAacmuyHUMe MamepuaAu 3a uspabomBaHe
Ha anauHepu ca NPeguMHO NoAUMepu, koumo gemoHc-
mpupam pasAuyHU xapakmepucmuku u mps6Ba ga ce
npomuBonocmaBsam Ha pasauuyHume BugoBe cmpec,
acouuupaHu ¢ opaAHama kyxuHa kamo: MexaHuueH
cmpec - acouuupaH ¢ ¢yHKuuoHaAHU u napadyHKuuo-
HaAHU npemecmBaHus, mepmMmuyeH cmpec - BvbB Bpb3ka
¢ npoueca Ha mepmodpopmoBaHe u ekcnosuuus Ha npo-
MeHu B opanHama memnepamypa, kakmo u XumuueH
cmpec, B peayamam Ha caloHkama u koHcymauusma Ha
pPasAuYHU XpaHu u Hanumku.

MexaHuuHume cBoucmBa Ha mepmMonAaCMUYUHU-
me NOAUMEpPU MoO2am ga Ce NPOMEHSIM CAeg MepMo-
¢dopmoBaHe. ToBa noguepmaBa Heobxogumocmma om
mecmBaHe Ha mMe3u MamepuaAu caeg npemuHaBaHe
npe3 masu mexHuka. OcBeH moBa, gebeauHama Ha
Mamepuaaa 3a uspabomBaHe Ha anauHepu 3HauYUMeA-
HO Bause Bopxy He20Bume du3uuecku u MexaHU4HU
cBoucmBa. MpoyuBaHusma nokasBam, ue gebeauHama
Ha analuHepume ce npoMeHs caeg mepMmodopmoBaHe u
cneg 10 gHU uHmMpaopaAnHo u3AaazaHe, koemo om cBos
cmpaHa Bause Bopxy cBoucmBama Ha mepmonaac-
MuyHUMEe Mamepuaau, u3non3BaHu 3a cb3gaBaHemo
Ha me3u anapamu6. 3a ga ce komneHcupam meau
usMeHeHus, noBevemo ¢upmu, npegrazawu asauHepu,
npenopbyBam HoceHemo um 3a He noBeue om 10 gHu.

Mamepuanume 3a uspabomBaHe Ha anauHepu He
ca UHEepmMHU u ca obekm Ha npoMEeHU Npu MONAUHA,
BaakHocm, gvBkamenHu cuau u npogbakumeneH KoH-
makm mexkgy cAloHYeHume eH3umu U opaAHama cpega.
Pesyamam Ha moBa ca uameHeHus B8 mexHume mexa-
HuuHuU kauyecmBa uau npomeHu, koumo ce pas3BuBam
uHmpaopanHo no Bpeme Ha OopmogoHMCkomo AeueHue,
koumo mozam ga noBaussm Ha pe3yamama om Aeue-
Huemo.

3a Bv3npousBexkgaHe Ha cmapeeHe Ha mMamepuana
u ymopa ce u3anon3Bam: uskycmBeHa calonka, emaHonoB

which ensures both reactivity and stability. Notably, after
two months in physiological saline, the materials do
not cause estrogenic effects or cytotoxicity, indicating
good chemical stability. However, it is worth noting that
immersion tests may not accurately reflect degradation
in vivo, since they do not account for erosion from
enzymes in saliva or abrasion from chewing.

Advantages and disadvantages of thermoformed
and directly printed aligners

Advantages and disadvantages of thermoformed
aligners

Manufacturing thermoformed aligners is simpler and
more established than direct printing. It requires less
investment, as post-processing involves only cutting
and smoothing. Conversely, printing many models
is necessary, with each model used to create a
single aligner; however, these models are not currently
recyclable.

Thermoformed aligners are thinner compared to
directly printed ones, which gives them better optical
properties—more transparency and improved aesthetics.
On the other hand, heating the foil significantly affects
the aligner‘s thickness and transparency; insufficient
temperature results in reduced transparency, while
excessively high temperatures cause uncontrollable
thinning and deterioration.

Thermoformed aligners are produced on printed
models using plasticized foil, which is also non-recyclable.
The process of removing the finished aligners from the
models is tedious, as the excess foil must be trimmed
and the surfaces smoothed.

A major drawback of thermoformed aligners is the
uncontrollable thinning in certain areas. This depends on
the initial tooth position and the presence of undercuts—
especially with proclined front teeth. Uncontrolled thinning
decreases the forces in that area, leading to slower and
less predictable tooth movements.

Thermoformed aligners are thinner than printed
ones, making them more comfortable for patients and
causing fewer speech issues. However, a larger number
of attachments is needed to achieve certain tooth
movements due to their reduced thickness®:8:21,

Advantages and disadvantages of directly printed
aligners

Compared to thermoforming, direct printing of
aligners is a more technically sensitive method because
it depends on the planning and printing of the aligners,
and the processing is crucial for achieving their physico-

OpPTOAOHTCKUN Mpe
TOoM 27 /2025, KH




EBoalouusa Ha Mmamepuaanume u mexHoAozsuume 3a uspabomBaHe Ha
aratHEPU — MUuHaAnAo, Hacmosauwe u bobgeuwu nepcnekmuBu

paamBop, memnepamypHo koHmpoAupaHa BogHa 6aHs.
Tpa6Ba ga ce Bzeme npegBug, e uHBUMpPo mecmoBume
ycnoBusi He mo2zam ga BbanpousBegam mouHo ycaoBusi-
ma B opanHama cpega.

HuHamuuHa cmpec penakcauus Ha peguua mepmo-
NAACMUYHU MamepuaAu e oueHeHa npu BogHa 6aHsa Ha
37 epagyca, kakmo u B8 3aobukasgwama ammocdepHa
cpega 3a 3 uaca. OcmambyHusm cmpec BbB Bcuuku
MamepuaAu HamansBa ¢ Bpememo, a npouecbm ce
yckopsBa 3HauumenHo B ycaoBus Ha BogHa 6aHsa. Hsakou
Mamepuaau nposaBaBam no-6aBHa cmpec peaakcauus c
Bpememo B xugpomepMuuHa cpegasb.

MoAumepHume mMamepuaau nozabuiam Boga kakmo
BvB BogHu ycaoBus, maka u npu usnazaHe Ha Bv3gyx,
a BogHama abcopbuus npuyuHaBa paswupeHue u npo-
MeHU B mexaHuyHume kauecmBa Ha me3u Mamepuaau.
MHmpaopanHOmMO Xu2pockonuyHo paswupeHue mMoXke
ga noBausie Ha nacBaHemo Ha anapamume om makbB
mun pe3yamamu, cbomBemHo ga ce NpoOMEHsIm U opmo-
goHmMckume CUAu.

PazauyuHume mepmonaacmuyHu mamepuaau nokas-
Bam pasauuHa cmeneH Ha BogHa abcopbuus u Ha npo-
MeHU B gebeauHama Ha anauHepume.

YcmaHoBeHo e, uye MexaHuyHume kauvecmBa Ha
analHepume HamansBam no Bpeme Ha OpmMOgOHM-
ckomo AeueHue. Sifakakis u koa.23 ycmanoBaBam, ue
3a 14 gHu ce eeHepupam kaauuduuupaH 6uoduAm,
nosBa Ha mukponykHamuHu, abpasupaHu 30HU. Cbwo
maka aaalHepume 2ybam om npo3pauyHocmma cu.
HabnlogaBa ce u yBeauueHa mBbpgocm no Bukepc
bykanHo, koemo BeposmHo uma Bpv3ka c gbBkamen-
Hua akm. CmouHocmma Ha uHgekca Ha enacmuuyHocm
ce yBeauuaBa, koemo npegnonaza, ye cmapeewusim
Mamepuaa cmaBa no-uynauB u no-manko usHocoycmou-
yuB, movu kamo MapmeHcoBama mBbpgocm Hamans-
Ba23. CoweBpemeHHo ¢ moBa, MOgyAbm Ha eAaacmuu-
HOCM Ha MamepuaAume Ce U3MEHsi — CAeg homansiHe
B8 memnepamypHo koHmpoAupaHa BogHa 6aHs Invisalign
analHepu He npemMuHaBam npe3 3HaYUMEeAHU NPOMEHU
NO OMHOWEHUS Ha MOgYA Ha enacmuyHocm, 3a pasauka
om, PETG mepmMonAacmuuHus mMamepuaa 3a uspabom-
BaHe Ha analHepu, koumo npugobuBa 3HaUUMEAHO
yBeauueHue. Kamo usano ce HabalogaBam pasauyHuU
cmeneHu Ha yBeAuueHue UAu pegykuus Ha mMogyAa um
Ha enacmuyHocm.

Hskou om mexaHuyHume kauecmBa Ha anauHepume
ca cxogHu ¢ noBegeHuemo Ha PETG mepmonaacmuuHu
pemauHepu, usanoAn3BaHu noBeue om 6 meceua. Konkomo
noBeue ca ynompebaBaHu uHBuUBo, moakoBa no-zonama
e noBvpxHocmHama um gpanaBocm, me cmaBam no-
pu2ugHu u mBopgu. Cmama ce, ye moBa ce goAku Ha
MexaHUUHO u3HocBaHe u gezpagauus B caegcmBue Ha
UuHmMpaopaAHama cpega u buopuAm.
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mechanical properties. The number of steps is reduced
after the STL file is created. The files are imported
directly into the printer without the need to print models.
This offers the opportunity for faster liner fabrication and
a more efficient workflow, but it requires a higher initial
investment in equipment.

Unlike thermoformed aligners, the production of
directly printed aligners skips steps like model creation,
foil heating, vacuum forming, and trimming, saving time
and making the process simpler and cleaner.

The post-processing plays a significant role in the
quality of the aligners after they are 3D printed. Post-
processing involves cleaning the aligners, removing
supports with a centrifuge, and UV polymerization in
a nitrogen chamber under pressure. Incorrect post-
processing could lead to compromised treatment.

An important advantage of additively manufactured
aligners is the absence of embedded dust particles that
can accumulate during the shaping and polishing of
thermoformed aligners.

According to Panayi et al.’216.17 3D printed aligners
have a better fit to the tooth surfaces compared to
commercially used thermoforming foils. It is well known
that inaccuracy is one of the major disadvantages of
aligners, especially in moving teeth with irregular shapes
or microdontia, such as upper lateral incisors—teeth that
often lag behind in movement with aligners, resulting in
insufficient results.

The thickness of the aligner can be adjusted -
maintaining uniform thickness on the surface of the
aligner is vital for its properties and depends not only
on the material but also on the intraoral environment.
Thin aligners lack sufficient strength and resistance to
move teeth effectively. Adjusting the aligner’s thickness
and trim line in various areas can reduce the need for
attachments and direct forces more apically, nearer to
the teeth‘s center of resistance. However, increasing
the aligner’s thickness might cause discomfort for the
patient and impact speech'. In Table 1, we summarized
the advantages and disadvantages of thermoformed and
directly printed aligners.
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Sifakakis2® uscaegBa u MexaHuuHume kavecmBa Ha
analHepu, uspabomeHu om noAuypemaH. TozaBa ce
HabalogaBam usMeHeHUs, MUNUUYHU 3a MexaHusMa Ha
omekomsiBaHe Ha noAuypemaxa. TepmonaacmuuHusm
noauypemaH BkalouBa gBydasHa mukpocmpykmypa om
mBbpgu u meku ceameHmu. PaszgpaHuuyaBaHemo Ha
dasume HacmwvnBa nopagu HecvBmecmumocm meXgy
mBbpgume u mekume ceameHmu. TBbpgume cezameH-
mu ce agpeaupam B 30HUMe, koumo ca pa3nonokeHue
nepneHgukyAsipHO Ha 2eHepupaHus cmpec. Om gpyea
cmpaHa mexaHuuyHume kauecmBa omcaabBam, acouu-
upauku ce c peaakcauusima Ha ocmambuHuUsi Cmpec,
2eHepupaH no Bpeme Ha uspabomBaHemo UM UAU Om
usamuuaHe Ha naacmugukamopu no Bpeme Ha UHmMpao-
panHomo Bb3geucmBue.

Opye acnekm Ha uscaegBaHusma Ha Sifakakis23
e buonozuyHama noHocumocm kbm Mamepuaaume
3a uspabomBaHe Ha analHepu. BadkHomo npu mesu
uscaegBaHus e, ue UHBuMpPoO cmapeewume anauHepu He
npegu3BukBam omaazaHe Ha ocmambuu om MOHOMEpU,
koemo ce ycmaHoBsBa caeg kpamkocpouHo nomansiHe
B8 pasamBopumen emaHoA-Boga uau uskycmBeHa caloH-
ka. Tesau mepMmonAaacmuyHu MamepuaAu npumexkaBam
gudpeHunHa cmpykmypa, kosmo npumexkaBa epekmuB-
Ha peakmuBHocm, kakmo u cmabuaHocm. Cbwo maka
om kalouoBo 3HaueHue e, ue caeg nomansHe 3a gBa
Meceua BbB ¢usuonozuueH pasmBop He ce npoBoku-
pam HUMOo ecmpozeHHuU edbekmu, HUMo uumokcuuHocm,
koemo npegnoaaza XumuuyHa cmabuAHOCM Ha mame-
puana. MapanenHo ¢ moBa obaue e BadkHo ga ce cno-
MeHe, ye cowecmByBa BeposmHocm om HemouyHocm
Ha mecmoBeme c nomansHe U Hemo4Ho ompa3ssBaHe
Ha ge2pagauuoHHuUs nomeHuuaA uHBuBo, 3awomo npu
me3u mecmoBe He ce 2eHepupa epo3us Oom pasAUYHU
eHaumu B caloHkama u abpasus 8 caegcmBue Ha gouBka-
meAHume gBurkeHus.

MpegumcmBa u Hegocmamobuu Ha mepmodop-
moBaHume u gupekmHo npuHmupaHume aaatiHepu

lpegumcmBa u Hegocmamvuu Ha mepmogpopmoBa-
HUmMe anauHepu

TexHoAO2UAMA Ha u3pabomka Ha mepmodopmoBa-
HUmMe anauHepu e no-AecHa u ymBopgeHa B cpaBHeHue
¢ gupekmHomo npuHmupaHe. Ta He u3uckBa zonsma
uHBecmuuus, mbl kamo npouecbm Ha BmopuuHa obpa-
bomka caeg usmezansHemo Ha asalHepume BkalouBa
eguHcmBeHo msxHomo u3ps3BaHe u 3a2nakgaHe. Om
gpyz2a cmpaHa obave ca HeobxoguMu 20AaM BpoU NPUH-
mupaHu mMmogeau, Bopxy Bceku, om koumo ce uspabomBa
omgeneH analHep, a me3u MogeAau kbM Hacmoswus
MOMEHM He nogaekam Ha peuukaupaHe.

TepmodopmoBaHume asauHepu ca ¢ no-manka gebe-
AuHa B cpaBHeHue ¢ gupekmHo npuHmupaHume, koemo
onpegeAs mexHume no-gobpu onmuuyHu kavecmBa -
no-2oAdMa npo3pavyHocm u no-gobpa ecmemuka. Om
gpy2a cmpaHa memnepamypama Ha HazpsBaHe okasBa
cobwecmBeHo BAausiHue Bobpxy gebeAauHama u mpaHcna-
peHmHocmma Ha anauHepa — HegocmambyHama mem-
nepamypa Bogu go Henpo3payHocm, a npekomepHama
makaBa — go uamvHaBaHe u ckbcBaHe Ha naakama.

TepmodopmoBaHume anauHepu ce u3pabomBam
Bopxy NpuHMuUpaHuU MOgeAu C noMowma Ha nhAac-
muduuupaHo ¢oauo, koemo cbwo He ce peuukaupa.
Mpouecom Ha omcmpaHsBaHe Ha 2omoBume analHe-
pu om mMogeaume e Bpemeembk, Heobxogumo e ga ce
uzpexkam usAuwbuume om $oAUO U ga ce 3a2Aagam
noBbpxHOCMumMme.

CowecmBeH Hegocmamvk Ha mepmodopmoBaHu-
me asauHepu e HekoHmpoAupyeMomo u3mbHsiBaHe Ha
anauHepa B onpegeneHu 30HU. To 3aBucu om nvpBoHa-
YaAHama no3uuus Ha 3vbume, kakmo u om HaAuvuemo
Ha NnogMoAUu — o0cobeHo npu npokAuHupaHu 3vbu BvB
¢dpoHma. HekoHmpoaupyemomo usamvHsBaHe Bogu go
HamansBaHe Ha ynpakHsBaHume cuau B masu obaacm
u Bogu go no-6aBHuU u no-mpygHO npegBugumu 3bb6HU
gBukeHus.

TepmodopmoBaHume analHepu ca ¢ no-manka gebe-
AUHaZ OM npuHmMupaHume aaauHepu, koemo 2u npaBu
no-kompopmHu 3a nauueHma u He um cb3gaBa zonemu
doHemuyHU npobAaemMu, HO nbk ca HEOBXOgUMU NO-20ASM
Bpou amauMbHMU 3a NOCMu2aHe Ha onpegeAneHU 3bbHU

gBuwkeHus, nopagu maxHama pegyuupaHa gebeAauHa
58,21

lpegumcmBa u Hegocmamvuu Ha guPEkmHO NPUH-
mupaHume anauHepu

B cpaBHeHue ¢ mepmodopmoBaHemo, gupekmHomo
NpuHMupaHe Ha anauHepu e no-4yBcmBumeneH Memog,
3awomo uma 3HaveHue kak ca naaHupaHu u npuHmu-
paHu aaauHepume, a BmopuuHama uM gonbAHUMEA-
Ha obpabomka e kalouoB ¢akmop 3a npugaBaHe Ha
Heobxogumume ¢u3uko-mexaHu4HU cBolcmBa. Bposam
Ha cmbnkume e pegyuupaH - caeg ekchopmupaHemo
om codmyepa, pairoBeme 3a anauHepume ce BoBexk-
gam gupekmHo B npuHmepa 6e3 Heobxogumocm om
npuHMupaHe Ha mogeAu. ToBa gaBa Bv3amoXkHocm 3a
no-6bp30 npou3BogcmBo Ha anauHepume, no-edpekmu-
BeH pabomeH npouec, HO U no-zoaaMa nbpBoHavasHa
uHBecmuuus B8 anapamypa.

3a pasauka om mepmodopmoBaHume npu u3pa-
6omBaHe Ha gupekmHO npuHmMupaHuU aAauHepu He ce
MuHaBa npe3 Bcuuku emanu 3a cv3gaBaHe Ha mMogeAu,
HazpaBaHe Ha naaku, BakyymHO uameansHe u u3ps3Ba-
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He, koemo cnecmsBa Bpeme, a npouegypama € no-Aec-
Ha u vucma.

CowecmBeHa poas 3a kauecmBama Ha analHepume
ugpae BmopuyHama um obpabomka caeg npuHmupa-
He. Ta ce cbcmou B u3amuBaHe Ha analuHepume UuAu
obpabomBaHe B ueHmpodyaa, omcmpaHaBaHe Ha nog-
nopume u yampaBuonemoBa noaumepusauus B azom-
Ha kamepa nog Haans2aHe. HenpaBuaHama BmopuuHa
obpabomka Moke ga goBege go komnpomemupaHe Ha
USINOCMHOMO A€UEHUE.

BakHo npegumcmBo Ha aaalHepume, uspabomeHu
no agumuBHa mexHoAO2USs, € Auncama Ha UHmezpupaHu
B8 anauHepa npaxoBu yacmuuu, koumo ce akymyaupam
npu opopMAHEMO U NOAUpPaHEMO Ha mepmodopmoBaHu-
me analHepu.

Cnopeg uacaegBaHemo Ha Panayi u koa.12.16.17 npun-
mupaHume anauHepu nacBam no-mouHo kbM 3bbHUME
noBbpxHocmu B cpaBHeHue ¢ gBe komepcuanHo pas-
npocmpaHeHu naaku 3a u3pabomBaHe Ha aalHepu.
M3BecmHo e, ue HemoyHocmma e mMoXke bu eguH om
Hal-2oneMume npobAemMu Ha aasaluHepume, 0CO6eHOo
npu 3vbu ¢ HenpaBuAHa dopma uAau MmukpogoHmus kamo

20pHU AamepaAnHU pe3uu — 3bbu, koumo obuuauHo u3o-
cmaBam B8 opmogoHmckomo npemecmBaHe ¢ analHepu,
koemo Bogu go He3agoBoAaumeAHU pe3yamamu.

OebenuHama Ha anauHepa moke ga bbge moguodu-
3upaHa - egHakBa gebeauHa no usaama noBbpxHocm
Ha anauHepa € om cbwecmBeHo 3HaueHue 3a kayecm-
Bama Ha anauHepa u He 3aBucu camo om Mamepuaaa,
om koUumo ca uspabomeHu 3a noBegeHuemo B ycmama.
ToHkume analHepu He pasnoAazam C gocmambyHa
ycmouuuBocm u CuAa, 3a ga npegu3Bukam 3vb6HU npe-
MecmBaHua. MoguduuupaHemo Ha gebeauHama Ha
anauHepa u AuHusma Ha u3pas3BaHe B pas3AuyHU 30HU
no3BonsBa HamaasaBaHemo Ha 6pos Ha amaumMbHmMume,
npemecmBaHe Ha 2eHepupaHume CUAU no-anukanHo, B
BbAU3OCM gO UeHMbpa Ha pe3ucmeHmHocm Ha 3bbu-
me. Om gpysa cmpaHa obaue no-zondaMama gebeAuHa
Ha anaUHepa MoXe ga cb3gage Ha hauueHma u3Bec-
meH guckomdbopm u HapywaBaHe Ha ¢oHemukamal4.
B mabauua 1 cme cuHmesupaAu npegumcmBama u
Hegocmambuume Ha mepmopopmoBaHume u gupekmHo
npuHmMupaHume aAauHepu.

Taba.1 lNpegumcmBama u Hegocmambvuume Ha MepMoPopmMoBaHUMe U NPUHMUPAHU arauHepu

HamaneHa HeobxoamMmocT oT
BbHLUHa 1abopaTopmA, KoeTo
YCKOpABa 1e4YeHneTo
Bb3MOXKHOCT 3a n3paboreaHe
Ha anarHepwu c pasanyHa
AebennHa B pasivyHM 30HM
HamaneHa HeobxoamMmocT oT
nocTaBAHE Ha MHOXECTBO
aTauYMbHTH

MNMo-ekonorunyeH npouec —
IMNca Ha NPUHTUPAHK
moaenu

Bupnose Anaiinepu IIpenumcrBa Hepocratbuu
TepmodopmoBanu | e [lo-necHa TexHoNOMMA HA e Tonsm 6poit NPUHTUPaHK
anaiinepu n3paboTBaHe, No-eBTUHA MOAeNnN, KOUTO He ce

TexHosnormA peumkampat
e [lo-100pu onTHYHM KayecTBa | ® HEKOHTpoAnpyemo
e lo-manka aebennHa U3TbHABAHE Ha analiHepa B
e o-ronama npeasuanMocT onpeaeneHn 30HK
e [IpomsHa B
TPaHCMIAPEHTHOCTTA IIPH
yBeIMYEHa TeMeneparypa Ha
TepMo(OpMOBaHe
e T'omsam Opoit aTaUMBHTH 32
MTOCTHTaHE Ha OIPe/ICNICHN
3B0HU IPEMECTBaHHUS
IIpuaTHpaHu e Penyuupan Opoii cTeIKH IpH | ® TexHoNOrMYHa
ajaiinepu n3paboTKaTa UM YYBCTBUTE/IHOCT HAa MeToAa

MNo-ronAma nbpBOHaYanHa
nHBECTULIMA

HeoGxoxumocT OT crienuaiHa
BTOpHUYHA 00paboTKa —
JOI'bJIHUTENIHA
MOJMMEPH3ALHA IPH
CHELHUAIHU yCIOBUsA
Ilo-BpemeemMbK nporiec
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EBonlouua Ha Mmamepuaaume u mexHoAo2uume 3a uspabomBaHe Ha
analHepu — MuUHaAo, Hacmosauwe u bbgeuwu nepcnekmuBu

Table.1 Advantages and disadvantages of thermoformed and printed aligners

Types of Aligners Advantages Disadvantages
Thermoformed e Easier and cheaper fabrication Great amount of printed
aligners e Better optical properties models, which aren’t recycled

e Lower thickness Uncontrolled aligner thinning
e Better predictability in certain zones
Change of transparency in
increase of temperature
during thermoforming
More attachements for certain
tooth movements
L]
Direct printed e Reduced steps in fabrication Technical sensibility of the
aligners e Reduced need of outsourcing, method
which increases the speed of Larger investment in
fabrication equipment
e Opportunity to fabricate e Need of post-processing in
aligners with different special conditions
thickness in different zones e Time consuming process
e Reduced need for multiple
attachments
e More ecological process — lack
of printed models
3AKAIOMEHUE npuHMupaHu aaalHepu. ToBa Bogu go gonbAHUMEA-

B nocaegHume 2oguHu cmpemeXkbm Ha nauu-
eHmume kbm HeBuguma opmogoHmcka kopekuus npo-
MEeHU 3HauumenHo obauka Ha kaacuueckama opmo-
goHmcka anapamypa. lNMocaegHume gBe gecemuaemus
¢dokycupam HayuHus Hanpegbk npegumHo B usyuaBaHe-
mo u paspabomBaHemo Ha Npo3payHu WUHU — aAau-
Hepu, koumo ga omzoBapsm Ha Bcuuku opmogoHmcku
uHgukauuu, BkalouumenHo u B AeueHuemo Ha mexkkume
opmogoHmcku gedopmauuu, usuckBawu opmozHamHo
XUPYP2UUHO AeuYeHue.

C HapacmBawume u3suckBaHus kbm asauHepume e
Heobxogumo ga ce uscaegBam akmuBHo mMexaHuuHUme,
XUMU4HUmMe u uumomokcuuHume kauecmBa Ha araluHe-
pume, a me om cBos cmpaHa onpegeAsm BuomMexaHuu-
Homo noBegeHue Ha mas3u anapamypa.

Bugbm Ha mamepuana u ycaoBusma Ha cpe-
gama Baussm Bbpxy mexaHuuHume kauecmBa Ha mep-
MonAacmuyHume mMamepuaau, koumo ce u3noa3Bam
3a uspabomBaHemo Ha analHepu. B Aumepamypama
uma peguua uscaegBaHus Ha MexaHuvyHume kauecm-
Ba Ha mepmonAacmuyHume MamepuaAu 3a asalHepu,
HO gaHHume 3a ¢usuko-mexaHuuHume cBoucmBa ca
mpygHo cbnocmaBumu, mvu kamo u3cAaegBaHusma ca
npaBeHu npu pasAuyHu ycAoBusi u ¢ pasauvHa anapa-
mypa. M3caegBaHusma no omHoweHue Ha gupekmHo
NpuHmMupaHume aAauHepu Bce owe ca HegocmambyHU.
He cowecmByBam u gocmambuHo gaHHU 3a cpaBHeHue
Ha MexaHuyHume kauyecmBa Ha mepmonaacmuuHu U

Ha Heobxogumocm om u3cAaegBaHus B obaacmma, 3a
ga moke gupekmHO npuHmupaHume anauHepu ga ce
ymBopgam He camo kamo aBaHzapgHa, HO u kamo
HagebkgHa u be3onacHa anmepHamuBa Ha mepmMbopmo-
BaHume anauHepu.

CONCLUSION

In recent years, the continuous pursuit of invisible
orthodontic correction has significantly changed the
face of traditional orthodontic appliances. The last two
decades have focused on scientific advances in the study
and manufacturing of invisible removable appliances—
aligners—that address all clinical indications, including
complex cases requiring orthognathic surgery. With
the increasing demands placed on aligners, it is
necessary to assess their mechanical, chemical, and
cytotoxic properties, as these define their clinical and
biomechanical behavior.

The type of material and environmental conditions
influence the mechanical properties of thermoplastic
materials used in aligner fabrication. Although
many studies focus on the mechanical properties
of thermoplastic materials, comparing their physical-
mechanical data is difficult due to different testing
conditions and equipment. Additionally, there is a lack
of research on directly printed aligners, and limited data
compare the mechanical properties of thermoplastic and
directly printed aligners.
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KpumuueH aHanu3d Ha memogume Demirjian u Willems 3a onpegeas
3vbHa Bo3pacm npu geua B bobanzapckama nonyAauus

KPUTUYEH AHAAS HA
METOAWTE DEMIRJIAN U
WILLEMS 3A OMNMPEAEAAHE HA
3bbHA Bb3PACT NP OELIA B
BbAIAPCKATA MNMOMYAALIUAA

KEMAA C.*, C. KPbCTEBA**

A CRITICAL ANALYSIS OF THE
DEMIRJIAN AND WILLEMS
METHODS FOR ESTIMATING
DENTAL AGE IN BULGARIAN
CHILDREN

KEMAL S., S. KRASTEVA

PE3IOME ABSTRACT

B bBvoazapua HAMa MHO20 u3cAegBaHus,
koumo ca cBvp3aHu c onpegendHe Ha 3bbHa
Bv3pacm (3B) npu geuama B 6vaz2apckama
nonyrauus. ToBa e om ocobeHo 3HaueHue 3a
pabomama Ha opmogoHma B kauHudyHama
npakmuka, c uea paHHa guagzHocmuka u neveHue.
Memogume 3a oueHka Ha 3b6Hama Bv3pacm Ha
uHguBuga ca ¢ Bucoka gocmoBepHocm u AecHa
npunokumocm B knuHuuHama npakmuka. Kamo
makuBa, mozam ga ce onpegeram memogume
Demirjian u Willems. U gBama memoga ca
no3Hamu, HO umam cBoume cuAHU u caabu
cmpaHu npu onpegendHe Ha 3b6Hama Bv3pacm.
MHo20 HayuHu u3cnegBaHus geMOHCmpupam
2onAamo cvBnageHue BbB Bpememo Ha nosABa
Ha cheuuduyHu Mopdoro2uuyHu uHgukamopu
Ha ckeanemHama Mamypauus, 6Geaexkewu
ny6epmemHOMO Havano U onpegeareHa cmeneH
Ha kanuudukauus Ha 3b6HUmMe 3apoguuwu.
ToBa gaBa BvamorkHOocm 3a 6bp3a npeueHka Ha
pacme)kHus nomeHuuaA Ha uHguBuga no 3vbHa
Bv3pacm, koamo ce oueHABa cpaBHumeAHO
AecHo. Llenma e ga ce u3Bvpwu oueHka Ha
gBama memoga (Demirjian u Willems), kamo
usnon3Bame pesynamamume om npoBegeHume
npoy4yBaHua Ha 25 6vazapcku geua om
712 2oguwHUu. B HayyHama Aumepamypa
pasaudHUmMe Memogu 3a onpegeAndAHe Ha
3v6Hama Bv3pacm ca pasgeneHu B gBe z2onemu
2pynu. NMopBama BkalouBa makuBa, nogxogawu
3a geua om pakgaHemo ¢go nybepmemHama
Bv3pacm, a Bmopama obeguHaBa memogu 3a
oueHka Ha 3v6Ha Bv3pacm 3a MaageXku om
ny6epmemHama Bv3pacm go kom 20 2oguwHa
Bv3pacm. Memogume (Demirjian u Willems)
ca nogxogawu u HageXkgHu 3a pasanexkgaHama
Bv3pacmoBa 2pyna B Hacmoawomo uscaegBaHe.

KalouoBu gymu: memogu 3a oueHka,
kpumuueH aHaau3, 3bbHa Bv3pacm, geua,
opmogoHmus, guazHocmuka.

There is a scarcity of studies dedicated to the
estimation of dental age (DA) among children in
the local population in Bulgaria. This topic holds
considerable importance for clinical orthodontic
practice, particularly with regard to early diagnosis
and effective treatment planning. Methods used to
assess dental age offer high reliability and practical
applicability in clinical settings. The Demirjian
and Willems methods are among the most widely
recognised and used for this purpose. While both
demonstrate significant utility, each presents
distinct strengths and limitations in the context
of dental age estimation. Numerous studies
indicate a strong temporal correlation between
specific morphological indicators of skeletal
maturity marking the onset of puberty and the
degree of tooth germ calcification. This correlation
facilitates a relatively straightforward estimation
of an individual’s growth potential based on
dental age. The aim of this study is to critically
evaluate and compare the Demirjian and Willems
methods using data obtained from 25 Bulgarian
children aged 7 to 12 years. In the literature, dental
age assessment methods are generally divided
into two categories: those suitable from birth to
puberty and those applicable from puberty up to
20 years of age. Both the Demirjian and Willems
methods are considered appropriate and reliable
for the age group examined in this study.

Keywords: assessment methods, critical
analysis, dental age, children, orthodontics,
diagnostics.

* O-p B8 kamegpa OpmogoxHmus, OOM - MaoBguB
** MoueHm B kamegpa OpmogoHmus, OOM - MaoBguB
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uYeH aHaAus Ha memogume Demirjian u Willems 3a onpegenaHe Ha
3bbHa Bob3pacm npu geua B boanzapckama nonyaauus

BbBEAEHUE

B BovAzapus HAma MHO20 nybaukauuu u uscaegBa-
Hus, koumo ga ca cBbp3aHu ¢ onpegensiHe Ha 3bbHa
Bvapacm (3B) npu geuama B 6vazapckama nonyaauus,
a moBa e om ocobeHo 3HauyeHue 3a pabomama Ha
opmogoHma B kauHuuHama npakmuka, ¢ uen paHHa
guazHocmuka u AeueHue Ha opmogoHmMcku npobaemu
npu geuama. Om 2negHa mouka Ha opmogoHmusma,
Hau nogxogswume memogu 3a oueHka U onpegeas-
He Ha 3bbHama Bb3pacm Ha uHguBuga ca Demirjian
u Willems. 1 gBama memoga ca no3Hamu, HO umam
cBoume CcCuAHU U cAabu cmpaHu npu onpegensiHe Ha
3bbHama Bvapacm. OnpegensHemo Ha 3B uma cBoemo
3HaueHue U npunoXkeHue 3a MHO20 HayuHU gUCUUNAUHU
kamo OpmogoHmus, CvgebHa [deHmanHa MeguuuHa,
Apxeonozus, [laneoHmonoz2us, [Hemcka [OeHmanHa
MeguuuHa u gp.5

Mo-npuHUUN € MHO20 MPYgHO ga ce onpegenu XpOoHO-
Ao2uyHama Bv3pacm Ha geuama. B pesyamam Ha moBa
Hau-gobpusim Memog e ga ce onpegeau Bv3pacmma Ha
3bbume, upea npocaegaBaHe Ha emanume Ha pasBu-
muemo um. MHokecmBo uykgecmpaHHu npoyuBaHus
gokasBam, yue memogbm Ha Demirjian e uskalouumenHo
MOYEeH U CUAHO kopeAaupaH C XpoHono2uuHama Bus-
pacm. Cmama ce, ye memogbm Ha Demirjian e npocm
u HageXkgeH, ¢ omauuHa BbanpousBogumocm. Bonpeku
moBa, eguH om Hegocmambuume Ha Memoga e, ye mou
ce pasauvaBa npu omgeaHume uHguBugu®.

Memogom Ha Willems e moguduuupaH memog Ha
Demirjian'2. Cnopeg Hakol om uscaegoBameaume mou
npeBv3xokga memoga Ha Demirjian 3a onpegensHe Ha
Bv3pacmma Ha gemckama nonyaauus. C uskaloueHue
Ha mpemus komHuk ce oueHsBa paz3Bumuemo Ha Bcuu-
kume cegem 3vba om AdBama cmpaHa Ha goAHama
uenlocm. Memogom Ha Willems u3noa3Ba naHopamHu
paguozgpaduu uau nepuanukanHa peHmzeHoBa cHumka
3a oueHka Ha emanume Ha MuHepaau3auusi Ha onpe-
geneHU 3bbu - goAHUme AeBu NOoCMOsHHU 3bbu Ha
gonHama uealocm. Mo npuHuun memogume Demirjian u
Willems HsaMam cbwecmBeHu pasAuyusi, HO N0 Memo-
ga Demirjian ce onpegeanam mamypauuoHHuU mouku 3a
Bceku cmagull Ha MuHepaAu3auusi Ha NOCMOSIHHUME
3bbu om goAHus AAB8 kBagpaHm 3a momMuema u Momuye-
ma. C6opbm om MamypauuoHHUmMe mouku Ha cegemme
AeBu, gonaHouenlocmHu 3bba ce npeBpbwam B 3vbHa
Bv3pacm Ha uscAaegBaHomo Auue omHoBo ¢ nomowma
Ha mabauuu. Willems npepabomBa u ocvBpemeHsBa
memoga Ha Demirjian, kamo oueHkama Ha cmeneHma
Ha MUHepaAu3auus Ha 3bbHume 3apoguwu ce 3anasBa
B8 cowume ocem cmagus (A-H) u npu cowume Kkpu-
mepuu 3a Bceku cmagul, Ho Bcaka ¢asa Ha 3bBHOMO
pa3Bumue kopecnoHgupa ¢ Bv3pacmoBu mouku, npeg-
cmaBaaBawu yacmu om 3vbbHa Bb3pacm, omgeAHo 3a
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INTRODUCTION

There are few publications and studies in Bulgaria
concerning the estimation of dental age (DA) in children
within the Bulgarian population. However, this gap
is of particular significance in orthodontic practice,
as accurate dental age assessment underpins early
diagnosis and effective orthodontic intervention. From
an orthodontic perspective, the Demirjian and Willems
methods are considered among the most suitable for
evaluating and determining dental age. Both methods are
internationally recognised, yet each possesses distinct
advantages and disadvantages when applied to dental
age estimation. Dental age estimation holds relevance
not only in orthodontics but also across various scientific
disciplines, including forensic odontology, archaeology,
palaeontology, and paediatric dentistry5.

Determining chronological age in children can be
particularly challenging due to individual variations in
development. Therefore, assessing dental age based
on tooth development stages has proven to be a more
reliable and practical alternative. Numerous international
studies support the accuracy of the Demirjian method,
highlighting its strong correlation with chronological age.
It is recognised as a simple and reliable technique,
with high reproducibility and diagnostic consistency.
Nonetheless, one limitation is its variability among
individuals®.

The Willems method represents a modified version
of the Demirjian method'2. Some researchers consider
it more effective for application in paediatric populations.
Excluding third molars, it assesses the development
of seven left mandibular permanent teeth. It relies
on panoramic or periapical radiographs to evaluate
mineralisation stages, specifically in the left mandibular
quadrant. While both methods share a foundational
structure, the Demirjian method assigns maturity
scores to each mineralisation stage. These scores are
subsequently summed and converted into dental age
using standardised tables differentiated by sexWillems
refined and updated this system, retaining the same
eight developmental stages (A-H), but applying age-
specific point values that correspond directly to dental
age, again stratified by sex. 1

AIM: To conduct a comparative analysis of the
Demirjian and Willems methods for estimating dental
age in children.

MATERIALS AND METHODS: A systematic review
of scientific literature relevant to dental age estimation
methods was conducted. The study period covered 24
months (April 2024 — April 2025). Literature sources
were identified through electronic databases, including




KpumuueH aHanu3d Ha memogume Demirjian u Willems 3a onpegeasHe
3vbHa Bo3pacm npu geua B bobanzapckama nonyAauus

MomMmuuema u Momyema. C6opbm om moukume gupekm-
HO pe3yamupa B 3vbHa Bbapacm’.

LEA: [da ce HanpaBu cpaBHumeAeH aHaAu3 Ha
mMemogume Demirjian u Willems 3a onpegeasHe Ha 3bb-
Hama Bv3pacm npu geua.

MATEPUAAU N METOAWN: bewe u3BopweH cucme-
MamuuyeH npeaneg Ha HayyHama Aumepamypa, kosmo
uMawe omHoweHue kbm mMemogume 3a oueHka Ha
3bbHa Bb3apacm. WacaegBaHemo  bewe oz2paHuve-
HO B pamkume Ha 24 meceua (04.2024 2. - 04.
2025 2). AumepamypHume usamouHuuu bsaxa usBegeHu
upes enekmpoHHU 6a3u gaHHu, BkalouumeaHo PubMed,
Google Scholar u Web of Science. Bcuuku gokaaguy,
npeaaegu, pempocnekmuBHu u npocnekmuBHuU npoyu-
BaHus no memama ca npeaaegaHu 6e3 uskaloueHue.
KalouoBu gymu, usnoa3BaHu 3a mopceHe B naumepamyp-
Hama 6asa gaHHU, baxa ,Memogu 3a oueHka“, ,3bbHa
Bv3pacm”, ,opmogoHmus“ UAUu ,kAuHuuHa ougeHka“,
-Mmemog Demirjian“ uau ,memog Willems*.

SAOAUN:

1. [a ce cenekmupam u aHaAusupam Hay4Hu ny6-
Aukauuu, kacaewu npoyuBaHus Bopxy:

- Memogu 3a oueHka Ha XpOHOAO2UYHA 3bbHa
Bv3pacm;

- OnpegensHe Ha 3vbbHama Bv3pacm Ha geua, C
UeA npegnpuemMaHe Ha opmogoHMCcko AeueHue;

2. CucmemamusupaHe U aHaAusupaHe Ha npegu-
McmBama u Hegocmambuume Ha memogume Demirjian
u Willems 3a onpegensiHe Ha 3bbHa Bvb3pacm npu GoA-
2apckume geua.

CTPATEINA 3A TbPCEHE:

TopceHemo Ha HayuHu nybaukauuu bewe usBopuie-
Ho B gokazaHu u3uepnameAHU U MOYHU HayyHU Megu-
uuHcku 6a3u gaHHu, (Medline, Web of Science, PubMed,
CochranelLibrary), 8 eaekmpoHHU HayuyHu 6ubAuome-
ku (enekmpoHHa 6ubauomeka Amedeo, CyberlLeninka,
yebcalmoBe Ha nepuoguyHu MeguuuHcku usgaHus) u
enekmpoHHU gucepmauuoHHu 6ubauomeku (dissercat.
com, medical-diss.com u gp.).

Omkpumu ca Hag 350 AumepamypHU U3MOYHUUU.
Cneg aBmomamuuHo movpceHe u uskalouBaHe Ha gyb-
AUpawu ce nybaukauuu usBobpwuxme pbuHO npecsaBaHe
Ha nybaukauuu, koemo Hu no3BoAau ga ugeHmuduuu-
pame 18 aumepamypHu uamouHuka, BkaloueHu 8 mo3au
npeaneg.

Pesyamamu u o6cvXkgaHe:
MNMpu npeanega Ha Aumepamypama no mema-
ma uma gocmambuHO cmamuu, koumo pasaaexkgam

PubMed, Google Scholar, and Web of Science. All
available articles — including reviews, retrospective and
prospective studies — were examined without exclusion.

The search employed the following key terms:
“assessment methods”, “dental age”, “orthodontics”,
“clinical evaluation”, “Demirjian method”, and “Willems
method”.

TASKS:

1. To identify and critically analyse scientific
publications concerning;

- Methods for assessing chronological dental age;

- Determining the dental age of children for the
purpose of initiating orthodontic treatment.

2. To systematise and evaluate the advantages and
limitations of the Demirjian and Willems methods for
dental age estimation in Bulgarian children.

SEARCH STRATEGY:

Scientific publications were retrieved from reputable
and comprehensive biomedical databases, including
Medline, Web of Science, PubMed, and the Cochrane
Library. Additional sources included online academic
libraries (e.g. Amedeo Library, CyberLeninka), medical
journal websites, and electronic thesis repositories (e.g.
dissercat.com, medical-diss.com).

More than 350 literature sources were initially
identified. After automatic filtering and the removal of
duplicates, a manual screening was performed, resulting
in the selection of 18 key sources included in this review.

RESULTS AND DISCUSSION:

A review of the existing literature revealed
a substantial number of studies examining the use
of the Demirjian and Willems methods for dental
age estimation in children. Most of these studies
emphasise the difficulty of determining chronological
age with high accuracy in the paediatric population.
In contrast, dental age estimation—through analysis of
the stages of tooth development—has proven to be a
more practical and reliable alternative. The Demirjian
method is particularly noted for its accuracy and strong
correlation with chronological age. It is considered
simple and dependable, with excellent reproducibility
and consistency. However, one of its drawbacks is that it
can yield variable results across individuals, particularly
when applied to diverse populations®. Yunus et al.
applied the Demirjian method to panoramic radiographs
of children aged 4 to 9 years. Their findings indicated
that the method was more predictive of dental age than
chronological age in that age group 6.

In the Demirjian method, the mineralisation of seven
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uYeH aHaAus Ha memogume Demirjian u Willems 3a onpegenaHe Ha
3bbHa Bob3pacm npu geua B boanzapckama nonyaauus

pesyamamume nocmugHamu npu oueHka Ha 3bbHa
Bv3pacm Ha geua no memogume Demirjian u Willems.
Bcuuku uscnegBaHus nokasBam , ue e MHO20 mMpPygHO
ga ce onpegeAu xpoHoAnozuuyHama Bvb3pacm Ha geua-
ma. B peayamam Ha moBa Hau-gobpusm memog e ga
ce onpegeAau 3vbHama Bvb3pacm upe3 npochegsBaHe
Ha emanume Ha pa3Bumue Ha 3vbume. Memogom
Ha HOemupgkusH ce omkposiBa, kamo uskalouumenHo
MOuYeH U CUAHO kopeAaupa c xpoHono2udHama Bvapacm.
Cmama ce, ue memogom Ha Demirjian e HageXgeH, ¢
omauyHa Bv3npousBogumocm. Bonpeku moBa, eguH om
Hegocmambuume Ha Memoga e, Ye mou ce pasauyaBa
npu pasAaudHume uHguBugu®. Yunus et al. usnoasBa
mMemoga Ha Demirjian 3a u3uucndaBaHe Ha naHopamHu
paguozpadcku npobu om geua Ha Bv3pacm om 4 go
9 2oguHu. Cnopeg pe3yamamume om nhpoyuBaHemo,
mo3u Memog € no-npegckasyem 3a 3vbHama Bv3pacm,
omkonkomo 3a xpoHoAo2uuHama Bbv3pacm®.

Memogbm Ha Demirjian u3scaegBa muHepaausauus
Ha cegeM NOCMOsHHU 3bba om AgBama cmpaHa Ha
gonHama uenlocm. KaauupaHemo Ha 3vbume e pas-
geneHo Ha ocem emana, Bceku ¢ pasauueH pesyamam
3a momMuema u mMomuuyema. Bonpeku ue moBa e gobpe
no3Hama mexHuka, ms e no-manko AecHa 3a ynompeba,
mblu kamo memogom omHema MHo20 Bpeme u u3uckBa
cnpaBka ¢ 2oAam 6pou mabauuus.

Memogbm Ha Demirjian, wupoko npuaHam u U3NOA3-
BaH, pasuuma Ha 3agbAboueHo uscnaegBaHe Ha ema-
nume Ha 3bbHOmMO pa3Bumue. Memogom Ha Wkega
nocmaBs akueHm Bopxy MOgeAume Ha MUHepaAu3auus
Ha 3bbume, npegaazauku UEHHU NPO3PEHUSs 3a onpege-
AfIHE Ha XpoHono2uvHama Bb3pacm. Mo nogobeH HauuH,
mMemogbm Ha ycmadcoH ce koHueHmpupa Bbpxy 3b6-
HOmoO u3HocBaHe U obpasyBaHemo Ha BmopuueH geH-
muH, npegocmaBsuku gonbAHUMEAHa 2AaegHa mouka.
Memogbm Ha Kamepuep BHumamenHo u3caegBa kope-
Hume u BopxoBeme Ha 3vbume, kamo NO MO3u HauuH
noBuwaBa mouyHocmma Ha oueHkama Ha Bv3pacmma.
Memogbm Ha Yuasmc, memogbm Ha Hoaa, memogom
Ha [OpycuHu u memogbm Ha XaaBuko BvBekgam cne-
uuaAusupaHu mexHuku u kpumepuu, obozamsaBauku
pecypcume gocmbnHU 3a geHmaAHuUme cheuuaAucmu,
3aHumaBawu ce ¢ oueHka Ha Bv3pacmma. (De Donno
et al., 2021)10,

TexHukama Ha g-p AnekcaHgpa Oemupg)kusiH yecmo
ce npunaza B cbgebHama cmomamonozus U 3a onpege-
AsiHE Ha geHmanHama Bb3pacm Ha geme UAU loHowa.
(Mohamed et al.,, 2023)'6. Tosu nogxog oueHsBa
pa3Bumuemo Ha ueHmMpaAHUMe pe3uu, cmpaHu4YyHuUme
pe3uu, kyuewkume 3v6u, nbpBume npemonapu, Bmopu-
me npemonapu, nbpBume MoAapu u Bmopume moAapu.
OcBeH moBa, kakmo Beue ce cnomeHa cucmemama 3a
oueHsBaHe no mo3u memog Bapupa mexkgy momuemama
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left mandibular permanent teeth is assessed. Each tooth
is classified into one of eight developmental stages, with
separate scoring systems for boys and girls. Despite its
widespread use, the method can be time-consuming and
requires frequent reference to complex tables, which
may reduce its ease of application in clinical settings?®.

The Demirjian method, widely recognised and
applied, is based on a detailed examination of tooth
development stages. The lkeda method focuses on tooth
mineralisation patterns, offering valuable insight into
chronological age estimation. Similarly, the Gustafson
method concentrates on tooth wear and secondary
dentine formation, providing an alternative perspective
for age assessment. The Cameriere method carefully
examines root development and apical closure, thereby
improving the accuracy of age estimation. The Willems,
Nolla, Drusini, and Haavikko methods — introduce
specialised criteria and techniques, enriching the set of
tools available to dental professionals engaged in age
estimation. (De Donno et al., 2021)10,

Dr Alexandra Demirjian’s technique is frequently
used in forensic dentistry to determine the dental age
of children and adolescents. (Mohamed et al.,2023)16.
This approach assesses the development of the central
and lateral incisors, canines, first and second premolars,
and first and second molars. As mentioned earlier, the
assessment system varies by sex. (Kurniawan et al.,
2022)5, The stages of tooth formation according to
Demirjian are as follows:

Stage A: Initial mineralisation at the occlusal point
(cusp tips), with no fusion of other parts,

Stage B: Fusion of calcified points forms one or
several cusps which unite to give a regularly outlined
occlusal surface,

Stage C: Crown mineralisation is complete, and
dentine deposition has begun,

Stage D: Crown formation is complete

Stage E: Root length is shorter than crown height,

Stage F: Root length is greater than crown height,

Stage G: Root formation is complete, but the apical
foramen remains open (partially),

Stage H: The apical foramen of the root is completely
closed.

These stages serve as chronological markers of
dental development.

Notably, differences in dental maturity between males
and females typically become evident from around five
years of age. Each mineralisation stage is assigned a
numerical score that represents an approximate degree
of dental maturity on a percentile scale ranging from 0
to 100 (Fatma et al., 2017)''. The cumulative maturity
score (S) derived from all assessed teeth can be directly
translated into dental age using standardised conversion
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u momuuemama. (Kurniawan et al., 2022)15.  Emanume
Ha ¢popmupaHe Ha 3vbume cnopeg Demirjian ca caeg-
Hume:

Eman A: MuHepaauzauus Ha okay3anHama mouka,
6e3 cauBaHe Ha gpyau vacmu,

Eman B: CAauBaHemo Ha moukama Ha MuHepaAusa-
uusi, kogemo okayszanHama noBbpxHOoCcm e ouepmana
3bbume, Beue ce Buxkga,

Eman C: MuHepanusauus Ha 3bbHama kopoHka e
3aBvpweHa u 3anouBa pasnpegeAeHUEMO Ha geHMUHa,

Eman D: QopmupaHemo Ha koporHkama e 3aBvpuwe-
HoO,

Eman E: OoakuHama Ha kopeHa Ha 3bbume e no-
kvbca om BucouuHama Ha kopoHkama,

Eman F: OoakuHama Ha kopeHa Ha 3bbume HagBu-
waBa BucoyuHama Ha kopoHkama,

Eman G: QopmupaHemo Ha kopeHa e 3aBbpweHo, HO
anukanHusm ¢opameH e Bce owe omBopeH,

Eman H: AnukanHuasm omBop e 3amBopeH.

Emanume cay>kam kamo mapkepu 3a 3b6HOmMO pas-
Bumue Ha Bceku 3v6. ObukHOBeHO pasaukume B 3b6-
Hama 3psaocm meXgy mbkeme u >keHume He cmaBam
oueBugHu go okono 5-zoguwHa Bv3pacm. Bceku eman
Ha MuHepaaAu3auus noayyaBa uucnoBa oueHka, npeg-
Aaz2awa npubAusumenHa oueHka Ha 3bbHama 3pasrocm
no npoueHmHa ckaaa, Bapupawa om 0 go 100 (Fatma
et al., 2017)11. Tesu oueHku 3a 3panocm (S) 3a Bcuuku
3bbu ce cymupam u kymyaamuBHusm pesyamam 3a 3ps-
aocm mMoke ga bvge gupekmHo npeBegeH B 3vbHa Bbs-
pacm c noMowma Ha cmaHgapmusupaHa mabAuua uAu
anmepHamuBHo mMmoxke ga 6vge BoBegeH B pegpecuoHHU
dopmyAu.

CowecmByBam omgeaHu ¢opmyAu 3a Momuyema
u momuema. 3a Auua om >keHcku non ¢dopmynama e
cAegHama:

Boapacm = (0.0000615 x S3) — (0.0106 x S2) +
(0.6997 x S) — 9.3178

Mpu Auuama om Mwvkku noA popmyaama e:

Bo3spacm = (0.000055 x S3) - (0.0095 x S2) +
(0.6479 x S) — 8.4583

OgzpaHuueHus Ha memoga Ha Demirjian 3a oueHka Ha
3bbHama Bbapacm (Chinna & Chinna, 2019)8.

1. Memogbm Ha Demirjian pa3yuma Ha opmonaHmo-
Mozpamu, koumo ca mpygHu 3a noAayuyaBaHe npu manku
geua nopagu mexHuyecku oO2paHuyeHus U emuuyHu
cvobparkeHus.

2. Tol kamo masu mexHuka usuckBa egHoBpemeHHa
oueHka Ha cegem AeBu goaHoueAlocmHU 3bba, ma He
MoXe ga ce u3non3Ba npu geua ¢ XunogoHmus.

3. Tosu nogxog moke ga He ycnee ga nokaxke azeHe-
3us Ha 3vbume, cbwecmBeHo 3abaBaHe B pacmexka Ha
3vbume (c uskaloueHue Ha mpemu MoAapu), U HaAuvue

tables or applied to regression formulae.

The following sex-specific formulas are used to
calculate estimated dental age based on cumulative
maturity scores. For individuals of the female sex, the
formula is:

AGE = (0.0000615 x S3) — (0.0106 x S2) + (0.6997
x 8) — 9.3178

For individuals of the male sex, the formula is:

Age = (0.000055 x S3) — (0.0095 x S2) + (0.6479 x
S) — 8.4583
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Que. 1: Emanu Ha pa3Bumue Ha 3v6ume no Demirjian 3a ouenka Ha
3vbHama Bv3pacm
Fig. 1: Demirjian stages of tooth development for estimating dental age

Que. 2: NaHopamHa peHmzeHozpagus, nokasBawa ouerHka Ha 3b6Ha-
ma Bv3pacm npu oueHka Ha Bb3pacmma no memoga Ha Demirjian

Fig. 2: Panoramic radiograph showing dental age assessment using the
Demirjian method

Limitations of the Demirjian Method for Dental Age
Estimation (Chinna & Chinna, 2019)8.

1. The method relies on orthopantomograms, which
may be challenging to obtain in younger children due to
technical constraints and ethical considerations.

2. As it requires the simultaneous assessment of
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Ha cucmemMHu 3aboasaBaHus, kakmo u pasAauvHu emanu
Ha pa3Bumue Ha 3bbume.

4. OnpegeAndHemo Ha emana Ha pa3Bumue Ha 3bbu-
me moXe ga npegcmaBasBa mpygHocm, mvl kamo
BkalouBa cybekmuBHa npeueHrka, koemo npaBu usbopa
Ha eman Ha pa3Bumue goHskbge gBycMucAeH.

Willems paspabomBa aganmauus Ha Memoga Ha
Demirjian, kamo ycvBbpweHcmBa cucmemama 3a oue-
HABaHe, cAaeg kamo 3abens3Ba 3HauumenHu 2peulku.
Bceku eman Ha pa3Bumue Ha 3vba ce oueHsBa Bb3
ocHoBa Ha cneuuduuHa 3a nona pedpepeHmHa mabauua
U pesyamamume 3a CegeM onpegeneHu 3vba ce azpe-
2upam. To3u kymynamuBeH pe3yamam cvomBemcmBa
gupekmHo Ha 3vbHa Bb3pacm (due. 3) (Kog et al.,
2021)'4. Tosu nogxog ynecHsaBa usAaocmHa oueHka Ha
geHmaAHama 3psaocm, u3noA3Bauku cneuuduuHu 3a
noAa kpumepuu 3a mOYHO onpegeAsHe Ha emanume Ha
pa3Bumue u ocuzypsBaHe Ha gupekmHa oueHka Ha geH-
manHama Bv3pacm Bv3 ocHoBa Ha peHmzeHozpadcku
Haxogku. OBwupHa oueHka cpeg pasAuUYHU nhonyAa-
uuu e nokasana npeBb3xogHama mOYHOCM Ha mMO3u
mMoguduuupaH memog B cpaBHeHue C Opuz2uHaAHUSsl Ha
Demirjian. (Rath et al., 2017)17.

MocaegHume npoyuBaHus nocaegoBameaHo nokas-
Bam, ue memogom Ha Willems npeBv3xokga koHBeH-
UUOHAAHUSI NOgX0Qg, C He3HauyumeAHu HagueHku om 0,0
20gUHU npu Auua om MuvXku noa u 0,2 20guHU npu Auua
om >keHcku noA. Tasu nogobpeHa mexHuka 6eaexku
3HauyumeAeH Hanpegok B8 mMemogonozusma 3a oueHnka
Ha Bb3pacmma, npegaazaliku no-zonama npeuusHocm B
pasauuHu gemozpadcku epynu (Cherian et al., 2020)7.

Taba. 1. [pegumecmBa u Hegocmambvuu Ha 4Yacm om Memogume 3a
oueHka Ha 3vbHa Bb3pacm

Meton IIpequmcTBa Henpocrarbun
1.MeTon Ha = [lIupoko U3MOI3BAH H = (CybekTuBHa
Demirjian: BaJIUJAMPaAH B PA3TUIHA WHTEPIIpETANns Ha
HOTTyJTallH. €TanuTe, BOAEIA 10

=  OcwurypsBa noapoOHa
CHCTEMa 3a eTaIu, MPOMEHINBOCT MEXLY
GazupaHa Ha Pa3BUTHETO HaOIIoaTeNHTe.
Ha MHOJKECTBO 3b0H. = OrpaHudeHa

= Moske na ce mpuiara 3a HPUIOKHMOCT 32
HaHOPAMHH WX OIpeIelIeHH Bb3PACTOBH

TIOTCHI[MAJTHA

HHTPAOPATHU IPYIH ¥ €THUYECKH
peHTreHorpauu. rpynu.
2. MeTtoa Ha = Bb3 0CHOBA Ha T'OJISIM =  Mose Ja JIMICBa
Willems: pa3Mep Ha M3BaJKaTa U nmoJipoOHara OleHKa,
pasHooOpasHa MIPEI0CTaBeHa OT MeTo/1a
nonynanus.Ocurypsisa Ha JleMupKHaH.
OIIPOCTEHA CHCTEMa 3a = Bce ome noaiexu Ha

OLICHSABAHE C I10-MaJIKO
€Tany B CPaBHEHHE C
MeToa Ha JleMupkua.

= Moxe J1a ce mpuiara 3a
[TAHOPaMHHU
peHTreHorpagum.

= MeroasT Ha Willems e
0-JIECHO MPHJIOKUM B
CpaBHEHHE C METO/1a Ha
Demirjian.

H3BECTHA CTEICH Ha
MIPOMEHIINBOCT MEXITY
Habro1aTeNuTe.

OPTOAOHTCKUM NpEeranea
TOM 27 /2025, KkH1>KKaA 1

seven mandibular teeth, the method is not suitable for
cases involving hypodontia.

3. It may not adequately reflect developmental
anomalies, such as tooth agenesis, significant delays
in tooth formation (excluding third molars), or systemic
disorders affecting growth.

4. Stage determination involves a degree of
subjectivity, increasing the risk of inconsistent or
ambiguous classification between observers.

Willems developed an adaptation of the Demirjian
method, refining the scoring system after identifying
notable inaccuracies. Each tooth development stage is
assessed based on a sex-specific reference table, and
the results for the seven designated teeth are aggregated.
The resulting cumulative score directly corresponds to a
dental age value (see Figure. 3) (Kog et al., 2021) 14,
This approach facilitates a comprehensive evaluation of
dental maturity using sex-specific criteria for accurate
stage determination and direct estimation of dental age
based on radiographic findings.

Broad population-based evaluations have
demonstrated the superior accuracy of this modified
method compared to the original Demirjian technique.
(Rath et al., 2017)17.

Qua. 3: Emanu Ha paszBumue Ha Bceku 306 cnopeg Mmemoga Ha Willems
Fig. 3: Stages of development of each tooth according to the Willems
method

Recent studies consistently demonstrate that the
Willems method surpasses the conventional Demirjian
approach in accuracy, with only minimal overestimations:
0.0 years for males and 0.2 years for females. This
improved technique marks a significant advancement in
age estimation methodology, offering greater accuracy
across various demographic groups (Cherian et al.,
2020)7.
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Memogbm Ha Demirjian € usnon3BaH 3a onpegensHe
Ha 3bbHama Bv3pacm Ha obwo 485 omaHcku geua Ha
Bv3pacm om 4 go 16 zoguHu. To3u memog, koumo e
MHO20 npuAokUM npu onpegeasHe Ha Bb3pacmma Ha
geuama B mo3u Bv3pacmoB guana3oH, noka3Ba cuaHa
kopenauus meXkgy XpoHoao2uuHama Bvb3pacm u 3bbHa-
ma Bb3pacm u npu gBama nonaZ2.

B gpy2o npoyuBaHe, npoBegeHo om Al-Tuwirgi et
al., pasaBumuemo Ha 3vbume npu geua om Caygumcka
Apabus e cpaBHeHo ¢ geua om ABcmpaaus, cbnhocma-
BeHu no Bb3pacm u non. B moBa uscnegBaHe kakmo
aBcmpanutckume, maka u caygumckume geua ca
umaAnu no-Bucoka Bb3pacm Ha 3vbume B cpaBHeHue ¢
msaxHama kaneHgapHa Bb3pacm.

Hau-2onsmomo HecvomBemcmBue meXkgy XpOHO-
AO2UYHA U 3bbHama Bwv3pacm ce HabalogaBa npu
11-12-2oguwHume momuuyema om Caygumcka Apabus,
gokamo Hau-mankama pasauka e omkpuma npu
11-12-2oguwHume aBcmpaauticku momuemas.

3a ga ce oueHu npuAaokumocmma Ha Memogume Ha
Demirjian u Willems npu onpegensHe Ha 3vbHama Bu3-
pacm cpeg geuama B 6uBwa lOzocnaaBcka Penybauka
MakegoHus, 6saxa aHaAusupaHu naHoOpamMHU peHmae-
Hozpaduu Ha 966 geua. Mpu uscnregBaHe Ha 3bbHA
Bb3pacm Ha naHopamMHu peHmzeHoBu cHumku Ha 966
geua Ha Bbapacm mexXkgy 6 u 13 2oguHu e ycmaHoBeHo,
ye memogom Ha Willems gaBa no-mouHu peayamamu B
cpaBHeHue ¢ Mmemoga Ha Demirjian4.

Mpu uscnegBaHe Ha kocoBcku geua Jeta Kelmendi
et al. (2018)- 3aaBsB8am ue, memoga Ha Willems e Hau-
moueH 3a onpegeasHemo Ha 3bbHama Bv3apacm B cay-
vau, ye Bcuuku cegem maHgubyAapHu 3vba ca HaAuu-
HU 3a aHaau3. ToBa 3akaloueHue e HanpaBeHO caeg
npoBegeHo u3cnegBaHe 3a cpaBHeHue Ha memogume
Ha Demirjian (1973), Chaillet (2005), Willems (2001),
(Dem76PM1), Demirjian (76IN2).13

MN3Bogume om uscaegBaHemo Ha MiauaHa AmaHacoBa
ca, ue memogbm Ha Willems 3a oueHka Ha 3bbHa Bb3-
pacm npu 6vazapcku geua B cmececeHO U NOCMOSHHO
Ccb3bbue Ha Bvbapacm 7-16 2oguHU MoXke ga ce npueme
3a moyeH u HagekgeH mMemog, mbu kamo He nokasa
pa3auka ¢ geucmBumenHama Bv3pacm ¢ noBeue om 12
Meceua HUMO Npu MOMYema, HUMO Npu Momuyema, BbB
Bcuuku BbapacmoBu 2pynu, a memogbm Ha Demirjian
(1973) 3a oueHka Ha 3vbbHa Bv3pacm npu Hvoazapcku
geua B cmececeHO U NOCMOSAHHO Cb3bbue Ha Bvbapacm
7-16 2oguHU He MOXke ga ce npueme 3a MoueH u HagexX-
geH memog, mbu kamo nokasa 3HauumeAHa pasauka
¢ getcmBumenHama Bb3pacm c¢ Hag 12 meceua npu
noBeuemo Bb3pacmoBu 2pynu u npu gBama noaa’.

3a ueanume Ha Hacmoswama cmamusi npoBegoxme
pempocnekmuBHo npoyuBaHe Ha 25 geua (Momuyema
u momuyema) Ha Bb3pacm 7-12 2oguHu. B uscaegBaHe-

Table 1. Advantages and disadvantages of selected methods for dental
age estimation

Method Advantages Disadvantages

1. Demirjian = Widely used and validated = Subjective

method: across different interpretation of stages
populations. may lead to inter-
= Provides a detailed stage observer variability.
system based on the = Limited applicability
development of multiple for certain age and
teeth. ethnic groups.

= Applicable to panoramic
or intraoral radiographs.

2. = Based on a large sample = May lack the detailed

Willems size and a diverse assessment provided
method: population, it offers a by the Demirjian
simplified scoring system method.
with fewer stages than = Still subject to some
Demirjian. degree of observer
= Applicable to panoramic variability.

radiographs.
= Easier to apply compared
to Demirjian.

The Demirjian method was used to determine the
dental age of a total of 485 Omani children aged 4 to
16 years. This method, which is highly applicable for age
estimation in children within this age range, and showed
a strong correlation between chronological and dental
age in both sexes2.

In a comparative study by Al-Tuwirgi et al., dental
development in Saudi children was assessed against
age- and sex-matched Australian peers. Findings showed
that both groups exhibited advanced dental age relative
to their chronological age.

The greatest disparity between dental and
chronological age was observed in 11-12-year-old
Saudi girls, while the smallest difference was found in
11-12-year-old Australian boys3.

To evaluate the applicability of the Demirjian and
Willems methods for dental age estimation in children in
the former Yugoslav Republic of Macedonia, panoramic
radiographs of 966 children aged 6 to 13 were analysed.
The study found that the Willems method provided more
accurate results compared to the Demirjian method4.

In a study of Kosovar children, Jeta Kelmendi et
al. (2018) stated that the Willems method was most
accurate for determining dental age, provided that all
seven mandibular teeth were present for analysis. This
conclusion was reached after comparing the methods
of Demirjian (1973), Chaillet (2005),Willems (2001),
(Dem76PM1), Demirjian (76IN2)3,

According to the findings of lliana Atanasova, the
Willems method for assessing dental age in Bulgarian
children with mixed and permanent dentition aged 7 to
16 years can be considered accurate and reliable, as it
did not show a deviation of more than 12 months from
the actual age for either sex in any age group.

In contrast, the Demirjian method (1973) for assessing
dental age in Bulgarian children within the same
dentition range and age group cannot be considered

OpPTOAOHTCKUN Mpe
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pumuueH aHaAnus Ha memogume Demirjian u Willems 3a onpegenaHe Ha
3bbHa Bob3pacm npu geua B boanzapckama nonyaauus

MO € OUEHEeHa XPOHOAO2UYHAMA U 3bbHa Bb3pacm Ha
pecnoHgeHmume no gBama aHaAu3upaHu memoga 3a
oueHka. B3emo e uHpopmMupaHO cbz2Aaacue om pogu-
meaume 3a BkalouBaHemo Ha geuama B Hacmoswomo
uscnegBane.

Que. 4. XpoHorozuuHa Bvbapacm: 9 2. 11 M. — Momue (MoXkku noa)
Fig. 4. Chronological age: 9 years 11 months — boy (male)

Taba. 2. VizyucreHue no memogume Demirijan u Willems
Table 2. Calculation using the Demirjian and Willems methods

11 12 C Pl P2 Ml M2

H H F G F G E

11.8 | 137 | 100 | 12.7| 128 | 17.0 | 12.5| Demirijan| 90.5| 9.7¢g

219 | 1.64| 047 | 243 | 045 195| 1.31| Willems 10.4 | 10.4

Taba. 3. VizyucreHue no memogume Demirijan u Willems
Table 3. Calculation using the Demirjian and Willems methods

I1 12 C Pl P2 Ml M2

H H G F F H E

129 142 | 116| 13.1| 135| 162 | 13.5| Demirijan 95 10.2

g
Willems | 10.05| 10g

314 07 172 127 | 035| 221 | 0.66

3a Bceku eguH om cayyaume ca HanpaBeHu mo3u Bug
uscnegBaHusa u kakmo e BugHo om npumepume gBama
mMemoga no Demirijan u Willems gaBam npubAusumenHo
€gHU U Cbwu pesyamamu.

n3soau:

1. YcmaHoBu ce, ue memogume Demirijan u
Willems 3a oueHka Ha 3bbHa Bb3pacm npu 6bazapcku-
me geua ca HagekgHu u gaBam npubAusuMenHo
egHakBu pesyamamu.

2. Mpu momuemama B masu Bv3pacmoBa
epyna oueHkama Ha 3bbHa Bb3pacm no Memoga
Demirijan gaBa no-mouHuU peayamamu.

3. Mpu momuuvemama oueHkama Ha 3bbHa Bb3-
pacm no Mmemoga Willems gaBa no-gobpu pesyamamu.
BvamoXkHO 0bsicHeHUe Ha moBa pasgeneHue Ha HageXkg-
Hocmma Ha ouerHkama npu momuuemama u mMomuyema-
ma e, yue B8 masu Bv3pacmoBa zpyna uHguBugume om
»keHcku noA ce pasBuBam no-6bp3o om uHguBugume
om MbXku noa.

B 3aknloueHue e HeobxogumMo ga ce ombenexu,

OPTOAOHTCKUM NpEeranea
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accurate and reliable, as it showed a deviation greater
than 12 months from actual age in most age groups for
both boys and girls’.

For the purposes of this study, a retrospective
analysis was conducted on 25 children (both boys
and girls) aged 7-12 years. The study assessed both
chronological age and dental age of the participants
using the two examined methods. Informed consent
was obtained from the parents for the inclusion of their
children in the present study.

Que. 5. XpoHonozuuHa Bvapacm: 92. M. — Momuye (XkeHcku non)
Fig. 5. Chronological age: 9 years 9 months. — girl (female)

In each of the presented cases, such analyses were
performed. As seen in the examples, the Demirjian and
Willems methods produce relatively similar results.

CONCLUSION:

1. It was established that the Demirjian and
Willems methods for dental age estimation in Bulgarian
children are reliable and produce relatively consistent
results.

2. Among boys in this age group, the Demirjian
method demonstrated greater accuracy.

3. Conversely, for girls, the Willems method
provided more precise estimations.

A plausible explanation for the observed difference in
the reliability of age estimation between sexes is that,
within this age range, females typically exhibit more
advanced developmental progression compared to their
male counterparts.

In conclusion, it is important to note that methods for
assessing dental age are based on lifetime changes,
which include growth and development, as well as post-
formation changes. Therefore, methods based on tooth
formation and development are applied to minors and
rely on the evaluation of developmental changes through
conventional radiographs, computed tomography (CT), or
magnetic resonance imaging (MRI). In contrast, methods
based on post-formation changes are are applicable
to adults and rely on conventional radiographs, as well
as macroscopic or microscopic assessment of specific
post-formation changes in the teeth.

The integration of multiple assessment methods has
been shown to enhance the accuracy of dental age




KpumuueH aHanu3d Ha memogume Demirjian u Willems 3a onpegeasHe Ha
3vbHa Bo3pacm npu geua B bobanzapckama nonyAauus

ye Memogume 3a oueHka Ha 3bbHama Bv3pacm ce
ocHoBaBam Ha npomeHume npe3 ueaus >kuBom, koumo
BkalouBam pacmexk u pas3Bumue , kakmo u nocmdoop-
MauuoHHU npomMeHu. CaegoBameAHo, me3u Memogu,
BasupaHu Ha popmupaHemo u pasBumuemo Ha 3vbume,
we ce npunazam Bopxy uHguBugu B HenbAHOAEMHA
Bb3pacm u pazuumam Ha oueHkama Ha npomeHume B
pa3Bumuemo upe3 koHBeHuuoHaAHU peHmzeHozpaduu,
komnlomobpHa momozpaduss UAU MaZHUMEH PE30HAHC;
gokamo memogume, 6asupaHu Ha nocmdopMauUUOHHU
NpoMeHu, we ce npuaazam Bobpxy Bb3pacmHu u pas-
yumam Ha koHBeHuuoHaAHU peHmzeHozpaduu, makpo-
ckoncka uau mukpockoncka oueHka Ha onpegeneHu
nocmd¢opMauuoHHU npoMeHu B 3vbume.
KombuHauusma om memogu obave Bogu go noBuweHa
moyHocm Ha oueHkama. Taka ue, koezamo e Bb3moXkHO,
oueHkama Ha 3bbHama Bbapacm mpsa6Ba ga ce kombu-
Hupa cbC ckeanemHu u BUOXUMUYHU Memogu, 3a ga ce
nocmuzgHam no-mOYHU pe3yamamu.

B obobweHue, gokamo Bceku memog uma cBoume
CUAHU U cAabu cmpaHu, usbopom Ha Memog mpa6Ba ga
B3eme npegBug dakmopu kamo ueneBama nonynauus,
HaAuvyHUMe pecypcu u >kenaHomo HuBo Ha gemaua-
Hocm npu oueHkama Ha 3vbHama Bv3pacm.
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PpeHyaymume Ha ycmHama kyxuHa - aHamoMuuHuU Bapuauuu,
guazHoOCMu4YHU U mepaneBmuuHu acnekmu ¢ KAuHuUuYHa sHauumMocin B
opmogoHmuama

OPEHYAYMUTE HA YCTHATA
KYXUHA — AHATOMWUYHA
BAPUALUN, ANATHOCTUYHIA
N TEPANMEBTUYHWN ACMNEKTA
C KNMHNUYHA 3HAYNMOCT B

OPTOAOHTUATA
/NMTEPATYPEH OB30P/

ORAL FRENULA -
ANATOMICAL VARIATIONS,
DIAGNOSTIC AND
THERAPEUTIC ASPECTS WITH
CLINICAL SIGNIFICANCE IN

ORTHODONTICS
/REVIEW/

JOBPEBA K.*, UA. ATAHACOBA**

PE3IOME ABSTRACT

O@peHyrymume Ha ycmHama kyxuHa —
frenulum labii superioris, frenulum labii inferioris frenulum labii inferioris, and frenulum linguae
u frenulum linguae ca cveguHumeaHomvkaHHu are
cmpykmypu 8 ycmHama kyxuHa, Yyuemo KAUHUUHO

DOBREVA K., IL. ATANASOVA

The oral frenula — frenulum labii superioris,

connective tissue structures within
the oral cavity whose clinical significance
extends beyond their stabilizing role. When

abnormally inserted, they may be associated

3HaueHue HagxBopaa cmabuausupawama um
¢yHkuua. [lpu namonoz2uuHa uHcepuua me
Moz2am ga 6vgam cBvp3aHu ¢ opmogoHmcku,
muodyHkuyuoHanHu, 20B0pHU U hapogoOHMaAHU
HapyweHus, ocobeHo 8 nepuoga Ha cMeceHO

with orthodontic, myofunctional, speech, and
periodontal disturbances, particularly during
the mixed dentition period. This review provides

cv3bbue. Hacmoawusm o0630p npegcmaBa . . .
a comprehensive analysis of anatomical
komnnaekceH aHaanuz Ha  aHamoMu4vHume L . . .
variations, diagnostic tools, and therapeutic
Bapuauuu, gua2HOCMUYHUME UHCMpPyMeHmu

protocols addressing morphological or positional

abnormalities of the oral frenula.
Well-established classification systems

(Placek et al., 1974; Rui et al., 2019; Kotlow, 1999;

u mepaneBmuyHume npomokoAu, npuaazaHu
npu omkaoHeHus BvB8 ¢popmama, goakuHama u
npukpenBaHemo Ha ¢ppeHyrnymume.

Pa3z2negaHu ca ymBopgeHume kaacudpukauyuu

(Placek u koa., 1974; Rui u koa., 2019; Kotlow,
1999; Marchesan, 2005; Hazelbaker — ATLFF,
1993), kakmo u ¢pyHkuuoHanHuUme mecmoBe u
¢dpomozpadcko/Bugeozpadpcko gokymeHmupaHe.
O6cogeHu ca anzopummu 3a noBegeHue npu
guacmema, 2uH2uBanHa peuecusa uaHkunozanaocus,
kakmo u poasma Ha MyamugucuunAuHapHus ekun
— OpMoOgoHm, A020neg, Xupypa2 u hapogoHmMono2
— npu B3emaHemo Ha peweHus 3a uHmepBeHyus.
CneuuanHo BHumaHue e omgeAeHO Ha u3bopa
Ha Bpeme u mexHuka 3a ¢peHyrnomomus UAU
¢dpeHynekmomusa, BkalouumenHo npunazaHemo
Ha Aa3epHa xupypaus.

Marchesan, 2005; Hazelbaker — ATLFF, 1993),
functional tests, and standardized photographic/
videographic documentation are discussed.
Management algorithms for diastema, gingival
recession, and ankyloglossia are reviewed,
emphasizing the importance of interdisciplinary
collaboration involving the orthodontist, speech
therapist, surgeon, and periodontist. Special
consideration is given to the timing and modality
of frenotomy or frenectomy, including laser-
assisted techniques.

Oral frenula should be viewed not merely

* CmygeHm IV kypc, @akyamem no geHmaaHa MeguuuHa, MeguuuHcku yHuBepcumem — BapHa
** oueHm, pvkoBogumen Ha Kamegpa no opmogoHmus, Qakyamem no geHmanHa MeguuuHa, MeguuuHcku yHuBepcumem — BapHa
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PDpeHyaymume Ha ycmHama kyxuHa - aHamomMuuHu Bapuauuu,

Jjuaz2HoOCMMuUYUHU U mepaneBmuuHu acnekmu ¢ kanuHuuHa 3Hauumocm B

opmogoHmuAama

@OpeHyzymume cnegBa ga ce paszanexkgam
He npocmo kamo aHamomuuyHu o6ekmu,
a kamo makuBa c NPO2HOCMUYHO U
nomeHyuaAHO CUCMEMHO 3HaueHue, usuckBawyu
uHguBugyanusupaH nogxog U CUHXPOHU3upaHa
UHMepgucuunAuUHapHa mepanus 3a hocmuzaHe
Ha cmabuAHu opmogoHmcku u ¢yHkuyuoHanHU
pesyamamu.

as anatomical elements but as prognostic
and potentially systemic markers
regarded as

residual anatomical elements but as prognostic

requiring
individualized should not be
biomarkers of potential systemic relevance
approach and synchronized interdisciplinary
therapy to achieve long-term orthodontic and
functional stability.

l. BbBEOEHVE

OpeHyaymume Ha ycmHama kyxuHa — frenulum labii
superioris, frenulum labii inferioris u frenulum linguae —
ca cbeguHumenHombkaHHU cmpykmypu ¢ ycmaHoBeHa
cmabuausupawa ¢yHkuus cnpsmMo ycmHume u esuka.
B opmogoHmcku u uHmepgucuunauHapeH koHmekcm
me ce pasanekgam kamo guHamuuHU aHamoMUuUHU
mMapkepu, Yuumo mMopdoAo2uUHU U GyHKUUOHaAHU Bapu-
auuu mo2am ga okakam cbuwecmBeHo BausHue Bopxy
kpaHuodauuasHus pacmexXk, npobuBa Ha 3bbume, apmu-
kynauusma, MuodyHKUUOHaAHUS BanaHCc, napogoHMan-
Homo 3gpaBe u cmabuaHocmma Ha opmogoHmckomo
AeveHue” 3851,

MamonozuuHama uHcepuuss Ha frenulum labii
superioris ce cBvbp3Ba C nepcucmupawa guacmema,
Ha frenulum labii inferioris — ¢ 2uHauBanHa peuecus
U napogoHmanHa HecmabuAHOCm, a oOz2paHuveHama
nogBwkHocm Ha frenulum linguae (ankyloglossia) — ¢
HapyweHus B no3uuyuoHupaHemo Ha e3uka, 208opHama
u 2bamamenHama ¢yHkuus (BkalouumenHo ¢opmoob-
pasyBawama u cmumyAupawa pacmexka Ha Hebuemo
poAsa Ha esuka)!::54,

Te3u aHamomo-¢yHKUUOHAAHU oOcobeHocmu ca
onpegenswu Hau-Beue B nepuoga Ha CMECEHO Cb3b-
bue, koezamo uHmepcenmuBHUMe uHmMepBeHUUU umam
Hau-Bucoka mepaneBmuyuHa cmouHocm36:59,

Cnopeg AozoneguuHama npakmuka, HenpaBuAHOMO
no3uuuoHupaHe Ha e3uka owe B nbpBume wecm mece-
ua cneg pakgaHemo uma cbuwecmBeHo Bvb3geucmBue
Bopxy pazBumuemo Ha 20BopHama namonozusi, ocobe-
HO N0 omHoweHue Ha apmukyaauusma Ha 3Byuume [A/
u/p/.

M3cnegBaHus Ha The Breathe Institute noguepma-
Bam poasma Ha e3uka kamo He npocmo MyckyaeH
op2aH, a kamo Baamen u apxumekm Ha banaHcupaHus
U XapMOHUYeH AuueB pacmex, wupokume 3bbHU gbau
u omBopeHume guxamenHu nbmuwa. E3ukbm uzpae
ueHmpanHa poas kamo npocmpaHcmBeH opueHmup,
okono koumo ce opzaHu3upa pacmeXbm Ha AuueBo-
veAlocmHama cmpykmypa.

Om embpuonozuyHa anegHa mouka, e3ukbm ce

OAOHTCKWM MNnperaneA
DM 27 /2025, KHV>KKA 1

. INTRODUCTION

The oral frenula — frenulum labii superioris, frenulum
labii inferioris, and frenulum linguae — are connective
tissue structures with a well-established stabilizing role
for the lips and tongue. They are regarded as dynamic
anatomical markers in orthodontic and interdisciplinary
contexts whose morphological and functional variations
can significantly influence craniofacial growth, tooth
eruption, articulation, myofunctional balance, periodontal
health, and orthodontic treatment stability”.38.51,

A pathological insertion of the frenulum labii superioris
is associated with a persistent diastema. In contrast,
that of the frenulum labii inferioris is associated with
a increased risk of gingival recession and periodontal
instability. Restricted mobility of the frenulum linguae
(ankyloglossia) is linked to impairments in tongue posture,
speech, and swallowing functions, including its role in
morphogenetic influence on palatal architecture!-5.54,

These morpho-functional characteristics are
fundamental during the mixed dentition period when
interceptive interventions have the highest therapeutic
relevance36.59,

According to speech therapy practice, atypical lingual
posture within the first six months after birth significantly
impacts the development of speech disorders, particularly
the articulation of the sounds /I/ and /r/.

Studies by The Breathe Institute emphasize the
tongue‘s role not merely as a muscular organ but as a
sculptor and architect of balanced facial growth, wide
dental arches, and a patient's airways. The tongue
serves as a spatial guide around which the development
of the craniofacial complex is organized.

From an embryological perspective, the tongue is
considered the second muscular organ to develop after
the heart during intrauterine life. It plays a key role in the
ontogenesis of the craniofacial region.

Diagnosis of oral frenula involves both morphological
and functional assessment, utilizing standardized
classification systems such as those of Kotlow, 199934,
Marchesan, 200541, and Hazelbaker‘s ATLFF protocol,
201027,




PpeHyaymume Ha ycmHama kyxuHa - aHamoMuuHuU Bapuauuu,
guazHoOCMu4YHU U mepaneBmuuHu acnekmu ¢ KAuHuUuYHa sHauumMocin B
opmogoHmuama

cmsma 3a Bmopusi MyckyneH opz2aH cAeg Cbpuemo,
koumo ce ¢opmupa B uHmMpamymepuHHUS nepuog
u uma kalouoBa poas B oHmozeHezama Ha AuueBo-
uenlocmHama obaacm.

HNuazHocmukama Ha ¢peHyaymume BkalouBa mop-
donozuuHa u dyHkuuoHanHa oueHka upe3 cmaHgapmu-
3upaHu kaacugukauuu — Ha Kotlow, 199934; Marchesan,
20054; Hazelbaker (ATLFF), 201027, Ho AuncBa koH-
CeHcyc OomHOCHO kpumepuume u Bpememo Ha uHmep-
BeHuua'011.13. Mogxogume kbm guazHocmukama u
AeyeHuemo Mexkgy cnheuuaaucmume ocmaBam Hegoc-
MambyHO XapMOHU3UpaHu’2-

Cnopeg CemeHoB u MypamoB (2013, 2014)80.61,
dpeHyaymume yecmo ca ussBa Ha m. Hap. ,manku aHo-
MaAuu Ha pa3Bumuemo“ — embpuoHaAHO 06ycAoBeHu
Mopdono2uyHu Bapuauuu, koumo npu kymyaauus mo2am
ga umam cucmemeH edpekm Bopxy uealocmHo-AuueBo-
mo pa3Bumue. Te cregBa ga bbgam pasaaedkgaHu kamo
guHamuuHu cmpykmypu, Yyuemo pasBumue e peayamam
om emMbpUOHAAHO-ME3EHXUMEH CUHME3, a NPOMEHU-
me B maxHama uHcepuus yecmo ca Mapkepu 3a no-
obwu HapyweHus B8 kpaHuodauuanHama mMopdozeHeza.
OmgeneHo e BHumaHue Ha ¢eHOMEHa ,aHOMaAuu Ha
UHcepuusma“ — cAyyau, hpu koumo ¢peHyaymbm npe-
MuHaBa anukanHo om mykoz2uHzuBanHama AUHUS UAU ce
BnAauma uHmepgeHmanHama nanuaa. Teau omkAOHeHus
ce acouuupam He camo C AokaAusupaHu napogoHman-
HU nocaegcmBusi, HO u Cc pedAekmopHU HapyweHus
B8 apmukynauusma u 2bAamaHemo. Cpewam ce u npu
nauueHmu ¢ BpogeHu mandpopmMauuoHHU CuHgpoMU, BKA.
Ehlers-Danlos, DiGeorge u gp. Mpu cuHgpoma Ha Pierre-
Robin e onucaHa Aunca Ha auH2BaneH dpeHyaym, koemo
Bogu go 2noconmosa — cbcmosiHue ¢ GyHKUUOHAAHU U
Mop¢oAO2UYHU nocAaegcmBusa 3a guxameAHume nbmu-
wa u kpaHuodauuanHus pacmex.

Hacmoswusm AumepamypeH 0630p uma 3a ueA ga
npegcmaBu uHmezpupaHa oueHka Ha aHamoMuuHume,
guazHocmuyHume u mepaneBmuyHume acnekmu Ha
namono2uuHume ¢peHyaymu B8 koHmekcma Ha maxHama
opmogoHmcka peaeBaHmHocm, upe3 obeguHeHue Ha
gaHHU Oom cucmemamu3upaH AumepamypeH npeaaeg,
ymBobpgeHu kaacudukauuu, kaacuuecku npomokoau u
UHMepgucuunAuHapeH nogxog — ¢ ¢okyc Bopxy npak-
muuecku HacoueHomo npunaokeHue B npodunakmuka,
uHmepcenmuBHa Hameca, uHguBugyaAu3upaHO OpmMO-
goHmcko nAaHupaHe U MyAmugucuunAuHapHa AeyebHa
cmpamezausl.

Il. PASBUTUE
1. AHamomu4yHa cmpykmypa u kauHu4yHa 3Hauu-

MOCm Ha opanHuUme ¢ppeHyrnymu
®peHyaymume Ha ycmHama kyxuHa ce xapakmepu-

However, no universal consensus exists regarding
diagnostic criteria and the optimal timing for surgical
intervention10.11.13, The clinical approaches toward
diagnosis and treatment remain insufficiently harmonized
across specialties”2.

According to Semenov and Muratov (2013, 2014)60.61,
oral frenula are often considered as manifestations
of so-called ,minor developmental anomalies”
embryologically determined morphological variations
which, when accumulated, may exert systemic effects
on craniofacial development. These structures should
be regarded as dynamic components, formed by
mesenchymal-embryonic synthesis, with aberrant
insertions potentially serving as indicators of broader
disruptions in craniofacial morphogenesis. Particular
attention has been given to the ,insertional anomalies”
phenomenon, including cases where the frenulum
crosses apically beyond the mucogingival junction or
penetrates the interdental papilla. Such deviations have
been associated with localized periodontal consequences
and reflexive dysfunctions in speech articulation and
swallowing. They are frequently observed in patients with
congenital malformation syndromes, including Ehlers-
Danlos, DiGeorge, and others. In the Pierre-Robin
sequence, the absence of the lingual frenulum has been
described, leading to glossoptosis — a condition with
significant functional and morphological implications for
airway patency and craniofacial growth.

This literature review aims to provide an integrated
evaluation of pathological frenula‘s anatomical,
diagnostic, and therapeutic aspects within the context
of their orthodontic relevance. The work consolidates
data from structured literature analysis, validated
classification systems, established clinical protocols,
and interdisciplinary practices, highlighting their practical
implications in preventive strategies, interceptive
interventions, individualized orthodontic planning, and
comprehensive multidisciplinary management.

Il. DEVELOPMENT

1. Anatomical Structure and Clinical Relevance of
the Oral Frenula

Oral frenula are characterized by individualized
morphology, varying in length, width, thickness, insertion
point, and elasticity’”. They are fibrous connective
tissue bands composed predominantly of collagen and
elastic fibers, with variable vascularization and, in some
cases, muscular components derived from the musculus
orbicularis oris or musculus genioglossus38:51,

Their clinical significance extends beyond the basic
stabilizing function of anchoring the lips and tongue to
the oral vestibule and sublingual space. Morphofunctional
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3upam ¢ uHguBugyanHa mopdonozus, Bapupawia No goa-
KuHa, wupuHa, gebeAuHa, UHCepuus U enacmuyHocm?.
Te npegcmaBasBam AeHmoBugHU cbeguHUMEAHOMbKaH-
HU cmpykmypu, cbcmaBeHu npegumHO om konazeHoBu
u enacmuyHu BaakHa, ¢ npomeHauBa Backyaapusauus,
a B Hakou cayvau — u ¢ myckyaHu komMnoHeHmMu Ha m.
orbicularis oris uau m. genioglossus38.51,

KAUHUYHUSM UM nomeHuuaAn HagxBopas 6azoBama
¢yHkuusa Ha cmabuauzauus Ha ycmHume u e3uka cnps-
MO oOpaAHUs BecmubyAayM U NOge3uyHOMo npocmpaH-
cmBo. Mopdo-¢dyHkuuoHarHUMe ocobeHocmu okasBam
npsiko Bv3geucmBue Bovpxy B3aumogeucmBuemo mexkgy
mMekume movkaHu U 3bbHO-ueAlocmHus komnaekc —
BkalouumenHo Bovpxy pazBumuemo Ha okay3usma, no3u-
uusma Ha e3uka, geHmaAHama epynuusi, MuodpyHkuuo-
HaAHUSA banaHC u cmabuAHocmma Ha opmogoHmckomo
AeveHue!-554,

AHomanuume B uHcepuusma ce pasanekgam He
camo kamo AokaneH npobaem, HO u kamo mapkepu
3a NOMEHUUaAHU HapyweHus B embpuoHaaHama cee-
MeHmauuss Ha AuueBama me3ogepma, ¢ BbamoxkHu
nocnegBawu gedpopmauuu kamo mukpozeHus, AuueBa
acuMempusi U gucmaaHa okaysual4:19.71,

OcobeHo kauHuuHO 3HaueHue umam Bapuauuume,
HabalogaBaHu B nepuoga Ha cMeceHo Cb3bbue, kogamo
cmpykmypHume omkaoHeHusi mo2zam ga okaxkam onpe-
genaw, epekm Bopxy pacmexkHus nomeHuuaa u Hy>kga-
ma om uHmepcenmuBHa Hameca36:59,

1.1. Frenulum labii superioris — mopdonoz2usa u
knacudpukauyuu

lopHuam AabuaneH ¢peHyaym ce pasnoAaza no
MeguanHama AuHus mexkgy BompewHama noBvpxHocm
Ha 2opHama ycmHa u anBeonapHama 30Ha B8 uHmepgeH-
manHomo npocmpaHcmBo Ha dentes incisivi centrales
maxillares.

Hal-wupoko u3noa3BaHama kaacudukauus Ha
Placek u koa., 197454 BkalouBa uemupu muna cnopeg
uHcepuusma (Que. 1), (Qua. 2).

Frenulum labii superioris - Placek classification

£
£

a) mucosa b) gingivalis

£

¢) papillaris d) papillopenetrans

Que. 1: Kaacupukauus Ha frenulum labii superioris cnopeg Placek u
kon., 1974

Fig. 1: Classification of the frenulum labii superioris according to
Placek et al., 1974
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characteristics directly influence the interaction between
soft tissues and the dentoalveolar complex, including
occlusal development, tongue posture, dental eruption,
myofunctional balance, and the long-term stability of
orthodontic outcomes’:5:54,

Abnormal insertions are regarded not merely as local
anomalies but also as potential markers of disturbances
in embryonic segmentation of the facial mesoderm, with
possible secondary consequences such as microgenia,
facial asymmetry, and distal occlusion419.71,

Such variations acquire particular clinical importance
during the mixed dentition period, when structural
deviations can significantly impact growth potential and
necessitate interceptive intervention36.59,

1.1. Frenulum labii superioris — Morphology and
Classifications

The superior labial frenulum is located along the
midline, extending between the internal surface of the
upper lip and the alveolar mucosa in the interdental
region between the maxillary central incisors.

The most widely adopted classification, proposed by
Placek et al., 197454, identifies four types based on the
site of insertion (Fig. 1), (Fig. 2).

Que. 2: KauHuyHu uzobparkeHus Ha munoBeme uHcepuus Ha frenulum
labii superioris cnopeg kaacugukauusma Ha Placek u koa., 1974

Fig. 2: Clinical images illustrating the insertion types of the frenulum
labii superioris based on Placek et al.‘s, 1974 classification:

(a) mucosa — attached to the vestibular mucosa;

(b) gingivalis — inserted into the attached gingiva;

(c) papillaris — extending to the interdental papilla;

(d) papillopenetrans — traversing the papilla with palatal extension.

Que. 3: Knuvuuna Haxogka: frenulum labii superioris ¢ papillaris
UHcepuus, npemuHaBaw, 8 uHmepgeHmaAHama nanuaa u cBvp3aH ¢ nepcu-
cmupawa guacmema MeXkgy 20pHUMe UeHmpaAHU pesyu.
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(a) mucosa — npukpeneH kbvm BecmubynapHama myko3sa;

(b) gingivalis — kom npukpeneHama a2uHauBa;

(c) papillaris — go uHmepgeHmManHama nanuaa;

(d) papillopenetrans — npemuHaBa npe3 nanunama kbm naanamuHaAHo.

TunoBeme papillaris u papillopenetrans ce acouuu-
pam ¢ nepcucmupawa guacmema u noBuweH puck om
peuuguBa caeg AeueHue® (QPua. 3),

(Qua. 4). Mpu nauueHmu c 2uHauBanHa ycmuB-
ka, BepmukanHO uHcepmupaHusm ¢peHyaym MoXe ga
3acunBa 2uHzuBanHama ekcno3uuus npu guHamuuHa
MumMuka, Hanazalku uHmepBeHuus u no ecmemuuyHu
cbobpadkeHusa43. [OuazHocmuuHo cpegcmBo ¢ Bucoka
kAauHuuHa cmouHocm e blanch test, npu koumo ce
HabnlogaBa u3baegHaBaHe Ha nanuaama, BusyaAusu-
pauku BaakHecmomo HanpekeHue npu noBguzaHe Ha
2opHama ycmHa'1.13,30,51,

Cnopeg Bishara u koa., 199419, npu geua Hag 11-12-
20g. Bb3pacm, auncama Ha Gu3UOAO2UYHO 3amBapsiHe
Ha guacmemMama caeg npobuBa Ha AamepasHume
pe3uu u kaHuHume e uHgukauus 3a BHuMameAHO npo-
cnegsaBaHe. Mpu noaokumeneH blanch test u BaakHecma
uHcepuus ce npenopbuBa ppeHyromomus, kosmo mpsa6-
Ba ga ce u3Bvpwu creg opmogoHmckomo 3amBapsiHe
Ha guacmemama, HO npegu nocmaBsHemo Ha ¢ukcu-
paH pemauHep, C UeA eAUMUHUpPaHe Ha ocmambuHama
mpakuyusi11:30.31.55,

Om napogoHmMoAo2uYHa 2AegHa mouka, npu mbHbK
2uHauBaneH 6uomun, BaakHecmusm ¢peHyaym npeg-
cmaBasBa puckoB ¢pakmop 3a pazBumue Ha 2uH2uBaAHu
peuecuu, gopu npu Aunca Ha mpaBmamuyHo yemkaHe.
B mesu cayuau ce npenopbuBa ¢peHynekmomus B kom-
buHauus ¢ Becmubyaonaacmuka, ocobeHo B 3oHama Ha
¢dpoHmanHume 3b6u1:5.6.8,17,54,66,

TexHono2uueH Hanpegvk - Al-6asupaHa ¢omome-
mpuvHa guazHocmuka:

Guilleminault u koa., 2016 npeganazam codmyepHo
acucmupaHa ¢omomempuyHa oueHka Ha ¢peHyAyma
uype3 cmaHgapmusupaHu u3obpakeHus, usmepBawu
gbAKUHa, B2bA U UHCepuusl npegu u caeg uHmepBeH-
uus. ToBa nognomaza obekmuBHama guazHocmuka,
npesuuHomo npocAegsBaHe u mekgygucuunAuHapHama
koopguHupaHocm B8 mepaneBmuuHus npouec?4.

MamonozuyHama uHcepuus Ha AabuanHume ¢peHy-
AyMU ce cpewa u kamo ¢eHomunHa xapakmepucmuka
npu Hakou BpogeHu CuHgpomu.

B Aumepamypama ca onucaHu CbCMOsiHUSA, Nnpu
koumo ce HabalogaBa Aunca uAu amunuyHo npukpen-
BaHe Ha frenulum labii superioris u frenulum linguae —
BkalouumenHo npu cuHgpoma Ha Ehlers—Danlos (nbAHa
AUNca Ha AabuaneH u AuHzBaneH ¢peHyaym), Ellis—van
Creveld cuHgpom, xononpoceHuedanus, kakmo u xunep-

Fig. 3: Clinical presentation of frenulum labii superioris with papillaris
insertion, extending into the interdental papilla and associated with a
persistent diastema between the maxillary central incisors.

Que. 4: KauHuurna Haxogka: frenulum labii superioris ¢ papillopenetrans
uHcepuus, npemuHaBaw, 8 uHmepgeHmarHama nanuna u npegu3BukBawa
nepcucmupawa guacmema MeXkgy 20pHUme ueHmpaAaHu pesuu. Hucko u
BrakHecmo npukpenBaHe Ha frenulum labii inferioris ¢ a2uHzuBanHo Bb3-
naseHue, peuecus, komMnpomemupaHa napogoHmaHa cmabuaHocm BvB
$poHmarHama 30Ha u uHppanoupaHe Ha e3uka.

Fig. 4: Clinical presentation of frenulum labii superioris with
papillopenetrans insertion, penetrating the interdental papilla and contributing
to a persistent diastema between the maxillary central incisors. The
frenulum labii inferioris exhibits a low and fibrotic attachment associated
with gingival inflammation, recession, compromised periodontal stability in
the anterior region, and lingual infra-positioning.

According to Bishara et al., 199410, in children older
than 11-12 years, the absence of physiological closure
of the maxillary midline diastema following the eruption
of the lateral incisors and canines is an indication for
careful monitoring. In cases of a positive blanch test
and fibrotic insertion, frenotomy is recommended to be
performed after orthodontic diastema closure but before
the placement of a fixed retainer to eliminate residual
traction forces1.30.31,55,

From a periodontological perspective, a fibrous
frenulum in patients with a thin gingival biotype constitutes
a risk factor for developing gingival recessions, even
without traumatic brushing. In such cases, frenectomy
combined with vestibuloplasty is advised, especially in
the anterior region?.5.6.8,17,54,66

Technological Advancement — Al-Assisted
Photometric Diagnosis:

Guilleminault et al., 2016 proposed a software-
assisted photometric evaluation of the oral frenulum
based on standardized imaging. This approach enables
measurement of length, angle, and insertion site before
and after intervention. It facilitates objective diagnostics,
precise follow-up, and improved interdisciplinary
coordination throughout the therapeutic process24.

Pathological insertion of the labial frenula is also
reported as a phenotypic characteristic in specific
congenital syndromes.
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mpoduyHa NUAOPHA CMEHo3a U gpyau 2eHEMUYHO 0by-
cAOBeHU cbcmosHus.

Te3u cayvau Hana2am komnaekcHa gudepeHuuasHa
guazgHo3a U MyAmugucuunAuHapeH nogxog npu oueHka
Ha opanHume cmpykmypu u cBvbp3aHume aHOMaAuu.

Mo gaHHu Ha CemeHoB u MypamoB (2013)€0, om 500
kAuHUUHO 3gpaBu geua, 42 ca BUAU C nNamoAO2UYeEH
frenulum labii superioris, kamo Hau-yecmume ¢gopmu ca
papillaris u papillopenetrans, pegaucmpupaHu 8 Hag 70%
om cAyvaume.

3a onmumu3dupaHe Ha guazHOCMu4HO-mepaneB-
muuHusa npouec npu nauueHmu c Bucok u BaakHecm
frenulum labii superioris, ce npenopbuBa cna3BaHe
Ha cmaHgapmu3supaHa KkAuHuuyHa nocaegoBamenHocm
(Taba. 1).

Taba. 1: KauHuyHa nocaregoBameaHocm B opmogoHmckama npakmuka
npu Bucoko uHcepmupaH frenulum labii superioris 5:11:13.30,31,43,51

Busyanna nncnexuus,
blanch test, orienka Ha
HWHCEepLuATa, IUpUHaATa
Ha JpactemMaTa u
TIapOJOHTAITHOTO
ChCTOSIHHE

Omnpenenst Mopdonorusra
1 TIPUKPENIBAHCTO HA
(bpeHynyMa, KaKTo i

Hy»XJarTa OT XUpypruiHa

UHTEPBEHIUS

1. KnunnyHa u
PEeHTreHOBA OlLIEHKA

W36srBa ch3aaBaHE HA
6enesn nmm hudpo3a,
KOUTO J1a BH3IPEISATCTBAT
JBHIKCHHUECTO

Tpocnenssane g0 11-12
TOJI. BB3PAcT 3a
TCHICHIHA 3a
be/BI/IOHOI‘I/l‘IHO 3aTBapsHe

2. IIpocaensipane
cJie] IpoduBa Ha
JIaTepajTHHTe pe3n
M KaHHHHTE

Tpenu ppenynoromusTa,
3a J1a He ce MHIyIUpa
Gerer, KOWTO peyn Ha
NPUJIBIKBAHETO HA
3p0uTe

M3znonssane Ha
¢ukcupana nm
CHeMaeMa TeXHUKa

3. OpToa0HTCKO
3aTBapsiHe Ha
aMacremMara

JlazepHa (IpeIOYNTaHO)
WM CKaJIIesHa TeXHHKA
CIIeT OPTOOHTCKOTO
3aTBapsHe

OtcTpaHsBa OCTaThYHATA
BJIAKHECTA TPAKIIHS
1 HaMaJIsIBa pUCKa OT
peLunB
OcurypsiBa cTabUIHOCT
110 BpEMe Ha 3apacTBaHe
Ha MEKHTC ThKaHI

4. ®peHyJI0TOMHS

5. IlocTaBsiHe Ha
dukcupan
eeTaiinep

OOHMKHOBEHO OT KaHHH J10
KaHWH, JIMHTBAJTHO

Ilpu penecun ce
KOMOHMHHpa ¢
BECTHOYIIOIITACTHKA HITH
npucaxaaHe Ha
CHEIMHUTETHOTHKAHEH
TpaHCILIAHTAT

6. IapogoHTAIeH
KOHTPOII H
KOpeKI s Ha
onoTun (npu
€00X0IUMOCT)

Koncynramus ¢
MapOJJOHTOJIOT TIPH THHBK
GUOTHIT WM TMHTUBAIIHA
YA3BUMOCT

1.2. Frenulum labii inferioris — mop¢onozusa u kna-
cudpukauuu

JonHusm aAabuaneH ¢peHyaym ce pasnonaza BbuB
BecmubynapHama obaacm MeXkgy BompewHama
noBvbpxHOCM Ha goAHama ycmHa u 2uHeuBama 8
obrnacmma Ha dentes incisivi centrales mandibulares.
MopdonozuuHume my Bapuauuu BkalouBam Hucka, Baak-
Hecmo-pubpo3Ha UAU MembpaHo3Ha uHcepuus’-54.59,74
(Qua. 5).

KAuHuyHama my 3Havyumocm ce u3passBa ocHOBHO
B napogoHmaaHu nocaegcmBus: zuH2uBanHU peuecuu,
ozpaHuyeHa 30Ha Ha npukpeneHa zuH2uBa, guckom-
$dopm npu xuzueHa u ckAOHHOCM kbM XpPOHUYHO Bb3-
naneHue®®,
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The literature describes conditions associated with
the absence or atypical attachment of the frenulum labii
superioris and frenulum linguae, including Ehlers-Danlos
syndrome (complete lack of both labial and lingual
frenula), Ellis—van Creveld syndrome, holoprosencephaly,
hypertrophic pyloric stenosis, and other genetically
determined disorders.

These cases require thorough differential diagnosis
and a multidisciplinary approach when assessing the
oral structures and related anomalies.

According to data by Semenov and Muratov (2013)80,
out of 500 clinically healthy children 42 presented with
pathological frenulum labii superioris. The most common
morphologies are the papillaris and papillopenetrans
types, recorded in more than 70% of the cases.

Adherence to a standardized clinical protocol (Table
1) is recommended to optimize the diagnostic and
therapeutic process in patients presenting with a high
and fibrotic frenulum labii superioris.

Table 1: Clinical protocol in orthodontic practice for high and fibrotic
insertion of the frenulum labii superioris 511.13,30,31,43,51

Visual inspection, Determines the
blanch test, morphology and
assessment of attachment of the
insertion, diastema frenulum and the need
width, and for surgical
periodontal status intervention

1. Clinical and
radiographic
evaluation

Follow-up until 11—
12 years of age to
assess spontaneous

2. Monitoring after
eruption of lateral
incisors and

Prevents scarring or
fibrosis that could
hinder tooth movement

canines closure
Performed before
. f fi i
3. Orthodontic Use of fixed or frenulotomy.to avoid
. removable scar formation that
diastema closure . R X
appliances may interfere with

tooth alignment

Laser (preferred) or Eliminates residual

4F lot scalpel technique fibrous traction and
- rrenulotomy after orthodontic reduces the risk of
closure relapse
5. Placement of Typlcally bqnded Ens'ures stab_lhty
o canine-to-canine on during soft tissue
fixed retainer g . .
the lingual side healing
6. Periodontal Pen(?dot}tal If recession is present,
assessment and consultation in cases combine with
D e ——— of thu? blf)tyll)e or vestlbulqplagty or
(if needed) gingival connective tissue
vulnerability grafting

1.2. Frenulum labii inferioris — morphology and
classifications

The lower labial frenulum is located in the vestibular
region between the inner surface of the lower lip and the
gingiva in the area of the mandibular central incisors. Its
morphological variations include low, fibrotic-fibrous, or
membranous insertion”:54.59.74 (Fig. 5).
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MonyuaBa ce nopoueH kpvea: BaoweH koHmpoa Ha
nanakama — Bv3naneHue — ycuaeHo MyckyaHo mpak-
UUOHHO Bb3geticmBue — no-gbaboka peuecus®! (Qua.
6).

Qua. 6: BrakHecma, Hucko uHcepmupaHa cmpykmypa Ha frenulum
labii inferioris, npegu3BukBawa napogoHmarHama peuecus B8 goaHama
¢poHmanHa 3oHa 31-41, BusyanusupaHa 4Ypes kauHuveH pull-test npu Bo3-
pacmeH nauueHm.

Fig. 6: Fibrous, low-inserted structure of the frenulum labii inferioris
causing a periodontal recession in the lower anterior region (teeth 31-41),
demonstrated via clinical pull-test in an adult patient.

Bucokama uau ¢ubposHa uHcepuus no-psgko ga
npegu3BukBa opmogoHmcku omkaoHeHus, HO moke ga
npoBokupa auHzuBanHa peuecus, HecmabuAHOCM Ha
dpoHManHuUme 3vbu U MpygHoCcMuU npu noggbpkaHe Ha
opanHa xuaueHa®.60.61,

Ta3u aHamomuuHa Bapuauuss moke ga goBege go
3HavyumMu PyHkuuoHanHU HapyweHus, 3aca2awu 208opa,
2bAmaHemo u usaocmHama MuodyHkuuoHanHa akmuB-
Hocm.

CnegHusim kauHuueH mecm ualocmpupa kalouoBu
guazHocmuuHu Haxogku (Que. 7):

1. HanpexkeHue B m. mentalis npu onum 3a ycmeH
koHmakm - nokaszamen 3a komneHcamopHa myckyaHa
xunepakmuBHocm, npuyuHeHa om ozpaHuueHa Aabuana-
Ha nogBukHocm.

2. QQuHa aabuanHa Bpb3ka Ha goAHama ycmHa
— Bovnpeku caabo uspaseHama Busyaausauus, ¢pe-
HYAyMbm gemMoHcmpupa oce3aemMo HanpekeHue npu
naanauus.

3. N3gyBaHe Ha Bb3gyx B gonHama ycmHa — pas-
kpuBa scHO u3spa3eHa MeHManHa 2bHka, koemo gonva-
HumeAHO nomBvpXkgaBa AabuanHOMO oO2paHuyeHue u
gucoyHkuus.

Knacudukauusma Ha Rui u koa., 201959 pasgens
mpu mopdomuna:

. Tun | — moHYK, MykoseH;

+  Tun Il — BrakHecm, 2uHzuBaneH;

. Tun lll - ygebeaeH, nanuAapeH UAU hanuAoneHe-

Que. 5: Frenulum labii inferioris — ygebeneH, nanuaapeH, ¢ pubpoaHa
uHcepuus B obnacmma Ha goaHUMe UeHMpPaAHU Pe3uu, HaAuYue Ha 2uHau-
BanHo Bv3naneHue u peuecuu — uHMpaopasHa ¢omoepadus;

Fig. 5: Frenulum labii inferioris — thickened, papillary, with fibrous
insertion in the region of the mandibular central incisors; the presence of
gingival inflammation and recession — intraoral photograph.

Its clinical significance is primarily related to
periodontal consequences: gingival recession, a reduced
zone of attached gingiva, hygiene-related discomfort,
and a tendency toward chronic inflammation®®,

A vicious cycle may develop: impaired plaque control
— inflammation — increased muscular traction —
deeper recession61 (Fig. 6).

Although less commonly associated with orthodontic
deviations, a high or fibrous insertion can provoke
gingival recession, anterior teeth instability, and difficulty
maintaining proper oral hygiene®.60.61,

This anatomical variation may result in significant
functional impairments, affecting speech, swallowing,
and overall myofunctional activity.

The following clinical test illustrates key diagnostic
findings (Fig. 7):

1. Mentalis strain during lip seal attempt indicates
compensatory muscular overactivation caused by
restricted labial mobility.

2. Subtle lower lip-tie — although scarcely visible, the
frenulum demonstrates notable tension upon palpation.

3. Air puffing into the lower lip reveals a pronounced
mental crease, further confirming lower labial restriction
and dysfunction.

Quez. 7: KauHuuHa gemoHcmpauus npu
goAHa AabuanHa ¢peHyrapHa pecmpukuus
— HabalogaBa ce xunepakmuBHocm Ha m.
mentalis npu onum 3a ycmeH koHmakm, ¢uHa,
HO HanpezHama frenulum labii inferioris npu
naanauus u uspaseHa MeHmaAHa 2bHka npu
nHeBvamuyHo HanvABaHe Ha Becmubyaa.

Fig. 7: Clinical demonstration of lower
labial frenular restriction — hyperactivity of
the mentalis muscle during lip seal attempt,
subtle but tense frenulum labii inferioris on
palpation, and a pronounced mental crease
upon pneumatic inflation of the vestibule.

OPTOAOHTCKUN MPErASA
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mpupauwl,.

CemeHoB u MypamoB (2013, 2014) cvobwaBam 3a
yeCcmu CAyyau Ha Hegua2HOCMUUUPaHU NamoAO2UYHU
UHCEepUUU ¢ noBbpxHOCMHU ¢ubpo3HU BaakHa, npegus-
BukBawu myckyAHO mpakuuoHHO HanpeXkeHue u peue-
Cuu gopu Nnpu Aunca Ha gpyau puckoBu pakmopub0.61,

MonokumeneH blanch test 8 gonHusa ppoHm e noka-
3ameA 3a GubpPo3HO HanpeXkeHue U HyXkga om ¢peHy-
Aekmomus. Mpu meceH BecmubyAaym u mbHbk Buomun
ce npenopbuBa cvuyemaHa Becmubyaronaacmuka uAu
cbeguHumeAHombkaHHa npucagkad54.61,

Mpu cmpynBaHe B obaacmma Ha 31-41, pubposHUAM
dpeHyraym moxke ga komnpomemupa napogoHmaasHama
cmabuaHocm u opmogoHmckus peayamam.

B makuBa cayuau ce npenopvuBa uHmepgucuunAu-
HapeH nogxog — XupypauuHa kopekuusi, CUHXPOHU3U-
paHa ¢ opmogoHmcko nogpexkgane®:8:54.60.61 (Taba. 2).

TabA. 2: KAUHUYHU aA2opummu npu HUcka UAU NamoAo2uYyHa UHCEpUUs
Ha frenulum labii inferioris?5:8.9,11,13,54,66

The classification by Rui et al., 201959 distinguishes
three morphotypes:

. Type | — thin, mucosal;

- Type Il - fibrous, gingival;

. Type Il — thickened, papillary or papillary-
penetrating.

Semenov and Muratov (2013, 2014)60.61 report
frequent undiagnosed pathological insertions with
superficial fibrous fibers, which can cause muscular
traction and recession even without other risk factors.

A positive blanch test in the lower anterior region
indicates fibrotic tension and the need for frenectomy.
In a narrow vestibule and thin gingival biotype, a
combined vestibulopathy or connective tissue graft is
recommended?.54.61,

A fibrous frenulum in the teeth 31-41 region with
crowding may compromise periodontal stability and the
orthodontic outcome.

In such situations, an interdisciplinary approach is
recommended: surgical correction synchronized with
orthodontic alignment6:8.54.60.61 (Taple 2).

TI'maruBana HacouBane kpm
peuecus Ha 31/41 OpeHyneKToMus U MapOJOHTOJIOT 3a
6e3 npyra BECTHOYJIOIIACTHKA BB3CTaHOBSBAaHE Ha
€THOJIOTUS MIpPUKpeTieHaTa THHIUBA
IIpoBexnane Ha
Bonka nmm ITorBbprkaaBa HaIMYKE
blanch test — ako e
HANpPEXEHHE MPU Ha MYCKYJIHO
MOJIOKUTEIIEH,
MOOMJIHOCT Ha TPaKIMOHHO
MOKa3aHa e L
ycTHaTa BB3/ICHCTBUE
(peHyIeKTOMUS
AHanu3 Ha HCKOM(pOPTHT BOAU
3arpynHeHne Ipu A bop
THHTHBAIHOTO JI0 U30sArBaHE Ha

OCBIIECTBSIBAHE HA
XWTUECHA B JIOJIHA

CbCTOSIHUE U IIOYUCTBAHETO U

TIOBEJICHUE MTPU pa3BuUTHE Ha
(poHTaHA 30HA
YeTKaHe Bb3MAJICHHE
CrpynBaHe Ha DpeHyneKToMust IIpenopbusa ce
JIOJIHUTE (POHTAIIHK  HPEAH pasliupaHue, KOHCYINTAIUs C
3b0H C HATMYHE Ha OpPTOJOHTCKA OPTOJIOHT 32
(ubpo3Ha nHCEPLHMS HUBEIAINS 1 CHHXPOHH3UPAHO
Ha (peHynyma NoApexKaaHe JIe4eHre

1.3. Frenulum linguae — mopdonozuuHu u ¢pyHk-
UuoHaAHU achekmu

AuH2BanHUsSM @peHyAyM € HaUu-KAUHUYHO 3Hauyum
om opmogoHmcka 2aegHa mouka. Tou cBop3Ba BeH-
mpanHama noBvpxHocm Ha e3uka ¢ noga Ha ycmHama
kyxuHa?2.:3.20,32,36,39,49 ((Duz. 8), (Que. 9), (Pua. 10).

Que. 8: Frenulum linguae c¢
oegpaHu4yeHa nogBuxkHocm — noguep-
maHa ¢ubposHa cmpykmypa u Hucka
uHcepuus kvbm noga Ha ycmHama
kyxuHa (aHkunoanocus)

Fig. 8: Frenulum linguae with
restricted mobility — prominent fibrous
structure and low insertion into the
oral cavity floor (ankyloglossia).

PTOAOHTCKU lMpoerneA
TOM 27 /2025, KkH1>KKaA 1

Table 2: Clinical algorithms for low or pathological insertion of the
frenulum labii inferioris?-5:8,9:11,13,54,66

Gingival recession
of teeth 31/41
without other

etiology

Pain or tension
during lower lip
mobility
Difficulty
maintaining
hygiene in the
lower anterior
region
Crowding in the
mandibular
anterior region
with fibrous
frenulum insertion

1.3. Frenulum linguae -

Frenulectomy and
vestibuloplasty

Perform a blanch test —
if positive, frenectomy
is indicated

Assessment of
gingival condition and
brushing behavior

Frenulectomy before
expansion, orthodontic
leveling, and

alignment

Functional Aspects
The lingual frenulum is considered the most clinically
significant from an orthodontic perspective. It connects
the ventral surface of the tongue to the floor of the oral
cavity2.3.20,32,36,39.49 (Fig. 8), (Fig. 9), (Fig. 10).

Restricted tongue mobility (ankyloglossia) leads to 2.3
14,16,20,24,25,34,36,39,47,62,63,71 -

Referral to a

Morphological

periodontist for
augmentation of
attached gingiva

Confirms the presence
of muscular traction

Discomfort may lead
to avoidance of oral
hygiene and the
development of
inflammation

Referral to an
orthodontist is
recommended for
coordinated treatment

and

- impaired articulation and speech function (dyslalia
affecting /I/, /t/, [r] sounds);

+ low tongue posture at rest;

+ abnormal swallowing pattern (tongue thrust);

- myofunctional imbalance and impaired craniofacial

growth.
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OgpaHuueHama My nogBukHocm (ankyloglossia)
Bogu go 2:314,16,20,24,25,34,36,39,47,62,63,71.

) HapyweHa apmukyaauusi u 2oBopHa ¢yHkuus
(gucaaauu npu /a/, Im/, [p]);

) Hucka no3uuusi Ha e3uka B nokou;

) NnamoAO2UYEH 2bAmameneH Mogen (tongue
thrust);

. MuodyHkuuoHaneH gucbanaHC U 3ampygHeH
kpaHuodauuaneH pacmex.

ToBa Bogu go xunepdyHkuus Ha nepubykanHama
myckyanamypa u komneHcamopHa akmuBHocm Ha gpyau
MYyCKyAHU 2pynu.

MuodyHkuuoHanHUMe aganmauuu, npousmuuawiu
om Huckomo e3ukoBo no3uuuoHupaHe, Bv3npensm-
cmBam cmabuaHama mpaH3Bep3anHa ekcnaH3us u
noBuwaBam pucka om peuuguB?.16.20,47,62,63,67,71,

Mpu geua c kpaHuodauuanHu cuHgpomu kamo
DiGeorge u Ehlers-Danlos, AuH2BanHuUsm GpeHyAym
MoXke ga gemoHCmpupa MOP(OAOZUYHU aHOMaAuu —
ckoceHa gbakume, ygebeneHa cmpykmypa uau gBouHa
UHcepuus, koemo Hanaza uHguBugyaAu3upaH guazHo-
cmuueH u mepaneBmuueH nogxog.2:14.38,49,50,74

MN3noa3BaHu kaacudukauuu:

- Hazelbaker (ATLFF), 199326 — kombBuHupa mopdo-
AozuyHa (10 m.) u pyHkuuoHanHa ckana (14 m.), kamo
pesyamamu nog 8/11 ca uHgukauus 3a KAUHUYHO 3Ha-
yuma aHkuaoaaocus4?;

- Kotlow, 199934 — usmepBa cBobogHama gbaXKu-
Hama MeXgy uHcepuusma Ha ¢peHyayma u Bbpxa Ha
e3uka, kamo cmouHocmu nog 16 mm ce cuumam 3a
oz2paHuueHuess;

- Marchesan, 20054! — BvBexkga kombuHupaHa mop-
¢do-dyHkuuoHanHa ckana, oueHsBawa MobuAHOCcmMmMa
Ha e3uka, ¢opmama Ha Bopxa u BausHuemo Bopxy 2080-
pa u 2bAmaHemo.

HaBpemeHHama guazgHocmuka upe3 me3u uHcmpy-
MeHmMu uma kalouoBo 3HaueHue npu uszpakgaHemo Ha
UHMepguCUUNAUHapeH AeuebeH naaH — BkalouBaw, ppe-
HyAOMoOMuUs, Ao2oneguyHa - mMuodyHKuuoHanHa mepa-
nus u opmogoHmcka cmabuausauus.14.20,21,22,47,63,67,73

1.4. ®yHkuuoHaAHO o2paHuyeHue Ha e3uka u cuc-
memMHu nocaegcmBus

Frenulum linguae uzpae knalouoBa pons 8 momopuka-
ma Ha opanHo-dauuanHus komnaekc.

Bcska mopdonozuuHa uau pyHKkuuoHanHa pecmpu-
kuus — ocobeHo npu aHkunoznocus — Mmoxke ga omkalouu
kackagHo Bv3gelcmBue Bvpxy pacmexa, okaysusma u
guxamenHama ¢yHkuus. Linda D’Onofrio, 201616 npeg-
cmaBs koHuenuusima 3a kymyaamuBHomo Bv3geucmBue
Ha opaAHama gucoyHkuusi, npu koemo ozpaHuveHuemo
B8 gBukeHusma Ha e3uka geucmBa kamo nopBuueH
¢dakmop B namogusuonosuuHa Bepuza, kosmo obxBawa

This leads to hyperfunction of the perioral musculature
and compensatory activity of other muscle groups.

v L] L)

Que. 9: Frenulum linguae ¢ noguepmara @ubposHa cmpykmypa u
ozpaHu4eHa AamepanHa enacmuyHocm — cmpeakume oméens3Bam Baak-
Hecmu cHonoBe, aHaa)kupawu noga Ha ycmHama kyxuHa. KAuUHu4YHa Haxog-
ka, omzoBapawa Ha QyHKUUOHAAHO 3Ha4YuMa aHKUAOSAOCUS.

Fig. 9: Frenulum linguae with a pronounced fibrous structure and
limited lateral elasticity — the arrows indicate fibrous bundles involving the
floor of the oral cavity. The clinical finding is consistent with functionally
significant ankyloglossia.

Que. 10: KrunuuHa uzsBa Ha aHkuAozaocus npu geme — npu onum 3a
npompy3us Ha e3uka ce HabalogaBa xapakmepHa cvpueBugHa gegpopmauus
Ha Bvpxa (heart-shaped tip), npegusBukaHa om kbc u HUCko uHcepmupaH
frenulum linguae ¢ oepaHudeHa nogBuwkHocm. (PeHomunHama u3sBa e
guazHocmu4yHo nokasameAHa 3a QyHKUUOHAAHO 3HaYuUMa pecmpukyusi.

Fig. 10: Clinical manifestation of ankyloglossia in a child — during an
attempt at tongue protrusion, a characteristic heart-shaped tip deformation
is observed, caused by a short and low-inserting frenulum linguae with
restricted mobility. The phenotypic presentation is diagnostically indicative
of a functionally significant restriction.

Myofunctional adaptations resulting from low tongue
posture hinder stable transverse expansion and increase
the risk of relapse?216,20,47,62,63,67,71

In children with craniofacial syndromes such as
DiGeorge and Ehlers-Danlos, the frenulum linguae may
exhibit morphological anomalies — shortened length,
thickened structure, or bifid insertion — necessitating

an individualized diagnostic and therapeutic approach
2,14,38,49,50,74

Applied Classifications:

- Hazelbaker (ATLFF), 199326 — combines a
morphological (10-point) and functional (14-point)
scale; scores below 8/11 indicate clinically significant
ankyloglossia%?;

- Kotlow, 199934 — measures the free distance
between the insertion of the frenulum and the tip of the

OPTOAOHTCKUN MPErASA o
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Hakonko B3aumocBop3aHu HuBa Ha HapyweHus.

HeBbamokHocmma e3ukbm ga 3aeme ¢pusuonozuu-
Ha no3uuus 8 nokou cnpamo mBopgomo Hebue — Bbpxa
My ga e Ha papilla incisiva — komnpomemupa mpaHcBep-
3aAHama cmumMyAauus Ha nanamaanHus cBog, Bogeuku
go Xxunonaasus Ha 2opHama uyealocm. ToBa HapywaBa
mpaH3Bep3anHua pacmeXk u npegpasnonaza kom ¢op-
MupaHe Ha Bucok, meceH, comuuecku HebeH cBog.

B omzoBop ce pa3BuBa komMneHcamopHO OpaAHO
guwaHe, npu koemo ycmHume ocmaBam XpPOHUYHO
omBopeHu, a e3ukbm ce no3uuuoHupa kayganHo u
Hanpeg.

ToBa He camo Bb3npensmcmBa HopmanHus MyckyneH
MOHYC Ha ycmHama u nepuopaAHama myckyaamypa, HO
u Bausie Bopxy nosuuusma Ha MaHgubyrama, Bogeuku
go pempono3uuusi U HapyweHa BepmukanHa peaauus
mMeXgy yealocmume.

BcanegcmBue Ha masu xpoHuuHa ¢yHKuuoHaAHa
aganmauus ce HabalogaBa HecnocobHocm Ha esuka ga
yyacmBa epekmuBHo B npeanbwaHemo, koemo Bogu go
HapyweHue B mogena Ha 2bAmaHe, hpeg NamoAO2UYEH
e3ukoB maacok (tongue thrust), koumo gonbAHUMEAHO
ymexXHsBa okAyzaAHUME U 3bbHUME u3MeHeHus, okas-
Bauku gupekmHo BausHue Bopxy nosuuusma Ha 3vbume
u cmabuaHocmma Ha opmogoHmckomo AeveHue, koemo
npeyu Ha ¢usuoAo2UYHAMA CMUMyAAUUS HA NaAaman-
Hus cBog upe3 ynpakHsBaHe Ha Hans2aHe upes e3uka u
noggbpxkaHe Ha wupuHama no Bpeme Ha pacmex.

Mpu npogomkumenHa komneHcauus masu Bepuza
Moke ga npozpecupa kamo buxa mozau ga ce pasBu-
AmM u BmopuyHu HapyweHus — kamo obcmpykmuBHa
CbHHa anHes (OSA), memnopomaHgubyrapHa gucdyHk-
uus (TMD), 6pykcusbm U XpOHUYHA yMopa, 0COBEHO Npu
nogpacmBauwu®®.

B opmogoHmckama npakmuka, HaBpemeHHOMO pas-
no3HaBaHe Ha me3u B3aumHocBop3aHu nposBu e om
cowiecmBeHo 3HaueHue — BkalouBaw, opmogoHm, AO20-
neg, muodyHkuuoHaneH mepaneBm u cneuuasucm no
CbHHA MeguuuHa.

HaBpemeHHomo pa3no3HaBaHe Ha ma3u komnaekcHa
3aBucumocm e om pewaBawo 3HaveHue. Camo upes
UHMezpupaH UHMEePguUCUUNAUHAPEH nhogxog upe3 ekun,
BkalouBaw, opmogoHm, Aoz2oneg, MuodyHkuuoHareH
mepaneBm u cneuuaAucm NO CbHHA MeguuuHa, mpsa6-
Ba ga ugeHmuduuupa kakmo aHamomuuHume, maka
u ¢yHKuuoHaAHUMe OMKAOHEHUs npu nhauueHmu c
eaukoBa gucoyHkuusi, kakmo u moke ga ce npekvcHe
namoAo2uyHusam uukba, 3a ga ce Bv3cmaHoBu ¢yHk-
UUOHaAHUSM U MopdonosuueH HanaHC Ha opaAHama
cucmema, npuaazauku komnaekceH mepaneBmuueH
nAaH, BkalouBauw, xupypauuHa uHmepBeHuus, npu Heob-
xogumocm, opmogoHmMcko AeueHue u ¢yHKuuoHaAHa
pexabuAaumauus.

OAOHTCKWM MNnperaneA
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tongue; values below 16 mm are considered restrictive56;

- Marchesan, 20054 - introduces a combined
morpho-functional scale evaluating tongue mobility, tip
shape, and impact on speech and swallowing.

Timely diagnosis using these instruments is essential
in developing an interdisciplinary treatment plan,
including frenulotomy, speech-myofunctional therapy,
and orthodontic stabilization4,20.21.22,47,63,67,73,

1.4. Functional restriction of the tongue and
systemic consequences

The frenulum linguae plays a key role in the motor
coordination of the orofacial complex.

Any morphological or functional restriction —

especially in ankyloglossia — can trigger a cascade
of effects on craniofacial growth, occlusion, and
respiratory function. Linda D‘Onofrio, 201616 introduced
the concept of the cumulative impact of oral dysfunction,
whereby restricted tongue mobility acts as a primary
factor in a pathophysiological chain involving multiple
interconnected levels of impairment.

The tongue‘s inability to assume its physiological
resting position against the hard palate, specifically, with
the tip touching the papilla incisiva, compromises the
transverse stimulation of the palatal vault, resulting in
maxillary hypoplasia.

This impairs transverse development and predisposes
to forming a high, narrow, Gothic-shaped palate.

In response, compensatory oral breathing develops,
characterized by chronically open lips (incompetent lips)
and a caudally and anteriorly displaced tongue.

This disrupts the normal muscular tone of the lips and
perioral muscles and affects mandibular posture, leading
to retroposition and altered vertical jaw relationships.

Due to this chronic functional adaptation, the tongue
becomes ineffective in swallowing, leading to abnormal
deglutition patterns, including tongue thrust, further
aggravating occlusal and dental alterations.

This directly impacts tooth positioning and the stability
of orthodontic treatment by disrupting the physiological
stimulation of the palate through tongue pressure, which
is essential for maintaining transverse arch width during
growth.

If compensation persists, this may progress to
secondary disorders such as obstructive sleep apnea
(OSA), temporomandibular dysfunction (TMD), bruxism,
and chronic fatigue, particularly in adolescents®9.

In orthodontic practice, timely recognition of these
interrelated manifestations is crucial and requires the
coordinated efforts of an orthodontist, speech-language
pathologist, myofunctional therapist, and sleep medicine
specialist.

Timely recognition of this complex interdependence
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2. luagHOCMUYHU hOgXOogu U OUEHbYHU UHCMpY-
MeHmu

MpeuusHama oueHka Ha ¢peHyaymume u3uckBa
UHMezpupaH guazHoCMuU4YeH nogxog, cbuemaBauw, mMop-
donocuueH u ¢yHkuuoHaneH aHanu3 C UeA pasz2paHu-
vaBaHe Ha ¢usuonozuvHU Bapuauuu om NamMOAO2UYHU
omkAOHEHUs, cnocobHU ga Hapywam e3ukoBama uAu
AabuanHama ¢yHkuus, kakmo u ga komnpomemupam
ycmaHoBeHama opmogoHmcka cmabuaHocm39:49.50,

OueHkama e om cbwecmBeHo 3HaueHue 3a onpege-
AfHE Ha HeobxogumMocmma om mepaneBmuuHa uHmep-
BeHuus u npaBuAHOMO ¥ UHMezpupaHe B usAOCMHUS
opmogoHmMcku AeuebeH naaH.

KauHuuHomo u3scnegBaHe BkalouBa BusyanHa
uHcnekuus, naanauus, HabalogeHue Ha ¢yHKUUOHaAHU-
me gBuxkeHus, kakmo u npuaazaHe Ha cmaHgapmu3u-
paHu uHcmpymeHmu45,

2.1. MopdonozuvHa oueHka

KAUHUYHUSM npeezneg 3anouBa ¢ oueHka Ha:

+  WHcepuus (BucouuHa u gbAbouuHa) — 0cobeHo
npu frenulum labii superioris et inferioris, no knacuguka-
uuume Ha Placek u koa., 197454 u Rui u koa., 202057,

. Je6enuHa u wupouuHa — ygebeneHu GpeHyAay-
MU Mozam ga komnpomemupam 2uHz2uBasnHama mokaH
u napogoHmas?;

- QubposHa cmpykmypa u acumempua — Bb3-
MOXHU gedopmauuu Ha 3bbHama gvbea U Hecmabua-
HOCM Ha opmogoHmcku pesayamams33,

2.2. Memoguka Ha Hazelbaker (ATLFF), 1993

ATLFF (Assessment Tool for Lingual Frenulum
Function, ATLFF)26 e ymBopgeHa memoguka 3a oueHka
Ha ankyloglossia, BkalouBawa gBa ocHoBHU koMnoHeH-
ma:

- MopdonozuuHa ckana (10 mouku) — oueHsBa
dopma, enacmuyHocm, gbakuHa, Bugumocm u npukpen-
BaHe Ha frenulum linguae;

- QyHkuuoHanHa ckana (14 mouku) — aHaausupa
nogBuwkHocm Ha e3uka (usHacsiHe, noBguzaHe, pempak-
uus), popma Ha Bbpxa, cmykamenaHa ¢pyHkuus u komneH-
camopHu gBuxkeHus.

CmouHocmu nog 8 m. (mopdonozus) u nog 11
m. (¢oyHkuus) ca uHgukauus 3a ¢peHyromomusa42,
Cob3gageH 3a HeoHamonozus®4, ATLFF e npuaokum c
aganmupaHa oueHka u 8 opmogoHmcku koHmekem npu
paHHa guagHocmuka Ha dyHKuuoHaAHa aHkuaozanocus4s,

2.3. ®ynkuuoHanHu mecmoBe: Marchesan, BTAT

MNMpomokoanbm Ha Marchesan, 201042 kombuHupa
BusyanHo u MaHyanHO u3cAaegBaHe ¢ oueHka Ha:

+ cmeneH Ha BepmukanHo noBguzaHe Ha e3uka;

+ u3HacsiHe u3BoH ycmHama kyxuHa u CbOomHowe-

is paramount. Only through an integrated interdisciplinary
approach — led by an orthodontist, speech-language
pathologist, myofunctional therapist, and sleep medicine
specialist — can anatomical and functional deviations in
patients with lingual dysfunction be accurately identified.
This  comprehensive  collaboration  enables
interrupting the pathological cycle and restoring
functional and morphological balance within the oral
system by implementing a multimodal therapeutic plan
encompassing surgical intervention when necessary,
orthodontic treatment, and functional rehabilitation.

2. Diagnostic Approaches and Assessment Tools

Accurate evaluation of the oral frenula requires
an integrated diagnostic approach that combines
morphological and functional analysis to distinguish
physiological variations from pathological deviations
capable of impairing lingual or labial function and
compromising established orthodontic stability39,49,50.

Such assessment is essential for determining the
necessity of therapeutic intervention and its appropriate
integration into the overall orthodontic treatment plan.

The clinical examination includes visual inspection,
palpation, observation of functional movements, and
standardized assessment tools#:5.

2.1. Morphological Assessment

The clinical examination begins with an evaluation of
the following features:

+ Insertion (height and depth) — particularly for
the frenulum labii superioris et inferioris, based on the
classifications of Placek et al., 197454 and Rui et al.,
2020%7;

« Thickness and width — thickened frenula may
compromise the gingival tissue and the periodontium®é2,

+ Fibrous structure and asymmetry - potential
contributors to dental arch deformation and instability of
orthodontic outcomess3.

2.2. Hazelbaker Assessment Tool (ATLFF), 1993

The ATLFF (Assessment Tool for Lingual Frenulum
Function)26 is a validated protocol for the evaluation of
ankyloglossia, comprising two main components:

- A Morphological Scale (10 points) — assessing the
shape, elasticity, length, visibility, and attachment of the
frenulum linguae;

- A Functional Scale (14 points) — evaluating tongue
mobility (protrusion, elevation, retraction), tip shape,
sucking function, and compensatory movements.

Scores below 8 (morphology) and below 11 (function)
indicate the need for frenulotomy42. Although initially
developed for neonatology®4, ATLFF can be applied,
after appropriate adaptation, in the orthodontic context

OpPTOAOHTCKUN Mpe
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Hue ¢ gbAkuHama Ha e3uka;

- BvamokHocm 3a obpasyBaHe Ha kynonoobpasHa
dopma npu 3acmykBaHe / Hamuck kbm Hebuemo;

+ Hanuuue Ha komneHcamopHu gBukeHus uAu Hanpe-
>keHue B noge3uuHama 3o0Ha.

BTAT (Bristol Tongue Assessment Tool)*5 e ckpu-
HuH20B8 Memog, npuAa2aH 0CHoBHO B HeoHamonoz2usma,
u BkalouBa mpu 6vp3u kpumepus — ¢opma Ha Bopxa,
noBguzaHe u nogBuxkHocm B nokou. Bvnpeku ozpaHu-
yeHama My npuaokumocm B opmogoHmusima, moke ga
cAy)ku kamo npegBapumeaHa npeueHka npu nauueHmu
CbC CbMHeHue 3a aHkuaoaaocuns2,

2.4. @omozpadcka gokymeHmauua u BugeoaHa-
AU3

OcuzypsBam Bv3amokHocm 3a obekmuBHa oueHka,
cmaHgapmu3upaHa npocAaegumocm u konezuanHa kona-
bopauus, ocobeHo npu cayyau, usuckBawu myamuguc-
UuNAUHapeH mepaneBmuueH nogxog'4:1543,

2.4.1. MumpaopanHa ¢omozpadus
Mognomaza guazHocmuka u npocaegsBaHe upes:

. oueHka Ha uHcepuusma cnpsamo margo gingivalis,
papilla interdentales u noga Ha ycmHama kyxuHa?®3;

. Busyaausauus Ha blanch test, pubpoaHu Baak-
Ha, acumempusi, nanuAapHa uHcepuus’s;

. npocaegaBaHe Ha pe3yamamu cAaeg uHmepBeH-
uus — mokaHHa nogBukHocm u opmogoHmcka cmabua-
Hocm?3,

2.4.2. BugeoaHanus (BkalouumeaHo Bucokodpeli-
moBa Bugeodayopockonus)

MNMpegcmaBasBa ueHeH uHcmpymeHm B cayyaume
Ha CbMHeHue 3a ¢yHKUUOHaAHU HapyweHus — kamo
abHOpMHO 2bAmaHe (tongue thrust), ozpaHuueHa nog-
BwkHocm Ha e3uka uau komneHcamopHu HaBuuu, nNo3-
BonsiBauku:

. guHaMuuHa oueHka Ha e3ukoBume u AabuanHu-
me gBurkeHus npu nokod, 2080p u 2bAmaHe;

. Busyanusauuss Ha AameHmMHU ¢yHKUUOHaAHU
HapyweHus;

+  npocaegsBaHe cneg Ao2oneguyHa UAU Xupyp-
2uuHa mepanusn®67,

2.5. lumepgucuunanuHapHa oueHka: poasma Ha
MyAmMugucuunAuHapHus ekun

HuagHocmukama u uHmepnpemauusma Ha ¢peHy-
AymMHama mopdonozus u ¢yHkuusa psgko e egHoauueH
npeuec u 4yecmo HagxBopasm gzpaHuuume Ha egHa
cneuuanHocm32, MopgonaozuuHume u ¢pyHkuuoHanHUME
acnekmu Ha ¢peHyaymume uecmo usuckBam myamu-
gucuunAuHapHa uHmepnpemauus, Nogxog, HacouYeH kom
nocmuzaHe Ha cmabuAHU U gbA20CPOYHU pe3yamamu B
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for early detection of functional ankyloglossia4s.

2.3. Functional Tests: Marchesan Protocol and
BTAT

The Marchesan Protocol, 201042 combines visual and
manual examination with evaluation of:

- the degree of vertical tongue elevation;

+ tongue protrusion beyond the oral cavity and its
proportion to tongue length;

- the ability to form a cupped shape during suction
or palatal pressure;

- presence of compensatory movements or sublingual
strain.

The BTAT (Bristol Tongue Assessment Tool)45 is a
neonatal screening method consisting of three rapid
criteria — tip shape, elevation, and resting mobility.
Though its application in orthodontics is limited, it may
serve as a preliminary screening tool in patients with
suspected ankyloglossias2.

2.4. Photographic Documentation and Video

Analysis
These tools provide objective assessment,
standardized follow-up, and support interdisciplinary

collaboration, especially in cases requiring a
multidisciplinary therapeutic approach14:1543,

2.4.1. Intraoral Photography
Intraoral photography supports diagnosis and follow-
up through:
evaluation of frenulum insertion relative to the
margo gingivalis, papillae interdentales, and the floor of
the oral cavity43;
- visualization of the blanch test, fibrous strands,
asymmetry, and papillary insertion?s;
monitoring post-intervention outcomes—tissue
mobility and orthodontic stability73.

2.4.2. Video Analysis

Video  analysis, including high-frame-rate
videofluoroscopy, is valuable in suspected functional
disturbances, such as abnormal swallowing (tongue
thrust), restricted tongue mobility, or compensatory
habits. It allows for:

- dynamic evaluation of lingual and labial movements
during rest, speech, and swallowing;

« visualization of latent functional disorders;

- monitoring progress following speech therapy or
surgical intervention®:67,

2.5. Interdisciplinary Assessment: The Role of the
Multidisciplinary Team
The diagnosis and interpretation of frenular morphology
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opanHomo 3gpaBe u pyHkuuoHaAHama pexabuAumauus,
cmpameauyecka konabopauusa mexkgy yuacmHuuume 8
MO3U NpouEC:

OpmogoHm — uzgpae Bogewa poaa B usanocmHama
oueHka u mepaneBmuuHO nAaHupaHe. OpmogoHmMbmM
aHaausupa BausHuemo Ha ¢peHyayma Bopxy cazuman-
Hama u mpaHcBep3aAHama cmabuAHoCm Ha GppoHMaA-
Hus ceameHm, pucka om nepcucmupauwia guacmema,
ozpaHuueH npobuB uau pempakuus Ha ¢ppoHMasHuUmMe
3bbu, kakmo u BvageucmBuemo Bopxy MuodpyHKuuo-
HaAHUsA 6anaHc. Mpu ¢yHKUUOHAAHO 3HauumMa namoAo-
2us, opmogoHMb M onpegeAs Hy>kgama u onmumanHus
MOMEHM 3a Xupypa2uuHa uHmepBeHuus — yecmo npegu
uAu B paHHa ¢asa Ha opmogoHmcko AeueHue?’.

Noz2oneg — cneuuaaucm no ¢yHkuuoHanHa oueHka
Ha es3uka, apmukyAauusma u 2bAamaHemo. Ao2onegbm
ugeHmuduuupa aHopmaAHu gBuzamenHU MOgeAu,
HenpaBuaHa no3uuus Ha e3uka, aHkunoznocusi ¢ Hapy-
weHo noge3uyHo noBguzaHe, kakmo u komneHcamopHu
HaBuuu, koumo mMozam ga komnpomemupam cmabua-
Hocmma Ha opmogoHmckus pe3yamam. B mHoz20 cay-
Yau Aoz2oneguyHama mepanus e Heobxoguma npegu/
cAeg xupypauuHama kopekuus?!.

OpaneH xupypz2 u hapogoHmonoz - u3BvpwBa
uHmepBeHuusma (ppeHyromomus uau GpeHyrekmomusi)
kamo usbupa nogxogawama mexHuka cnopeg aHamo-
MuyHume xapakmepucmuku, Bvb3pacmma Ha nauueH-
ma u ¢asama Ha opmogoHmcko AeueHue. M3B6opom
Mexkgy koHBeHuuoHaneH ckaaneneH mMemog u AasepHa
mexHuka (Er: YAG uAu guogeH Aasep) ce basupa Ha
aHamomuyHama cAokHocm, >kenaHomo 3a3gpaBsBaHe u
ouakBaHusma 3a movkaHHa cmabuaHocm.!® Cowo maka
cAegu 3a hocmonepamuBHa pezeHepauus U KoHMpoAu-
pa pucka om uukampuuuaAHu peuuguBu.

Meguamvp u/uau HeoHamonoz — yuacmBa B paHHa-
ma guazHocmuka npu HoBopogeHu u kbpmauema, npu
koumo ankunoznocusma moke ga npegusBuka 3ampyg-
HeHuss npu kvbpmeHe, npez2abwaHe u HaggaBaHe Ha
meano. Te ca nbpBume cnheuuaaucmu, koumo mozam ga
Hacoyam nauueHma 3a gonbAHUmMeAHa ¢pyHkuuoHanHa u
opmogoHmcka ouerka“é,

Tasu uHmepgucuunauHapHa komyHukauus ocuzyps-
Ba usAOCMeH aHaAu3 Ha CbCmosHUemo, obocHoBaHo u
HaBpemeHHO B3emaHe Ha peweHue 3a uHmepBeHuus,
MUHUMU3UpaHe Ha pucka om peuuguB, kakmo u no-
gobpo cobmpygHuuecmBo ¢ nauueHma u cemelcmBomo
ypes ICHO geduHUpaHU UeAU u nocaegoBameAHu cmon-
ku Ha AeueHue.

OyHkuuoHaAHUAM U ecmemuueH pesyamam 3aBucu
om npaBuaHomo B3aumogelcmBue mexXkgy cneuua-
AUCMUME, a He Oom u3oAupaHu kauHuuyHu geucmBus.
MveHHo moBa npeBpvwa ¢peHyaymume He npocmo B
aHamomuueH obekm, a 8 cmpamezauuecku enemeHm om

and function are rarely isolated processes and often
transcend the boundaries of a single specialty32. The
oral frenula‘s morphological and functional aspects
frequently require multidisciplinary interpretation — a
collaborative approach to achieve stable and long-term
outcomes in oral health and functional rehabilitation.
This necessitates strategic cooperation among the
professionals involved:

Orthodontist — plays a central role in comprehensive
assessment and therapeutic planning. The orthodontist
evaluates the influence of the frenulum on the sagittal
and transverse stability of the anterior segment, the risk
of persistent diastema, delayed or restricted eruption
of anterior teeth, and its impact on myofunctional
balance. In cases of functionally significant pathology,
the orthodontist determines the need for optimal timing
of surgical intervention, often before or during the early
stages of orthodontic treatment47.

Speech pathologist — a specialist in the functional
evaluation of tongue movement, articulation, and
swallowing- identifies abnormal motor patterns, incorrect
tongue posture, ankyloglossia with restricted sublingual
elevation, and compensatory habits that may compromise
orthodontic stability. Speech therapy is often required
before and/or after surgical correction?!.

Oral Surgeon and Periodontist — responsible for
performing the intervention (frenulotomy or frenectomy),
selecting the appropriate technique based on anatomical
features, patient age, and the stage of orthodontic
treatment. The choice between conventional scalpel
techniques and laser-assisted methods (e.g., Er: YAG or
diode laser) depends on anatomical complexity, desired
healing outcomes, and expectations for long-term tissue
stability®. These specialists also monitor postoperative
healing and manage the risk of cicatricial relapse.

Pediatrician and/or Neonatologist — involved in the
early diagnosis of ankyloglossia in newborns and infants,
where the condition may cause breastfeeding difficulties,
impaired swallowing, and poor weight gain.

They are often the first specialists to refer the patient
for further functional and orthodontic evaluation4.

This interdisciplinary communication enables
a comprehensive analysis of the clinical condition,
evidence-based and timely decision-making regarding
intervention, minimization of relapse risk, and improved
collaboration with the patient and family through clearly
defined goals and structured treatment pathways.

The functional and aesthetic outcome depends
not on isolated clinical actions but on the coordinated
interaction between specialists. This transforms the oral
frenula from a mere anatomical structure into a strategic
element of the individualized orthodontic treatment plan.

OPTOAOHTCKUN MPE
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guazsHocmMuuHU U mepaneBmuuHu acnekmu ¢ knuHuuHa 3Hauumocm B
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uHguBugyanusupaHus opmogoHmMcku NAaH.
3. KauHu4yHU nokasaHus u mepaneBmuueH nogxog

3.1. XupypzauuyHu npomokoau

CowecmByBam gBa ocHoBHu Buga onepamuBHu
nogxogu®s:

3.1.1. ®peHyromomuAa — yacmuuyHo cpa3BaHe 6e3
omcmpaHsaBaHe Ha mokaH. M3noA3Ba ce Hau-vyecmo npu
kopmavyema u manku geua cvC 3ampygHeHO kbpmeHe,
kakmo u npu ogpaHuvyeHa nogBukHocm Ha eauka 6e3
HaAuuue Ha ¢pubposHa mokaH12:23,

3.1.2. ®peHyrekmomuAa — nbAHa pe3ekuus, C UAU
6e3 nopBuuHa xupypauuyHa aganmauus, nokasaHa npu
gebeau, pubposupanu UAU peuuguBupawu $peHyAymu,
ocobeHo npu peuuguB caeg npegxogHa $peHyAomomus
UAU NpU NApogoHMaAHo 3acsizaHes37.64,

3.2. Xupypau4yHu mexHuku

3.2.1. KoHBeHuuoHanHa xupypz2usa coc ckaanen
UAU Xupyp2uuHa HoXkuua

Kaacuuecku nogxog, koumo usuckBa koHmpoa Ha
xemocmasama, nocmaBsHe Ha weBoBe u nocaegBawo
npocaegaBaHe Ha 3apacmBaHemo. Cpeg npegumcmBa-
ma ca Huckama ueHa u wupokama gocmbnHOCM, HO ce
acouuupa ¢ no-zoaama nocmonepamuBHa 6oaka u puck
om kbpBeHe?29.

3.2.2. AasepHa mexHuka (CO:, guogeH uau Er: YAG
Aasep)

MuHumanHo uHBa3uBHa uHmepBeHuus, no3BoasBa-
wa egHoBpemeHHO cps3BaHe u koazynauus Ha moka-
Hume. OcHoBHU kAauHUYHU npegumcmBa ca pegyuupaH
uHmpa- u nocmonepamuBeH kpbBousAuB, no-caaba 6oA-
koBa cumnmomamuka, no-kpamko Bpeme 3a Bb3cmaHo-
BaBaHe u no-gobpa BusyaAusauus Ha onepamuBHoOmMo
none®3. CemeHoB u MypamoB noguepmaBam 3Haue-
Huemo Ha koHmpoAupaHama goAbovuHa Ha koazyaauus
npu u3non3BaHe Ha Er: YAG Aasep — 3a usbssBaHe Ha
pbbuoBu koHmpakmypub0.61-

Bonpeku ue peguua aBmopu noguepmaBam, ue
Aa3epHama xupypeaus Bogu go no-gobpu nhocmonepa-
muBHU pe3yamamu, mexHukama u3uckBa cneuuduuHo
obyueHue u e cBbp3saHa ¢ no-Bucoku pasxoguss.

Mpu usbopa Ha onepamuBeH nogxog e BadkHO ga
ce cbobpas3u He camo kauHuuHama cumnmomamuka,
HO u BbamokHama npuHagAeXHOCM Ha aHOpPMaAHus
dpeHyAym kom gpynama Ha m. Hap. Maaku aHomaauu Ha
pa3Bumuemo Ha ycmHama kyxuHa, onucaHu B8 pyckama
AuUmepamypa.

Cnopeg CemeHoB u MypamoB (2013)60 namono-
2uyHama aHamomus Ha ¢peHyaymume, 0COoBeHo npu

DTOAOHTCKU lMperneA
oM 27 /2025, kHm>KKka 1

3. Clinical Indications and Therapeutic Approach

3.1. Surgical Protocols
Two primary types of surgical approaches are
recognized65:

3.1.1. Frenulotomy — a partial incision without tissue
removal. It is most commonly performed in infants and
young children with breastfeeding difficulties and in
cases of limited tongue mobility without fibrotic tissue
involvement12.23,

3.1.2. Frenulectomy — complete resection of the
frenulum, with or without primary surgical adaptation.
This procedure is indicated for thick, fibrotic, or
recurrent frenula, particularly in cases of relapse after
prior frenulotomy or in the presence of periodontal
involvement37.64,

3.2. Surgical Techniques

3.2.1. Conventional Surgery Using a Scalpel or
Surgical Scissors

A traditional approach requires hemostasis control,
suture placement, and close postoperative follow-up.
Its advantages include low cost and wide accessibility;
however, it is associated with greater postoperative pain
and an increased risk of bleeding®.

3.2.2. Laser-Assisted Technique (CO:, Diode, or Er:
YAG Laser)

A minimally invasive procedure that enables
simultaneous incision and tissue coagulation.

Key clinical advantages include reduced intra- and
postoperative bleeding, diminished pain symptoms,
shorter recovery time, and enhanced visualization of the
surgical field®3. Semenov and Muratov emphasize the
importance of controlled coagulation depth when using
the Er: YAG laser to prevent cicatricial contractures®0.61,

Although numerous authors emphasize that laser
surgery yields superior postoperative outcomes, the
technique requires specialized training and is associated
with higher costs®>.

When selecting a surgical approach, it is essential
to consider the clinical presentation and the potential
classification of the abnormal frenulum as part of the
so-called minor oral developmental anomalies described
in Russian literature.

According to Semenov and Muratov (2013)¢0, the
pathological anatomy of the frenula — particularly in
patients with fibrotic, thickened, or atypically positioned
insertions — may serve as a marker of disrupted
embryogenesis of the soft tissues and should be
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nauueHmu ¢ ¢ubpo3HU, ygebeaeHU UAU amunuyHo pas-
noAoXkeHU UHcepuuu, Moke ga bbge mapkep 3a Hapy-
weHa embpuozeHe3a Ha Mekume mvkaHu u caegBa ga
ce pasz2nekga kamo yacm om cucmemMeH CUHgPOMEH
koHmekcm. ABmopume noguepmaBam 3HauyeHuemo Ha
paHHama guagHocmuka, BkAlouumeaHo XucmoAO2uyHO
uscnegBaHe Ha pe3euupaHama mvkaH npu coMHeHue 3a
¢dubpomMamosHa uAu gucnaacmuuHa cmpykmypa, kakmo
U UHMEePguUCUUNAUHAPEH NOgXog C yyacmue Ha negua-
mop, 2eHemuk uau gemcku HeBpono2 npu HaAuyue Ha
gonbAHUMEAHU kpaHuodauuanHu Maadopmayuu.

Om xupypauuHa 2aegHa mouka, CemeHoB u MypamoB
(2014) noguepmaBam, ue na3epHama mexHuka uma npe-
gumcmBa He camo N0 omMHouweHuUe Ha 3a3gpaBsBaHemo,
HO U N0 omHoweHue Ha koHmpoaa Bbpxy gbABouuHama
Ha koazynauus u Bv3amokHocmma 3a egHOBpemMeHHO
B3emaHe Ha mvkaHeH Mamepuaa, 6e3 komnpomemu-
paHe Ha xemocmaszama®!. ToBa e ocobeHo BaykHO npu
NoBmMOpHU UHMepBeHUUU UAU Npu CAyyau C nNpegxog-
HU HeycnewHu ¢peHyrnomomuu, kbgemo ce nogosupa
¢$ubpo3eH peuuguB uAu ocmambuHa gucnAasus.

3.3. TalimuH2 Ha uHmMepBeHyuama

3.3.1. Frenulum linguae:

MHumepBeHuusma ce npenopvuBa npegu HaBausaHe
B8 akmuBHa ¢a3a Ha opmogoHmMCko AeYeHue UAU egHo-
BpemeHHO ¢ Hauanomo Ha MuodyHKuuoHaAHa mepanusi.

MoBeuemo cneuuaAucmu — AO20NE€gU CUAHO npe-
nopvuBam npegBapumenHa MuodyHKUUOHaAAHA  nOg-
2omoBka npegu MaHunyaauusma u nO MO3U Ha4uH
MuopyHkuuoHanHama mepanus 3ano4yBa npegu u npo-
gbnrkaBa caeg Hes.

3.3.2.Frenulum labii superioris:

OnepamuBHama kopekuus obukHoBeHo ce u3Bbpuw-
Ba B kpas Ha opmogoHmckomo AeueHue — C uen cma-
buausupaHe Ha 3amBopeHama guacmema u npodunak-
muka Ha peuuguB18,

3.3.3. Frenulum labii inferioris:

MokasaHusma BkalouBam Hanuuue Ha 2uHzuBanHa
peuecusi U namoaozuveH Hamuck Bbpxy napogoHmaa-
Hume mvkaHu. B me3u cAyyau xupyp2uvyHOmo AeueHue
ce kombuHupa ¢ napogoHmanHa oueHka20,

Mogxogawusam usbop Ha Bpememo 3a uHMepBeHuus,
onepamuBHama mexHuka u koopguHupaHemo ¢ uHmep-
gucuunauHapHus ekun ca onpegenswu 3a npeBeHuus
Ha peuuguBu u ocuzypsiBaHe Ha gbA20CpOYHA OPMO-
goHmcka u ¢yHkuuoHanHa cmabuaHocm40,

3.4. Aanz2opumom u knuHU4YHU npenopoku
[uazHocmukama u AeyeHuemo Ha aHopMaAHu ¢pe-

considered within a broader syndromic context. The
authors emphasize the importance of early diagnosis,
including histological examination of the resected tissue
in cases of suspected fibromatous or dysplastic structure,
as well as an interdisciplinary approach involving a
pediatrician, geneticist, or pediatric neurologist in the
presence of additional craniofacial malformations.

From a surgical perspective, Semenov and Muratov
(2014)%' highlight that laser-assisted techniques offer
advantages in terms of healing, the control of coagulation
depth, and the ability to simultaneously collect tissue
samples without compromising hemostasis. This is
particularly relevant in reinterventions or in cases of
previously unsuccessful frenulotomies, where fibrotic
relapse or residual dysplasia is suspected.

3.3. Timing of Intervention

3.3.1. Frenulum linguae:

Intervention is recommended before initiating active
orthodontic treatment or concurrently with the onset of
myofunctional therapy.

Most specialists — particularly speech pathologists
— strongly advocate for preoperative myofunctional
preparation, with therapy initiated before the surgical
procedure and continued postoperatively.

3.3.2. Frenulum labii superioris:

Surgical correction is typically performed at the end
of orthodontic treatment to stabilize the closed diastema
and prevent relapse’8.

3.3.3. Frenulum labii inferioris:

Indications include gingival recession and pathological
tension in the periodontal tissues. In such cases,
surgical intervention is combined with a comprehensive
periodontal assessment20.

The appropriate timing of the intervention, the
choice of surgical technique, and coordination with the
interdisciplinary team are critical for preventing relapse
and ensuring long-term orthodontic and functional
stability40.

3.4. Algorithm and Clinical Recommendations

Diagnosing and treating abnormal frenula requires
a multidisciplinary approach. The orthodontist, speech
pathologist, periodontist, myofunctional therapist, and
sleep medicine specialist play key roles when sleep-
related disturbances occur. Effective collaboration
among these professionals enables early detection and
precise, timely, and etiology-focused management of the
associated structural and functional disturbances?2.

Treatment of frenular anomalies is ineffective without
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P peHyaymume Ha ycmHama kyxuHa - aHamomMuuHu Bapuauuu,

guazsHocmMuuHU U mepaneBmuuHu acnekmu ¢ knuHuuHa 3Hauumocm B

HyAyMu u3uckBam MyamugucuunAuHapeH nogxog, npu
koumo kalouoBu poAu uz2pasm opmogoHMbM, A020-
negom, NapogoHMOAO2bM, CheyuaAucmbm no MuUo-
dyHkuuoHanHa mepanusi U — Npu HaAu4vue Ha CbHHU
HapyweHus — cneuyuaAucmbm nNO CbHHA MeguuuHa.
EdekmuBHama konabopauus meXkgy mesu cneuua-
Aaucmu no3BoasBa He camo paHHO omkpuBaHe, HO u
NPeuu3Ho HaBpeMeHHO U eMUOAOZUYHO HAaCOYeHO mpe-
mupaHe Ha cBbp3aHume ¢yHkuuoHaAHU u cmpykmypHu
HapyweHus22,

AeueHuemo Ha ¢peHyAnapHU aHomanuu e Heeodek-
muBHo, ako He ce npocaegu ¢yHKUUOHAAHUSM NPOGUA
Ha nauueHma. MN3oaupaHama ¢peHyrnomomus Bogu go
peuuguBu u HecmabuaHocm, ako He e nocaegBaHa
om komnaekcHa MuodyHkuuoHanHa pexabuaumauus u
opmogoHmcka cma6buauzauun®0.61,

3.4.1. [luacHOCMU4YeH an2opumom:

MopdonozuuHa oueHka — onpegendHe Ha muna
dpeHyaym (knacudukauus no Placek u koa., 197454
Rui u koa., 202058; Kotlow, 199933; Marchesan, 201040)
upe3 BusyanHa u naanamopHa uHcnekuus, BKA. aHaAu3
Ha uHcepuusma, BAhakHecmama cmpykmypa, MyckyAHus
komMnoHeHmM u cmeneHma Ha eanacmuuHocmé0.70,

3a guaszHocmukama Ha aHkuaoznocusma ce npu-
Aazam Hskonko koauuecmBeHu kpumepusa. Cnopeg
CemeHoB u MypamoB (2013)80 nogBukHusm ceameHm
Ha e3uka ce kaacuduuupa no cregHUS HAYUH:

+ 16 mm — HopmanHa nogBukHocm;

+ 1115 mm - komneHcupaHa nogBukHocm;

+ 710 mm - o2paHuvyeHa nogBurkHocm;

* <6 mm — udpaseHa aHkuaozaaocus.

JonvAHUMeAHO, B Bbazapckama Aumepamypa ce
u3noA3Ba uemupucmeneHHa ckana Bb3 ocHoBa Ha pas-
cmosHuemo meXgy npukpensHemo Ha ¢peHyayma kovm
ocHoBama Ha e3uka u Hez20Bus Bpox:

. | cmeneH — Aeka aHkunozanocus (12-16 mm);
. Il cmeneH — cpegHa aHkunoznocus (8-11 mm);
. Il cmeneH — mexka aHkunoznocus (3-7 mm);

. IV cmeneH — nvAHa aHkuaoz2aocust (<3 mm).

Te3u koauuecmBeHu nokasameau caykam kamo
OCHOBa 3a nocaegBawu peweHUs OMHOCHO Heobxo-
guMocmma om XUupypau4yHO AeuyeHue u PyHKuuoHanHa
pexabuAaumauus.

M3BvbH nocoueHume kaacudukauuu, omHacswu ce
go e3uuHusi dpeHyaym, npu koumo OCHOBHusm akueHm
e Bbpxy cmeneHma Ha nogBukHocm, npu AabuasHume
dpeHyaymu ce omkpuBam u mHokecmBo Bapuauuu Ha
onucaHama cmpykmypa, kamo pa3gBoeH AabuaneH
dpeHyAym, nepcucmupawl, mekmonabuaneH ¢GpeHyayMm,
gBoeH ¢peHyaym u wupok ¢peHyaym (BkalouumenHo
gBa 3vba) u gp. (Pua. 11).

®yHkuuoHanHa oueHka — upe3 ymBbpgeHu npo-
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assessment and follow-up of the patient's functional
profile. Isolated frenulotomy often leads to relapse and
instability if not followed by comprehensive myofunctional
rehabilitation and orthodontic stabilization80.61,

3.4.1. Diagnostic Algorithm

Morphological assessment — determination of the
frenulum type (according to the classifications of
Placek et al., 1974%4; Rui et al., 2020%8; Kotlow, 199933;
Marchesan, 201040) via visual and palpatory inspection,
including analysis of the insertion point, fibrous structure,
muscular components, and degree of elasticity50.70,

Several quantitative criteria are applied in the
diagnosis of ankyloglossia. According to Semenov and
Muratov (2013)€0, the mobile segment of the tongue is
classified as follows:

+ 16 mm — normal mobility;

* 1115 mm — compensated mobility;

+ 7-10 mm - restricted mobility;

+ <6 mm — pronounced ankyloglossia.

Additionally, Bulgarian literature employs a four-grade
scale based on the distance between the attachment of
the frenulum to the base of the tongue and its tip:

- Grade | — mild ankyloglossia (12-16 mm);

« Grade Il — moderate ankyloglossia (8-11 mm);

- Grade lll — severe ankyloglossia (3-7 mm);

- Grade IV — complete ankyloglossia (<3 mm).

These quantitative indicators serve as the basis for
subsequent decisions regarding the need for surgical
treatment and functional rehabilitation.

Beyond the classifications above, primarily concerning
the frenulum linguae, where the degree of mobility is the
primary focus, multiple structural variations are observed
in the labial frenula. These include the bifid labial
frenulum, persistent tectorial frenulum, double frenulum,
and broad frenulum (spanning two teeth), among others
(Fig. 11).

Que. 11: VikmpaopanHa pomozepagus, geMoHcmpupalua namoAo2u4HO
npukpenBaHe Ha frenulum labii superioris mun papillopenetrans — npemu-
HaBaw, nanamuHaAHO npe3 UHMepgeHmaAHama nanuaa, npegusBukBawi
nepcucmupauwia guacmema. Haauue ca mMHokecmBeHu mpemu B8 2opHa u
gonHa 3vbHa gvea. B gonHama vealocm frenulum labii inferioris e Hucko
uHcepmupaH, HabalogaBam ce ICHO u3pa3eHu MHo)kecmBeHu 2uHauBoby-
kanHu Bpwvsku. YemaHoBeHo e ce 2eHepausupaHo Bvb3naseHue Ha mapau-
HaAHama auHauBa.
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mokoau kamo ATLFF - Hazelbaker, 199328; BTAT -
Martinelli u koa., 201344; Marchesan Protocol, 201040,
BkalouBa oueHka Ha 2bAamaHe, doHauus u gBukeHue Ha
e3uka. MypamoB nocouBa, ue pascmosHue nog 8 mm
meXkgy Bvpxa Ha e3uka u papilla incisiva npu akmuBeH
onum 3a noBguzaHe e uHgukamop 3a ¢yHKUUOHaAAHO
oz2paHuueHue®!.

®omogokymeHmauus u BugeoaHanus —Bugeosa-
nuc Ha peuy u ¢oHauusa B nokou u npu gBuwkeHue (apmu-
kynauusi, 2bAamaHe, nokou Ha esuka), ¢ ¢okyc Bopxy
guHamukama Ha noge3uyHusi ¢peHyAym npu makcu-
MaAHO usgu2aHe Ha e3uka kbM nanamuHanHus cBog60
— ocHoBeH nokasamena 3a HaAuyue Ha AameHmHa aHku-
noznocus6l. MpenopvuBa ce 3anuc om 30-60 cek., ¢
noBmopeHus Ha 3BykoBeme [p/, [A[, [m].

OpmogoHmcku aHanu3 — oueHka Ha mpaHcBep3an-
Hama wupuHa, HaAuYue Ha guacmema, gucmaausauus,
komnpecus Ha 2opHa uyealocm uAau omBopeHa 3axanka.
Bucokume uHcepuuu Ha ¢peHynyma yecmo ca nopBon-
puyuHa 3a HapyweHo okay3anHo paBHoBecue B cmece-
HO Cb3bbueb!.

ComHonoz2uuveH u myckyaeH ckpuHuHz — lNpu gaHHU
3a ob6cmpykmuBHa cbHHa anHes, XpoHUUYeH bpykcusbm,
TMC-gucdyHkuus uau HapyweH pacmeX ce npeno-
pvuBa koHcyaAmauus cbC cbomBemHus cheuuaAucm68.
HenpaBuaHomo e3ukoBo no3uuuoHupaHe nopagu kbc
dpeHyaym yecmo Bogu go HapyweHus B CbHa u npome-
HEeH mMogeA Ha guwane®!,

3.4.2. KAUHU4YHU npenopvku

MoBegeHueckume anzopummu caegBa ga ce agan-
mupam cnpsmo Bb3pacmma:

- npu kepmauema ¢ npobaemu B8 cykaHemo uHmep-
BeHuusma He ce omaaza;

- npu geua go 5-20g. Bv3pacm ce npenopbuBa
HabalogeHue u akmuBHo MuodyHkuuoHanHO BogeHe
npegu onepamuBHa Hameca;

- npu nogpacmBawu u Bv3pacmHu — egHoBpemeHHa
AozoneguyHa oueHka u opmogoHmcku aHaAusz'4.

Mpu nogBukHocm <10 mm u ¢$OHAUUOHHU Hapy-
weHus mexkgy 2-5 20g. Bv3pacm, pyckume npomokoau
npenopbuBam $peHyromomus®o,

Bpememo Ha uHmepBeHuus 3aBucu om KAUHUYHA-
ma kapmuHa. lNpu guacmema — ¢peHyromomusma ce
u3BbpwBa creg opmogoHmckomo 3amBapsiHe, HO npegu
pemeHuuamas3. [pu aHkuaozaocus ¢ ¢GyHKUUOHAAHU
HapyweHus — uHmepBeHuusma ce u3BbpwBa npegu
MuodyHkuuoHaAnHa mepanusi, HO CAeg AO2oneguyHa
npeuerka33. OnmumanHusm nepuog cnopeg CemeHoB u
MypamoB (2014) e mexXkgy 9 u 11 Meceua caeg Hauyano-
Mo Ha Aoz2oneguuHama pexabuaumauusb?.

AasepHama mexHuka e npegnoyumaHa nopagu npe-
UU3HOCM Ha cpes3a, MUuHUMaAeH mpaBmMamu3bM, MUHU-

Fig. 11: Intraoral photograph demonstrating pathological attachment
of the frenulum labii superioris of the papillopenetrans type — extending
palatally through the interdental papilla and contributing to a persistent
diastema. Multiple diastemata are present in both the maxillary and
mandibular dental arches. In the mandible, the frenulum Ilabii inferioris
exhibits a low insertion, with prominently visible multiple gingivobuccal
attachments. Generalized inflammation of the marginal gingiva is also
observed.

Functional Assessment - performed using
established protocols such as ATLFF - Hazelbaker,
199328; BTAT — Martinelli et al., 201344 and the
Marchesan Protocol, 201049, which evaluate swallowing,
phonation, and tongue mobility. Muratov notes that a
less than 8 mm distance between the tongue tip and
the papilla incisiva during active elevation indicates
functional restriction®?,

Photodocumentation and Video Analysis — includes
video recording of speech and phonation both at rest and
in motion (articulation, swallowing, and tongue posture),
focusing on the dynamics of the frenulum linguae during
maximal tongue elevation toward the palatal vaulteo
— an essential indicator of latent ankyloglossia®'. A
30-to 60-second recording is recommended, including
repetitions of the phonemes /r/, /I/, and /t/.

Orthodontic Analysis - involves evaluation of
transverse arch width, presence of diastema, distalization,
maxillary constriction, or open bite. High frenular insertions
are frequently a primary etiological factor in an occlusal
imbalance during the mixed dentition stage®'.

Sleep and Muscular Screening - If signs of obstructive
sleep apnea, chronic bruxism, temporomandibular
dysfunction (TMD), or impaired growth are present,
referral to the appropriate specialist is advised®®.
Improper tongue posture due to a short frenulum is often
associated with sleep disturbances and altered breathing
patterns®!.

3.4.2. Clinical Recommendations

Behavioral algorithms should be adapted according
to age:

- Intervention should not be delayed in infants with
breastfeeding difficulties;

- Observation and active myofunctional guidance are
recommended before surgical intervention in children
under the age of 5;

- Simultaneous speech-language evaluation and
orthodontic analysis are advised'# in adolescents and
adults™.

When tongue mobility is <10 mm and phonation
disorders are present among children aged 2 and
5 vyears, Russian protocols recommend performing
frenulotomy®0,

The timing of the intervention depends on the clinical
presentation. In cases involving a diastema, frenulotomy

OpPTOAOHTCKUN Mpe
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MaAHO kbpBeHe, no-6vp3o BbacmaHoBaBaHe, gobbp
xemocmamuueH KOHMpOA u no-Hucbk puck om cpacm-
BaHess — 2.5% cnpsmo 7-9% npu kaacuuecka xupyp-
2un52.60,

MocmonepamuBHusam npomokon BkalouBa ynpadkHe-
Hus 3a MOBUAHOCM Ha e3uka u ycmHume, npoBexkgaHu
3 nomu gHeBHO no 5-10 MuH. 3a noHe 4 cegMuuu.
Auncama Ha pexabuaumauus Bogu go ¢ubposeH kop-
goH u 3a2yba Ha epekma om uHmepBeHuusma’o,

OpmogoHmckama npoegHo3a ce nogobpsaBa 3Hauu-
meAHO npu egHoBpemeHHa kopekuus Ha e3ukoBama
nosuuus u GpeHyaapHama uHcepuuss.

Cnopeg pyckume aBmopu MuHuMaAHusim cecmaB Ha
epekmuBeH ekun BkalouBa opmogoHm, A02oneg u hapo-
goHmoaog/xupypza. lMpu CbHHa anHes UAU COMHOAO2UYHU
cumnmomu — ce BkalouBa u COMHOAOZ2 UAU OMOAAPUH-
2on02, a kombBuHupaHama Xupyp2uuHO-AO2oneguuHa
mepanusa Bogu go cmabuneH peayamam B Hag 95% om
cAyuaumeb?,

. 3SAKAIOYEHUE

OpeHyaymume Ha ycmHama KyxuHa, gbA20 pasanexk-
gaHu kamo aHamomuyHu koHcmaHmu ¢ BmopocmeneH-
HO 3HaueHue, gHec ce ymBovpkgaBam kamo KAUHUYHO
3HauumMu cmpykmypu U npo2HocmuyHu Buomapkepu c
kalouoBo BbageucmBue Bobpxy ycmHama ¢yHkuus, napo-
goHmaaHomo 3gpaBe u opmogoHmckama cmabuaHocm.

MpeuusHama mopdodyHkuuoHanHa oueHka u cBo-
eBpemeHHama um uHmepBeHuus — B koHmekcma Ha
MyAmMugucuunAuHapHa konabopauusi — Mo2am He camo
ga npegomBpamsam peuuguBu u ¢yHkuuoHaAHU Hapy-
WEHUS, HO U ga 2apaHmupam gbA20CPOYHU U CMabuAHU
peayamamu 8 opmogoHmckomo AeueHue'2,

Hacmosiwusm AumepamypeH 0630p noguepmaBa
Hy>kgama om uHguBugyaAusupaH gua2HOCmu4eH nog-
x0g, BbapacmoBo cbobpazeHu mepaneBmuyHu peweHus
u akmuBHO yyacmue Ha mMyamugucuunAuHapeH ekun, B8
koumo opmogoHmbm uma Bogewa npozHOCMUYHA U
koopguHupawa poas.

Camo maka moxke ga ce ocuzypu He npocmo Aokaa-
Ha kopekuus, a usanocmHa ¢yHKuuOHaAHA XapMOHUs U
onmuManeH pacmexX.

PTOAOHTCKU lMpoerneA
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should be performed after orthodontic space closure but
before the retention phase53. In cases of ankyloglossia
with functional disturbances, intervention should be
performed before myofunctional therapy, but following
speech-language evaluation33. According to Semenov
and Muratov (2014)81, the optimal timing is between 9
and 11 months after the initiation of speech therapy.

Laser-assisted techniques are preferred due to their
precision of incision, minimal trauma, reduced bleeding,
faster recovery, superior hemostatic control, and a lower
risk of postoperative adhesion formation®4 — reported at
2.5%, compared to 7-9% with conventional surgery52.60,

The postoperative protocol includes mobility exercises
for the tongue and lips, performed three times daily for
5-10 minutes over a minimum period of four weeks.

Orthodontic prognosis improves significantly when
correction of tongue posture is combined with surgical
adjustment of frenular insertion®.

According to Russian authors, the minimum effective
team should include an orthodontist, a speech-language
pathologist, and a periodontist or oral surgeon. A sleep
specialist or otolaryngologist should also be involved in
cases of sleep apnea or related somnological symptoms.
Combined surgical and speech therapy yields stable
outcomes in over 95% of cases®!.

lll. CONCLUSION

Long regarded as anatomical constants of secondary
importance, the oral frenula are now recognized as
clinically significant structures and prognostic biomarkers
with critical impact on oral function, periodontal health,
and orthodontic stability.

Accurate morpho-functional assessment and timely
intervention — within the framework of multidisciplinary
collaboration — not only prevent relapses and functional
disturbances but also ensure long-term and stable
outcomes in orthodontic treatment?2.

This literature review highlights the need for an
individualized diagnostic approach, age-appropriate
therapeutic decisions, and the active involvement of a
multidisciplinary team in which the orthodontist plays a
leading prognostic and coordinating role.

Such an approach can achieve the goal of not
merely local correction but comprehensive functional
harmony and optimal craniofacial growth.
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PE3IOME ABSTRACT

Yyacmuemo Ha noBeue om eguH GBug
cheuuaaucm npu AevyeHuemo Ha Bv3pacmHu
nauueHmMu MHO20 Yecmo e Heobxogumo 3a
ocuzypaBaHemo Ha onmumanHa ecmemuka

u Bo3moXkHO Hal-gbA20 3ana3BaHe Ha
dusuonozuvuHama  ¢pyHkuus. Ponama Ha
opmogoHma e cBvp3aHa npeguMHO C

nogzomoBkama Ha nauyueHma 3a 6bgewo
UMNA@HMUpaHe UufuAu npomesupaHe upes
ocuzypaBaHemo Ha mMacmo, kakmo u

npemaxBaHemo Ha emuoAo2uvHu ¢dakmopu
3a BrowaBaHe cbcmosHUEMO Ha hapogoHma
upe3 HuBeaupaHe Ha 3v6ume, kopuaupaHe Ha
3v6Hama gba2a u HopMaausupaHe Ha okay3aAHUMe
CbOmMHoweHuUA npu HyXkga.

The involvement of more than one type of
specialist in the treatment of adult patients is
often necessary to ensure optimal aesthetics and
the longest possible preservation of physiological
function. The orthodontist’s role primarily relates
to preparing the patient for future implant
placement and/or prosthetic rehabilitation
by creating adequate space and eliminating
etiological factors for periodontal deterioration
by aligning the teeth, correcting the dental arch,
and normalizing occlusal relationships where

needed.

BbBEOEHUNE

OpmogoHmckomo AeueHue npu Bb3pacmHu hauu-
eHmu ce npoBexkga cneg kpas Ha kocmHus pacmex.
Hau-yecmo mo u3uckBa MyAmugucuunAuHapeH nog-
X0g, nopagu HacmvbnBawume NpPOMEHU Ha cmapeeHe
B8 3bbHama gv2a u napogoHma. C HanpegBaHe Ha
Bv3pacmma Hykgama om Hamecama Ha npomesucm
U UMNAAHMOAOZ2 C UeA Bb3cmaHoBaBaHe Ha 3az2ybeHu
3bbHU mbkaHu, kakmo u yyacmuemo Ha NapogoOHMOAO-
2a (npu Bcuuku nauueHmu ¢ napogoHmum, He3aBucumo

INTRODUCTION

Orthodontic treatment in adult patients is carried
out after the completion of bone growth. It most often
requires a multidisciplinary approach due to age-related
changes occurring in the dental arch and periodontium.
As age advances, the need for prosthodontists and
implantologists to restore lost dental tissues—as well
as for periodontists in all patients with periodontitis
regardless of severity—becomes inevitable.

* CmygeHm V kypc, Qakyamem no geHmanHa meguuuHa, MeguuuHcku yHuBepcumem — Codus
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DgOHMUS 3a BedpacmHu: KomMmnaekcHO opmogoHmcko-npomemuuHO u
opmMmogoHMmMcko-napogoHMoAO2UYHO AedeHue

om medkecmma) cmaBam HeusbeXkHuU.

KomnaekcHo opmogoHmcko-npomemuyHo Aeve-
Hue

ToBa e neueHue, koemo ce npoBerkga caeg 3aBopwi-
BaHe Ha ckenemHus pacmeXk Ha nauueHmume, kamo
ueama Ha opmogoHmckama Hameca e ga nogzomBu
Cb3bbuemo 3a u3BbpwBaHe Ha Hbgewo UMNAAHMOAO-
2UYHO AeYEHUe U/uAU npome3upaHe.

NHgukayuu 3a opmogoHmcko-npomemuyHo Aeue-
Hue

MpomemuyHOMO AeyeHue cAeg opmogoHmckomo
Moke ga ce npoBege C UeA hocmuzaHe Ha no-gobpa
ecmemuka ocobeHo Bb8 ¢PpoHmanHus yuacmuvk (aeku
npoMeHu BvbB ¢opma, uBam uAu pasmep Ha 3vbume
nocpegcmBom 6oHguHz uAu dpacemu). Kozamo AuncBa
cmpoza Heobxogumocm BbB ¢yHkuuoHaneH acnekm,
AeueHuUemo ce naaHupa 8 3aBucumocm om >kenaHuemo
u ouyakBaHusma Ha nauueHma.

Mpu nauueHmu, koumo ca 3aBvpwuAu cBos cke-
AemMeH pacmeX CUuAHO ce npenopbvyBa opmogoHmcko
AeveHue, cnegBaHo om npomemuuHo Bv3cmaHoBsaBaHe
npu AuncBawu 3bbu (nopagu xunogoHmus, mpaBma
UAU BbanaAaumenHu 3aboasBaHus), aHomanuu B paamep
u ¢opma, npegusBukBawu ¢yHKuUuOHaAAHU HapyweHus,
BbacmaHoBaBaHe Ha CUAHO paspyuleHu 3vbu (ako cBo-
BbogHOMo mMacmo e no-maAko om Hy>kHomo), abpasupa-
AU 366U (C ueAa noBguzaHe Ha 3axanka u Bv3cmaHoBs-
BaHe Ha ¢dusuonoz2uuHa ampaBmamuuHa okay3us) u gp.
Heobxoguma e Hamecama Ha OpmogoHM nopagu Henpe-
kbcHamomo gBuwkeHue Ha 3bbume. OmAuUYEeH npumep e
ecmecmBeHusm cmpemeXk Ha 3bbume ga ce komneHcu-
pa cBobogHOMO MACMO NpuU AuUNca Ha 3bb gbA20 Bpeme
- upe3 UHkAUHauUs UAU pomauusi Ha cbcegHume 3bbu B8
nocoka Ha npasHomo npocmpaHcmBo u npopacmBaHe
Ha aHmazgoHucmume (peHomeH Ha FogoH) (due. 1).

e L

Que. 1. MpomeHu Ha cbcegHume 3v6u npu ekcmpakuus

B makuBa cayuau npu npomesupaHe u >kenaHue 3a
BbacmaHoBaBaHe Ha AuncBauwume 3vbu uma usBecmHu
3ampygHeHuUsi nopagu Auncama Ha gocmamb4HO MSCMO,
kakmo 3a nocmaBsHe Ha umnaaHm, maka u 3a npome-
muuHa koHcmpykuusi. MpomsHama B8 noaokeHuemo Ha
cbcegHuUmMe 3bbu HapywaBa ychopegHocmma Ha ocume
UM U npu hpome3upaHe ce cb3gaBam HenpaBuAHU KOH-
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Complex Orthodontic-Prosthetic Treatment

This treatment is performed after skeletal growth
has completed, with the goal of orthodontic intervention
being to prepare the dentition for future implantology
and/or prosthetic restoration.

Indications for Orthodontic-Prosthetic Treatment

Prosthetic treatment following orthodontics may be
carried out to achieve better aesthetics, especially in the
anterior region (minor modifications in shape, colour, or
size via bonding or veneers). Where no strict functional
necessity exists, treatment is planned in line with the
patient’s desires and expectations.

In patients who have completed skeletal growth,
orthodontic treatment followed by prosthetic restoration
is strongly recommended in cases of missing teeth
(due to hypodontia, trauma, or inflammatory disease),
anomalies in tooth size and shape causing functional
issues, restoration of severely damaged teeth (when the
available space is insufficient), teeth with abrasio (to re-
establish bite height and restore physiological atraumatic
occlusion), among others. Orthodontic intervention is
necessary due to the continuous movement of teeth.

An excellent example is the natural tendency of teeth
to compensate for a missing tooth over time—through
inclination or rotation of adjacent teeth into the empty
space and tooth-alveolar elongation of antagonists (the
Godon phenomenon).

In such cases, prosthetic rehabilitation aiming to
restore the missing teeth can be challenging due to
lack of space for implants and prosthetic constructions.
Changes in adjacent teeth compromise the parallelism
of their axes, creating non-physiological contacts during
prosthetic restoration. This prevents even distribution
of occlusal forces, and as a result, the prosthetic
construction is functionally inadequate (unbalanced
loading on the temporomandibular joint and periodontal
tissue, leading to traumatic complications).

The Godon phenomenon is frequently observed
when a tooth has been missing long-term. For example,
in partially lower jaws with extracted posterior teeth,
elongation of the antagonists is present, reducing the
vertical space available for a prosthetic restoration.
Intrusion of the antagonist is planned to level the
occlusion and regain space.

Orthodontically Induced Vertical Tooth Movements

Intrusion

Intrusion is a technique by which a tooth or
group of teeth is moved apically using orthodontic
forces. Treatment can be segmental, and prosthetic
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makmu, 8 cregcmBue Ha koemo He ce ocvwecmBsBa
paBHomepHO npegaBaHe Ha OKkAy3aAHOMO HaasizaHe
u ¢yHkuuoHanHO npomemuuyHama koHcmpykuus He e
usgopkaHa (HebanaHcupaHo HamoBapBaHe Ha T3T u
napogoHmaneH anapam, Bogewo go mpaBmamuuHu
ycnokHeHus). (Qua. 2)

i, I-’- i
Que. 2 Pomauus Ha 3v6 15 nopagu Aunca Ha 3v6 14. HakaoHsBaHe Ha
366 47 nopagu Auncama Ha 3v6 46.7

(®eHomeHbm Ha [0goH e uvecmo cpewaH, npegum-
Ho kozamo uma AuncBaw, om gba2o Bpeme 3bb. Taka
Hanpumep npu YacmuyHo 0b6e33bbeHa goAHa uenlocm
(gucmaneH yuyacmbk), npopacmBam aHmazoHucmume
om 2opHama uenlocm, B peayamam Ha koemo ce Hama-
ABa BepmukanHomo npocmpaHcmBo 3a npomemuyHa
koHcmpykuus. MNaaHupa ce HuBeaupaHe (Ype3 UHmMpy-
3us) Ha aHmazoHucma u ocuaypsBare Ha mscmo. (Que.
3) Mo mo3u HayuH usAoCMHOMO koMnAekCHO AeveHue
we bvge no-koHcepBamuBHO u 6e3 ga ce usnuasBam
gONbAHUMEAHO 3bbu.

-~

-

Que. 3 MpopacmBare Ha 3v6u BbB 1 u 2 kBagpaHm nopagu Aunca Ha
aHmazoHucmume um.2

OpmogoHmcku uHgyuupaHu BepmukanaHu gBuxke-
HuA

NHumpysua

MHmpy3usma e memog, npu koumo 3b6 uAu 2pyna
3bbu ce npemecmBam no-anukaAHo nog gelucmBuemo
Ha opmogoHmcku uHgyuupaHu cuAu. AeyueHuemo mMoxXke
ga bvbge ceameHmHo, kamo npome3upaHemo mps6Ba
ga ce ocbwecmBu BegHaza caeg npukalouBaHe Ha
opmogoHmckomo AeueHue, nopagu pucka om peuuguB.
OcobeHo npegu3BukameAcmo e uHMpy3usma Ha MHo-
2okopeHoBu 3vbbu, nopagu aHamomMuyHUME UM 0CObeHo-

rehabilitation must be performed immediately after
orthodontic treatment to avoid relapse. Intrusion of
multirooted teeth is particularly challenging due to
their anatomy, but it is nonetheless recommended and
preferred by prosthodontists because it ensures proper
spatial relationships and adequate vertical space for
definitive prosthetic treatment.

Due to the complexity of this process, temporary
mini-implants are often used to aid the intrusion and
maintain stability if prosthetic treatment must be delayed.
This approach preserves maximum hard tissue (avoiding
selective grinding) and maintains an optimal crown-to-
root ratio, improving prognosis.

Extrusion

Extrusion refers to movement of a tooth or teeth in
occlusal direction under orthodontic forces. It can be
rapid or slow:

Rapid extrusion aims to quickly move teeth occlusally
where the clinical crown has been fractured or destroyed
beneath margo gingivalis. It does not significantly change
the width of attached gingiva or surrounding soft tissue
and is used to gain 1-2 mm of supragingival hard tissue
for prosthetic restoration. It is appropriate in teeth without
periapical lesions and in medically healthy patients with
reduced periodontium.

Treatment requires interdisciplinary collaboration.
Endodontic therapy is performed first to place a post
with a hook for traction. Strong orthodontic forces are
used, and the minimum retention period is four weeks
to allow reorganization of periodontal fibers. The tooth is
prepared and definitively restored prosthetically.

Slow extrusion uses gentle forces to move the
tooth and its surrounding tissues coronally (coronal
elongation). Tension in the periodontium promotes
alveolar bone apposition, creating bone for implant
placement and improving periodontal status.

ORTHODONTIC-IMPLANT TREATMENT

Successful implant treatment requires proper
orthodontic preparation, surgical implant placement,
prosthetic restoration, and ongoing periodontal
maintenance. The periodontist plays a role throughout
all treatment phases to support tissue health.

Pre-treatment Preparation

This stage includes the development of an
individualized treatment and financial plan, discussed
in detail with the patient. Special attention is given to
informed consent, explaining treatment goals, alternatives,
and potential risks.
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cmu - 2 uau 3 kopeHa, Ho Bbnpeku moBa ce npenopbuBa
u npegnoyuma om npome3ucmume, 3aw,omo ocuaypsBa
npaBuAHU CbomHoWweHUs MeXkgy 3bbume u Heobxogumo-
mo pascmosiHue, koemo Hakpasi peayamupa 8 npaBuaHo
komnaekcHo 3aBbpweHo npomemuuHo AeueHue. Mopagu
mpygHOCMmMa Ha mo3u NPouecC Ha UHMpy3us, Yecmo
ce u3noAn3Bam MuHU umnAHamu, koumo ca BpemeHHu
B cv3vbuemo u me nognomazam uHMpy3uBHume gBu-
»keHus Ha 3bba, kakmo u ocugypsaBam no-HamambvuiHa
cmabuaHocm Ha HoBama no3uuus, ako nopagu HakakBa
npuyuHa ce Hanoku ga ce 3abaBu npomemuyHOmo
AeyeHue. Memogbm e npegnouyumad, mbvu kamo ce
3anazBam makcumanHo mBbpgu 3b6HU MokaHu (us3bse-
Ba ce cenekmuBHO u3nuAsBaHe) U ONMUMaAHO CbOMHO-
weHue kopoHa:kopeH — no-gobpa npozHo3a.

Ekcmpysus

Ekcmpysusma Ha 3vbu npegcmaBasBa okAy3aHO
npemMecmBaHe Ha eguHUYHU UfuAu 2pyna 3bbu nog
geticmBuemo Ha opmogoHmcku cuau. Ta 6uBa gBa Buga
- bvop3a u 6aBHa.

Bopsama ekcmpysus e masu, kosmo ueAau 6bp30
okAy3anHO npemecmBaHe Ha 3bbu, uuamo KAuHUYHA
kopoHa e cybauHzuBanHO paspyweHa uAu ¢pakmypu-
paHa. lMNpu Hes He ce npOMEHsM wupuHama Ha npu-
kpeneHama auHzuBa u okono3bbHume Meku muvkaHu,
m.e. 3b6bm ce uameana 6e3 npuaekawus nNapogoHm.
Llenu ce neuanba Ha 1-2 MM mBbpga 3bbHa movkaH Hag
2uHzuBanHOMO HUBO U N0 MO3u HayuH Bv3amoXkHocm 3a
npome3aupaHe. Mogxogawa e npu 3vbu 6e3 nepuanukan-
HU u3MeHeHus u nauueHmu B 3gpaBe npu pegyuupaH
napogoHm. M3bupa ce B 3aBucumocm om HuBomo Ha
dpakmypama, ¢opmama Ha kopeHa (ako e mbHbK —
puck om nosBa uepHU mpubzbAHUUU), Bb3pacmma Ha
nauueHma u gaau we bbge 3acezHama ecmemukama..

Bopsama ekcmpyaus usuckBa konabopauus mexkgy
pasauvHu cneuuaaucmu. lMpoBexkga ce eHgogoHmcko
NopBuUYHO UAU peneueHue, 3a ga moke ga ce nocmaBu
pagukyaapeH wuéem c kyka, upes koumo ce meaau 3vba
(due. 4). N3non3Bam ce epybu opmogoHmMCKu CuAu.
Hau-kpamkusm gonycmum pemeHUuoHeH nepuog e 4
cegMuuu — Heobxogumomo Bpeme 3a peopzaHusauus
Ha napogoHmaAnHume BaakHa. 3vbHama koponka ce
usezpakga BbB Bug Ha nvHuUe u ce nocmaBs geduHu-
muBHO npomemuuHo Bb3cmaHoBsBaHe.3

Que. 4 Bopza ekcmpysus ¢ pagukyrapeH wupm3
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TOM 27 /2025, KkH1>KKaA 1

Orthodontic Preparation
This involves ensuring adequate space for implant
placement and the prosthetic construction. Steps include
leveling and aligning adjacent teeth, creating space
if necessary, and securing stable retention with fixed
retainers.
Critical orthodontic parameters for successful implant
placement include:
A minimum distance of at least 1 mm between
the implant and adjacent teeth
Sufficient width of the site (6—7 mm for lateral
incisors)
Root alignment (parallel or divergent toward the
apex) to avoid interference and ensure implant stability.

Orthodontic
Hypodontia

Upper lateral incisor hypodontia requires special
attention to both function and aesthetics. Adequate
space is determined for the implant and prosthetic
crown, considering the shape of the contralateral tooth
(often malformed or absent). Ideally, the proportion
between the central and lateral incisor is 3:2, with the
lateral incisor typically measuring 5.5-6.7 mm in width
compared to 8—-10 mm for the central incisor.

Preparation in Lateral Incisor

Timing of Extraction — A Key Factor

Early extraction leads to vertical and bucco-lingual
bone loss. According to F. Spear et al., the anterior
maxilla loses about 23% of bone volume in the first six
months after extraction and up to 34% by year five.
Immediate extraction before implant placement has the
most favorable prognosis. Interestingly, orthodontically
created space by tooth separation results in only "1%
bone loss over four years.

In lower premolar hypodontia, extraction of a retained
primary molar can cause 30% alveolar ridge reduction.
Early extraction is recommended only in cases of
ankylosis.

Timing of Implant Placement — Strategic Importance

Implant placement must be coordinated with
orthodontic treatment. Placing an implant before
orthodontics limits tooth movement because the implant
is immobile. Delaying implantation until after orthodontics
guarantees optimal implant positioning and stability,
supporting precise prosthetic restoration.

ORTHODONTIC-PERIODONTAL TREATMENT

Orthodontic treatment in the context of active
periodontal therapy has unique aspects related to
compromised periodontal structures. To avoid
complications, the orthodontist must understand
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BaBHama ekcmpy3sus usnoasBa caabu cuau. Ta npe-
MecmBa B okaysanHa nocoka 3vba 3aegHO ¢ 0kono3bb-
Hume mbkaHu - kocm u meku mvkaHu (kopoHapHa eAoH-
2auus). B nepuogoHuuyma ce cv3gaBa 3oHa Ha Hanpe-
>keHue (meaneHe), B peayamam Ha koemo HacmovnBa
kocmHa ano3uuus — neyanba Ha anBeoaapHa kocm. Mo
mMo3u Ha4YuH Moke ga ce ocuaypu kocm 3a npegcmosuwo
UMNAGHMOAOZUYHO AeveHue, kakmo u ga ce nogobpu
napagoHmanHus cmamyc.

OPTOO4OHTCKO-UMNAAHTOANOTMYHO AEMEHUE

Ychexom Ha UMNA@HMOAO2UYHOMO AeueHue Bkalou-
Ba npaBuaHa opmogoHmcka nogz2omoBka, xupypauyHo
nocmaBsHe Ha umnaaHma, npomemuyHo Bv3cmaHoBs-
BaHe u oueHka Ha napogoHmMOaAeH cmamyc om hapo-
goHmonoz.# Tou yuacmBa B8 noggopkaHemo Ha mbkaH-
Homo 3gpaBe npe3 Bcuuku emanu Ha AeyeHuemo.

MpegneuebHa nog2aomoBka

To3u eman BkalouBa uszomBsHemo Ha uHguBugya-
AeH neuebeH u puHaHcoB naaH, koumo ce obcwXkga nog-
pobHo ¢ nauueHma. OcobeHo BHUMaHuUe ce omgens Ha
uHdopmMupaHomo cvaaacue, koemo BkalouBa obacHeHue
Ha ueAume Ha AeyeHuemo, aamepHamuBHume nogxogu
U nomeHuuanHume puckoBe.

OpmogoHmckama nogzomoBka

B mo3u eman ce ocuzypsBa HeobxoguMomo MAcmo
3a nocmaBsHe Ha umnAaHma u nocaegBawama npome-
muuHa koHcmpykuus. BkalouBa HuBeaauus Ha 3vbume
- oceBo nogpaBHaBaHe Ha cbcegHumMe 3bbu, 0cBoboXk-
gaBaHe Ha Macmo npu Hy>Xkga u obe3neuaBaHe Ha cma-
BbunHa pemeHuusa upes3 ¢ukcupaHu pemauHepu.

KpumuuHu opmogoHmcku napamempu 3a ycnewHa
UMNAGHMAaUUs Ca MUHUMaAHO Ppa3CmosiHUE Om nOHe
1 mm meXgy umMnaaHma u cbcegHume 3bbu, kakmo u
ocuzypsBaHe Ha gocmambyHa WUpUHa Ha MACMOMO —
6-7 mm npu AamepanHume pe3uu. PasnonokeHuemo
Ha kopeHume (ycnopegHu uau guBepzupawu kom ane-
kcume) e BakHo 3a u3bseBaHe Ha uHMepdepeHuUUU U 3a
cmabuaHoCmMmMa Ha uMnAaHma.

OpmogoHmcka nogzomoBka npu xunogoHmus Ha
AamepaAHuU pe3uu

XunogoHmusima Ha 20pHU AamepaAHU pe3uu u3uc-
kBa cneuuanHo BHumaHue kakmo kbm ¢yHkuuoHaAHa-
ma, maka u koM ecmemuuHama cmpaHa Ha AeyeHue-
mo. Onpegenam ce HeobxogumMomo npocmpaHcmBo 3a
umMnAaHm, npomemuuHo Bb3cmaHoBsBaHe, ¢opmama
Ha koHmpaaamepanHus 3vb (koumo uecmo e ¢ Henpa-
BunHa ¢opma uau AuncBa). 3a ugeanHa nponopuus ce
cuuma CbomHoweHuemo MexXkgy UueHmpanHus u Aame-
panHus pesey, 3:2, kamo AamepanHuam peseu 0bukHo-

the normal and pathological periodontium, interpret
diagnostic tests, and perform certain clinical periodontal
assessments.

The goals in periodontally compromised adults with
malocclusions include correcting factors that worsen
periodontal status and restoring stability and function,
with the added benefit of improved aesthetics. Full
recovery of physiological occlusion is not possible in
these patients.

Factors in Adult Patients

Objective factors:

+  Completed skeletal growth

. Compromised periodontium prone to further
bone loss

. Presence or absence of full dentition

. Supporting structure problems

Reduced periodontium requires tailored planning,
with a risk of tooth loss due to inability to withstand
masticatory forces. Lifetime retention is mandatory.

Subjective factors:

. Aesthetic concerns

. Speech difficulties

. Treatment duration and complexity

. Type of appliances

. Patient motivation

Strict adherence to timelines and sequencing of
interdisciplinary treatment steps is critical. Patients
must be informed and cooperative throughout therapy.
Low, controlled forces are essential to prevent further
periodontal damage.

Is there a link between malocclusion and
periodontal disease? Untreated malocclusions during
growth predispose to periodontal disease. While not an
etiological factor themselves, the traumatic occlusion
they create is a local factor for periodontal problems.
Early orthodontic treatment in childhood helps prevent
periodontal disease.

Malocclusions indicated for orthodontic treatment in
periodontally compromised adults

Tooth-level and arch-level issues:

. Inclinations

. Rotations

+  Crowding
. Diastemata
. Flaring

These hinder proper oral
unfavorable gingival topography,
recession.

Occlusal deviations:

. Deep bite

. Edge-to-edge bite

hygiene and create
bone defects, and
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BeHo uma wupuHa om 5,5 go 6,7 mm cnpsmo 8—10 mm
npu ueHmpaaAHus.

Bpememo Ha ekcmpakuusa — kalouoB ¢pakmop

PaHHama ekcmpakuus e npegnocmaBka 3a 3azyba
Ha kocm kakmo BepmukaaHo, maka u BbB Becmubyno-
AuH2BanHa nocoka. Cnopeg u3scaegBaHe Ha F. Spear u
kon. BbB ppoHmManHus ceameHm Ha 'Y npe3 nvpBume
wecm Meceua caeg ekcmpakuus moke ga ce Habalo-
gaBa 3azyba Ha okono 23% om obema Ha kocmma, a
go nemama 20guHa masu 3agyba mMoke ga gocmuzHe
34%.5 Ekcmpakuusma HenocpegcmBeHo npegu hocma-
BAHEemMoO Ha uMnAaHma e ¢ Hau-baazonpusmHa npoe-
Ho3a. WIHmepecHo e, ue opmogoHmcku cb3gageHomo
cBobogHo mMacmo upes pasgensHe Ha gBa 3vba Bogu go
camo1% 3aegyba 3a 4 20guHu.

Mpu xunogoHmusi Ha goAHU MoAapu e BaxkHo ga ce
uma npegBug, ue ekcmpakuusma Ha BpemeHeH MoAap
Bogu go 30% pegykuus Ha anBeonapHus epebeH. PaHHa
ekcmpakuus Ha makbB 3b6 ce npenopbuBa camo npu
aHkuno3sa (nopagu pucka om gedpekm Ha nocmosHHUmMe
3b6u)

Bpememo 3a nocmaBdaHe Ha umMnAaHma — cmpa-
mezauyecko 3HaueHue

MNMocmaBsaHemo Ha umnAaHm cbobpassBa daszama Ha
opmogoHmckomo AeueHue. MNMocmaBsHemo Ha umnAaH-
ma npegu npukalouBaHe Ha opmogoHmusma, MoXke ga
BvanpenamcmBa 3vbHUMe gBukeHus, nopagu ¢akma,
ye ocmaBa HenogBuwkeH. OmaazaHemo Ha UMNAaHMU-
paHemo go kpas Ha opmogoHmckomo AeueHue 2apaH-
mupa onMuMaAHO pa3noAokeHue U cmabuAHOCM Ha
umnaadima. C moBa ce cbv3gaBam ycaoBus 3a npeuusHa
npomemuuHa pecmaBpauus.

OPTOQOHTCKO-NMAPOQOHTONOI MYHO AEMEHUE

OpmogoHmckomo AeueHue kamo uacm om akmuB-
Hama mepanusi Ha egHO napogoHmaaHo makoBa, uma
cBoume ocobeHocmu, koumo ca cBvp3aHu Hau-Beue ¢
HapyweHume napogoHmanHu cmpykmypu u ¢yHkuuu,
cnpsmo koemo ce cbobpassBam usnoA3BaHume memo-
gu, nogxogu u opmogoHmcku cuau. 3a ga bvge npoBe-
geHo AeuveHuemo 6e3 ga ce npegu3Bukam ycAaokHeHus,
opmogoHmbm mpsbBa ga no3HaBa Hopmama u namo-
AO2USIMa Ha nNapogoHma, ga ymee ga uHmepnpemupa
napakAuHUYHUMeE u3cnegBaHus u ga mMoke ¢ Aekoma
ga u3nbAHU Hakou KAUHUYHU hapogoHmaAHu mecmoBe.

HezoBume ueAu npu Bv3pacmHu napogoHManHO
komnpomemupaHu nauueHmu ¢ manokay3uu BkalouBam
kopekuusma Ha npegnocmaBku 3a BaowaBaHe napo-
goHmanaHus cmamyc, kakmo u ocuaypsBaHe Ha cmabua-
Hocm u dusuonozuuHa ¢yHkuusa. Kamo pesyamam ce
onmumu3upa u ecmemukama. Mpu makuBa nauueHmu
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. Open bite

. Mandibular deviation

. Transversal discrepancies

These lead to functional disturbances, traumatic
occlusion, bruxism, pathological tooth migration,
premature contacts, and pathological wear.

Prosthetic restoration alone cannot eliminate traumatic
loading. An interdisciplinary plan is needed to rehabilitate
the dentoalveolar system.

Treatment Sequence in Periodontally Compromised
Adult Patients

1. Initial periodontal therapy

2. Planned orthodontic treatment

3.  Supportive periodontal therapy

4. Pre-planned retention

The objectives of such orthodontic treatment in
periodontally compromised patients consist of alleviating
crowding; uprighting and intruding teeth limiting the
extraction space; closing interdental gaps; establishing
proper proximal contacts; vertical leveling to eliminate
premature contacts and occlusal trauma; individual
assessment of bone loss and crown-to-root ratio,
followed by planning of tooth movements aimed at
achieving long-term stability.

Mechanics of Tooth Movement

The most widely accepted theory of tooth movement
and bone remodeling is the classical compression-
tension model. When substantial orthodontic forces are
applied, within minutes the tooth tips within the alveolus,
creating a pressure zone in the periodontal ligament
in the direction of the applied force, and a tension
(traction) zone on the opposite side. In the pressure
area, a process of hyalinization (sterile necrosis) begins.
The altered tissue is removed by macrophages, followed
by indirect bone resorption in the region. When light
orthodontic forces are applied, direct bone resorption
occurs without subsequent hyalinization. In the tension
area, bone apposition takes place.

In adult patients, the number of osteoblasts and
osteoclasts is lower, and the bone marrow spaces
are reduced. These changes predispose to a slower
remodeling process, which is why it is recommended
to apply lighter forces that allow sufficient time for
adaptation and reduce the risk of trauma. It should
also be considered that the center of resistance (Cr) in
teeth with vertical bone loss is positioned more apically.
Accordingly, it is necessary to anticipate where the true
center of rotation will be when a force is applied. To
achieve translation rather than tipping, the direct force
applied to the tooth must be weaker than it would be
in a non-compromised periodontium, while the moment
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He e Bb3aMOkHO nbAHO Bb3cmaHoBsBaHe Ha ¢u3UOAO-
2uyHa okaysus.

O6ekmuBHu u cybekmuBHu dakmopu onpegeaam
ocobeHocmume Ha Bb3pacmHume nauueHmu. Kom
obekmuBHume ¢dakmopu cnagam 3aBbpweH pacmex;
komnpomemupaH napogoHm, npegpa3noAokeH kbm no-
HamambwHa kocmHa 3a2yba; 3ana3eHO UAU HE Cb3b-
bue; npobaemu c onopama Ha anapama. M3Becmo
e, ue pegyuupaHusm napogoHm u3uckBa pa3auueH
AeuebeH naaH u couwecmByBa puck om nomeHuuasHa
3azyba Ha 3vbu nopagu HeBbamokHoCmmMa ga ce noHe-
ce gvBkamenHomo Hans2aHe. 3agoakumenHo ycaoBue
npu me3u hauueHmu e gokuBomHama pemeuus. Kamo
yacm om cybekmuBHume d¢akmopu ca caegHume:
cMmymeHa ecmemuka; 3ampygHeH 208op; obem u npo-
gbrkumenHocm Ha opmogoHmckomo AeueHue; Bug Ha
opmogoHmckume anapamu; momuBauus Ha nauueHma.
Om z2onamo 3HaueHue ca cpokoBeme, onpegeneHu B
xoga Ha komnAekCHOMO UHMEPQUCUUNAUHAPHO Aeuve-
Hue u nocaegoBameaHocmma Ha BkaloueHume emanu.
MauueHMom mpa6bBa ga 6bge ocv3Ham npes ugAocm-
Hama mepanus u ga caegBa uHcmpykuuume Ha3HayeHu
om cneuuaAucmume, cbCmaBuAu nAaHa Ha AeYeHue.
Opye BakeH ¢dakmop, koumo mpsa6Ba ga bvge cvbo-
bpaseH e Heobxogumocmma om npuAazaHe Ha cAabu,
go3upaHu opmogoHmMcku cuau 3a npeBeHuust om ycAoX-
HeHusi Ha Beue komnpomemupaHus napogoHm.

NMma Au Bpuvska BvsHukBaHemo Ha manokaysus
¢ Bv3HukBaHemo Ha napogoHmManHo 3aboaAaBaHe u
obpamHomo? AcHo e, ye HeaekyBaHume no Bpeme Ha
pacmexka manokaysuu ca npegnocmaBka 3a pasBumue
Ha napogoHManHo 3aboasBaHe. Te camu no cebe cu He
ca emuonozuuyeH pakmop , Ho mpaBmamuyHama okay-
3usi, go kosmo Bogsam, e nokaneH pakmop 3a napogoH-
maneH npobaem. MpoBegeHo B paHHa gemcka Bv3pacm
opmogoHmcko AeueHue npodunakmupa Bb3HukBaHemo
Ha napogoHmManHo 3abonaBaHe.

34, uHguyupaHu 3a opmogoHmMcko aeveHue npu
napogoHmaanHo komnpomemupaHu Bv3pacmHu nauu-
eHmu

Ha HuBo omgenHu 3bbu u 3vbHa gbea makuBa ca:
uHkAuHauuu, pomauuu, crowding, guacmema, flaring.
Te He no3BoasBam noggvpkaHe Ha npaBuaHa AuuHa
opanHa xuzueHa u Bogsam go HebaazonpusmHa 2uHau-
BanHa monozpadus, kocmHu gedpekmu, Bb3HukBaHe Ha
peuecuu u gp.

OmknoHeHusma B okaysusma (gbaboka, pvbuoBa,
omBopeHa okayaus, geBuauusa Ha OY, mpaHcBep3anHu
OomKAOHEHUS npu cmpaHuyHume 3bbu u gp.) Bogam
go ¢yHkuuoHanHU omkaoHeHus, cBvp3aHu Hal-Beue ¢
okaysanHa mpaBma. TakuBa ca bpykcuzom u mpaBma-

must be greater.

Due to the apical displacement of the Cr in cases of
reduced alveolar bone height, normal horizontal occlusal
forces tend to cause inclination and migration of the
teeth. The increased intraperiodontal pressure, in turn,
leads to extrusion. Horizontal forces directed toward
the alveolar bone induce bone resorption and tipping,
the clinical crown lengthens, and “flaring” of the teeth
occurs. This is due to a dento-muscular imbalance
(whether in parafunction or normal one). In the absence
of occlusal contact in the posterior segment, as a result
of extraction or tipping, there is a risk of mandibular
deviation.

Because of the biomechanical peculiarities of tooth
movement in parodontitis, light continuous forces are
applied, with the aim of activating the periodontium only
around the teeth being moved. To compensate for the
displacement of the center of resistance, the clinical
crown may be shortened. When developing the treatment
plan, the active and anchorage zones must be clearly
defined. In a compromised periodontium, additional
stabilization of the anchorage zone with microimplants
may be necessary.

Preferred orthodontic appliances include aligners
(which are aesthetic, deliver lighter, atraumatic forces,
and allow precise control over individual tooth movements,
though less precise apical tipping control), combined as
needed with edgewise segmental techniques, due to
the aesthetic advantages of this method (a key factor
influencing motivation in adult patients). In the context
of orthodontic treatment, it is permissible to temporarily
retain a tooth with poor periodontal prognosis in order to
provide supplementary anchorage during treatment.

CONCLUSION

Multidisciplinary treatment is an essential part
of managing adult patients in orthodontics. Without
collaboration and the exchange of expertise between
different specialists, achieving optimal and lasting
outcomes in complex orthodontic cases is truly
chllenging. Through a multidisciplinary approach, a
balance between function and aesthetics can be
achieved, while also meeting the individual needs of the
patient.
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muuHa okay3usi, om kosmo BmopuuHo Bogsm Hauano-
mo cu pasMecmBaHemo Ha 3vbbume, namoAozuuyHama
Muz2pauus, Haauduemo Ha npegBapumenHu koHmakmu
U namoAo2u4YHama abpasus.

Camo npomemuuHo AeueHue u Bv3cmaHoBaBaHe
Ha koHmakmume He 6u Mo2A0 ga omcmpaHu mpaBma-
muuyHomo HamoBapBaHe Ha 3vbogbpkawus anapam.
Heobxogum e uHMepgucuunAuHapeH AeuebeH naaH 3a
pexabuAaumauus Ha 3bbHo-veAlocmHama cucmema.

MNMocaegoBameaHocmma Ha AevebHume emanu npu
opmogoHMCcKko AeuYeHue Ha napogoHmManHo komnpome-
mupaHu Bv3pacmHu nauueHmu e caegHama:

1. MHuuuaaHa napogoHmaaAHa mepanus

2. lNaaHupaHo opmogoHmcko aeueHue

3. Tloggvpkawa napogoHmanHa mepanus

4. TpegBapumenHO nAaaHUpaHa pemeHuus

Llenaume Ha opmogoHmckomo AeueHue Npu NapogoH-
manHo komnpomemupaHu nauueHmu ce cBekgam go
obaekuaBaHe Ha cmpynBaHemo; usnpaBsaHe u UHMPpy3us
Ha 3bbume, ozpaHuyaBawu ekcmpakuuoHHama npasHu-
Ha; 3amBapsHe Ha pa3cmosHusma MexXgy 3vbume; Cb3a-
gaBaHe Ha npaBunHu anpokcumanHu koHmakmu; Bep-
mukanHa HuBenauust 3a omcmpaHsBaHe Ha npegBapu-
meAHU koHmakmu u okay3anHa mpaBma; uHguBugyanHa
oueHka Ha kocmHama 3agyba u cbomHoweHue kopoHa/
kopeH, nocaegBaHo om nAaHupaHe Ha 3bbHU npemecm-
BaHus c ueA nocmuzaHe Ha gbA20CPOYHa cmabuAHocm.

MexaHuka Ha 3b6HOmMO gBuxkeHue

Hau-pasnpocmpaHeHama meopus 3a 3b6HOMoO npe-
MecmBaHe u pemogeaupaHe Ha kocmma e kaacuue-
ckusm Hamuck-HanpekeHue mogea. TMpu ynpaxkHsBa-
Hemo Ha 2onemu opmogoHmcku cuau, B8 pamkume Ha
BbpoeHu MuHymu 3v6bm ce HakaoHsBa B anBeonama,
ynpaxkHaBauku Hamuck Bbpxy nepuogoHuuymMa no noco-
ka Ha gelcmBue Ha npuaokeHama cuAa U 30Ha Ha
HanpeXkeHue (meaneHe) om obpamHama. B 3oHama Ha
Hamuck 3anouBa npouec Ha xuaAuHu3auus (CmepuAHa
Hekpo3a). NpomeHeHama mvkaH ce omcmpaHsBa om
makpodazu, cregBa npouec Ha uHgupekmHa kocmHa
pe3opbuus B obracmma. Mpu ynpakHABaHe Ha cAabu
opmogoHmcku cuAau npogbakaBa npomuuaHemo Ha
gupekmHa pe3opbuus 6e3 nocaegBawa xuaAuHusauus.
B 3oHama Ha mezaneHe HacmbnBa kocmHa ano3uuus
(puz.5).6

Que. 5 Hamuck-HanpexkeHue mogea”
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Mpu Bb3pacmeH nauueHm YucAOmoO Ha Ocmeob-
Aacmume u ocmeokaacmume e no-Hucko8, kocmHo-
MO3buHUmMe npocmpaHcmBa B cnoH2uo3ama ca no-
Manko. Te3au npomeHu ca npegnocmaBka 3a no-6aBHo
npomuuaHe Ha npoueca Ha pemogeAupaHe, nopagu
koemo ce npenopbuBa npuArazaHeMo Ha No-CAabu CUAU,
ocuzypsBawu Bpeme 3a aganmauus u HamansBawu
pucka om mpaBma. TpsbBa cbwo ga ce uma npegBug,
ye ueHmbpa Ha cbnpomuBaeHue (Cg) Ha 3vbbu ¢ Bep-
mukaAHa kocmHa 3a2yba e pasnonokeH no-anukaAHo.
CvomBemHo e Heobxogumo ga ce npegBugu kvge 6u
6un BcowHOCM ueHmbpa Ha BbpmeHe npu npuaokeHa
cuna. CbomBemHo, 3a ga ce ocuz2ypu mpaHcAauus, a He
munnuHz e Heobxogumo gupekmHama cuAa, ynpakHeHa
Bopxy 3vba ga e no-cnaba om koakomo 6u 6uaa npu
HekoMnpomeHmupaH napogoHm, gokamo Bbpmsawama
cuaa (MOMeHM) — No-20AAMa.

MNMopagu npemecmBaHemo Ha Cgr B anukaaHa nocoka
npu noHwkeHo anBeonapHo kocmHo HUBO, HOpMaAHUMe
okAy3aAHU xopu3oHmMaAHU cuAu npegu3BukBam uHkAu-
Hauuu u Muzpauuu Ha 3vbume.® MoBuweHomo uHmpa-
nepuogoHmaAnHo Haansz2aHe om cBoa cmpaHa Bogu go
ekcmpysus. Xopu3oHmMaAHUMeE CUAU, HacoyeHu Kkom
anBeonapHama kocm npegu3BukBam kocmHa pe3opb-
uusa u munuH2, kauHuvyHama kopoHa ce ygobakaBa,
HacmbnBa ,pasnepBaHe Ha 3vbume“ — flaring. To ce
gonrku Ha gucbanaHc B 3bbHO-MyckyaHomo paBHoBe-
cue (npu napa- uAu HopmaAHa ¢yHkuus). MNMpu AuncBauw,
okayzaneH koHmakm B cmpaHuyHus yvyacmvk nopagu
ekcmpakuusi uAu munuHg, Bb3HukBa puck om geBuauus
Ha OY.

Q@ue. 6 MpomsaHa B HUBoMo Ha ueHMbP Ha cbnpomuBAeHue Ha 3bbume
npu napagoHmanHo komnpoMeHmupaxu nayueHmu’

MNMopagu ocobeHocmume B BGuomexaHukama Ha 3bb-
Homo gBuxkeHue npu napogoHMum ce u3noA3Bm caabu
NnocmosiHHU cuAu kamo ce ueanu akmuBupaHe Ha
napogoHma camo okoAo mMecmeHume 3bbu. 3a ga ce
komneHcupa usamecmBaHemo Ha ueHMbpa Ha Cbnpo-
muBaeHue, moXke u ga ce ckovcu kauHuuHama kopoHa.
Mpu uszomBsHEemMOo Ha nAaHa Ha AeyeHue mpsbBa sicHo
ga ce gedpuHupam akmuBHa u onopHa 3o0Ha. lMpu kom-
npoMeHmMupaH napogoHm MoXke ga ce HaAoXku gonbAHU-
meAHO cmabuAusupaHe Ha onopHama 30Ha upe3 Mukpo-
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umnAaadimu. [pegnoyumaru opmogoHmcku anapamu
ca analHepu (ecmemuyHu, ho-cAabu ampaBmamuuHu
CuAu, npeuuseH koHmMpoA Hag gBukeHuemo Ha omgea-
HU 3bbu, HO 3ampygHeH makvB Ha anukaAHus munuHz),
komMbBuHUpaHu npu Hy)Xkga ¢ edgewise ceameHmHa mex-
Huka, nopagu ecmemukama Ha memoga (kalouoB dak-
mop, Bausew, Ha momuBauusima npu Bv3pacmHu nauu-
eHmu). B koHmekcma Ha opmogoHmckomo AeueHue e
gonycmumo ga ce 3anasu 3bb ¢ Aowa hapagoHmaasHa
npo2Ho3a BpeMeHHO C ueA ocuzypsBaHe Ha gonvbAHUMEAHa onopa
no Bpeme Ha AeveHuemo.

3AKAIOYEHME:

MyAmugucuunAuHapHOMoO AeveHue e 3agbakumen-
Ha yacm om AeuyeHuemo Ha Bb3pacmHu nauueHmu B
opmogoHmusima. be3 coBmMecmHu ycuaus u obmsHa Ha
onum MeXkgy pasAauvHUme cheuuaAucmu, ONMUMaAHU u
mpauHu pe3yamamu om opmogoHmckomo aeueHue npu
komnaekcHu cayuau ca mpygHo nocmuwkumu. Ypes mMyA-
MuguCuUuUNAUHapHUAM nogxog ce nocmuza paBHoBecue
meXkgy ¢yHkuus u ecmemuka, a cbw,o maka uHguBugy-
anHume Hy)kgu Ha nauueHma 6uBam ygoBaemBopeHu.
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MHdopmauud om Boanzapcko opmogoHmcko obuwecmBo

NHOOPMALLUA OT
BbATAPCKO OPTOAOHTCKO OBLLECTBO

IN MEMORIAM

B namem Ha npo¢. Banenmun MymaduueB

PBROBOLUTEA
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Ko2amo 3anoyHax Ha nuwa mes3u namemHu cAoBa,
He pasbupax konko e HeBbamokHO ga omkpuew Hau-
CuAnHume gymu. 1 maka MHO20 gHuU...

Bsax 8 epaga nog menemama, 8 koumo ce paxkgaxa
MHo20 mBopuecku ugeu u cnomeHume Bpovxaemsxa. U
gBama ¢pakynmema ca gBeme cmpaHu Ha egHa U cbwa
MoHema, om kosimo u cmpaHa ga cme, Hawama ambu-
uus e egHa — ga gagem cBosa gaH — ga ce uskauBame
Bucoko Hazope.

Cegs cpewy namemHuka Ha Beaukus I. C. PakoBcku.
N ycewam kak B meHe HaxayBa acouuamuBHa Bpuvaka
mexXgy MNMopBama Boazapcka aezus, co3gageHa om Hez2o
u 2onemMume ambuuuu Ha npod. MymaduueB - ga
bvgem nopBu B Hawemo cvcaoBue kamo cv3gagem
Boacapcko OpmogoHmcko O6wecmBo. To ga gage
cvBpemeHHa Busus Ha Hawama zuagus B8 HoBama Hu
nocoka kbm EBpona. Konko namemHu gHul loguHama
bewe 1992.

Ta3u cmbnka ce npue ¢ MHO20 eHmMycuasbm om
uanama HoBoobpasyBaHa Kamegpa no OpmogoHmus.
Kamo BolHuuu 3acmaHaxme go masu MHO20 CMeAa U
pewaBawa 3a bbgewemo Hu uges. MNMocaegBaxa exke-
2ogHU cpewyu, koumo 6sxa BvamopXkeHo nocpewaHu
om opmogoHmckama zuagus B cmpaHama. Te3u HayuHu
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cecuu ce 3agbAbouaBaxa u pa3BuBaxa c Bcska usmu-
Hana 2oguHa.

Oouge Bpeme ga 3anouHe ussBama u Ha Bvbazapcku
opmogoHmu. 3anoyHa u3gaBaHemo Ha cneuuaAu3upaHo
opmogoHmcko cnucaHue — ,OpmogoHmcku npeaneg”
Cc 2naBeH pegakmop — npo¢. BaneHmuH MymaduueB.
Coc cBoemo gBye3uuHo u3gaHue, mo bewe pa3nos-
HaBaemo om zonemume aBmopu cpeg EBponeuckume
opmogoHmu. W kakmo ce ka3Ba B nozoBopkama ,
anemumbvbm ugBa ¢ sgeHemo“. CaegBawama o2pomMHa
cmonka bewe usguzaHe Ha cpeuwume no opmogoHMus
Ha eBponeucko HuBo.

KoHuenuusima 3a cheuuaausauusi N0 opmogoHmus 8
gBama ¢akynmema ga ce ocbuiecmBsBa Ha npuHuuna
Ha Bcuuku Bogewu eBponelucku yHuBepcumemu 3a mpu
NbAHU 20guHU 0ByyeHue ¢ omzoBopHa npakmuuecka u
meopemuyHa nogzomoBka, cbwo 6e ocbwecmBeHa om
npod. MymaduueB.

Hapeg ¢ 6bazapume, B8 gBama ¢pakyamema ce 3auu-
cnsBaxa u 3aBopwBaxa MHO20 uyrkgecmpaHHu Aekapu
no geHmaAHa MeguuuHa. Kamo opmogoHmu, me ce
peanausupaxa 8 pasauuHu kpauwa Ha cBema.

Ta3u wupokocnekmbpHa geuHocm, kosmo pa32pb-
wawe npo¢. MymaduueB npogbrku npe3 ueaus my
>KU3HEH nbm.

HezabpaBumu we ocmaHam ceHmeHuuume My:

-Bcaka mauka opmogoHm He paxga“ u ,He mu
kasBau kakBo He moxke ga cmaHe, kaku mu kak ga 2o
nocmuzHem*.

C gonboko ybexkgeHue cuumawm, ye Bbgewume Hu
konezu we npogoarkam ga Hagepaxkgam hocmpoeHomo
om He2o u me3u, koumo 2o caegBaxme.

Heka ga omgagem 3acaykeHa noyum Ha He3abpaBu-
mMus Mpo¢. BareHmuH MymadguueB!

6ok nokAoH!

lpog. Bepa KpymoBa,
nocaegoBamen, compygHuk u koneza
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roaiiHA HALULMOHAAHA CPELLA
HA BbATAPCKOTO OPTOAOHTCKO
OBLLUECTBO

ABmompaHcnaaHmauus Ha He3peAu 3bbu npu
opmogoHmcko AeueHue: ekunHa paboma

¢ 2cocm-anekmopu: MNpod. EBa YoxpoBcka, cneuua-
Aucm no opmogoHmus u npod. MaBen lNaakBuu, cne-
uuaaucm no opanHa xupypaus

Hama: 27. cenmemBpu 2025 2.

Msacmo: WHmepkoHnmuHeHman Xomea Codus,
Codusa LleHmop, na. ,,HapogHo cvbpaHue 4

Takca yyacmue (6aHkoB npeBog):

YnaeHoBe BOO: 400 AB.
HeuneHoBe BOO: 600 AB.
CneuuanusaHmu: 200 AB.

BankoBa cmemka:

Bvazapcko OpmogoHmcko ObwecmBo
Banka OCK, KnoH KanosH, Codus
IBAN: BG60STSA93000006290915
BIC: STSBGSF

BAE: 3002107

Mpozpama:

9:00 — 10:00: Peszucmpauus. OmuemHo-u36opHO
cvbpaHue Ha pegoBHume uneHoBe Ha BOO. BpvuBaHe
Ha Hazpaga 3a cmygeHmcka HayuyHa paspabomka
»[1pod. MymaduueB“.

10:00 — 11:30: OpmogoHmcku uHgukauuu 3a aBmo-
mpaHcnNAaHmMauus Ha He3peAu NpemMoAapu U onucaHue
Ha XupypauvyHama mexHuka.

11:30 — 12:00: Kade naysa

12:00 — 13:30: Kpumepuu 3a ycnex u npocAegs-
BaHe cneg aBmompaHchAaHmauus Ha npemMoAapu.
ABmompaHcnaaHmauus Ha mpemu MOA2pPU NpPegu NbA-
Homo ¢opmupaHe Ha kopeHa.

13:30 — 14:30: ObegHa nouuBka

14:30 — 16:00: TpaHcanBeonapHa mpaHchAaHmMauus
Ha pemeHupaHu 3bbu: XupypauyHa mexHuka u opmo-
goHmcku uHgukauuu.

16:00 — 16:30: Kade naysa

16:30 — 18:00: Pez2eHepauus Ha kocm caeg aBmo-
mpaHchAaHmauus.

ABmompaHcnAaHmauusma Ha 3bbu npegu NbAHOMO
dopmupaHe Ha kopeHa e ymBopgeHa BvamoXkHocm 3a

ANNUAL NATIONAL MEETING OF
THE BULGARIAN ORTHODONTIC
SOCIETY

Autotransplanation of immature teeth in orthodontic
treatment: a teamwork

with guest-speakers: Prof. Ewa Czochrowska,
specialist in orthodontics and Prof Pawel Plakwicz,
specialist in oral surgery

Date: September 27, 2025

Venue: InterContinental Hotel Sofia, Sofia Center,
pl. “Narodno sabranie” 4

Registration fee (bank transfer):

Bulgarian Orthodontic Society Member: 400 Iv.
Non-member: 600 Iv.
Postgraduate student: 200 Iv.

Bank account:

Boazapcko OpmogoHmcko ObwecmBo
Banka OCK, KaoH KanosiH, Codus
IBAN: BG60STSA93000006290915
BIC: STSBGSF

BAE: 3002107

Program:

9:00 — 10:00 AM: Registration. General Assembly of
the Bulgarian Orthodonic Society and election of the
General Council. Award ceremony for student’s research
paper ,Prof. Mutafchiev.”

10:00 AM - 11:30 AM: Orthodontic indications
for autotransplanation of immature premolars and
description of the surgical technique.

11:30 AM — 12:00 PM: Coffee break

12:00 PM — 1:30 PM: Success criteria and follow-up
after autotransplanation of premolars. Autotransplanation
of immature third molars.

1:30 PM — 2:30 PM: Lunch break

2:30 PM - 4:00 PM: Trans-alveolar transplanation
of impacted teeth: surgical technique and orthodontic
indications.

4:00 PM — 4:30 PM: Coffee break

4:30 PM - 6:00 PM: Bone regeneration after
autotransplanation.

Autotransplantation of teeth before the root is fully
formed is an established treatment option for replacing

OPTOAOHTCKUN MPErASA
TOM 27 /2025, KHU>XKXKA 1
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AeueHue npu 3amecmBaHe Ha AuncBawu 3b6u npu
pacmswu uHguBugu. BaazonpusmHume opmogoHmcku
uHgukauuu, gobpusam Xxupypa2u4yeH gocmbn U onmu-
MaAHama Mop¢doAo2us Ha 3bbume ca 3agbAKumeAHu
ycAoBus 3a ycneweH pe3yamam. [pemonapume ¢ pas-
BuBawu ce kopeHu, baazogapeHue Ha cBoama mopdo-
AO2Ufl U nonokeHue B 3vbHama gvz2a, ca onmuMaAHU
goHopu ¢ omuyemeH ycnex Hag 90%. NpomokoAbm 3a
mpaHcnAaHmauus Ha pas3BuBawu ce 3vbu e ycmaHo-
BeH B YHuBepcumema 8 Ocao npegu noBeue om uemu-
pu gecemuAaemusi U ce npuaaza ycnewHo 8 MNoawa om
2000 a.

Lleau Ha kypca:

- opmogoHmcku uHgukauuu u XUpyp2uuHO NAaHU-
paHe 3a u3bop Ha goHop U peuunueHm, BkalouumeaHo
onucaHue Ha Hau-yecmo cpewaHume BugoBe opmo-
goHmcku npobaemu, koumo mozam ga 6vbgam AekyBa-
HU C mpaHCnAaHmauusa Ha 3bbu, U u3noA3BaHemo Ha
CBCT npu naaHupaHemo Ha AedyeHuemo,

- NOgpPOBHO onucaHue Ha XupypauvyHama mexHuka,

- npomokoA 3a npocaegsaBaHe, BkalouBauw, nogpobHo
onucaHue Ha npusHauume 3a ycnex u Heycnex, kakmo
u Bv3moXkHU peweHus 3a ycAokHeHUs npu 3a3gpaBs-
BaHemo

- mpaHchAaHmauuu B npegHama yacm Ha 20pHa-
ma uealocm u kak ga ce nocmugHe ecmemuuecku
3agoBonumenHo Bv3cmaHoBsBaHe, mpaHcanBeonapHa
mpaHchAaHmMauusa Ha CUAHO 3ace2Hamu pa3BuBawu ce
npemoaapu, kyuewku 3v6u, 20pHU pe3uu U eKmonuyHo
pasnonokeHu 3bbu, BkalouumenaHo kalouoBu eaemeH-
mu B nAaHupaHemo Ha AeYeHUemo u XupypauyHama
mexHuka

- Hacoku 3a mpaHCcnAaHmauus Ha Mbgpeuu npu
nauueHmu C eguHu4yHa UuAu MHokecmBeHa XunogoH-
mus Ha 3bbu, HapyweHus B8 npobuBa Ha NOCMOAHHU
3bbu U AuncBawu 3v6u BbB PppoHManHus yyacmovk Ha
2opHama uyealocm, kakmo u cpaBHeHue mexXgy 3bbHU
uMnNAaHMU U 3bBHU MpaHcnAaHmauuu

- nomeHuuaAn 3a 3ana3BaHe u pezeHepauus Ha
kocmma npu mpaHcnAaHmupaHu 3bbu npu nauueHmu
CbC cbuemaHa 3azyba Ha 3vbu u kocm.

MNpegckasyemocmma Ha mpaHchAaHmauusma Ha
pa3BuBawu ce 3vbu we bvbge gokymeHmupaHa Bb3
ocHoBa Ha cobcmBeHu npoyuBaHus u cpaBHeHa c
pesyaAmamume om gpyau npoyuyBaHus Bobpxy mpaHc-
nAaHmMauusma Ha 3vbu. Llle 6bgam u3noA3BaHu pas-
AUYHU KAUHUYHU npumepu, 3a ga ce uAlocmpupam
memume, npegcmaBeHu no Bpeme Ha kypca, u ga ce
noguepmasm KAUHUYHUME NpuAoXKeHuS.

DTOAOHTCKU lMperneA
oM 27 /2025, kHm>KKka 1

missing teeth in growing individuals. Favorable orthodontic
indications, good surgical access and optimal tooth
morphology are mandatory for a successful outcome.
Premolars with developing roots due to their morphology
and position in the dental arch are optimal donors with
reported success rate of over 90 per cent. The protocol
for transplantation of developing teeth was established at
the University in Oslo more than 4 decades ago and has
been successfully applied in Poland since 2000.

Course objectives:

- orthodontic indications and surgical planning
for the donor and recipient site selection including
description of the most common types of orthodontic
problems which can be treated with tooth transplantation
and the use of CBCT in treatment planning,

- detailed outline of the surgical technique

- follow-up protocol including a detailed description
of signs of success and failure including possible
solutions for healing complications

- transplantations to maxillary anterior region and
how to achieve an esthetically satisfactory restoration

- trans-alveolar transplantation of severely
impacted developing premolars, canines upper incisors,
and ectopically positioned teeth including key elements
in treatment planning and surgical technique

- guidelines for transplantation of wisdom teeth
in patients with single or multiple tooth agenesis,
eruption disturbances and missing teeth in the anterior
maxilla. Comparison between dental implants and tooth
transplants will be also highlighted

- potential for bone preservation and regeneration
of transplanted teeth in patients with concomitant tooth
and bone loss.

The predictability of transplantation of developing
teeth will be documented based on the own studies and
compared with the results from other studies on tooth
transplantation. Various clinical examples will be used to
illustrate the topics presented during the course and to
highlight the clinical applications.

About the Speakers:
Ewa Czochrowska, DDS, PhD

Graduated as a dentist from the Dental Faculty in
Warsaw, Poland. She finished a postgraduate training in
orthodontics at the University in Oslo, Norway in 1997
then worked as a Research Fellow at the Orthodontic
Department, Dental Faculty in Oslo until 2002. In 2003
she was awarded a PhD from the University in Oslo
for a thesis on autotransplantation of teeth. For the
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3a nekmopume:
EBa YoxpoBcka, DDS, PhD

Mpo¢. EBa YoxpoBcka e 3aBbpwuna geHmaaHa
MeguuuHa BvB (Pakyamem no [eHmanHa MeguuuHa
BvB BapwaBa, MNMoawa. Cneuuasusupana € OpmoOgoH-
mus 8 YHuBepcumema B Ocnao, HopBezaus u npugobu-
Ba cneuuanHocm npe3 1997 2., caeg koemo pabomu
kamo HayueH compygHuk B8 Kamegpa no opmogoHmus,
®akyamem no OeHmanHa MeguuuHa 8 Ocao go 2002
2. Mpe3 2003 2. noayuyaBa gokmopcka cmeneH om
YHuBepcumema B Ocno 3a gucepmauuss Ha mema:
»~ABmompaHcnaaHmauusa Ha 3vbu“. 3a nybaukauusama
Ha masu paboma noayuyaBa npes 2002 2. Hazpagama
~,Dewel Orthodontic Award” Ha American Journal of
Orthodontics and Dentofacial Orthopedics. NMpe3 2014
2. ce xabuaumupa 8 MeguuuHckus yHuBepcumem Bv8
BapwaBa 3a HayuHama cu paspabomka, cBvp3aHa ¢
opmogoHmMcko AeueHue Ha nauueHmu ¢ napogoHmum.

Mpod. YoxpoBcka e 6buna npegcegamen Ha
EBponetckomo OpmogoHmcko ObuiecmBo u gomakuH
Ha koHzpeca Ha cbwomo npe3 2014 2. BvB8 BapwaBa.
Ta e npegcegamen Ha [loanckomo OpmogoHmcko
ObwecmBo u akmuBeH uneH Ha Angle Society of
Europe u EBponeuckus bopg Ha OpmogoHmume. MNpod.
YoxpoBcka e op2aHu3upana u cbopaaHusupana 4 mex-
gyHapogHuU koHzpeca no mpaHcnaaHmauus Ha 3v6u om
2016 go 2024 2. lNpe3 2021 2. noayyaBa Hazpagama
3a omauyumeneH npenogaBamen om EBponeuckomo
OpmogoHmcko ObwecmBo, a npe3 2023 2. — Hazpaga-
ma ,Sheldon Friel Memorial Lecture”. NMoHacmosawem
e npodecop B kamegpama no opmogoHmMus Ha
MeguuuHckus yHuBepcumem BbB8 BapwaBa, Moawa, u
nog HeuHo pvkoBogcmBo ca 3awumeHu 7 gokmopcku
gucepmauuu. Mpod. YoxpoBcka e aBmop u cvaBmop
Ha 11 2anaBu B kHuzu u Hag 90 HayuyHu cmamuu. Ts
€ usHacsra MH0206poUHU Aekuuu no ueAus cBam no
UHMEePgUCUUNAUHApPHO AeveHue, cBbp3aHO C OPMOQOH-
musma.

Mpod. YoxpBcka noggoprka uacmHa opmogoHmcka
npakmuka Bv8 BapwaBa om 1997 e.

MaBen MaakBuu, PhD, DDS, MFDSRCS (Eng)

CneuuaAucm no opanHa Xxupypaus

focm-npodecop, Kamegpa no OpanHa u AuueBo-
venlocmHa xupypausi, YHuBepcumem Ha CeBepHa
KapoauHa, Yanoa Xua, CALL

Mpod. MaBea MaakBuu e 3aBopwun Pakyamem no
OeHmanHa MeguuuHa kom MeguuuHckus yHuBepcu-
mem BvB8 BapwaBa, Moawa. Om 1995 go 2003 2. e
B6uAa acucmeHm B Kamegpama no opaAHa xupypaus 8

publication from this work she received the American
Journal of Orthodontics and Dentofacial Orthopedics
Dewel Orthodontic Award in 2002. In 2014 she was
awarded a habilitation in medical science from the
Medical University in Warsaw on her work related to
orthodontic treatment of patients with periodontitis.

Prof. Czochrowska was the President of the European
Orthodontic Society and she host the EOS Congress in
2014 in Warsaw. She is the President of the Polish
Orthodontic Society and the Active Member of the
Angle Society of Europe and the European Board
of Orthodontists. Prof. Czochrowska has organized
and co-organized 4 international congresses on tooth
transplantation from 2016 until 2024. Received the
Distinguish Teacher Award from the European Orthodontic
Society in 2021 and the Sheldon Friel Memorial Lecture
award in 2023. At present, she is a full-time Professor
at the Department of Orthodontics Medical University of
Warsaw, Poland and 7 doctoral theses were completed
under her supervision. Prof. Czochrowska has authored
and coauthored 11 book chapters and over 90 scientific
articles. She has lectured extensively worldwide on
interdisciplinary treatment related to orthodontics.

In addition, prof. Czochrowska maintains a private
orthodontic practice in Warsaw since 1997.

Pawet Plakwicz, PhD, DDS, MFDSRCS (Eng)
Specialist in Oral Surgery

Adjunct Professor, Department of Oral and
Maxillofacial Surgery, University of North Carolina,
Chapel Hill, US

Prof. Plakwicz graduated from the Dental Faculty,
Medical University of Warsaw. 1995-2003 he was an
assistant lecturer at the Department of Oral Surgery
at the same university. He completed postgraduate
training in autotransplantation of teeth at the University
of Oslo, Norway in 2000. In 2001, he qualified as a
specialist in Oral Surgery and in 2009 defended his
PhD thesis: “Autotransplantation of teeth in growing
patients”. Since 2009 he has worked at the Department
of Periodontology, Medical University of Warsaw. In
2015 he gained his second PhD with habilitation
“Periodontal assessment of the treatment outcomes
of autotransplantation of developing teeth in growing
patients”. In 2017 he received his MFDS ad eundem
from the Royal College of Surgeons of England and in
2023 received a professorship in Poland.

His main research interests are in the treatment of
growing patients with missing teeth, eruption disturbances,
teeth autotransplantation and gingival recessions. During
the last decade, he authored and co-authored over
60 scientific articles and chapters in the books (incl.
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cbwus yHUBepcumem. Mpe3 2000 2. e 3aBvpwun caeg-
gunAOMHO o0byuyeHue no aBmompaHchAaHmMauus Ha
3b6u B YHuBepcumema B Ocno, HopBezus. Mpes 2001
2. € NpugobuA cheuuaAuaAHOCM NO OpaAHa Xupypaus,
a npes 2009 2. e 3awumun gokmopcka gucepmauus
Ha mema: ,ABmompaHcnaaHmauus Ha 3bbu npu nauu-
eHmu B8 pacmexXk”. Om 2009 2. pabomu B8 Kamegpama
no napogoHmoao2us Ha MeguuuHckus yHuBepcumem
BvB BapwaBa. Npe3 2015 2. noayuyaBa Bmopa gokmop-
cka cmeneH ¢ xabuaumauus ,MapogoHmanHa oueHka
Ha pe3yamamume om AeveHuemo ¢ aBmompaHcnAaH-
mauus Ha pasBuBawu ce 3b6u npu nauueHmu B8 pac-
meX”. MNpe3 2017 2. noanyyaBa MFDS ad eundem om
Kpanckus konexk no xupypzaus B8 AHeaus, a npe3 2023
2. nonyyaBa npodecopcka mumaa B8 lMoawa.

Mpe3 1996 2. omkpuBa uyacmHa npakmuka Bv8
BapwaBa, cneuuanusupaHa B8 opaaHa u hapogoHmanHa
xupypaus. N3Bvpwun e u npocaegua Hag 500 aBmo-
mpaHcnAaHmauuu Ha 3b6u.OcHoBHUME My uU3CcAego-
Bamencku uHmepecu ca B obaacmma Ha AeveHuemo
Ha pacmsawu nauueHmu ¢ AuncBawu 3vbu, HapyweHus
B8 npopexkgaHemo, aBmompaHcnaaHmauus Ha 3vbu u
peuecuu Ha BeHuume. lpe3 nocaegHOMO gecemune-
mue e aBmop u cvaBmop Ha Hag 60 Hay4yHu cmamuu
u 2naBu B kHuzu (BkalouumeaHo egHa, nybaukyBaHa
npe3 2016 2. om Wiley Blackwell: ,Recognizing and
Correcting Developing Malocclusions in Orthodontics” u
gpyea 3a aBmompaHcnaaHmauus Ha 3vbu B npegcmo-
Awomo 7-Mo0 u3dgaHue Ha ,Graber Orthodontics”.

Mpod. MaakBuu usHacs Aekuuu u Bogu kypcoBe B
cmpaHama u uy>kbuHa, 8 EBpona u CALLl, kegemo npes
2019 2. e Ha3HaueH 3a 2ocm-Aekmop B8 YHUBepcumem
Ha CeBepHa KapoauHa, Yanba Xun, CALL.

OPTOAOHTCKUM NpEeranea
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one published in 2016 by Wiley Blackwell’s book:
Recognizing and Correcting Developing Malocclusions in
Orthodontics and the other on Tooth autotransplantation
in the upcoming 7th edition of Graber Orthodontics.

In 1996, he established a private practice in Warsaw,
focused on the oral and periodontal surgery. He
has performed and followed-up more than 500 of
autotransplantated teeth. Dr. Plakwicz lectures and
conducts courses nationally and internationally in Europe
and in the United States (where he was appointed
Adjunct Professor at the UNC in Chapel Hill, NC in 2019).

ObLWO OTYETHO — NU3SBOPHO CbBPAHME HA
BbAFAPCKOTO OPTOAOHTCKO OBLLECTBO

Ha 27.09.2025 20g. om 9:00 u B baanHa 3ana Ha
Xomen MHmepkoHmuHeHmaa, na. ,HapogHo cbbpaHue”
4 we ce npoBege ObWO omMUemMHoO-U3bOpPHO CbbpaHue
Ha Bvbazapckomo OpmogoHmcko ObwecmBo.

lNMokaHa om YnpaBumeaHus cbBem Ha BOO

OHeBeH peg Ha OmuemHo-u3GOpHOMO CbbpaHue
Ha BOO:

1. Omuem Ha npegcegamens Ha BOO 3a nepuoga
2024 - 2025 zog.

2. N36op Ha HoB Mpegcegamen Ha BOO ¢ maHgam
2 20QUHuU.

3. N36op Ha HOB YnpaBumeneH cvbBem c MaHgam
2 20QUHuU.

4. N360p Ha HOB KoHmponeH CvBem ¢ maHgam 2
20gUHU.

5. BpvuBaHe Hazpagama Ha ,[Mpo¢. B. MymaduueB*
3a Hau-gobpa cmygeHmcka paspabomka Ha opmo-
goHmcka mema.

Om YC Ha BOO




MHdopmauua 3a me>kgyHapoBHu opmogoHmcku op2aHusauuu u nposBu

NHOOPMALLNA 3A MEXXAVYHAPOAHU
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MHpopmauua, omHacAawa ce go aBmopume Ha cmamuu

NMHMOOPMALLUA,
OTHACSHLLUA CE AO ABTOPUTE HA CTATUU

YBaxaemn aBTOpW,
nopagn ctpemexa Ha bBOO pa pedopmupa
cn. “OpTomoHTCKM npernea”, uMa MNPOMeEHMN
B WN3NCKBaHMATa KbM Bac. Monsi, oGbpHeTe
BHUMaHwne!

,OPTOOOHTCKN Nperneq“ e cnucaHue, KOEeTo ce
oTnevartea 2 MbTW B roguMHata Ha 6bnrapcky e3vik u
BKJIIOYUBA OPruHanHU 1 NPEeBOOHM CTaTuW, OTHACALLM
ce [0 opTogoHTusATa, MHPopmMmypa 3a AenHOCTTa Ha
BbnrapckoTo opTOAOHTCKO O6LLECTBO, Ha EBPOMENCKU
N CBETOBHW OPTOAOHTCKM OpraHu3auun, 3a HOBOCTHU,
npeacTaBeHn oT GMpMn, KOUTO Npeanarat OpTOOOHTCKU
1 Opyru 3b60siekapcky marepuanu.

OpuvirmHanHuTe cTatum ce Nyenmnkysar Ha 6bArapckm
W Ha aHrmMuUNCKM es3uk. JlutepatepHute 0630pu K
Kasynctukara ca Ha 6bnrapckum e3nk C pesiome Ha
GbrapCKn 1 aHrNNCKN.

Pbkonucute, Kouto ce npuemar 3a nyénukauus,
Tps6Ba Aa ca OpUrMHanHW, HanucaHu Ha 6barapckm
N aHIMUACKM €3MK M Aa He ca NybnukyBaHu npeau
wnn pageHu 3a nyénukauus gpyrage. Pbkonucute
ce npernexpar OT UNEeHOBE Ha pepjkonerunarta.
Bcuukn npencrtaBeHu pbkonncu Tpsb6eBa Aa 6baaT
NPUAOPY>XEHW OT MUCMEHO Ccbrflache Ha asTopa, 4e
npv nNy6nMKyBaHeTO Ha cTaTuaTa NPenoCcTaBs BCUUKM
n3patencky npaea Ha bBbarapckoto OPTOAOHTCKO
o6LecTBO. ABTOpUTE rapaHTMpar, ye nyénmkaumsTa e
opurMHanHa un He e ny6nuKyBaHa npeau.

Cobobpxawute ce ¢akTu U MHeHWs ca Ha
CbOTBETHUTE aBTopu. Bbbnrapckoto OpPTOOOHTCKO
O6LEeCTBO He HOCKM OTFrOBOPHOCT 3a MartepuanuTe
B TOBa cCnuWcaHMe W 3a Bpegu, MPUYMHEHU OT
ny6IVKYBaHETO Ha HEBSIPHA UHpopMaLUs.

N3ncksaHuna 3a ¢popmara

PbkonucuTe TpsiBa oa ca HanucaHu Ha 6barapcky u
aHrnunckmn esuk. PegkonernaTa cu 3anassa npasoTo Aa
pedakTmpa TekcTa 3a MbiHoTa U acHoTa. Pbkonucute
TpsiBa ga ca HamnevyataHu C HayasHO nose Ha nucta 2
WHTEpBana n rofemMuHa Ha aucra A4 (21x29.7cm.) Ha
6sna xapTua. NpeaoctaBaT ce OCHOBEH pbkomnuc u 2
KOMMS, BKIT. U HA €IEKTPOHEH HOCUKTEN.

N3ncksaHna Kbm pbkonuca

3aeznaBHa cmaHuya: Bkniousa 3arnaBueTo
Ha cTatusaTa, WMeHaTa, HayyHaTta CTeneH,
NPYHaANeXXHOCTTa KbM fageHa MHCTUTYUMs (paboTHO
MSCTO) 1 3aemaHaTa QTbXHOCT Ha aBTopa, agpeca My
3a kopecnoHaeHuus, TenedoH, daxkc n e-mail.
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. Hayuyna cratus:
1. YBog
2. Uen
3. Matepuanun n metoam
4. Pegyntatn n o6CcwxaaHe
5. 3aknioyeHune
6. buébnuorpadus
Il. JintepatypeH 0630p:
1. BbBegeHne kbM Npoénema
2. PazButme Ha npobnema
3. 3aknioueHme ot aBTopa
4. Bnéeunuorpadus
. KnuHnyeH cnyuvain:
1. N3uepnatenHa puarHo3a cC
napaknMHUYHUTE n3cnenBaHns
2. MbnHa doTOOOKYMEHTaLUNSA (cTaHpapTeH
OPTOOOHTCKM Habop HayanHu U KpawHu
$OTOCHUMKU 1 apyri) ¢ Hanuune Ha Gpokyc 1 TouHa
eKCrno3nuus (ApPKOCT 1 KOHTPACT).

pesyntatum Ot

LintnpaHnTte aBTopun TpsAGBa oa ca npeacTaBeHn ¢
MMeHaTa UM 1 roguHaTa Ha nynvkauus. B cnyuam ue
ca uMTupaHn 2-mMa aBTopuv 1 roguHata Ha nyéenukaums
ce O3HauaBa no cnegHus HauwmH: Burstone and
Koenig (1975). Korato uutupaHute aBTopu ca noseve
OT JBama, Ce MOocCTaBs WMMETO Ha MbpBuUS asTop,
nocnegsaHo OT CbKpalleHue 1 KonekTns. Hanpumep:
Mota at al., 1982 (MoTta u kon.). N36posiBaHeTO Ha
HSIKONMKO UMTUPaHW aBTopa CTaBa, KaTo Ce OTaensT
C Touka W 3anetas, Hanp.: Burstone 1975,; Ricketts,
1970.

KHueonuc: Hanucea ce Ha oOTAenHa cTpaHuua
B asbyuyeH pepn. ABTopute, KOUTO ca My6avKyBanu
Ha Kupunaua ce npeBeXxaaT Ha aHrUACKKN e3nK U
ce BKJOYBAT B 06WMA ped Ha KHuronuca. Bcuukm
CnomeHaTtun B ctatusta aBTopu Tps6ea ga ourypupar
B KHUronmca u o6partHo. KHuronmcevT Tps6ea Aa
OoTroBapsi Ha W3UCKBaHWATA Ha MeauuUUHCKUTE
crnmcaHus.

VimeHaTta Ha cnncaHusTa TpsibBa e Ce CbKpallasar
cnpen Comulated Index Medicus.

B opruHanHaTta ctatua cneg KHuronmca ce Hanmcea
agpechT 3a KOPEeCnoHAeHLUUa Ha aBTopa Ha cTaTuaTa.

N3nckBaHNA KbM OHarnepsBaHeTo:

CHumkuTte, durypute n Tabnuumte Tps6sa aa 6bvoar
HaVMeHOBaHN U HOMEPUPAHW MO CEQHNS HAYUH: Gur.
1,2,3...,1a6n. 1, 2, 3... TAXHOTO MACTO Tps6Ba fa 6bae
0T6€en143aH0 B TEKCTA CbC CbOTBETHMS HOMEP.

CHumkute TpsiéBa ga 6bpat B JPG dopwmar, B
oTaoenHa nanka. TabnuumTte ga ca Ha OTAenHu excel
dannose.




ETUYHN HOPMU 3A USCAEABAHUA N NYBAVUKYBAHE

MamepuaAume u npouegypume, u3noAsBaHu B Hayu-
Hume u3caegBaHusi, mpsabBa ga omzoBapsam Ha ycma-
HoBeHume emuuHu kpumepuu npu ekchepumeHmu
C xopa uAu >kuBomHu. MauueHmume He mpsbBa ga
ce nocoyBam c umeHa, UHuuuaAu uau domozpaduu,
ype3 koumo Moz2am ga bbgam ugeHmuduuupaHu.

Mamepuanume He mps6Ba ga ca npegaokeHu B
gpy2o cnucaHue no Bpeme Ha pasaneXkgaHemo um
B cn. ,OpmogoHmcku npeaneg“, kakmo u ga He ca
nybaukyBaHu Ha no-paHeH eman B8 gpy20 neyamHo

uau enekmpoHHo usgaHue. ToBa ce ygocmoBepsBa ¢
geknapauusi.

Mamepuanume ga omezoBapsm Ha 3akoHa 3a aBmop-
ckomo npaBo u cpogHume my npaBa u mesu Ha Hayu-
Hama emuka.

ABmopume ca omeoBopHu 3a Bcuuku mMBbpgeHus,
cmaHoBuwa, u3Bogu u memogu Ha npegcmaBsHe Ha
gaHHUme om mexHume u3cAegBaHus B gageHume
pvkonucu.

OPTOAOHTCKU MPEerAeA, b}!
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