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Pesrome

Monepuute MeTond Ha oOpa3HaTa JHArHOCTHKA WIpasT BCE MO-
Ba)KHA POJIS IIPH CEPUO3HHUTE HApYILIECHHs Ha AUIIAHETO MO BpeMe Ha
CbH U Ha camara oocTpykTuBHa chbHHa anHes (OCA). Te morar ja ce
CHCTeMaTH3Upar B TPU OCHOBHH IPYIHU: PEHTTCHOJIOTUYHA, KOMITIO-
TBPHO-TOMOTpad)cka 1 MarHUTHO-PE30HAHCHA JIUATHOCTHKA.

B neHTanHaTa MeMIMHA Hali-4€CTO CE M3IIOI3BAT CICAHNUTE PEHTTe-
HOJIOTUYHHM METOIHU: WHTpaopajHa peHTreHorpadus Ha 3b0HTE,
YEJIIOCTUTE U TEMIIOPOMaHANOYIapHUTE CTaBU U LedanomeTpus.
Bce mo-mmpoko ce mpuiarar TPUM3MEpHATa M KOHBEHIMOHATHA
MaHopamMHa ToMorpadus, JUHAMHYHATA TPUM3MEPHA KOMIIOTHPHA
tomorpadus (KT), maorocpesosara KT, KT ¢ koHycooOpa3uu iabuu,
BOJIIOMETPHYHATA TPHU3MepHa pekoHCcTpykimst Ha KT u enexrpude-
cKara uMIleaHCHa ToMorpadusi.

MarnuTtHO-pe30oHaHCHOTO u300passBane (MPU) ce ochuiecTssiBa ¢
pa3HOOOpa3HH yCHBBPIICHCTBAHUS (KHHEMATOrPaCKo, TMHAMUYHO,
I(Yy3HOHHO TEH3UOHHO, (PYHKIIMOHAIHO U Jp.), KAKTO U B ChUeTa-
nue ¢ KT 1 no3uTpoH-eMUcHOHHA ToMorpadusi.

Kimo4oBn mymu: OOCTPYKTHBHA CHHHA aIHEs, PEHTTCHOJIOTHYHA
JMAaTHOCTHKA, KOMIIOTHPHO-TOMOrpadcka THarHOCTHKA, MarHUTHO-
Pe30HaHCHA ANArHOCTHKA

BuBenenue

HNHTepechT KbM CEpUO3HUTE HAPYLIEHUS HA AUILA-
HETO IO BpeMe Ha ChH HapacHa 3HAYUTEIHO TIpe3
IIOCJIICAHUTE TI'OJMHH KAaKTO B CBETOBCH Mamaﬁ,
Taka 1 y Hac. ABTopu (24), (33) ca anaauzupaamn
roJiiM o0eM JIMTepaTrypa M ca NMOTBbLPAWIH, Ye
HMa CHCTEMHH, META0OJMTHH H EHIOKPUHHHU
HApPYLIEHHUsI, KOUTO C€a B MNpPSKAa BPb3Ka CbC
chbHHUTe TakuBa. [lomcomHorpadusra e 3mareH
CTaHJApT HPU AUATHOCTULMPAHETO U IIPOCIEs-
BaHETO Ha Te3W OOJHM, HO Hapell ¢ KIMHHUYHOTO
W3CJIe/IBaHe, BCE MO-BaKHA POJIA UTPAST M MOJCP-

Abstract

Modern methods of imaging diagnosis play more and more important
role in severe sleep breathing disorders and of obstructive sleep apnea
(OSA) itself. They could be classified in three main groups: x-ray,
computed tomography (CT) and magnetic resonance imaging (MRI)
diagnosis.

In dental medicine, the following x-ray methods are most
commonly used: intraoral x-ray examinations of the teeth, jaws and
temporomandibular joints as well as cephalometry.

Tri-dimensional and conventional panoramic tomography, dynamic
tridimensional CT, multislice CT, cone-beam CT, volumetric
tridimensional CT reconstruction and electric impendance tomography
are more and more widely applied.

The MRI is accomplished by a variety of refinements such as cine
magnetic, dynamic, diffusion torsional, functional, etc. as well as in
combination with CT and positron emission tomography.

Keywords: obstructive sleep apnea, x-ray diagnosis, computed
tomography diagnosis, magnetic resonance imaging diagnosis

Introduction

The interest towards serious sleep breathing dis-
orders has grown significantly worldwide and in
Bulgaria during last few years. Authors (24), (33)
have analyzed a vast amount of literature and
confirmed that there are systemic, metabolic
and endocrine disorders that are firmly con-
nected with sleeping disorders. Polysomnogra-
phy is the golden standard in diagnosing and track-
ing obstructive sleep apnea (OSA) patients. And
continuous positive airway pressure (CPAP)
is a standard in the treatment of severe OSA
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HUTE METOJM Ha oOpa3Hara auarHoctuka. (2), (3),
(27) A CPAP e cranaapT B Jile4eHHETO HA TeXK-
KHTe cJIy4Yau Ha chbHHA anHes. (28) 3b001exapu,
KOHTO €2 3aM03HATH ChC CHMIITOMUTE HA ChbHHA-
Ta afHesi, MOraT yCHEIIHO /1a JHATHOCTHLIHPAT
3a0oasBaHeTo. (16), (17) MonepHu XMpypru4au
TeXHUKH 32 Jle4eHHe BKJIKYBAT Paano4ecTOTHA-
Ta TepMoadanus U YJITPa3ByKOBA XapMOHHYHA
pe3eKuus cbe cKajmes. YacTHyHa pe3eKuus Ha
yBYJIaTa, YBYJIONAJATOILIACTUKATA U TOH3WIEK-
TOMHUS ca CbIO MeToau 3a JiedeHue. (37) Hakou
aBTOpH (9) NPAKTUKYBAT TEXHUKA C HMILIAHTH-
paHe Ha XPYILISJIU OT HA3AJHHUSA CENITYM B MEKO-
TO Helle, 32 1A IO CTA0MIU3HPAT.
CuctemarnuHo ca a"anu3upaHu 24 crarud Ha
AQHMIMHACKUA €3MK MO BBIPOCUTE HA HUICHTHU(PHUIIM-
paHeTo Ha MSACTOTO Ha 3aIyIIBaHE HA AUXATCIHUTE
IBTHILA TPU TEPCUCTHpaIia 0OCTPYKTHBHA ChbHHA
anrHess (OCA) B nerckara BB3pacT, pedepupanu
B Oasure-ganuu Pubmed, Cochrane CENTRAL,
DynaMed, UpToDate, CINAHL w Scopus (25).
B 17 crarum ca onucaHu pa3iavM4yHU JHATHOC-
TUYHU METOJM: JIEKApCTBEHO MHIyLIHMpaHa CHhHHA
enpockonud (npu 11), kuaemarorpadcko MarHuT-
HO-pe30HaHCHO n3o00passBane (MPU) (mpu Tpu) u
antepHaruBno MPU (nipu apyru Tpu myOiauKyBaHu
H3CJICABAHUS ).

OO0pa3Hara AMArHOCTHKA Ha JIMIICBOYEIIOCTHATA
obnact e ot ocobeHo 3HadeHue npu oomanTe ¢ OCA
(11). Kacae ce 3a pazHooOpa3HH METOIW — MHTpa-
opayiHa peHTreHorpadus Ha 3b0HTE, YETIOCTHTE U
TEMIIOPOMaHAUOYIapHUTE CTaBH, TAHOPaMHA TOMO-
rpadus, redaroMeTpus, KOMITIOTBPHA TOMOTpadust
(KT), KT ¢ xonycoobpazuu n1buu, MPU, ynrpa3Byk
U paguoHyKIWAHO u300passiBane. [lomuepraBa ce
MIOTEHIMATHATA POJISL HA TE3W MU300pa3siBallld METO-
mu ripu 6omaNTe ¢ OCA M 0cO0CHO HA TMArHOCTH-
Kara Ha M3MEHCHUITAa B TEMIIOPOMAHIHOYITapHUTE
CTaBH.

O6mo 47 nena ¢ OCA, ot kouto 20 — ¢ yMepeHo
TeKKa O TE)KKa CTEeleH Ha 3aboigBaHeTo, U 43
Jieria OT KOHTPOJTHA TPpyIa ca U3CJICBAHU TTOCPE-
CTBOM PEHTI€HOBA IeaioMeTpHsi, COHOTpadus Ha
neOenuHaTa Ha CTpaHWYHATa (papuHreanHa CTeHa,
aHTpornioMeTpus U monmcomuorpadus (6). [pome-
HUTE B PEHTTEHOBAaTa Ie(aloMeTpUs U COHOTpa-
¢usTa ca puckoBu (akropu, cebp3anu ¢ OCA u ¢
arHes-XUTOoIHest nHAekca. HUuCKkoTo pasmonoxenne
Ha XMOHMIHATa KOCT € HE3aBUCHUMO CBBP3aHO C I0-
BuCOK puck 3a OCA, a B chueTaHuUE C MO-rojisiMara
nebenrHa Ha cTpaHWYHaTa (papuHTeasHa CTeHA — C
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patients.(28) Along with the clinical examina-
tions, nowadays, modern imaging modalities play
an important role. (2), (3), (27) Dentists familiar
with OSA symptoms have the opportunity to
diagnose patients with sleeping disorders. (16),
(17) Modern surgical techniques for treating
sleep apnea include radiofrequent termoabla-
tion and ultrasound harmonic scalpel resection.
Partial resection of the uvula, uvulopalatoplasty
and tonsillectomy are also performed. (37) Some
authors (9) use implanting of cartilages from the
nasal septum in the soft palate, so as to improve
its stability.

24 articles in English language were included and
systematically analyzed after passing through 758
abstracts regarding methods of identifying site(s)
of obstruction of the airway in pediatric patients
with persistent OSA. All abstracts were indexed in
Pubmed, Cochrane CENTRAL, DynaMed, UpTo-
Date, CINAHL and Scopus.(25) Seventeen arti-
cles describe different methods of identifying the
obstruction site: drug-induced sleep endoscopy(in
11), cine magnetic resonance imaging (MRI) —in 3
and alternative imaging — in another 3 articles.

Maxillofacial imaging is of great importance for
OSA patients. (11) Methods include intra-oral
radiographs of teeth, jaws and temporomandibular
joints, panoramic tomography, cephalograms, cone-
beam computed tomography, computed tomogra-
phy, magnetic resonance imaging, ultrasound, and
radionuclide imaging. The potential role of these
imaging modalities in OSA patients is stressed and
most importantly — imaging of temporomandibular
alterations.

A total of 47 pediatric OSA patients, 20 of whom
with moderate to severe OSA, and 43 controls were
examined using x-ray cephalometry, sonographic
measurement of lateral parapharyngeal wall (LPW)
thickness, anthropometry and polysomnography.
(6) Changes in the x-ray cephalometry, as well as
the sonography, are risk factors for OSA and altera-
tions in apnea-hypopnea index(AHI). Lower posi-
tion of hyoid bone was independently associated
with higher risk for OSA, and when combined with
greater LPW thickness — higher AHI and a higher
risk for developing moderate to severe OSA.
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[10-TOJISIMA CTOMHOCT Ha arHes-XUIOIHES UHIEKCa
U C TI0-BHCOK PHUCK 3@ YMEPEHO TEKKaTa JI0 TeKKa
CTelleH Ha 3a00JIsIBaHETO.

PentrenoBa nuarnoctuxa npu OCA

CerocTaBeHa € MPENHU3HOCTTa HA W3MEPBAHUATA
Ha JIbJDKUHATA HAa NpPEJHUTE 360U C NMOMOINTa Ha
TpUM3MEepHAa M Ha KOHBEHIIMOHAJHA TAHOpPAaMHA
peHTreHorpadus B pa3avyHU MOJIOKEHUS Ha IVa-
Bata. (20) YcraHOBSIBaT Ce 3HAYUTEITHO ITO-MAJIKO
Ha Opoii IpelHy U3MepBaHus MpH ynorpedara Ha
TpUH3MepHaTa ITaHOpaMHa PeHTTeHOoTrpadus.

IIpu m3cnenBanero Ha 2000 OosHM Ha BB3paACT
MEXIy meT . U 21 . che 3a00sBaHNs Ha 3bOHUTE
B 6omammara B rp. Hio Xeitpa, CAIL, ¢ momorrra
MaHOpaMHH PEeHTTeHOoTrpaduu ce TUarHOCTHIMPAT
o0m1o 36 ciayyass Ha aHTpaJHU MCeBAOKHUCTU (32).
3aboneBaemocTTa Bh3nu3a Ha 1,80%. JIumcsar cra-
TUCTHUYECKH JOCTOBEPHHU ACOLMAIMU MEX]Y TOBa
3abomnsBane, oT enHa ctpana, 1 OCA, ekcTpakiu-
UTE Ha 360U OT TOpHATa YeNIOCT, OPTOJOHTCKUTE
3a00JsBaHUsl ¥ aHAMHe3aTa 3a TpaBMa B 00JacTra
Ha ycTara U JIMLETO, OT JIpyra cTpaHa.
Kammdunupanure arepomMn Ha KapOTHIHUTE apTe-
pUH, JUATHOCTULUPAHU MOCPEICTBOM MaHOPAMHHU
U JarepasHu 1edaroMeTpUIHN peHTTeHOorpadu,
TpsiOBa Ja ce UMar NpPeABH]I OT ACHTATHUTE JIEKapu
Karo BeposiTHa kiuHu4HA nposiBa Ha COCA, Hapen
ChC 3HAYUTETHOTO OTJIaraHe Ha Ma3HUHU B HEOLIETO,
YBEJIIMYCHUETO Ha €31Ka U (paprHKca, TBJITOTO MEKO
HeOlle W peTporHarMyHara jgonHa uemtocT (13).
Te3u arepoMu ce JMArHOCTHIMPAT TMOCPEICTBOM
MaHOpPaMHU peHTreHorpaduu npu 35% ot OonHuTe
¢ OCA wu cpmprcTBal] META0ONIUTEH CHHAPOM U
pu 42% oT marnuenTuTe che cuaapoma 7 (12).
JIBycTpaHHa aHKWIIO3a Ha TEeMIIOpOMaHINOymap-
Hute ctaBu, mMukporHatus u COCA, kakTto u
XUIIOMHES! C€ NUArHOCTUIUPAT Ype3 KIMHUYHO H
pECUpPaTOPHO M3CJEABAHE U C PEHTreHorpaduu
npu 12 OomHM Ha Be3pacT Mexay 12 . u 27 . (23).
[Ipu npocnensBaneTo Ha OOJTHUTE B MPOIBIKECHHUE
Ha oceM a0 36 Mecena ce yCTaHOBSIBA yCIIEII-
HO OCBOOOKIaBaHE Ha TEMIIOPOMaHIUOYITapHUTE
CTaBH, M3Pa3sBAIlO CE C YBEIMYaBaHE Ha pa3Mepa
Ha OTBOpa Ha ycrara oT 3,3 mm npeau 1o 35,8 mm
CJIe]] OTepanusATa, KOPEKIUs Ha MUKPOTHATHSITA U
mnekyBane Ha COCA u xumnormnHesra.
PesynTarure oT ChIIOCTABUTETHOTO M3CIICABAHE HA
40 6omnuu ¢ OCA u 40 31paBu JuIa ¢ peHTTEHOBA
nedamoMeTpus ToKa3BaT 3HAYUMO TIO-TOJISIMO pa3-
CTOSTHUE MEX]y XWIOUIHATa KOCT U MaHuOyara,

X-ray diagnostics in OSA patients

The accuracy of the 3D panoramic and conven-
tional panoramic radiographs when discussing
measurements of anterior tooth length in different
head positions were compared. (20) Measurement
errors for 3D panoramic radiographs were signifi-
cantly less than those for conventional panoramic
radiographs.

2000 five- to 21-year-old pediatric dental patients
were examined for the presence of antral pseudo-
cysts in a hospital in New Haven, Conn., USA. (32)
With the help of panoramic radiography, 36 cases
of antral pseudocysts were proved. Prevalence
was 1,80%. No significant relationship was found
between the presence of antral pseudocysts and
OSA, maxillary extractions, orthodontic anomalies
and history for trauma in the craniofacial region.

Calcified carotid artery atheromas, diagnosed with
the help of panoramic and lateral cephalometric
radiographs, must be taken into consideration by
dental practitioners as a possible reason for OSAS,
along with excessive fat deposition in the soft pal-
ate, the increase of the pharynx and tongue volume,
the elongated soft palate and retrognathia.(13)
These atheromas are diagnosed with panoramic
radiographs in 35% of individuals with OSA and
concomitant metabolic syndrome and in 42% of
patients with syndrome Z.

Bilateral temporomandibular joint ankylosis,
micrognathia and OSAS, as well as hypopnea were
diagnosed through clinical, pulmonary examina-
tions and radiographs in 12 patients, aged between
17 and 27 years.(23) They were followed up for
8 to 36 months. The temporomandibular joint
ankylosis was successfully released, an increase in
average mouth opening from 3.3 mm to 35.8 mm
postoperatively was visible, micrognathia was cor-
rected, as well as the OSAS and hypopnea.

The results of a case-control observational study(18)
in which 40 healthy subjects and 40 with OSA were
enrolled and examined with x-ray cephalometry,
showed significantly higher hyoid-mandibular dis-
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MO-TOJIsIMA JTBJKMHA HAa MEKOTO HEOIle U Mo-Malika
ObJDKMHA Ha MaHauOyinara npu 6omaute ¢ OCA
(18). IIpu MPU-nedamomerpuss ce ycTaHOBsBa
Mo-ToJIsiIMa JBJDKUHA Ha MEKOTO HeOlle, e3uKa U
cyOMeHTallHaTa MacTHA ThKaH, KAKTO ¥ MO-KPAaTKU
peTponaNaTHHAIHA U PETPOIIOCATHH Pa3CTOSHHUS
npu te3u 6onHu. Hamune e cratucTuiecku 10CTo-
BEpHA MMOJIOKHUTETHA KOpeaus Mex 1y nedanome-
TpUYHHUTE ToKa3aTenu u Texxectra Ha OCA.

JlarepanHara 1iedanoMeTpusi moanomMara ChIecT-
BeHo muarHocturmpanero Ha OCA (1), (8), (11).
Bce no-1mmpoko npuiiokeHne HaMupa u CpaBHUTEI-
HO HOBHAT METOJ — aKyCTHYHATa (hapUHTOMETpPHUs
— KaKTO TMpHU Jenara B ch4eTaHHe ¢ MpoguiiHaTa
TeJIepeHTreHorpadust U aKyCTUYHATa PUHOMETPHUS
(1), Taka u npu Bp3pactHuTe 60HU ¢ OCA.

Kommiorspaa Tomorpagus npu OCA

OmrcBa ce HOBa TEXHWKA 33 JUHAMUYHA TPUU3MEP-
Ha KT 3a orieHKa Ha TOPHHUTE AMXATETHH ITHTHUIIA
npu oceM 6oiHM ¢ Tpaitna OCA (15). U3non3sa ce
HHcKa J03a Ha paauanus < 0,38 mSv, chrocTaBu-
Ma ¢ ta3u npu JureBara KT mo Bpeme Ha mbiIHUS
pecniupatoped mUKbBI. [lomydeHnre maHHU MoOTaT
Ja ce o0paboTAT 3a IeTuTe Ha KIMHUYHA W MOJIEII-
HU aHAJIA3H.

KT c 16 cpesa ce u3nons3sa ¢ ycnex npu JUarfo-
CTHIIMpAHETO Ha edeKkTuTe Ha Obp3ara eKCraH3us
Ha ropHara 4eliocT BpXy cKeyieTa npu 14 nena Ha
cpenHa Bb3pact ot 8,68 . ¢ OCA (29).
Hanexnnoctra Ha Tpumsmepnara KT npu uzmep-
BaHETO Ha pa3Mepa Ha JUXaTeHUTE IbTUINA H
KOpeJaiusaTa Mex 1y ToJyUYeHUTE Pe3yiITaTh C Te3U
OT JarepajHuTe IehaJToOMETPUIHN H3MEpPBAHUS
ce M3cienBar npu OOJHU, JIEKyBaHU IO MOBOJ Ha
OCA (5). HabnromaBa ce moJIo)KUTeNTHA KOpEIanus
MEXy 33JHOTO BB3AYIITHO MPOCTPAHCTBO, OT €HA
CTpaHa, U PETPOIIOCATHUS MPETHO-33]IeH pa3Mep
U Pa3CTOSHUETO MEXJy TCHHAIHWS TyOepKyl u
XHJIOMTHATA KOCT, OT JpyTa cTpaHa (ChOTBETHO I =
0,60; p=0,02 ur=0,54; p = 0,04), 1oKaTO MEKTY
3aJTHOTO BB3/AYIIHO MPOCTPAHCTBO, OT €/IHA CTPaHa,
U JaTepalHUS/TPEHO-3a/THHSI pa3Mep, OT Jpyra
CTpaHa, ce OTKpHBa OOpaTHa KOpEJallMOHHA 3aBH-
cumoct (r =-0,68; p =0,01).

[IpoBeneHo e mpen- W ClIenomnepaTHBHO H3CIIEIBa-
He Ha 15 OomaM, 10 Mbxe u met xenu, ¢ OCA ¢
nmomomra Ha TpumsMmepHa KT mo orHomenne Ha
12 mokasarens 3a pazMepa U YeTUPH TOKa3aTens 3a
¢dopmara Ha nuxarenaute meTumma (4). [Ipu 6omHu-
Te ¢ OCA ce ycTaHOBSIBa CTaTUCTUYECKU JJOCTOBEP-
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tance, longer soft palate and shorter mandible in
OSA patients. The MRI-cephalometry showed
longer soft palate, tongue and submental fat length,
while the retropalatal and retroglossal distance
were shorter. A statistically significant positive
correlation was found between the cephalometric
parameters and the severity of OSA.

Lateral cephalometry plays an important role in
OSA diagnostics. (1), (8), (11). The newly devel-
oped acoustic pharyngometry along with profile
tele-radiography and acoustic rhinometry may be
used in children (1), as well as in elderly OSA
patients.

Computed tomography in OSA patients

A new dynamic three-dimensional computed
tomography technique was described to evaluate
upper airway in 8 patients with persistent OSA.
(15) A lower radiation dose was used( < 0,38 mSv),
comparable to that used for clinical facial CT. The
resulting data can be processed for clinical and
modeling analyses.

The use of 16-multislice CT on 14 pediatric OSA-
patients (mean age 8.68 years) proved to be suc-
cessful to evaluate the effects of rapid maxillary
expansion. (29)

The reliability of 3-dimensional CT when ana-
lyzing airway size and shape in OSA patients
was tested and a correlation between those find-
ings and lateral cephalometric measurements was
established. (5) A positive correlation was made
between posterior airway space (PAS) and retro-
glossal anteroposterior dimension and distance
between the genial tubercle and hyoid (r = 0,60; p
= 0,02 and r = 0,54; p = 0,04 respectively), while
the lateral/anteroposterior dimension demonstrat-
ed an inverse correlation (r = -0,68; p=0,01) with
the PAS.

Fifteen OSA patients(ten males and five females)
had pre- and postoperative 3-D computed tomo-
graphic scans regarding 12 parameters of airway
size and 4 of the shape. (4) In the patients with
OSA airway length was significantly increased (p
< 0.01). On bivariate analysis, the length, lateral/
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HO YBEJIMUCHA IbJDKMHA HA TUXATEHUTE IBTUINA (P
< 0,01). Cnopen pesynrature OT OMBapHAIIMOHHUS
aHaNM3 Ta3W IbDKMHA, CHOTHOIIECHHETO MEXIY
JaTepajHus U PETPOINIOCAIHUS TPEAHO-33JIeH pa3-
Mep U pa3CTOSHUETO MEXTy TeHHATHHS TYyOepKyIl 1
XUJIOWHATa KOCT ca CBbP3aHH C MHEKCA 3a PeCIu-
paropuu Hapymienusi (p < 0,03). Pesynrarure ot
MYJITUBapUAIIMOHHUS aHAJIN3 MTOKa3BaT MOJIOKUTEN-
Ha Kopenanus Ha apipkrHara (p < 0,01) ¢ mHaekca
3a peCIUpaTOpHU HapyIIEHHUs U 0OpaTHa KOpearus
Ha ChOTHOIIEHHETO MEXTY JIaTePaTHHS M PETPOIIIO-
canHMs npeano-3aaeH pasmep (p < 0,04) ¢ nnaaekca
3a PeCHMpaTOpHHU HAPYIICHUS.

[IpoyuBanero Ha 427 GoHU Ha CpeaHA Bb3PACT OT
58,98+16,77 r. ¢ OCA mocpencTBoM TpUH3MEpPHA
PEKOHCTPYKLHMS TIOKa3Ba MOJOKUTETHA KOpeaius
Mex 1y mupuHara Ha MmanauOynara 1 OCA, mopaau
KOETO TO3M aHTPOIIOMETPUYEH MOKa3aTell Ce CUUTa
3a pucKoB (hakTop 3a 3a00sIBaHETO (26).
Bomomerpuunara Tpur3smMepHa peKOHCTPYKLUS Ha
KT mno3BonsiBa mpenn3HO H3MepBaHe Ha obema
Ha TOpPHHUTE JAMUXATeHW MNBTUINA TNPU BbH3PaACT-
aute Oomum ¢ OCA, MomIoKeHH Ha JIEYEHHE C
M3MECTBaHE Hampe Ha TOpHaTa M JI0JTHATA YENIOCT
(10). YcranoBsiBa ce 3HaYMMa JIMHEHHA aCOIHAIINS
MEXy YBEIWYEHUsI aOCOMOTEH 00eM Ha TOPHUTE
JIMXaTeIHA MBTUINA CJIE]] Ta3u ONeparys U Mo10-
OpsiBaHETO Ha CTOWHOCTHTE HA aIHEs-XUIOIHEes
ungekca (p = 0,013).

OtkposiBa ce auarHocTuuHOoTo 3HadeHue Ha KT
C KOHYCOOOpa3HH JTbYM TpH 3a00JsIBaHUSATA HA
3p0uTe, yentoctute u ymnero (34). O6ewxaar ce
BB3MO)KHOCTUTE Ha TO3M CBBPEMEHEH METO] 3a
uaeHTU(ULIMpaHe Ha AaHATOMUYHUTE CTPYKTYPH Ha
TOPHUTE AMXATEJIHU ITBTHINA U Ha MATOJOTHYHHUTE
W3MEHEHUs B TiX, BKI. U npu Oonaure ¢ OCA.
ToBa n300pa3siBaHe MOXKE Ja Ce ChUYeTaBa C KOM-
MIOTPU3UPAHO MOJEIHMpPAHE Ha ChCTOSHUETO Ha
TOPHUTE TUXATETHU MBTUIIA.

Pa3paboten e mopratuBeH anapar 3a eeKTpruuecka
UMIIeJaHCHA TOMOTpadus B peasHo BpeMe ¢ MHOTO
MoKa3aTeny, MpeJHa3HaYeH 3a paHHa JTMarHOCTH-
ka Ha OCA (22). Toii MOke 1a ce U3IMOI3Ba Karo
JIOITBJIHEHNE KBbM CTaI[MOHApHATa IMOJIMCOMHOTpa-
¢us u Tecta 3a ChbHA B JOMAIIHU YCIIOBHS C II€T
nonoOpsiBaHe Ha TMAarHOCTUKAaTa Ha 3a00JIIBaHETO.
HewnHBa3uBHOTO HENpeKbCHATO H300pa3sBaHEe Ha
TOPHUTE JUXATEJHU IbTUIIA 110 BPEME Ha €CTECT-
BEH CHH C TIOMOIITA Ha eJIEKTPUYEeCKa MMIIeIaHC-
Ha ToMmorpadus OcurypsiBa IIeHHa HH(pOpMaIus
32 TMPOXOJUMOCTTAa HAa TUXATEIHWUTE MBTHINA MPU
o6omaute ¢ OCA (7).

retroglossal anteroposterior dimension ratio and
genial tubercle to hyoid bone distance were associ-
ated with the respiratory disease index, RDI (p <
0.03). On multiple regression analysis, length (p <
0.01) had a positive correlation and the lateral/ret-
roglossal anteroposterior dimension ratio (p = 0.04)
an inverse correlation with the RDI.

A study of 427 OSA patients(mean age 58,98+16,77
years) was done using 3D reconstruction and
showed positive relation between mandibular width
and developing OSA. Therefore, wide mandible, as
an anthropometric indicator should raise awareness
of OSA risk. (26)

Volumetric three-dimensional computed tomo-
graphic reconstruction enables the accurate mea-
surement of the volume of the airway in elderly
patients with OSA, undergoing treatment with
maxillomandibular advancement. (10) There is a
significant linear relation between increased abso-
lute upper airway volume after advancement and
improvement in the apnea-hypopnea index(p =
0,013).

Cone beam computed tomography(CBCT) plays
an important role in dentomaxillofacial diagnosis.
(34) The opportunities of this method are dis-
cussed when talking about upper airway analysis
and diagnostics of pathologic alterations in OSA
patients. CBCT imaging can be combined with
computational modeling of the upper airway clini-
cal condition.

A portable device for real-time multi-channel elec-
trical impedance tomography(EIT) was developed
in order to early diagnose OSA patients. (22) This
EIT device may be used to supplement existing
polysomnography and home sleep test devices and
to improve the accuracy of sleep apnea diagnosis.

Noninvasive continuous imaging during natural
sleep of OSA patients using the electrical imped-
ance tomography (EIT) technique could be an
important method to extract information about
changes in size and shape of the upper airway. (7)
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MaruuTHoO-pe30HAHCHO M300pa3siBaHe MpH
OCA

Anammzbt Ha 11 ot 00110 1902 npoyuBanus, u3aupe-
Y oT Oasure-ganuu EMBASE, PubMed n Cochrane
Central npe3 nepuona mexay 2000 r. u 2018 r,
MOKa3Ba M3MOJ3BaHE Ha KuHeMarorpadgcko MPU
NP YETUPH, JICKAPCTBEHO NMpEeIU3BUKaHA €HI0CKO-
IHs IPY ChH — NOpH IeT, a chueranne Ha KT u MPU
— IIpHU /1Be IyOnuKanuy, nocsereHy Ha aena ¢ OCA,
nepcuctupama cuea aaeHotonsmwnektomus (31).
Kunemarnunoro MPU u nexkapcTBeHO Npeau3BUKa-
HaTa eHJIOCKOIMs TP ChH JO0Ka3BaT MopoOpsBaHe
HA aIrHes-XUMONHes UHACKCa 1 MUHUMAaJIHATa caTy-
pauus Ha KHCJIOpoJia ciel] olepaTuBHaTa MHTEPBEH-
usl.

CTpyKTypHUTE H3MEHEHHUS B OsJIOTO MO3BYHO
BeHeCcTBO Npu 39 Mbxke Ha Bb3pacT Mexay 30 . u
55 . ¢ OCA, nexyBanu ¢ CPAP u pasnpenencHu B
JIBE TpyNH (CHbHIUBU U HECHHIIMBH), Ca U3CJICABAHH
¢ MPU n mudy3noHHO TEH3WOHHO W300pa3sBaHe
(36). Ilpu n3cnenBaHeTo HA MO3bKa Karo IS0 CE
YCTAHOBSIBA CTATUCTHYECKH JOCTOBEPHO IO-TOJIs-
Ma cpenHa Iu(y3UOHHOCT MIPHU CHHIUBUTE, OTKOJI-
koto npu HechHIUBUTE O0osHU ¢ OCA (p < 0,05).
CroitHocTuTe Ha (PpakmuoHAIHATA AHW30TPOITHS
U cpeaHata Au(y3HOHHOCT KOPEIUpaT C OLEHKUTE
Ha IMCUXOMOTOPHOTO O€3ChHUE U CKaJslaTa 3a ChHIIH-
BoctTa Ha Epworth npu Bcruku 6omHm (R > 0,517;
p <0,05).

N3cnensanust Ha mraBata U mmsata ¢ MPU ¢ men
OLICHKa Ha aHAaTOMUYHHUTE PHUCKOBU (hakTopu ca
m3BbpiieHu npu 40 nmena cwe cungpom Ha OCA
(COCA) u xunomnnes u npu 40 KOHTPOIHM JIMIIA
(12). Hapen ¢ ouakBaHuWTe U Be4Ye OMUCAHUTE pa3-
JUKWA MEXIy JBETE TPYIHU JIela 10 OTHOIICHHE Ha
MUHHMAJIHOTO PeTpo(dhapuHTeaTHO HAIPEUHO ceve-
HUE, Ha30(apUHTEATHOTO BB3AYIIHO MPOCTpaH-
CTBO, KOMOMHHMpaHHUA 00eM Ha TOPHHUTE JUXATEIHU
IBTHILA, TOKA3ATEINTE HA HAIPEYHOTO CEUCHUE U
o0eMa Ha CIUBHUIIMTE U aJICHOMJIHUTE BETeTallWH,
MpU HACTOSIIOTO HW3CIeBaHE ce HalmromaBar H
MO-TOJISIMO HANPEYHO CEYCHHE Ha MEKOTO HeOIle,
MO-HUCKO PA3MOJIOKEHUE Ha XHJIOMIHATa KOCT H
M0-MaJTbK 00EM Ha JI0JIHaTa YEIIOCT.

[Ipu u3cnenBaneTo Ha 157 G0NHU ChC 3aTIBCTSIBA-
He 1 OCA u Ha 46 auia camMo CbC 3aTILCTABAHE
nocpeactsoM auHamuuHO MPU ce ycranoBsBa
3HAYUTEIHO CTECHSABAHE HAa TOPHUTE AMXATEIHU
IBTHILA B PETPONANIaTAHUSA YYaCThK 110 BpeMe Ha
numane pu 6omauTe ¢ OCA (14). Ilpu GomHUTE
¢ OCA ce xacae 3a 3HaYMMM KOpEIalM¥ MEKIY
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Magnetic resonance imaging in OSA
patients

Analysis done on 11 out of 1902 studies found on
EMBASE, PubMed and Cochrane Central from
2000 to 2018 showed using cine MRI in 4 cases,
Drug Induced Sleep Endoscopy in five, and a com-
bination of CT and MRI — in two cases of pediatric
patients with persistent OSA after adenotonsil-
lectomy. (31) Both Cine MRI directed surgeries
and Drug Induced Sleep Endoscopy resulted in
significant improvement in apnea hypopnea index
and minimum oxygen saturation after surgery.

White matter structural alterations were investi-
gated in 39 male OSA patients, aged between 30
and 55, following continuous positive airway pres-
sure (CPAP) treatment. (36) They were divided in
two groups(nonsleepy and sleepy) and MRI and
diffusion tensor imaging (DTI) were performed.
As a whole, a higher mean diffusivity (MD) was
observed in the sleepy group with OSA than the
nonsleepy group in the whole-brain analysis (p <
0,05) The fractional anisotropy (FA) and MD val-
ues correlated with the psychomotor vigilance task
(PVT) and Epworth Sleepiness Scale (ESS) assess-
ments from all patients (R > 0,517; p < 0,05).

MRI head and neck investigations in order to assess
anatomic risk factors were done on forty pediatric
patients with OSA (OSAS) and forty controls. (12)
Along with the expected and previously described
differences between the two groups when discuss-
ing the minimum retropharyngeal cross-sectional
area, nasopharyngeal airway, combined volume of
upper airway, cross section and volume of tonsillar
tissues and adenoid vegetations, this study proved
higher midsagittal cross-sectional area of the soft
palate, lower position of hyoid bone and slimmer
mandible.

Dynamic magnetic resonance imaging was done
on 157 obese and OSA subjects and on 46 obese
control subjects. (14) Retropalatal area during res-
piration was significantly smaller in subjects with
OSA. There were significant correlations among
subjects with OSA between apnea-hypopnea index
and dynamic measures of airway caliber in the ret-
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arHes-XUIOIMHes MH/AEKCA M JMHAMUYHUTE TIOKa3a-
TEJIM Ha JUXATeTHUTE MMbTHUIA B peTPONaIaTaTHUs
U PETPOINIOCAIHUS YUaCTBK.

IIpoyuBane ¢ momorra Ha guHamudeH 3.0 T MPU-
CKEHEp € IMPOBEJCHO B PAMKUTE HA IMPOCIIEKTHB-
HO, THE3JIOBO KPOC-CEKIIMOHHO Mpoy4BaHe mpu 15
6o ¢ Texkko m3pazeHa OCA (¢ armHes-XHUIomHes
unaekc > 40 enuzona/dac; cpenno ot 70,3+£23 enu-
3oma/dac) u ipu 15 6oaM ¢ exo m3pazenHa OCA (c
anHes-xunomnHes: naaeke < 10 enuzona/vac; cpeHo
ot 7,8+1 enmmzoma/gac) (p < 0,001) (19). Perpona-
JlaTajieH pPEeCHUpaTopeH KOJalC Ce OTKpUBa IpH
Bcruku 0omuau ¢ OCA. Konarc Ha eTMHUYHO HHUBO €
nanuue rnpu 80% ot GonHuTe ¢ 1eko u3zpazena OCA
(p <0,001), moxaro pu OOJIHUTE C TEKKO U3pa3eHA
OCA ce kacae 3a KojariC Ha MHOTO HHBA: PETPO-
najatajeH W Ha JarepajHara (apHHreanHa CTeHa
(mpu neBeT), KaKTo U peTponajiaTajieH, peTporiio-
caJleH W Ha jarepaiHaTta (papuHreasHa cteHa (Ipu
mect OonHu). Komanc Ha narepannara papunreanta
CTEHa C€ OTKPHBA MPH BCUUKU OOJHU C TEKKO U3pa-
3eHa OCA, HO camMo Ipu TpUMa — C JIEKO HU3pa3eHa
OCA (p <0,001). Ciopen pesynrarure oT 0OUKHO-
BEHUs PErPECHOHEH aHaJIM3 KONATNChT Ha JiaTepal-
Hara (apuHreasHa CTeHa KOpeslupa MOJ0KUTETHO C
anHes-xunonHes uxaekca (f=51,8; p <0,001).
Wzcnensane ¢ MPU e mposeneno mpu 40 neua, 22
MomueTa U 18 mMoMuuera, Ha cpeaHa Bb3pacT OT
60+41,5 mecena (Mexay mect Mecena u 18 ) ¢
MOJTMCOMHOTPA(CKU JUArHOCTUIIMPAaHA IIEHTpaIHa
chHHA amHes (35). CpenHUAT WHJEKC Ha LEHTpa-
Hata amHes € 3,8+1,9, a cpemHUAT OOCTPYKTHBEH
amHes-XUIoInHes uHaekc — 3,4 (C MHTepKBAPTUIICH
ooxsar mexay 0,7 u 3,8). [Ipu cenem aemna c 1en-
TpanHa cbHHA anHes (npu 17,50% ot ciyuaure) ce
JI0Ka3Ba MaToJIOTHsl Ha LIEHTpaJIHaTa HEpBHA CUCTe-
Ma, KaTo Hail-uectata MPH-Haxonka e apaxHoua-
Ha kucta. [Ipu neuara ¢ HeHTpanaHa ChbHHA alHes
W TIpUapyXkapaia ractpoeszodareantHa pediyKkcHa
00JIeCT WK C ATOJIOTUYHHU HEBPOJIOTHYHU U3CIIEA-
BaHMsI € HaJUIIE MO-TOJIsIMa BEPOSITHOCT 32 IOsBa
Ha 3a00JsBaHMs Ha IEHTpaJHaTa HEpPBHA CUCTEMA.
Oynkmuonatano MPU w monmcomHorpadust ca
u3BbpiIeHd npu 20 GONMHM Ha CpefHa Bb3pacT OT
43248 1. ¢ Texko m3pazeHa OCA (cbc cpeneH
amHes-XUIMomHes: uHjaeke oT 36,3 enu3ona/dac) u
npu 20 KOHTpOJHM Jlia Oe3 amHess ChC ChOTBET-
CTBAlIM IOJI, Bb3PAaCT M MHAEKC Ha TeJlecHa maca
(30). TIpu GomamuTe ¢ OCA ce ycTaHOBSIBAT 3HAYM-
TEJIHO W3pa3eHU KOPOBU U MOJKOPOBU aHOMAJIMHU IO
OTHOILICHWE Ha JIOKaJHaTta cBbp3aHocT. Hamuue e

ropalatal and retroglossal regions.

A prospective, nested, case-control study using
dynamic sleep 3.0 T MRI-scanner to compare
fifteen severe OSA subjects (AHI > 40, 70.3£23
events/h) and fifteen mild OSA (AHI < 10, 7.8+1
events/h) subjects (p < 0,001).(19) Lateral pharyn-
geal wall (LPW) airway collapse was found in all
OSA patients. 80 % in the mild group showed sin-
gle-level RP collapse (p < 0,001), while all subjects
in the severe group showed multi-level collapse:
retropalatinal and of the LPW in nine cases, and
in six cases — retropalatinal, retroglossal and of the
LPW. All severe OSA subjects showed LPW col-
lapse, as compared with three subjects in the mild
group (p < 0,001). LPW collapse was positively
associated with AHI in simple regression analysis
(B=51,8;p<0,001).

Forty children with polysomnographically diag-
nosed central sleep apnea, 22 males and 18 females,
aged between six months and eighteen years (mean
age 60+41,5 months) underwent head MRI. (35)
The mean central apnea index was 3,8+1,9, while
the mean obstructive apnea hypopnea index was
3,4 (interquartile range, 0,7 — 3,8). Seven children
with central sleep apnea (17,50%) had arachnoid
cyst-the most common CNS pathology on MRI.
Children with central sleep apnea who had gas-
troesophageal reflux disease or abnormal neuro-
logic examinations were more likely to have CNS
pathology.

Functional MRI and polysomnography were done
on twenty severe OSA patients (43.2+8 years;
mean apnea-hypopnea index, 36.3 events/h) and
on twenty controls, non-apneic, age-, gender- and
body-mass-matched. (30) A significant pattern of
cortical and subcortical abnormal local connectiv-
ity was found in OSA patients. Probably, because
of an aberrant adaptation to incomplete sleep-
wake transitions during nocturnal apneic episodes,
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TIOBHIIICHA JIBYCTpaHHA TaJlaMyCHa KOXEPEHTHOCT H
KOXEPEHTHOCT MEXIy COMaTOCEH30pHaTa U MOTOp-
HaTa Kopa, IbJDKaIla ce BEPOSTHO Ha HapyllIeHaTa
ajlanTanys KbM HEIbJIHUTE MPEXOIU MEXKIY ChHA U
Oy/THOTO CHCTOSIHUE 10 BPEME Ha HOIIHUTE SIH30/I1
Ha afHes, NpeIn3BUKaHU OT MOBTapSAIIUTE CE yce-
IIaHUS 3a 3aayliaBaHe W (U3NICCKUTE YCHIIHS 32
BB3CTAHOBSIBAHE HA TUILIAHETO.

Cp4eTaHOTO M3MOJI3BAaHE Ha ITO3UTPOH-EMHUCHOH-
Hata Tomorpadus u MPU ¢ diyoponeokcurinroko-
3a pu 6oman ¢ OCA mpeny u ciien JISYSHHETO C
HENPEKbCHATO MOJOKUTENIHO HaJSraHe B JAUXaTell-
HUTE ITBTHUINA MOXKE Jla WACHTH(HUIINpPA Bh3MATICHHU-
€TO Ha aTepoCKIEPOTUYHATA IJIaKa B KapOTHIHUTE
aptepun U TpbaHara aoprta (21). ToBa m3cienBane
nojrnomara no-100poTo pa3dupaHe Ha poisiTa Ha
OCA u neyenreTo Ha 3a00JSIBAaHETO 32 HAMAJISIBAHE
Ha aTepOCKJIEPOTHYHOTO Bb3MaJICHHUE.
CaMOCTOSITEITHOTO W/WJIH CHYETaHO M3IIOJI3BAHE HA
MOIXOAIIM 00pa3HU METOAU MpHU OOJTHUTE C HApy-
IICHWS Ha JWIIAHETO 10 BpeMe Ha ChH MOXKE J1a
JIOTIPUHECE 32 CBOEBPEMEHHATa UM JMArHOCTHKA U
MTOCJICBAIIIOTO JICUCHHE.
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induced by repetitive choke sensation and physical
efforts attempting to restore breathing. an increase
in bilateral thalamic and somatosensory/motor cor-
tices coherence have been proved, as well.

Hybrid PET-FDG/MRI investigation aids to assess
atherosclerotic plaque inflammation in the carot-
id arteries and the descending thoracic aorta in
patients with OSA before and after CPAP.(21) The
use of the vascular PET/MRI platform in patients
with OSA provides better insight into the role of
OSA and its treatment in reducing atherosclerotic
inflammation.

Lone or combined usage of appropriate imaging
methods in patients with sleeping disorders can
contribute to the better diagnostics and treatment.
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