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ABSTRACT

Background: Salivary gland tumors (SGTs) are a heterogeneous group of lesions, from benign to extremely malignant neoplasms. Early and
correct diagnosis is critical for proper clinical management. Ultrasound (US), being an inexpensive, non-invasive, and readily available im-
aging technique, has a pivotal role in the initial assessment of SGTs. The last few years have added power to the diagnostic armamentarium
of US through elastography and radiomics. This systematic review critically examines existing evidence regarding the diagnostic utility and
accuracy of ultrasound to differentiate benign from malignant SGTs.

Material and methods: The review adhered to PRISMA guidelines. Systematic searches of electronic databases — PubMed, Scopus, and
Web of Science — were conducted for original research articles published 2012-2025. Included studies compared ultrasound approaches
(grayscale US, elastography, and radiomics-based US) for the diagnosis of SGTs, with diagnostic performance reported. Non-original pa-
pers, case reports, and non-diagnostic outcome reports were excluded. Data were extracted regarding study design, sample characteristics,
ultrasound techniques, and diagnostic accuracy.

Results: Five studies were found based on the inclusion criteria. Grayscale ultrasound yielded high specificity (up to 90 %) but low sensitiv-
ity (as low as 38.9 %) for detecting malignant lesions. Elastography, including shear wave elastography (SWE) and real-time elastography
(RTE), improved diagnostic sensitivity and specificity (SWE: sensitivity 74 %, specificity 62 %). Radiomics-based ultrasound had the
highest reported diagnostic accuracy (90 %), sensitivity (78 %), and specificity (92 %). Ultrasound-guided fine needle aspiration (US-FNA)
cytology always possessed superior diagnostic sensitivity (up to 91 %) in all studies. US-FNA cytology was also helpful in distinguishing
between SGTs and other inflammatory and autoimmune disorders such as Sjogren’s syndrome.

Discussion: Gray-scale conventional ultrasound still forms a cornerstone of the initial evaluation of salivary gland tumors, but its low
sensitivity makes adjunctive techniques necessary. Elastography adds useful information on tissue stiffness and enhances differentiation
between benign and malignant lesions. Radiomics and artificial intelligence-based models represent an exciting horizon for objective,
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PE3IOME

Beenenne: Onyxomnu cmoHHBIX kerne3 (OCXK) npencrapisitor co0oii reTeporeHHy o IpyIIy HOBOOOPa30BaHUid, OT JOOPOKaYeCTBEHHBIX JI0
Kpai/'n-le 3JI0KQUE€CTBEHHBIX. PaHHsAS 1 BEpHas JUAarHOCTHKAa UMEET PCIIArOUICe 3HAYEHUE NJI1 KOPPEKTHOI'O BEACHHUS MAlTUEHTOB. yanpa3By—
koBoe uccienoBanue (Y3U), Oymydn HeTOpOruM, HEMHBA3UBHEIM U JIETKOJOCTYITHBIM METOJOM BU3YallH3aI[H1, HTPaeT KIIIOYEBYIO POJIb B
nepBuaHoi orienke OCXK. B mocnennne HeCKOIbKO JIET JMarHOCTUYeCKUi apceHan Y3 3HaUNTEIbHO PaCIMpPUIICS 3a CUET dacTorpaduu
U paJMOMUKH. B naHHOM 0030pe KPUTHYECKH PacCMaTpUBAIOTCS CYLIECTBYOLINE JaHHbIE O JMarHOCTHYECKOH IIEHHOCTH U ToyHoCcTH Y31
st audepeHnranuy 100poKaYecTBEHHBIX U 3moKadecTBeHHBIX OCK.

Marepuan u Metonsl: O630p COCTaBIeH B COOTBETCTBHH C pekoMeHaauusMu PRISMA. Bbun npoBesieH cUCTeMaTHYeCKHil TTOMCK OpHUTH-
HaJIbHBIX MCCJIC/IOBATENIbCKUX CTaTel B AIEKTPOHHBIX 0a3zax maHHBIX — PubMed, Scopus u Web of Science — omyOmikoBanHbIX B 2012—
2025 rr. Mcnonp3oBaHHBIE CTaThH BKIIIOYAIN CPAaBHEHHE PA3IMYHBIX METOIOB YIABTPa3BYKOBOH (cepomkansHoe Y3U, smactorpadus u
paguomukosiornueckoe Y3U) nuarnoctuxu OCK, a Taroke naHHbie 06 ux 3¢ pekruBHOCTH. HeopurnHanbHble CTaThu, ONUCAHUS CIIy4acB
U COOOIIEHNs 0 HEMAaTHOCTHIECKUX pe3yabTaTax Oblin McKiIioueHsl. [1pu mogbope crareil Ayt JaHHOTO 0030pa YUUTHIBAINCH: XapaKTep
BBIOOPKH, crienudrka ncciaenoBanus, Metox Y3V THarHOCTHKY U €ro TOYHOCTb.

Pesynprarer: {1 faHHON pabOTEI OBLIO OTOOPAHO ISATH CTATeH. YIIBTPa3BYKOBOE MCCIIEOBAHNE B OTTEHKAX CEPOTO MOKa3ajo BEICOKYIO
creruduaHOCTh (70 90 %), HO HU3KYIO UyBCTBUTENBLHOCTD (Bcero 38,9 %) /uis BBISABIEHHS 31I0KaueCTBEHHBIX HOBOOOpa3zoBaHuil. Dmacto-
rpadusi, BKIIIO4asi CABUTOBOIHOBYIO dactorpaduio (SWE) u anacrorpaduro B peansHom Bpemenn (RTE), nmoBbicuia TMarHoCTHYECKYO
YyBCTBUTEJIFHOCTh U CHIEHU(PUIHOCTD (1yBCTBUTEIBHOCTD 74 %, cneruduanocTs 62 %). Pagnomukonorndeckoe yasTpa3ByKOBOE HCCIIe-
JIOBaHHE MOKA3aJ0 HAWBBICIINE 3aPETUCTPUPOBAHHbBIE JUATHOCTUYECKHE MoKazaTrenu TouHocTH (90 %), uyBcTBUTENnbHOCTH (78 %) 1 cre-
muduanoctn (92 %). TonkonronsHas actmpanuonHast 6uorcust nox kouTporeM Y31 (Y3-TAB) Bo Beex ciydasix ofaaia BEICOKOI ua-
THOCTHYECKOH UyBCTBUTENBHOCTHIO (10 91 %). ¥3-TAD Takxe Obina mpumennma s auddepennuanbaoit auaraoctuxn OCK u apyrux
BOCHAJIMTEIILHBIX U ayTONMMYHHBIX 3a00JIeBaHHM, TakuX Kak cuHapoM Illerpena.

Obcyxnenne: Knaccudeckast cepomkansias Y3V mo-npeskHeMy SBISIETCS KPacyTrOJbHBIM KaMHEM IEePBUYHOHN JHArHOCTHKU OIMyXOJIeH
CIIIOHHBIX JKeJIe3, HO €€ HHM3Kasi 4YyBCTBUTEIBHOCTH 0OYCIOBINBACT HEOOXOMUMOCTh HCIIOIB30BAHMUS IOMOHUTEIIBHBIX METOJI0B. DIacTo-
rpadus gaeT HHPOPMAIHIO 0 KECTKOCTH TKaHel U yrmydmraeT JuddepeHuanmio 100poKaueCTBeHHBIX U 37I0Ka9eCTBEHHBIX HOBOOOPa3o-
BaHWi. Pagromuka 1 Moziei Ha OCHOBE MCKYCCTBEHHOTO MHTEIUIEKTA OTKPHIBAIOT MEPCIIEKTUBHBIE TOPU30HTHI A1 0OBEKTUBHON aBTOMA-
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automated diagnosis but need clinical validation. US-FNA cytology is still irreplaceable for diagnostic confirmation. Standardization of
the imaging protocol and multicenter validation studies involving more patients are required to implement these advances in everyday
practice.

Conclusion: Ultrasound, particularly when integrated with advanced techniques such as elastography and radiomics, significantly enhances
the non-invasive diagnostic workup of salivary gland tumors. However, ultrasound-guided FNA cytology continues to be the diagnostic
gold standard. Future research should focus on large-scale validation, integration of computational tools, and standardized imaging ap-
proaches to further improve diagnostic accuracy and patient outcomes.

Keywords: salivary gland tumors, ultrasound, elastography, radiomics, diagnostic accuracy, fine needle aspiration cyto-
logy
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Introduction

Salivary gland tumors (SGTs) are a heterogeneous and
complex group of neoplasms derived from the major (pa-
rotid, submandibular, sublingual) and minor salivary glands
[1]. Though relatively uncommon — occurring in about
3—10 % of all head and neck tumors — SGTs are exceedingly
heterogeneous with respect to clinical presentation, histopa-
thology, and biological behavior [2]. The vast majority of
SGTs are benign, with pleomorphic adenoma and Warthin’s
tumor being the two most frequent lesions, particularly in
the parotid gland. However a large percentage can be ma-
lignant, from low-grade mucoepidermoid carcinomas to ma-
lignant high-grade tumors of salivary duct carcinoma and
adenoid cystic carcinoma [3]. Malignant SGTs are infamous
for perineural invasion, local recurrence, and distant metas-
tasis and tend to cause significant morbidity and poor patient
outcomes [3].

Early and accurate diagnosis of SGTs is therefore cru-
cial for optimal treatment planning and prognosis. Clinical
examination is rarely sufficient, as symptoms and signs of
benign and malignant lesions tend to overlap extensively,
and palpable masses are late or obscured by interposed
soft tissues [4]. Imaging has thus become a cornerstone
of the diagnostic workup of any patient presenting with
a salivary gland swelling. Of the modalities available, ul-
trasonography (US) is the first-line imaging modality of
choice because it is non-invasive, does not utilize ionizing
radiation, widespread accessibility, and can provide real-
time, high-resolution visualization of superficial struc-
tures [5].

Conventional grayscale ultrasound offers detailed as-
sessment of glandular architecture, tumor size and margin
delineation, internal echotexture, and vascularity, and their
topographic relationship to adjacent structures. The reliabil-

TU3UPOBAHHOM MAarHOCTHKH, HO TPeOYIOT KIMHUYECKOH Banuaanuu. LIUToIOr s ¢ MOMOIIBI0 TOHKOMTOJIbHON OMOIICHITHON acIUpaIioH-
Hott Ononcnn (Y3-TAB) no-npeskHeMy ocTaeTcst He3aMEHHIMEHUMPH JUIS TIOATBEP KICHHS UarHo3a. [l BHEAPEHHs TaHHBIX METOJHK B
TIOBCEIHEBHYIO TPAKTHKY HEOOXOAMMBI CTaHIapTU3alus MTPOTOKOIA BU3yalH3allil U MHOKECTBEHHBIE BATUAAIMOHHBIE HCCIIEOBAHUS C
ydJacTHeM OOJIBIIETO YHCIIa MaUeHTOB.

3aksrouenue: YiIbTpa3ByKoBasi ANATHOCTHKA, 0COOCHHO B COYETAHNH C IEPETOBBIMU METOIAMH, TAKMMH KaK d1acTorpadus U paAnoMHKa, 3HAUH-
TEJIBHO TOBBIIIACT P (HEKTHBHOCTH HEMHBA3UBHOM TMArHOCTHKY OITyXOJIeH CIFOHHBIX Jkere3. OHAKO IIUTONOrNUeCKOe HCCIISI0BAaHIE METOI0M
TOHKOHMTONBHOH acrmpanionHoi 6uorcnu (FNA) mon korTposnem Y3U mo-npexxHeMy 0CTaeTcst 30J0THIM CTaHAapToM auarHoctuku. [locnemy-
IOIIE CCIIEI0BAHNS I0KHBI OBITH HAIIPaBIEHbI HA MIMPOKOMACIITA0HYI0 BaNAAIIHIO, MHTETPAIMIO TIEPEI0BOTO MPOrPAMMHOTO 00€CTIeIEeHNUsT
U CTaH/IaPTU3ALUI0 METOJ0B BU3YaIU3alluy A7l JaJIbHEHIIEro HOBBILIECHH TOYHOCTH JUATHOCTUKY U YIIyUIIIEHHs Pe3y/IbTaToB JICUCHNUSL.
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Beenenne

Onyxomu cioHHbIX skene3 (OCXK) npencrapnstor codoi
TEeTEPOreHHYIO U CJIOXKHYIO IPYIITy HOBOOOPA30BaHHA, ITPOC-
XOSIINX M3 OONMBINNX (OKOJIOYIITHBIX, TIOAYETIOCTHBIX, TTOTb-
SIBBIYHBIX ) M MaJIbIX CIFOHHBIX Jkenie3 [1]. XoTs oHu BCTpeya-
IOTCSI OTHOCUTENBHO peaxo — mpuMepHo B 3—10 % Bcex omy-
xonel rososl U men, — OCXK upe3BbIMaliHO reTEpOreHHbI O
KITMHUYECKOW KapTHHE, THCTONAToNornu U TeueHwnto [2]. Tlo-
nasisiroree 6onbmmrHeTBO OCK sIBIISIIOTCS TOOpOKadeCTBEH-
HBIMH, M3 HUX HauOOoJIee YaCThIMH MMOPAKCHUSIMH SIBIISIOTCS
rureoMopdHast aieHoMa 1 OITyX0ib YOPTHHA, 0COOCHHO B OKO-
JoyuIHOH »kene3e. OHaKo 3HAYNTENbHAS 9aCTh U3 HUX MOXKET
OBITh 37TOKAUECTBEHHOW — OT HHU3KO3JIOKAY€CTBEHHON MYKO3-
TTUJICPMOUTHOW KapIIMHOMBI JI0 OIyXOJIeH BBICOKOH CTETICHH
37I0KaYeCTBEHHOCTH, TaKMX KaK KapIMHOMa CIIFOHHBIX ITPO-
TOKOB M aJICHOKHCTO3HAs KapruHoMa [3]. 37oKadecTBEHHbIC
OCX nevanbHO U3BECTHBI CBOCH NEPHHEBPATLHOM HHBA3HEH,
MECTHBIMH PELIUIMBAMH ¥ OTIAJICHHBIMU METAaCTa3aMu, a TaK-
e, KaK TPaBHJI0, TPUBO/SIT K 3HAYUTEIHHOM 320071eBAEMOCTH
¥ HEOMATOTIPUATHBIM Pe3ylIbTaTaM UIs MMAIueHToB [3].

IMoaTomy panssis u TouHast quarHoctuka OCXK umeer
pelaromiee 3HaUCHNUE IS ONTHMAIBHOTO IIIAaHWPOBAHUS
JIeYeHUsI ¥ TPOrHo3a. KimHmueckoro oocneioBaHus PEAKo
OBIBaeT JOCTATOYHO, MOCKOJBKY CHUMITOMBI U TpPU3HAKU
JIOOPOKAUECTBEHHBIX W 3JIOKAYECTBEHHBIX IMOPAKCHHH,
Kak IMpaBWJIO, BO MHOTOM COBIIQJAi0T, a MalbIHpyeMbIe
o00pazoBaHUs 0OHAPYKUBAIOTCS MO3THO WIH CKPBITHI MIPO-
MEXYTOUYHBIMU MSTKUMH TKaHsMu [4]. Takum oGpasom,
BU3yallM3allusl CTajla KpaeyrojbHBIM KaMHEM JHarHo-
CTHYECKOTO 00CIeI0BaHUs JI000Tr0 MalueHTa ¢ MPUITyX-
JIOCTBIO CIIIOHHBIX JKene3. M3 Bcex JOCTYHHBIX METONOB
yIbTpa3BykoBoe ucciegoBanue (Y3UW) sBasercs MeToaoM
BbIOOpa TEpPBOM JIMHUM BU3yalM3allMH, MOCKOJIBKY OHO
HEMHBA3MBHO, B HEM HCIIOJIB3YETCS MOHHU3UPYIOIIEEe H3-
JydeHue, IMHUPOKO JTOCTYITHO U MOXKET 00ecTeduTs 0030p
MOBEPXHOCTHBIX CTPYKTYP B PEKUME PeasbHOI0 BPEMEHU
C BBICOKHUM paspeuieHuem [5].

TpaguuuonHoe Y3U B OTTEHKaX CEPOro MO3BOJISIET Je-
TAJIbHO OLICHUTh APXUTEKTYPY KeJe3, pa3Mep OIyXOJIu 1 ee
KOHTYpPBI, BHYTPEHHIOIO 3XOTEKCTYpy M BacCKyJISIpH3aIHIO,
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ity of these ultrasonographic findings in distinguishing with
certainty benign from malignant tumors is restricted due to
the fact that, though discrete, there exists considerable over-
lap between them, particularly with deep-lobe or morpho-
logically indeterminate lesions. Thus, the role of ultrasound
has remained classically restricted to detection, characteriza-
tion, and guidance of tissue sampling, particularly fine nee-
dle aspiration (FNA) cytology [6].

The last decade has witnessed significant developments
in ultrasound technology with potential for even more ac-
curate, non-invasive SGT diagnosis. Real-time (RTE) and
shear wave elastography (SWE) ultrasound elastography en-
ables quantitative stiffness evaluation of tissue that may be
able to differentiate between malignant and benign processes
on the basis of their biomechanical properties. Even more
recently, the advent of radiomics and artificial intelligence-
based image analysis has introduced objective, reproducible,
and automated methods for risk stratification that are able
to identify subtle imaging patterns imperceptible to human
observers [7].

Despite these technological strides, controversy persists
regarding the optimal application, diagnostic accuracy, and
integration of these ultrasound modalities in the routine
evaluation of SGTs. Discrepancies in operator experience,
lack of standardized imaging protocols, and variable access
to advanced technologies further complicate the landscape.
Additionally, tissue diagnosis via ultrasound-guided FNA
remains essential, particularly in lesions with indeterminate
imaging findings or suspicion of malignancy.

Therefore, the present systematic review aims to provide
a comprehensive and critical synthesis of the current litera-
ture regarding the diagnostic performance of ultrasound —
spanning conventional grayscale imaging, elastography, and
radiomics — in the evaluation of salivary gland tumors. By
comparing and correlating evidence across a range of con-
temporary studies, this review seeks to inform clinical deci-
sion-making and highlight future directions for research and
practice in head and neck imaging.

Material and methods

Search Strategy and Selection Criteria:

This systematic review adhered to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses) guidelines [8] (fig. 1). Electronic searches in PubMed,
Scopus, and Web of Science databases from January 2012
to March 2025 were conducted for articles published during
this time. The search terms and Boolean operators applied
below were: “salivary gland tumor” AND (“ultrasound”
OR “elastography” OR “radiomics” OR “fine needle aspira-
tion”).

Inclusion criteria:

» Original research articles, published in English

» Studies evaluating any ultrasound technique for diagno-
sis or characterization of SGTs

» Studies reporting diagnostic performance metrics (sensi-
tivity, specificity, accuracy)

a TaKKe TOMOrpauUECKOe COOTHOIICHHUE C COCCTHHMHU
CTpyKTypamu. Hale:KHOCTh 3TUX YIBTPa3ByKOBBIX JTaHHBIX
JUT TOYHOTO Pa3THYCHUS MOOPOKAYECTBEHHBIX M 3JIOKaye-
CTBEHHBIX OITyXOJIeH OTpaHHYEHa TEM, 4TO, HECMOTpPA Ha
UX TUCKPETHOCTb, MCKAY HUMHU CYHICCTBYCT 3HAYUTCIIbHOC
CXOJICTBO, OCOOCHHO NpH IIIyOOKO PACIIONOKEHHBIX WU
MOP(hOJIOTHYECKN HEOTPEeNICHHBIX IMOpaKeHUsAX. Takum
00pa3oMm, pomb yIBTPa3ByKa TPAJAUIIMOHHO OTPAHNYHNBATIACH
OOHApYKCHUEM, XAPaKTCPUCTHKOW M KOHTPOJIEM B3SITHS
00pa3IoB TKaHU, B YACTHOCTH BO BPEMsI IUTOJIOTUICCKOTO
HCCIICZIOBAaHUS METOAOM TOHKOWTOJBHOHM acTipannoOHHON
ouonicuu (FNA) [6].

3a moceaHee ACCATUIICTUE HAOIIONANICS 3HAUNTCIIbHBIN
MPOTPECC B YIBTPA3BYKOBBIX TEXHOIOTHSAX, OTKPBIBAIOIIIHIA
BO3MOYKHOCTH IS elre 0ojiee TOYHOM HEMHBA3WUBHOM IHa-
raoctuku OCXK. YibrpasBykoBas aacrorpadust B pexKuMe
peanbroro Bpemenu (RTE) u ciaBUroBO-BOJIHOBAs 3J1acTO-
rpadus (SWE) 1mo3BoIISIIOT KONMYECTBEHHO OLICHUTD JKECT-
KOCTb TKaHH, YTO MOXKET TO3BOJIUTH IU(PQepeHINpOBaTh
3JI0KaY€CTBEHHBIE M JOOpPOKAYECTBEHHBIC IPOIECCH Ha
OCHOBE MX OMomexaHuueckux cBoicTB. COBCEM HEIaBHO, C
MTOSIBJICHUEM PAJMOMHKH U aHaJIN3a H300pakeHUI Ha OCHO-
BE MCKYCCTBEHHOTO WHTEIUICKTA, MOSBIINCH OOBEKTHBHEIC,
BOCIPOM3BOANMBIE M aBTOMATH3UPOBAHHBIE METOIBI CTpa-
Tl/[(i)l/IKaIJ,l/Il/I PpHUCKa, CHOCO6HI)I€ BbISBJIATH BU3YAJIbHBIC OT-
JIUYHs, He 3aMeTHBIE [T HaOmonares [7].

HecMmoTpst Ha 3TH TEXHOJIIOTHYECKHE MOCTIDKEHHS, CO-
XPAHSAIOTCSI MPOTHBOPEYHS OTHOCHTENBHO ONTHMAIIbHON
CTpareruu HNPUMCHCHUA, ﬂHaFHOCTH‘ICCKOﬂ TOYHOCTU H
HWHTETPALUU 3TUX YIBTPAa3BYKOBBIX METOIOB B PYTHHHYIO
omenky OCXK. Pa3nmuumst B ombITe Bpadeld, OTCYTCTBHE
CTaHJAPTU3UPOBAHHBIX TPOTOKOJIOB BH3YalU3aIld U He-
PaBHBIN JIOCTYN K TEPEAOBBIM TEXHOJOTHSM elle OoJbliie
YCIIOXKHSIFOT cuTyarmioo. KpoMe Toro, MMarHocTuka TKaHEH
C TIOMOIIIHI0 TOHKOUTOJIBHOM acupalliOHHON OMOTICHH TIOJ
YABTPA3BYKOBBIM KOHTPOJIEM OCTAETCS 3HAYUMOH, 0COOCH-

HO IpU TMOPAXKCHUAX C HCONPECACJICHHBIMU PE3yIbTaTaMu
BU3yaJIU3allM WIN IOA03PEHUEM HA 3I0KaYECTBEHHOCTb.

[TosToMy HaCTOSIINIA CHCTEMaTHYeCKHid 0030p HampaB-
JIEH Ha BCECTOpPOHHEE M KpUTHYecKoe 0000IeHue coBpe-
MEHHOMW JINTEPATyphl, Kacarollieiics AUarHoCTHYecKo (-
(DeKTHBHOCTH YJIBTPA3BYKa, OXBATHIBAIONIEH TPAAUIIOHHYIO
CEpOLIKATBHYIO BU3YaJIH3aLUI0, 37aCTOrpaduIo U paJHoMH-
Ky, IIpU OLIEHKE OIyXoJIell CIFOHHBIX jkene3. CpaBHUBaAs U
COIOCTABIISAST JAHHBIE PSa COBPEMEHHBIX MCCIIEOBAaHUIMA,
JIaHHBIN 0030p NMpH3BaH IMPEAOCTaBUTh MH()OPMALMIO IS
MIPUHATHS KIIMHAYECKUX PEIIeHUH 1 0003HauuTh Oymymine
HAalpaBJIeHNUs UCCIIEN0BAHUN U MIPAKTHKH B 00JIACTH BHU3Yya-
JIN3all 1 T'OJIOBBI U IICH.

Marepuan u MeTobI

Memoowt noucka u Kpumepuu omoopa uccie006aHuil:

JlanHplif  0030p  COOTBETCTBYET  PEKOMEHJALUSM
PRISMA (IlpeamoyTuTenbHBIE 3IEMEHTH OTYETHOCTH JUIS
CUCTEeMAaTHIECKUX 0030pOB M MeTa-aHanu3oB) [8] (puc. 1).
DJEKTPOHHBII MMOUCK CTaTed MpOBOAMIICS B 0a3ax JIaHHBIX
PubMed, Scopus n Web of Science 3a nepuon c sHBaps
2012 . mo mapr 2025 r. Huxe npuBeneHbl IOUCKOBBIE TEP-
MUHBI ¥ JIOTUYECKHUE OIIEPATOPbI: «OIyXOJIb CIFOHHOM KeJe-
36» U («ynbTpasBykoBoe uccienoanue» UM «anactorpa-
¢y NN «panuomunka» WJIN «roHKOUTONBHAS acipany-
OHHAsI OUOTICHS» ).

Jlna oannozo 0630pa omoupanuce:

» OpuruHaibHble Hay4YHbIE CTAThbH, OMYOJIMKOBAHHBIE HA
AQHIVIMICKOM S3bIKE

» WccnemoBaHusi, OLIGHUBAIOIIKE JFOOOH METOX YIIbTpa-
3BYKOBOW AMAarHOCTHKH WK Xapakrepuctuku OCXK

» WccnenoBausi, B KOTOPBIX MPHUBOJSITCS MOKa3aresn d¢-
(heKTUBHOCTH IHATHOCTHKHU (4yBCTBHTEIBHOCTD, CIIe-
U(GUIHOCTH, TOYHOCTB)
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Exclusion criteria:
» Reviews, editorials, letters, or case reports
» Studies focused exclusively on other imaging modalities
» Studies without clear diagnostic accuracy data
Data Extraction and Analysis:
Two reviewers screened titles, abstracts, and full texts
independently. Discrepancies were resolved by consensus.
Data extracted were study design, number of patients, type
of ultrasound modality, diagnostic criteria, and reported per-
formance measures (sensitivity, specificity, accuracy, AUC).

Results
Five studies fulfilled the eligibility criteria and were in-
cluded for qualitative synthesis

Records identified through
database searching (n=566)

«Records after duplicates
removed (n=252)

*Records screened (Title
and abstracts) (n=252)

Discussion

The studies included in this review collectively dem-
onstrate both the established role and evolving frontiers of
ultrasound within the diagnostic workup of salivary gland
tumors (SGTs). Conventional grayscale ultrasound, as in-
vestigated by Al-Rasheedy et al. (2021) [11] is ubiquitously
considered a first line of imaging with a good yield, espe-
cially for the visualization of sialolithiasis as well as su-
perficial neoplastic lesions due to its high specificity when
clear lesion margins are apparent. Yet, as further emphasized
by Wu et al. (2012) [6] grayscale ultrasound is only mildly
sensitive to malignancy — especially to small, deep, or mor-
phologically complicated lesions — with their large cohort
citing a sensitivity of merely 38.9 % versus specificity of
90.1 %. This agreement between studies underscores the in-
herent difficulty in utilizing sole sonographic morphology in
the differentiation between benign and malignant SGTs and
supports the necessity for adjunctive diagnostic modalities.

Here, elastography has proved to be a useful augmentation
of conventional ultrasound, providing quantification of tissue
stiffness, and this is usually — but not necessarily — equivalent
to malignancy. Cheng et al. (2022) [10] made direct compari-
sons of grayscale ultrasound, real-time elastography (RTE),
shear wave elastography (SWE), and ultrasound-guided fine
needle aspiration (US-FNA) cytology on a single clinical
cohort. Their results indicated that elastography modalities,
more so SWE, slightly increased sensitivity and specific-
ity for the diagnosis of malignant tumors (sensitivity 74 %,
specificity 62 %) compared to grayscale ultrasound alone.
Elastography modalities failed to provide the same degree

«Records excluded (n=232)

«Full-text articles assessed
for eligibility (n=20)

«Full text articles excluded
(n=15)

+Studies included in
qualitative synthesis (n=5)

Fig. 1. PRISMA Flowchart
Puc. 1. Anropurm PRISMA

/lna 0anno20 0030pa He UCRONB30BATIUCH:

O0630pbl, peAaKIIMOHHbIE CTAThH, TMChMAa MU OMUCAHUS
ciy4aeB

UccnenoBanusi, NOCBSILEHHBIE UCKIIOUUTEIBHO JPYyTUM
METO/IaM BHU3yaIn3alui

UccnenoBanusa 6€3 4eTKUX JaHHBIX O JUArHOCTHYECKOM
TOYHOCTHU

>
>
>
Memoouka ananusza uccieoosanuii
JIBa perieH3eHTa HE3aBHUCHMO APYT OT Jpyra aHAIN3H-

poBaJin Ha3BaHHWA, aHHOTAlIUKW W MOJHBIC TCKCTHI cTaTei.
Paznormacus paspeurajiuCb Ha OCHOBC KOHCCHCYCA. Takum

00pa3oM ObLIM W3YYCHBI CICAYIOUIME JaHHBIC: METOIMKA
MPOBENICHUS MCCIICOBAHKS, KOJUYECTBO MAIMCHTOB, THII
VY3U, nuarHoCTHYeCKUEe KPUTEPUH U MPEICTABICHHEIC I10-
kazarenu 3p(eKTHBHOCTH (4yBCTBUTEIBHOCTD, Crieluduy-
HOCTB, TOuHOCTh, AUC).

Pe3yabrarsl
B utore mist jaHHOTO 0030pa OBLIIO OTOOPAHO IMATH HC-
CIIeIOBaHMM.

O0cy:kaeHne pe3yJibTaTOB

WccnenoBanus, BKIIOYCHHBIE B 3TOT 0030p, B COBOKYTI-
HOCTH AEMOHCTPUPYIOT KaK YK€ M3BECTHBLIC, TaK U HOBLIC
(hakThl OTHOCHTEIFHO IPUMCHCHUS YIBTpa3ByKa ISl WC-
cienoBaHus omyxoneil cmroHHBIX xene3 (OCK). Tpamu-
LIMOHHOE YABTPA3BYKOE HCCIIEIOBAaHHE B OTTEHKaX CEporo,
Kak nokazanu Anb-Pamuau u ap. (2021) [11], moBcemect-
HO CYHMTAETCs NEPBOW JMHUCH BU3yalIHM3alldd C XOPOUICH
PE3YTBTaTUBHOCTHIO, 0COOEHHO TIPU MCCIIEIOBaHUH CHAIIO-
JUTHA3a, a TAKKe TTOBEPXHOCTHBIX HEOIIACTHYECKHX II0-
pakeHuil Onarojapsi €ro BBICOKOW CHEIM(DUYHOCTH, NPU
YCIIOBHH, YTO BHHBI YSTKHUE T'PAHUIIBI TOpakeHus. OHAKO,
Kak nanee moauepkuBaroT By u ap. (2012) [6], cepomkab-
Hoe Y3U numib B He3HAYUTENBHON CTETIEHH YyBCTBUTEIHFHO
K 3JI0Ka4eCTBECHHBIM HOBOOOPA30BaHUSAM — OCOOCHHO K HE-
OOJIBIIIM, TITYOOKUM FITH MOP(OIOTUIECKH CI0KHBIM — IIPH
9TOM BO MHOTHX CIy4asX OTMeYallaCh YyBCTBHUTEIHHOCTH
Bcero ymmib B 38,9 % mportuB crermuduunocta B 90,1 %.
3T0 COBNA/ICHHUE PE3YIBTATOB MEKIY UCCIICTOBAHUSIMHU IO/~
YEpKUBACT OIPAHHYCHHOCTH TONBKO Y 3M-Mopdonorun s
muddepeHnrany  J0OPOKaYeCTBEHHBIX M 3JI0Ka4eCTBEH-
HbIX OCXK 1 moaTBEp)KIaeT HEOOXOAUMOCTD JOTIOTHUTEb-
HbIX TUArHOCTUYECCKUX METOJ0B.

B nmanHOM citydae amactorpadus oka3aiachk MOJIC3HBIM
JIOTIOTTHEHNEM K TpanuimoHHoMy Y3U, obecrieunBas KOJH-
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Table 1
Summary Table of Included Studies
Author (Year) Study Modality Sample Size | Sensitivity | Specificity | Accuracy | Key Findings
Cheng (2025) | Diagnosis of Salivary Gland Tumors Using | Radiomics-based | 294 images 78 % 92 % 90 % Highest
[9] Ultrasound Radiomics UsS diagnostic
performance
Cheng (2022) | Comparisons among the Ultrasonography SWE, RTE, 138 74 % 62% 64% US-FNA best
[10] Prediction Model, Real-Time and Shear US-FNA (SWE) (SWE) (SWE) | accuracy (91 %)
Wave Elastography in the Evaluation of
Major Salivary Gland Tumors
Al-Rasheedy The role of ultrasound in evaluating salivary | Grayscale US, 80 88.6 % 100% NA High specificity,
(2021)[11] glands swellings CT moderate
sensitivity
Krumrey Salivary gland ultrasound in the diagnostic Grayscale US 25 NA NA NA Useful for
(2020)[12] workup of juvenile Sjogren’s syndrome and (Hocevar) inflammatory
mixed connective tissue disease diseases
Wu (2012)[6] | Role of ultrasound in the assessment of Grayscale US, 189 389 % 90.1% 85.2% Limited for
benignity and malignancy of parotid masses US-FNA malignancy

of diagnostic certainty as US-FNA cytology, which consist-
ently showed the highest diagnostic accuracy (up to 91 %).
These findings indicate that although elastography provides
useful incremental information for risk stratification, it must
be interpreted in conjunction with other imaging and clinical
findings and not as an isolated test.

The most notable recent contribution is the application of
radiomics and artificial intelligence to ultrasound diagnosis,
as illustrated by Cheng et al. (2025) [9]. By extracting high-
dimensional quantitative features from ultrasound images
and employing machine learning classifiers, their radiom-
ics-based model achieved notably higher diagnostic accu-

racy (90 %), sensitivity (78 %), and specificity (92 %) than
conventional or elastography-based ultrasound approaches.
This performance was validated in an independent cohort,
indicating strong potential for generalizability and repro-
ducibility. The obvious superiority of the radiomics in their
study illustrates the potential of artificial intelligence-based
diagnostics to detect subtle patterns in imaging that might go
unnoticed by humans and standardize image interpretation,
leading to decreased interobserver variability — a recognized
limitation of traditional ultrasound methods.

Even with these advances in technology, all the reviewed
studies agree on the necessity of ultrasound-guided FNA

Tabn. 1
CBoaHas TaGJIMLA 110 BKJIIYEHHBIM B 0030p HCCIeI0BAHUSIM
ABTOp Haspanue uccuenoBadus PaccMm. meToz Kon-Bo pacem. | UyscTBu- Crneun- | Tou”ocTs Kirouesnie
(Tom) Y31 VY3U CHUMKOB | TEIBHOCTE | (PHYHOCTH 0COOEHHOCTH
Cheng JlnarHocTuka omyXxosei CIIOHHBIX XKeje3 Pannomuka Ha 294 u300p. 78% 92 % 90 % Ob6nanaer caMbiM
(2025) [9] | c ucnombp30BaHNEM YIIBTPA3BYKOBO ocHoBe Y31 BBICOKHM JIHarHO-
PaaHOMUKH CTUYECKUM Pe3yIb-
TaToOM
Cheng CpaBHenue monenu Y31 SWE, RTE, 138 T4 % 62 % 64 % US-FNA o6namana
(2022) [10] | mporHo3upoBaHus, dnacTorpadpun V3-TAb (SWE) (SWE) (SWE) | nHauBbIcmIei TOUHO-
B PEaJIbHOM BPEMEHH U CABUTOBOM ctbio (91 %)
BOJIHOBOI1 A11acTorpauu npu OLeHKe
KPYITHBIX OITyXOJICi CIIFOHHBIX JKele3
Al- Ponb ynprpa3sByka B TMarHoCTHKE CepomkanbHas 80 88,6 % 100 % H/n TTokaszana BbICOKast
Rasheedy | omyxoneii cilOHHBIX Kene3 V34U, CT CHELHU(PUIHOCTB,
(2021) [11] yMepeHHas
YyBCTBHUTEIHLHOCTD
Krumrey VIbTpa3ByKoBOE HCCIENIOBAHNE CIIOHHBIX | CepomKanbHast 25 H/n H/n H/n IMonesna npu
(2020) [12] | »xene3 B TMarHOCTUKE FOBEHUJILHOTO V3U (Hocevar) BOCHAJIUTEIBHBIX
cunapoma lllerpena i cMemaHHOTro 3a00s1eBaHMX
3a00JIeBaHMs COCIMHUTEIBHON TKaHN
Wu (2012) | Pons Y3U B onenke CepomkanbHas 189 38,9 % 90,1 % 85,2 % IIpu auarnocTuke
[6] JI0OPOKAYECTBEHHOCTH U V31, Y3U-TAB 3JI0KaY€CTBEHHBIX
3JI0KQYECTBEHHOCTH OIyXOJeit HOBOOOpPa30BaHMI
OKOJIOYIITHOH KeJIe3bI HMMEET OTpaHUYCHHS

YECTBEHHYIO OLICHKY KECTKOCTH TKAaHH, KOTOPasi KaK IpaBH-
710, HO HE BCET/Ia, SKBUBAJICHTHA 3JI0KAYE€CTBEHHOCTH. UeHT
u coaBT. (2022) [10] mpoBenm mpsiMmoe CpaBHEHHUE Pe3yib-
TaroB cepo-rpaaueHTHol Y3U, snacrorpaduu B peasbHOM
Bpemenu (RTE), caBuroBo-BonHoBoi# Amactorpaduu (SWE)
u TADB uccnenoBanus METOAOM TOHKOMTOJIBHOM acrupaliy-
oHHOM 6monicnn mox koHTpoieM Y3U (V3-TAB) na omHo#
BBIOOpKeE. VX pe3ynbraThl HOKa3aliu, 4TO METO/IbI 31acTorpa-
¢un, B ocobernoctrt SWE, HeCKOJIbKO TTOBBICHIIH 1yBCTBH-
TENBHOCTD U CIICIU(PHUIHOCTh AUATHOCTHKH 3JI0KAYeCTBEH-
HBIX OITyXOJICH (4yBCTBUTENBHOCTD 74 %, crenuduaHOCTh
62 %) 1O CpaBHEHMIO C OJHUM TOJBKO CEPO-TPaTUCHTHBIM
Y3U. Dnacrorpaduveckre METOIbI HE CMOTIH 00CCIICYHTh

Ty € CTEeNeHb JUarHOCTHUYECKON JOCTOBEPHOCTH, YTO U
IUTOJIOTHS ¢ ucnonb3oBaHueM Y3-TAB, kotopast cTaObuib-
HO JIEMOHCTPHUPOBAIAa HAUBBICUTYIO THATHOCTUYECKYIO TOU-
HOCTB (110 91 %). DTH pe3ynbTaThl CBUAECTEILCTBYIOT O TOM,
YTO, XOTS MAacTOrpadus MPeIOCTABISACT MOJIC3HYIO JOMON-
HUTENBHYI0 WHPOPMAITUIO IS CTPaTU(PUKAINN pUCKa, e
CIeIyeT MHTEPIPETHPOBATh HE M30JMPOBAHHO, a B COUETA-
HUU C APYTHUMHU KJIMHUYCCKHUMU JaHHBIMU.

B pabore Yenra u coaBropos (2025) ormMeyeHO TpHMe-
HEHHE PaJHOMHKH ¥ UCKYCCTBCHHOTO HHTEIICKTA B YIBTPa-
3BYKOBOW THATHOCTHKE, YTO SBISETCS BECbMa 3HAYNMBIM
marom Brepes [9]. bnarogapst n3Bne4eHNI0O MHOTOMEPHBIX
KOJIMUCCTBCHHBIX MPU3HAKOB W3 YIBTPA3BYKOBBIX M300pa-
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cytology in the definitive diagnosis of SGTs. Both Cheng
et al. (2022) [10] and Wu et al. (2012) [6] highlighted that
US-FNA cytology offers unparalleled specificity and de-
pendability, elucidating that imaging results, no matter how
advanced, tend to need cytopathological correlation for ulti-
mate clinical decision-making. Furthermore, Krumrey et al.
(2020) [12] and Kamble et al. (2013) [13] reviews extend
the diagnostic scenario further by showing that ultrasound
is equally important in the assessment of autoimmune and
inflammatory glandular diseases, e.g., Sjogren’s syndrome,
where typical sonographic signs can differentiate these con-
ditions from neoplastic lesions and even identify pre-malig-
nant changes.

Although the studies concur on the added value of so-
phisticated ultrasound modalities as a continuum, there is
some variability between studies, which can be traced to
heterogeneity in study design, patient population, operator
experience, and reference standards for malignancy. Previ-
ous research, including those by Al-Rasheedy et al. (2021)
[11] and Wu et al. (2012), [6] emphasized the weaknesses
of grayscale ultrasound, while recent research by Cheng et
al. illustrates the growing range of quantitative and compu-
tational image analysis. Collectively, these results justify a

tiered diagnostic strategy: first assessment with grayscale
ultrasound, next elastography or radiomics analysis for
doubtful cases, and final confirmation with US-FNA cytol-
ogy when malignancy can be ruled out confidently. Finally,
the combination of these technologies — coupled with further
refinements in artificial intelligence and multicenter valida-
tion — has the potential to maximize non-invasive diagnosis
of SGTs and benefit patient outcomes.

Conclusion

Ultrasound, particularly augmented by elastography
and radiomics, provides a non-invasive, yet potent, tool
for evaluation of salivary gland tumors. Specificity is high,
but grayscale ultrasound alone yields suboptimal sensitiv-
ity. Elastography and artificial intelligence-based radiomics
models are highly promising to improve diagnostic accuracy
but must be tested in larger, prospective trials. Until now, ul-
trasound-guided fine needle aspiration cytology remains the
diagnostic gold standard and must be utilized in combination
with imaging findings. Multicenter validation, incorporation
of computational aids, and standardized imaging protocols
will be the focus of future efforts in order to optimize the
diagnostic process for SGTs.

JKEHUM ¥ WCIIOIBb30BAaHUIO KIACCH(DHUKATOPOB MAIIMHHOTO
o0y4eHHsT WX MOJENb, OCHOBaHHAas Ha paIHOMHKE, JIO-
CTHUIVIa 3aMETHO OoJiee BBICOKOH AMAarHOCTHYECKOH TOYHO-
ctu (90 %), uyBcrBuTensHocTH (78 %) M cnenuduyHOCTH
(92 %), yemM TpaTUIMOHHBIC WM OCHOBaHHBIE Ha 3J1aCTO-
rpaduy TUarHOCTHIECKHE TIOAXOIBL. DTH Pe3yJIbTaThl OBLIH
MTOATBEPIKICHBI Ha HE3aBUCHUMOH BBIOOPKE, YTO YKa3bIBAET
Ha BBICOKHMH MOTEHIIMAJI 3TOr0 METoja Ui 0000IIeHHs U
BOCIIPOM3BOAUMOCTH. OYeBHAHOE HPEBOCXOICTBO pajvo-
MHKHA B PacCMaTPHUBAEMOM HCCIICIOBAHUU HILTIOCTPUPYET
MEPCIEeKTUBHOCTH AUATHOCTHKH HA OCHOBE MCKYCCTBEHHOTO
MHTEIIEKTA JJIs1 OOHAPYKESHUSI HE3aMETHBIX YEJIOBEUYECKOMY
a3y 3akoHoMepHocTed B Y3M-cHuUMKax, U cTaHiapTU3a-
IIUU UHTEPIPETalnN W300paKeHUH, YTO MPUBOIUT K CHU-
JKEHUIO BapHaOEeTbHOCTH MEXAy HaOMomarensiMu — TIpHU-
3HAQHHOTO OTPAaHMYEHUS TPAJAUIMOHHBIX METOJIOB YIbTpa-
3BYKOBOM JMArHOCTHKH.

HecmoTpst Ha 3TH IOCTWXEHHS, BCE PACCMOTpPEHHEIE
HCCIIeIOBAHUS CXOMIATCS BO MHEHHH O HEOOXOIMMOCTH ITH-
TOJIOTUYECKOTO HCCIIEJOBAHUS C MCIIOIb30BAHUEM TOHKOH-
ronpHOM acnmpanuoHHoi Omoncuu (TAB) mon koHTpoeM
V3U mna oxonuarenpHoi auarHoctukn OCXK. Kax Yenr
u ap. (2022) [10], Tak u By u ap. (2012) [6] momuepkHy-
JIM, 9TO IUTOJIOTMYECKOE UCCIIEIOBAHUE C UCIIOIB30BAHHEM
TADB obecrnieunBaeT HENpeB3OHACHHYIO CHENUPUIHOCTh U
HAJIeKHOCTh, OTMETHB, YTO PE3YyNbTaThl BU3yaTH3alllH, He-
3aBHCHMO OT UX JAETalIM3allii, KaK MPaBHIIO, TPEOyIoT IH-
TOIIATOJIOTUYECKOM KOPPEISIIUY JJIsl IPUHSTUSI OKOHYATEIb-
HOTO KJIMHUYECKOTO pemenus. bonee Toro, 0030psr Kpympu
u np. (2020) [12] u Kam6ma u ap. (2013) [13] pacmmupsror
00MacTh NMPUMEHEHHs YABTPAa3BYKOBOM ITarHOCTHKH, IIO-
KazpiBasi, 4To Y3U oqMHAKOBO Ba)XKHO JUIS OLICHKU ayTOHM-
MYHHBIX M BOCHAJINTEIbHBIX 3a00JeBaHUI JKeJe3, Halpu-
Mep, cuaapoma Illerpena, mpu kotopoM TunmgHble Y3U
MPU3HAKK TO3BOJLSIIOT TU(P(EpPEeHIIMPOBATh STH COCTOSHUS
OT OITyXOJIEBBIX MOPAXKEHUH U JJaXKe BBISIBUTH TIPEPAKOBBIC
N3MEHEHHs. XOTSl UCCIEIOBAHUS CXOASATCS BO MHEHHH O
BBICOKOH THAarHOCTUYIECKOHN IIEHHOCTH CIIOKHBIX YIBTPa3BYy-
KOBBIX METOZIOB KaK KOHTHHYYMa, MKy UCCICAOBAaHUAMU
HaOJII0IaeTCsl HEKOTOpasi BapHadeIbHOCTh, KOTOPask MOXKET

OBITh OTHECEHA Pa3IMYMSIMUA B METOAMKAX WX HCCIICIOBa-
HUM, BEIOOpKAX, OMBITE Bpadye M KPUTEPHUIX 37I0KaUeCTBCH-
HOCTH HOBooOpazoBaHmii. [Ipeapiayiiue wccieaoBaHus, B
TOM 4ucIe uccaenoanus Anb-Pammau u coaropos (2021)
[11], a Taxke By m coaBropos (2012) [6], mogdepKuBaIn
HemocTatkd Y3U B OTTEHKaxX ceporo, B TO BpeMs Kak He-
JaBHee uccienoBaHne YeHra M COaBTOPOB HILTIOCTPHUPYET
pacTylIyl0 MPUMEHUMOCTh KOJIUYECTBEHHOTO W BBIYHCIIH-
TEJIBHOTO aHAIN3a H300paKCHUH.

B COBOKYMHOCTH 3TH pe3yibTaThl OMPaBIBIBAIOT MHOTO-
YPOBHEBYIO AMAarHOCTHKY: IIEPBUYHAS OILIEHKA C ITOMOIIBIO
V3U B 0OTTEHKAX Ceporo, 3aTeM d1acTorpadus WiIv paIuoMu-
YECKUI aHAJIN3 B COMHUTEIFHBIX CITyYasX U OKOHYATESIFHOE
MoATBEpKIeHNE ¢ TToMontsio nutonorun Y3U-TAB, mocie
KOTOPOH 370Ka4€CTBEHHOCTh MOYKHO YBEPEHHO MCKITIOUUTD.
Hakowelr, 5Tu TEXHOJIOTUU — B COYETAHUH C JAaJbHEHIIMMU
IOCTHKEHUSMH B 00JaCTH MCKYCCTBCHHOTO MHTEIIICKTA H
MHOXKECTBEHHOH anpodanueii — MOKEeT MaKCHMAJIbHO II0-
BBICUTH HAIEKHOCTh HenmHBa3uBHON muarHoctukn OCXK u
VAYUIIUTh PE3YIbTAThl JICUSHHsI MallUeHTOB.

3akia0ueHue

VYnbTpa3ByKOBOE HCCIIEIOBAHUE, OCOOCHHO JOTOIHEH-
HOE nmacTorpauell U paguoOMHKON, MPEACTaBsieT coOon
HEWHBA3WBHBIM, HO MOIIHBIA WHCTPYMEHT [UIsl OIICHKU
OIyXoJIeH CIIOHHBIX kene3. Ee crnennuaHOCTh BRICOKAS,
OTHAKO HCIIONB30BAHME TONBKO YIBTPa3Byka B OTTEHKaX
ceporo He 00ECICYMBAET ONTUMAIBHOW YYBCTBHTEIIBHO-
ctu. Dnactorpadus U paJHOMUKa Ha OCHOBE HCKYCCTBCH-
HOTO WHTEIUIEKTa BEChbMa IEPCIIEKTUBHBI IS TTOBBIIICHUS
TOYHOCTH JTUATHOCTUKU, HO TpeOyroT Oojee MacmTaOHBIX
MIPOCTIEKTUBHBIX HcciaenoBaHuil. J[o HacTosIero BpeMeHu
TOHKOWTOJIbHASl aCMHPANMOHHAS OHOIICHS I0J] KOHTPOJICM
VY3U ocraeTcs 30I0THIM CTaHAAPTOM JAUATHOCTHKH U JIOJIK-
Ha HCIOJIB30BaThCS B COYCTAHUH C PE3yNIbTaTaMH BU3yaJIH-
3aui. MHOTOIIEHTPOBAsI BAJIUAIMS, BHEAPEHUE BBIUUCIIH-
TENBHBIX CPEJCTB ¥ CTAHIAPTH3MPOBAHHBIC TPOTOKOJIEI BU-
3yanu3ai OyayT OCHOBHBIMH HAINPaBICHUAMHU OyIyIINX
WCCIIeIOBAHUN A1 ONTHMH3ALUH TIPOIecca TUArHOCTUKU
OCXK.
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