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Pa3paboTrka MeTo,a aBTOMATU3MPOBAHHOW OLLEHKM Cieck o
cTeneHn AUC(PYHKLMMN NIMLLEBOro HepBa

M.B. [lemboBckum, A.A. borko

MoCKOBCKUI rocyAapCTBeHHBII TeXHUYEeCKuiA yHuBepcuTeT uMenn H.3. Baymana, Mocksa, Poccuiickas Qenepauus

AHHOTALIMA

06ocHosaHue: HeBpONaTUs IMLEBOrO HEPBa Ha NepudepuyeckoM ypoBHe (0AHOCTOPOHHSAS CNaboCTb MbILLIL BCEW NoMo-
BMHbI JIULIA) ABNSETCS PacnpoCTpaHEHHBIM HEBPOOTMYECKUM 3aboneBaHueM. OLeHKa CTeneHn OUCHYHKLUMM NIULIEBOTO HEpBa
HeobxoaMMa [ OTCNEXMBAHUS AMHAMUKKU NEYEHWs U MOHUTOPUHIa 3PdeKTMBHOCTU peabunmTaummn. [lns 3toro B MUpo-
BOW KJIMHMYECKON NPaKTUKe NMPUMEHSAIOTCA CUCTEMBI LLIKaN, Cpefiy KoTopbix Hanboniee nonynspHb WKanbl Xayca—bpakMaHHa,
fnarvxapa, HoTtuHrem. Takue MeToAbl HeyHMBEpPCAbHbI M OCHOBaHbI Ha BU3YaslbHOW AWarHOCTUKE, KOTOpas OnupaeTcs uc-
KJTIOYMUTESTBHO Ha CYyOBEKTUBHBIN OMbIT Bpaya. Kak cnefcTeume, Bo3HMKAET NOTPeOHOCTb B 0OBEKTUBHBIX M3MEPEHMSX U aBTO-
MaT13aLmm C LeMbi OTCNEXMUBaHUA OMHAMUKW BOCCTaHOBNeHWs. bnarofaps ucnonb3oBaHuio MeTof0B 06paboTku n3obpa-
JKEHMIA N KOMIMBIOTEPHOTO 3peHMUs 3Ta 3aAa4a CTasa BbINOJHUMOMN.

Llen: paspaboTka MeTofa aBTOMaTU3MPOBAHHOM OLEHKW CTeneHn AUCHYHKLUMM NMLEBOro HepBa NocpeAcTBOM buome-
TPUYECKOT0 aHanM3a nuua ¢ Lebio 0TCAEXKMBAHUA AMHAMUKW BOCCTaHOBIEHUS NaLMEHTa.

Memodsi: B pamMKax coTpyaHuyecTBa ¢ MOCKOBCKUM HayyHO-WCCNEA0BATENbCKUM OHKOJIOTMYECKUM MHCTUTYTOM MUMEHM
M.A. l'epueHa bbina cobpaHa 6a3a AaHHbIX NaLMEHTOB C 4-1 (4 YenoBeKa), 5-i (4 yenoBeka) 1 6-i (11 YenoBeK) CTeneHbIo
nopaxeHus QyHKUMM TULEBOr0 HepBa no LKane Xayca—bpakMaHHa — ueneBas rpynna. Takoke bbina chopMUpoBaHa KOH-
TPOJIbHaA rpynna, y4acTHUKaMK KoTopoii sensiuck 20 cTyaeHToB MoCKOBCKOro rocyAapCTBEHHOMO TEXHUYECKOTO YHUBEPCH-
Teta uM. H.3. bayMaHa. B npouecce perucTpaumm UCMbITYeMbIX NPOCUIN BbINOHATD CEPU0 MUMMYECKUX TECTOB: NMOAHATUE
BpoBen, 3aKpbITUe a3, yNbIOKa, yblbKa ¢ yCunueM, HafyBaHue LLEK, BbITArMBaHUe ryb TpybOUKOW, apTUKYNALMS C YCUITUEM.
3aTeM ANS OLEHKU CTeNeHW acMMMETPUM JiNLA ObIM MCMONb30BaHbl KOHTPOSbHbIE TOUKM 0bnacTeit bpoBeld, rnas u pra.
B kayectBe Mogenu mua Ucnosib3oBaHa AByMepHas Mogenb MultiPIE, peanusoBanHas B brubnuoteke dlib u copepxallas
68 KOHTpONbHBIX TOYeK. HanucaH nporpaMMHbIN Kop, Ha si3bike Python, KoTopbIi Ha 0CHOBE M3MEHEHWS KOOPAMHAT KOHTPOJIb-
HbIX TOYEK NpPY BbINOIHEHWUM NALMEHTOM MUMUYECKUX TECTOB PacCUMTLIBAET KOIPHULIMEHTI aCUMMETPUU.

Pesynbmamei: npoBegeHo uccnefoBaHMe N0 onpefesneHNIo CTaTUCTUYECKN 3HAUUMbIX Pa3nuumii Ko3GdULMEHTOB acuM-
METPWM Y KOHTPOJIbHOMW rpynMbl U nauueHToB. Ha ocHoBe Kputepus MaHHa—YUTHW napaMeTpbl aCUMMETPUM NpU BbINOAHEHUM
HEKOTOPbIX MUMMYECKWX TECTOB MOKa3aM CTaTUCTUYECKW 3HaumMble pasnnyms (p <0,05), a umeHHo: acummeTpus B obnactn
nba npu nogHsatum 6posen — 0,00 < 0,05; acummeTpusa B obnactu pta npu yneibke — 0,026 < 0,05; acummeTpus B obnactu
pta npu ynbibke ¢ ycunmem — 0,00 < 0,05; acummeTpusa B obnactu pta npu BoitArvBaHum ry6 B Tpybouky — 0,039 < 0,05;
acuMmeTpus B obnactv pra npu apTukynauum ¢ yeunuem — 0,004 < 0,05.

3aknoyenue: nonyyeHHble pesynbTaThl JOKa3bIBalOT paboTocnocobHOCTb NpefIoXKeHHOro MeToa, a TaKKe NoKa3blBalT
HeobxoaMMOCTb NpOBEAEHUS AOMNOHUTENBHBIX UCCEA0BAHNA, @ UMEHHO MOWCKA Pa3fnuMii MeXay rpynnamMu nauveHToB
pa3HOMW CTENeHW TAXKECTW U pa3paboTku KNAccMUKALMOHHOW MOAENM MALLMHHOMO 0ByYeHNs.

KnioueBble cnoBa: aHanu3 BUAEON300PAKEHNS NWULA; aBTOMATUYECKas OLEHKa cTeneHu AMCHYHKLUMUW IMLEBOr0 HepBa;
napanuy NMLEeBoro Hepea; WKana Xayca—bpakMaHHa.
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Automated assessment of facial nerve dysfunction
Maxim V. Dembovskiy, Andrey A. Boiko

Bauman Moscow State Technical University, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Facial neuropathy at the peripheral level (unilateral muscular weakness of the entire half of the face) is
a common neurological disorder. Assessment of the facial nerve dysfunction grade is necessary to track the dynamics of
treatment and monitor the effectiveness of rehabilitation. For this purpose, worldwide clinical practice uses grading systems,
the most popular of which are the House-Brackmann, Yanagihara, and Nottingham scales. Such methods are non-universal
and based on visual diagnosis, which relies solely on the subjective experience of the physician. Consequently, objective
measurements and automation are needed to track the dynamics of recovery. With the use of image processing and computer
vision techniques, this task became feasible.

AIM: To develop a method of automated assessment of the facial nerve dysfunction grade by biometric facial analysis to
monitor the patient’s recovery dynamics.

METHODS: As part of the collaboration with the Herzen Moscow Research Institute of Oncology, a database of target group
patients with grades IV (4 people), V (4 people), and VI (11 people) of facial nerve disfunction according to the Haus-Brackmann
scale was compiled. A control group consisted of 20 students from the Bauman Moscow State Technical University. During
registration, subjects were asked to perform a series of following mimic tests: raising the eyebrows, closing the eyes, smiling,
smiling with effort, inflating the cheeks, pouting the lips, and articulating with effort. Control points of the eyebrow, eye, and
mouth areas were used to assess the degree of facial asymmetry. The two-dimensional MultiPIE model, implemented in
the dlib library and containing 68 control points, was used as a facial model. A program code in Python was written, which
calculates asymmetry coefficients based on changes in the coordinates of control points when the patient performs mimic
tests.

RESULTS: A study was conducted to determine statistically significant differences between asymmetry coefficients in the
control group and patients. Based on the Mann-Whitney criterion, asymmetry parameters during some mimic tests showed
statistically significant differences (p <0.05). Thus, asymmetries in the forehead when raising the eyebrows (0.00 < 0.05), in
the mouth when smiling (0.026 < 0.05), in the mouth when smiling with effort (0.00 < 0.05), in the mouth when pouting the lips
(0.039 < 0.05), and in the mouth when articulating with effort (0.004 < 0.05) were revealed.

CONCLUSIONS: The results prove the performance of the proposed method and show the need for additional research,
particularly the search for differences between groups of patients with different severity and the development of a classification
model for machine learning.

Keywords: face video image analysis; automatic assessment of the facial nerve dysfunction grade; facial nerve paralysis;
House—Brackmann facial paralysis scale.
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