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AHOTALIS

3yokoe O.C. BukopuUCTaHHSI HaBirauiiiHoi cucTeMH Wi Yac CKJQJIHOIO
€HIOMPOTEe3yBaHHSl KYJbIIOBOT0 CYIJioda Jisi TOYHOTO BiIHOBJIEHHSI IEHTPY
poranii Ta NiABUHINEHHS MicasionepaliiHol (YHKUIOHAJBHOCTI cCyrjoda. -—
KranidikamiitHa HaykoBa mparisi Ha IpaBax PyKOIMHCY.

Jlucepraiiis Ha 3100yTTS HAYKOBOT'O CTYICHS KaHIHUIaTa MEIUIHUX HayK (JIOKTOpa
binocodii) 3a cnemianbHicTIO 14.01.21 — «TpaBmarosoris Ta opromeniss» (222 —
MeauiHa). JlepkaBHa yctaHoBa «IHCTUTYT TpaBMaToJiorii Ta oproneaii HamionaasHO1
akajgeMii MeTUYHUX HayK Y kpainu», Kuis, 2025.

Hucepraiiis BukoHaHa Ha 6a3i 1Y «lHctutyT TpaBmarosorii Ta oproneaii HAMH
VYkpaiauy, npotsrom 2021-2025 pokis.

Jucepraliiss MpUCBAYEHA BHUPIMICHHIO aKTyaJbHUX IMHUTAaHb TPaBMATOJOTII Ta
oprorenii — MiABUIICHHS €(PEKTUBHOCTI MEPBUHHOIO TOTAJBHOTIO €HIOMPOTE3yBaHHS
KyJBIIOBOTO Cyrjao0a y XBOpPUX 31 CKIAQJHUMU BpOKEHUMU YU HAOYTUMHU
nedopMalisiMu: TUCIUIACTHYHOTO TeHEe3y, MOCTTpaBMaTH4HI, B PE3YyJbTaTi PO3BUTKY
3aXBOPIOBaHHS, ATPOTCHHI: 00yMOBJIEHI pI3HOMaHITHUMH MOMEPEIHIMU BTPYYaHHIMHU HA
KYJIBIIIOBOMY CYTJ1001.

B ocHoBy poGoTu mokmageHo oOcrtexxeHHs 119 mamienTiB skum Ha 6a3i Y
«IlHCTHTYT TpaBMarojorii Ta opromenii HamionampHOT akageMii MEIWYHHUX HayK
VYkpainny» B nepioa 3 2021 mo 2025 pik Bukonano 151 onepaTuBHe BTpyJaHHS: TOTaIbHE
SHIOTPOTE3yBaHHS KYJIBIIOBOTO cyrioba. Y 87 TmamieHTiB BUKOHAHO TOTAJbHE
€H/IONPOTE3yBaHHS OJTHOTO KYJIBIIIOBOTO Cyrio0a, y 32-X - ABOX KYJbIIOBHUX CYTI00iB. 3
HUX: 96 marieHTaM BHKOHaHO 122 omepaTMBHUX BTPYYaHHS IO 3aMiHI KYJBIIOBOTO
cyrinoba 0e3 3acTocyBaHHS HaBirarii, 23-M Iami€eHTaM BUKOHaHO 29 omnepaTUBHHX
BTpYy4YaHb MO 3aMiHi KYJBIIOBOTO CyTJio0a i3 3aCTOCYBaHHSIM HAaBITAIIHOI CHUCTEMHU.
Cepenniii Bik marieHTiB ckiaB 59,73p. XKinku 54,17%, vonosiku 45,83%.

3acobamu mporpamHoro 3adesneueHHs Solid Works moOynoBana imiTaniitna 3D

MOJIEb KYJIBIIOBOTO Ta KOJIHHOTO Cyryio0a sl CTBOPEHHS $KOI 3aCTOCOBYBaU
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AHATOMIYHI Ta AHTPOMOMETPHUYHI JaHl, MAaKCUMaJIbHO HaOJMKEH1 A0 peanbHux. s
aHami3y BIUIMBY 3MIHM LEHTPY poOTalii Ha KOJIHHUWA cyriod Oyna po3pobieHa
MareMaTuyHa MOJeNIb Ta CTBOPEHO cuMyiisiiiiHy 3D Monens HUXKHBOT KIHI[IBKH B
nporpami Solidworks, sika MICTHIIa €HIOIPOTE3 KYJIbLUIOBOTO CYrio0a, CTErHOBY KICTKY,
BEJIMKOIOMIJIKOBY KICTKY Ta Xpsll IJIaTO BEJIMKOTOMUIKOBOiI KicTku. Ha enmompores
KYJBIIOBOIO cyrio0a (Ha LEeHTp poTalii) MU J1aBaJld HABAHTAXEHHSI MacH Tia, SKe JI€
Ha HIKHIO KIHIIBKY, BIATIOBIIHO 3MIILIAI0YH LEHTP poTarlii Ha 2, 4, 6 Ta 8 MM MeJI1albHO
Ta JIaTepajbHO BiJ] BUXITHOTO IMOJOXXCHHS. BU3HAUYeHHsS HaBaHTa)KCHHS Ha KOJIHHHUN
CyrJ00 MPOBOJIUIIN 32 YMOBH CTOSIHHS IMalli€HTa 3 PIBHOMIPHUM PO3MOLIOM MacH Tijia.
Mopenb 0a3yeTbcs Ha PIBHAHHSIX MEXaHIKM TBEPAOrO Tila Ta BPAaXOBYE€ aHATOMIYHI
0COOJIMBOCTI KYJIBIIIOBOTO Ta KOJIIHHOTO CYTJIO01B.

Po3poOneno mnporpamHe 3abe3neyeHHs JUIsl OKYJSpiB 3MIIIAHOI peasbHOCT1
Hololens 2, mis cuuxpoHizalii Ta 3aCTOCYBaHHS B SIKOCT1 HaBiraiidHoi cucremu. Jlis
CTBOPEHHSI OCHOBHOI IpPOrpaMH, MpU3HAYEHOi /st podoTu Ha mpuctpoi HoloLens 2,
BUKOPHUCTOBYBAJIOCH TporpamMHe 3a0esnedeHHs irpooi matdgopmu Unity Bepcii
2020.3.42f1 (64-bit). Bubip came 11i€i 3acTapiioi Bepcii 3aMiCTh aKkTyaJabHOI Ha IIei yac
Unity 2022.1 06yB oOymoBieHMI mpoOiIeMaMU CYMICHOCTI 3 OCTaHHBOIO BEPCIEIO
Microsoft Mixed Reality Toolkit SDK (MRTK), Bumymenoro B 2017 pomi. [ns
3a0€3MeUeHHs]  TOYHOI'0  BIICTe)KEHHS  IJIe y  pealdi3oBaHOMY  IIPOEKTI
BUKOpUCTOBYBasiaca TexHonoriss Vuforia SDK, Bepcii 6.5.22, sika € ogHUM 13 HAaHOUIBII
MOIIUPEHUX PIllIEHB JIsI CTBOPEHHS JOJIATKIB 3 3MIMIAHOIO PEATbHICTIO.

Jlnst peanizaii BiicTexxeHHs Oyiia BUKOPHCTaHa KOMOIHAITIS allTOPUTMIB BUSIBIICHHS
XapaKTepUCTUK, iHTerpoBaHux y Vuforia, i cmemianbHoi kBaapaTtHoi RGB-1imi, ska
CIIyryBaJia MapKepoM st iIeHTH(IKAIIT TOJIOKESHHS TaIlieHTa .

Po3pobneno HaBiramiifHy cCucTeEMY, ISl KOPEKTHOTO MO3HUITIOHYBaHHS KOMITOHEHTIB
Ta CHUHXpOHI3amii BipTyandbHOI Mojeni 3 (I3UYHUM TIIOM TMAaIli€HTa, MO JTO3BOJUIIO
YHUKHYTH TIOXHOKH TIPH 3MIIIIEHH] Ta3y Mij] 9ac ONepaTHBHOTO BTPYYaHHS.

Bcim nanieHTam 3 eKCrepeMeHTallbHOI Ipynu OyJlo BHKOHAHO Mepefonepaliiiny
koM roTepHy ToMorpadito (KT) kynbrmoBux cyrio6iB s ctBopeHHs 3D Moeneii Ta3y.

CaMe MOJICITIOBaHHS BHKOHYBaJOCh B MporpamHomy 3abe3mneduenHi Slicer3D. s
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MO3UIIIOHYBaHHs aietadyisipHoro kommnoHeHTa B 3D Slicer, Mu 3aBaHTaxyBajiu B
nporpamy Oe3nocepeaabo DICOM @daitmn KT nanienta ta 3D Mozens imMmakTopa 3
NPUMIPOYHOIO YamKow. DyHKIOHANIbHI MOKJIMBOCTI TMPOTrpaMHOro 3a0e3neyeHHs,
J03BOJIAIOTh B PEXKUMI pEaJbHOr0 4acy MaHIMyJoBaTH iMnaktopoMm B 3D pexumi 3
CUHXPOHHHUM BinoOpaxkeHHsaM no3uiionyBaHHs B 2D KT 3pizax kopoHanbHIi, akCiaJIbHIN
Ta cariTajlbHIA miomuHax. 1le mo3BoamniIo HaM BHCTaBUTH KoMIoHeHT Ha 3D momeni B
noTpiOHiN Ham mno3wuilii. CerMeHraiito Oyj0 3A1MCHEHO 3a JIOMOMOIOK MO€THAHHS
NOPOTOBUX 3HAaY€Hb BUKOpPUCTOBYIOUM 1uiarin Fast Cut Grow.

[lamienTn Oynu TOAUIEHI HA JBI OCHOBHI TpPyNHU: KOHTPOJbHA Tpyma, SKii
BUKOHYBAJIOCh TOTQJIbHE CHIONMPOTE3yBAHHHSA KYJBIIOBOTO Cyrio0a KIACUYHUM
METOJ0M, 0€3 BUKOPHUCTAHHSI HaBIraiiHUX cUcTeM: 96 maIfieHTiB SIKUM OyJI0O BUKOHAHO
122 onepaTuBHHX BTpydYaHs 1 €KCIepeMEHTajdbHa Trpymna. 23 Mall€HTH SKUM OyJo
BUKOHAHO 29 omnepaTMBHUX BTPYYaHb: TOTAJIBHE CHJIONMPOTE3YBAHHS KYJIBIIIOBOT'O
cyrio0a 3 BUKOPUCTAHHSAM HOBOI HaBIraI[IHOI CUCTEMHU.

KoHTponbH1 orisiin 00CTeKEHUM XBOPHUM 3 OILIIHKOIO €(peKTUBHOCTI ONIEPaATUBHOTO
JKYBaHHS TPOBOJIUIUCH Yepe3 3 MICSAILI MICIs ONepaTUBHOTO BTPYYaHHS 3a JBOMA
mKamamu. onutyBanbHMK SF-36 Tta mkama Harris. Ha micasonepartiinux
pEHTreHOTpaMaxX MU OIHIOBAIM KYT aHTeBepcii, KyT IHKJIIHAIl, Ta 3MIHY IEHTPY
porTartii.

[TpoBenenuii micnsonepaniiHuii KJIIHIYHAN Ta peHTTeHOJIOTIYHUN aHalli3 JOBIB, 110
3aCTOCYBaHHS HAaBIraliiHOi CHUCTEMH TMOKpally€e TMO3UIIOHYBAaHHS KOMIIOHEHTIB
€HJIONPOTe3a, 3MEHINYIOYM BapeaOUTbHICTh IMIUTaHTamii. Ta BiAMOBIAHO MOKpamrye
SKICTh JKUTTS mallieHTaM. BCTaHOBIIEHO, IO 3aCTOCYBaHHsS HaBITaIlliHOI CHUCTEMHU
3MIMIaHOT PEaTbHOCTI MPU TOTATBHOMY EHIOMPOTE3yBaHHI KYJBIIOBOTO Cyrioba y
MMAII€HTIB 31 CKJIAJIHOK AaHATOMICIO JO3BOJIAE 3HAYHO IMABHUIMWTH TOYHICTH
MO3UITIOHYBaHHS KOMIIOHEHTIB €HJOMPOTE3a, MOPIBHSIHO 3 KJIACHYHUM METOJIOM
«freehand». Y mocmimHil Tpymni yacTKa MPaBUILHOTO PO3TAlIyBaHHS areTaOyIsIpHOTO

KOMIIOHEHTa B Meax 0e3reuHoi 3001 cranoBmia 93,10%, npotu 72,13% y KOHTpOJIbHIN

rpymi (p=0,032).
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Pe3ynpTaTi (yHKL10HATBHOI OLIHKY JIIKyBaHHs 3a mKkanoro Harris Hip Score Oynu
BUIIMMU Yy Tpyml 3 BUKOpUCTaHHAM Hasirauii: 93.13 £ 5.99 mporu 86.23 + 9.90 y
KOHTpOJIBHIN rpymi. 3a mkanorw SF-36 takox 3adikcoBaHo mepeBary — 79,1+4,5 y
nocainHii rpyni mpotu 76,0+44,0 y mamieHtiB 0e3 Hapiraimii. OOuIBI pi3HUIL €
cratucTuyHo 3HauymuMu (p < 0,05). Jlani oTpumani B pe3yiabTaTi AOCTIIKEHHS €
CTaTUCTUYHO OOpOOJIEH1 Ta TOCTOBIPHI.

Kuarouosi cioBa: KynbinoBuii cyriio0, KOJiHHUN CYTI00, OMOPHO-PYXOBHIL anapar,
JUCIUIa3is KyJIbIIOBOIO Cyrio0a, OioMexaHika, €HA0MPOTE3yBAHHS KYJIbIIOBOTO

cyriaoba, roHapTPO3, OCTE0aAPTPO3, OB, peadiiTalris



SUMMARY

Zubkov O.S. Use of a Navigation System During Complex Total Hip Arthroplasty for
Accurate Restoration of the Center of Rotation and Improvement of Postoperative Joint
Functionality. — Qualification scientific work as a manuscript.

Dissertation for the degree of Candidate of Medical Sciences (PhD) in specialty 14.01.21
— "Traumatology and Orthopedics™ (222 — Medicine).

State Institution "Institute of Traumatology and Orthopedics of the National Academy of
Medical Sciences of Ukraine", Kyiv, 2025.

The dissertation was carried out at the State Institution "Institute of Traumatology and
Orthopedics of the NAMS of Ukraine" during the period 2021-2025.

The dissertation is devoted to addressing current issues in traumatology and orthopedics
— improving the effectiveness of primary total hip arthroplasty (THA) in patients with
complex congenital or acquired deformities, including dysplastic, post-traumatic,
disease-related, and iatrogenic conditions resulting from previous surgeries on the hip
joint,

The study is based on an examination of 119 patients who underwent a total of 151
surgical interventions (total hip arthroplasty) at the SI "Institute of Traumatology and
Orthopedics of the NAMS of Ukraine™ between 2021 and 2025. Among them, 87 patients
underwent unilateral THA and 32 patients bilateral THA.

Of these:96 patients underwent 122 procedures without the use of navigation; 23 patients
underwent 29 procedures utilizing the navigation system.

The mean age of the patients was 59.73 years. Female patients comprised 54.17% of the
cohort, while males made up 45.83%.

Using SolidWorks software, a simulation 3D model of the hip and knee joints was
constructed based on anatomical and anthropometric data closely approximating real
measurements.

A mathematical model was developed, and a 3D simulation model of the lower limb was

created in SolidWorks to analyze the influence of changes in the hip center of rotation on
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the knee joint. This model included the hip prosthesis, femur, tibia, and tibial plateau
cartilage. Body mass load was applied to the center of rotation of the hip prosthesis, with
the center of rotation displaced medially and laterally by 2, 4, 6, and 8 mm relative to the
initial position. The load on the knee joint was assessed under the condition of the patient
standing with even body weight distribution. The model was based on equations of rigid
body mechanics and incorporated anatomical features of the hip and knee joints. Custom
software was developed for Hololens 2 mixed reality glasses to synchronize and use them
as a navigation system. Unity 2020.3.42f1 (64-bit) game development platform was
chosen for application creation due to compatibility issues with the latest versions of the
Microsoft Mixed Reality Toolkit SDK (MRTK).

For precise tracking of targets, the Vuforia SDK version 6.5.22 was used — one of the
most widespread solutions for creating mixed reality applications. Tracking was realized
through a combination of feature detection algorithms integrated into Vuforia and a
special square RGB target used as a marker for patient position identification.

The navigation system developed enabled correct positioning of components and
synchronization of the virtual model with the patient's physical body, which prevented
errors due to pelvic displacement during surgery. All patients in the experimental group
underwent preoperative computed tomography (CT) of the hip joints to create 3D pelvic
models. Modeling was performed using Slicer3D software. For acetabular component
positioning in Slicer3D, DICOM CT files and the 3D model of the impactor with a trial
cup were loaded. The software's capabilities allowed real-time manipulation of the
Impactor in 3D space with synchronous visualization in 2D CT slices in coronal, axial,
and sagittal planes. This enabled accurate component placement on the 3D model.
Segmentation was performed using threshold values and the Fast Cut Grow plugin.
Patients were divided into two main groups: Control group: 96 patients (122 THA
procedures) performed with the conventional "freehand" technique without navigation.
Experimental group: 23 patients (29 THA procedures) performed with the use of the new
navigation system. Follow-up assessments were conducted at 3 months postoperatively

using the SF-36 questionnaire and Harris Hip Score.
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Postoperative radiographic evaluation included assessment of acetabular cup inclination,
anteversion angles, and changes in the center of rotation.

Postoperative clinical and radiological analysis demonstrated that the use of the
navigation system significantly improved component positioning accuracy and reduced
variability in implantation. Consequently, patients’ quality of life improved.

It was established that the application of the augmented reality navigation system in
patients with complex hip anatomy significantly enhanced the accuracy of component
placement compared to the conventional "freehand" method. In the experimental group,
the rate of proper acetabular cup placement within the Lewinnek "safe zone" was 93.10%,
compared to 72.13% in the control group (p=0.032).

Functional outcomes assessed by the Harris Hip Score were higher in the navigation
group (93.13 £ 5.99) compared to the control group (86.23 + 9.90). Similarly, SF-36
scores were better: 79.1+4.5 in the experimental group versus 76.0+4.0 in the control
group. Both differences were statistically significant (p < 0.05).

The data obtained in the study were statistically processed and found to be reliable.
Keywords: Hip joint, knee joint, musculoskeletal system, hip dysplasia, biomechanics,

hip arthroplasty, gonarthrosis, osteoarthritis, pain, rehabilitation
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I[NEPEJIIK YMOBHHX CKOPOYEHb
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BCTYII

ToranbHe €HIONMPOTE3yBaHHS KYJBIIOBOTO Cyriiodba - € Haillouibll e()eKTHBHUM
OMEpPAaTUBHUM BTPYYAHHSIM, IPU 3aXBOPIOBAHHAX KYJBIIOBUX CYIVIOOIB Ha Mi3HIX
CTajisIX, KOJM 1HIIE JIIKYBaHHS € Hee(EeKTUBHUM. 3MEHILIEHHS OOJIbOBOIO CHHAPOMY,
BIJTHOBJICHHS 00’ €My pyXiB Ta (G YHKI1M HIXKHBOT KIHIIIBKY 3araJIoM pOOUTS 110 OTepallio
HAWUNOLIMPEHIIOW B CYYacHIN Xipyprii KyJbLIOBOTO cyrio0a. Y 3B’S3Ky 3 IUM,
KUTBKICTh LIMX OMepalliii, 10 BUKOHYIOThCSl B YKpaiHi Ta B CBiTi, CTaHOBUTH noHaz 100
MUIBHOHIB Ha pik [1, 2]. Ayie He 3BakarO4M Ha MOCTIHHE YIOCKOHAJICHHS KOHCTPYKIIiH
SH/IONPOTE3iB Ta TEXHIKW iX IMIDIAHTAIli], YaCTOTa PO3BUTKY YCKJIQJHEHb 3aJIUIIAETHCS
BUCOKOIO [3, 4]. Ha choroaHinHii 1eHb HAHOLIBIN KOMIaHIT BAPOOHHUKIB CHIOIPOTE3IB,
PO3BUBAIOTh POOOTHU30BAHY OPTOMEAMYHY XIPYPril0 Ta PI3HI BapilaHTW HaBIralliHUX
cucreM [5, 6].

CkiaiHe TepBUHHE E€HAONPOTE3yBaHHS KYJBIIOBOTO CYrioba — II€ OINepaTUBHE
BTPYYaHHSI IO 3aMiHl KYJBIIOBOrO CYIryio0a MPU 3HAYHUX BPOKEHUX YU HAOYTHUX
nedexTax KicCTKOBOI TKAHUHU Ta/a00 HAaBKOJIOCYTIIOO0BUX M’ SIKHX TKAHHHAX.

ITix ckiTaiHUM €HI0TIOTe3YBAHHIM KYJIBIIOBOTO CYTJIO0a CJIil pO3yMITH BUITAJIKU:

ellopymennss ¢opmu, KoHpirypamii Ta CTPYKTypH KYJBIIIOBOI 3alajJuHA Ta
IIPOKCUMAJIBHOTO BIJLTy CTETHOBOI KICTKH

e[lopymieHHs CIIBBITHOIIEH TPOKCUMATBHOTO BiJIUTY CTeTHA (TOJIOBKUA CTETHOBO1
KICTKH) 3 KYJBIIIOBOIO 3aMaHOI0

e3HaYHI MOPYIIEHHS (3MIHN) M’ SIKUX TKAHWH HABKOJIO KYJIBIIIOBOTO CyTrio0a

PesynpTaTi eHmOmpoTe3yBaHHS KYJBIIOBOTO Cyrio0a 3alexaTh Bif OaraThox
YMHHUKIB. HallOinpmr BaXJIMBUM 1711 pe3yabTaTy EHIONPOTE3YBaHHS KYJBLIIOBOTO
Cyriioba, € KOpPEKTHE IMOJIOKEHHSI KOMIIOHEHTIB EHIOINpPOTEe3a, BIIHOBJICHHSA IICHTPY
poTailii KyJIbIIOBOTO CYTi00a, BIAHOBICHHS JOBKHWHHU KIHITIBOK, .

Oco0nuBO CKJIAJHO BHOpaTH MPABUIbHE TMOJOXKEHHS KOMIIOHEHTIB P

EHJONPOTE3yBaHHI KYJBIIOBUX CYIJIO0IB Yy XBOpUX 31 CKJIAQAHUMHU BPOJKCHHUMHU YU
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HaO0yTUMHU JepopMaliIMH: JUCIUIACTUYHUN KOoKcapTpo3 Crow 3-4, micasTpaBMaTUYHUN
KOKCapTpo3, aHKUIO3 KYJIBIIOBOTO Cyrio0a, apTpokaraji3 pi3HOi €TIOJNorii, XBopi 3
HaCJ1IKaMU TIEPEHECEHUX NalTIaTUBHUX ONEPaTUBHUX BTPYYaHb HA KYJIbIIOBIHN 3anaanH1
[7]. He3amoBunbHI pe3yinbTaTd €HIOMPOTE3YBAaHHS MPH JaHUX MATOJOTIsIX 00yMOBIJICHI
3HAYHUMU AHATOMIYHMUMHU 3MIHaMH KYJIbLUIOBOTO CyIyio0a, MOpOTPy3is KyJbIIOBOi
3aMmaInHA, BUPAXKECHHWH CKIEPO3 KICTOK Ta3y, IO (OPMYIOTh KYJBIIOBY 3aIlaJIuHY,
aHK1JI03 KYJIBIIOBOTO cyriio0a. [Tpu JaHuX aHaTOMIYHHUX 3MIHAX, JY’KE YaCTO BHHUKAIOTh
micasioniepaniiil  yCKJIaJHEHHS, TakKi sIK BUBHMX TOJIOBKA €HJONPOTE3a, IMIKMEHT
CUHApPOM, OOMEXKEHHS O00’€My pyXiB HIKHbOI KIHLIBKHA, MPUCKOPEHUH 3HOC
MOJIICTHJICHOBOTO ~ JIaliHEpa, paHHA aceNTHYHA HECTaOUIBbHICTH  KOMIIOHCHTIB
SH/IONpPOTe3a, 33 PAaxXyHOK HEMPAaBWJIBHOTO pO3TAllyBaHHS areTadyispHOro Ta/abo
CTETHOBOTO KOMITOHEHTA.

B cyuachiii opromeauuHiii Xipyprii HaOyBarOTh MOMYJSPHOCTI MajOIHBa3UBHI
XIpypriudi JOCTYMH, II0 B CBOI YEPry 3HAYHO OOMEXYIOTh Bi3yalli3allifo B paHi Ta
OpIEHTAIII}0 KOMIIOHEHTIB €HJIONPOTe3a. 3a JaHUMH JIITepaTypH, KUTbKICTh HEKOPEKTHO1
IMIUTaHTaIlli KOMIIOHEHTIB eHaonpoTe3y gocsrae 30-60% [8].

OpHuM 3 HaAKOLIBII MOMIMPEHUX METOJIB OpieHTaril KommoHeHTiB € «freehand».
[Ipu nanomy MeToii, OIliHKAa IOJIOKEHHS Ta3y MallieHTa Ta iHIII MapaMeTpu 3aBXKId
BU3HAYAIOTHCS XIPYypProM Bi3yaslbHO, 3 MeBHOIO moxuOkoro [9]. Lle B cBOIO uepry Moke
IIPU3BECTH J0 HE KOPEKTHOI OpieHTAIlli KOMITIOHEHTIB €HAOMPOTE3A.

[luTaHHS TIABUINECHHS TOYHOCTI YCTAaHOBKHM IMIUIAaHTATIB BUMararOTh BHBYCHHS 1
BUPIIICHHS, OCKUTHKU BiJl IIbOTO 3aJIEKUTh TEPMIH CIIyKOHW €HIOIMPOTE31B, BIAMOBIIHO,
KUTBKICTh HACTYITHUX PEBI3IHHUX ONMEPATHBHUX BTPYYaHb. SIKICTh JKUTTS MAIlI€HTIB 31
MTYYHUM CYIJIOOOM BH3HAYAETHCS BIACYTHICTIO OOJBOBOTO CHHAPOMY, (DI3UIHOIO
AKTHBHICTIO TICJIS  oOmeparlii, MOXJIHBICTIO 3aJ0BOJIbHATH CBOi moTpeOm. Bci 1mi
nmapamMeTpu TaKoX Oe3mocepeaHbO 3alieaTh BiJ MPABUILHO BHUKOHAHOI omeparlii Ta
MOJIAJIBIIOT peadiiTalii.

TakuM YHWHOM, CTBOPEHHS €(PEKTUBHUX MEXaHI3MIB IS IIJBUIIEHHS TOYHOCTI
Opi€HTAIlli KOMIIOHEHTIB €HIO0NPOTE3a 1 BUKOHAHHS IEBHUX MAaHIMYJIALIN, pe3yIbTaToM

Yoro CTaHe CHOPOUICHHS BUKOHAHHSA €TaliB  oOlepalii, 3HWKEHHS KUIbKOCTI
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IHTpaonepaifHuX 1 MICASONepalifHIX YCKIaAHEHb 1 B MIJCYMKY - MIJBUIIECHHS SIKOCTI
KUTTSl MAIIEHTIB, € aKTyaJbHUM 3aBJaHHSAM, 1 JaHa MpoOjeMa BUMAarae ImpoBEJACHHS
TOCIIIKEHb.

MeTta pocaigKeHHs:

[ToxpamuTu SKICTh XIpyprivHOTO BTPYYaHHS MPHU CKJIAJHOMY €HIOMPOTE3YBAHHI
KyJbIIOBOIO Cyrjio0a IUISXOM BIPOBAKEHHS HABIralliHOI CHUCTEMH [JIsi TOYHOIO
BITHOBJICHHS IIEHTPY pOTalii Ta NIABUIIECHHS (DYHKI1IOHAJIBHUX PE3yJIbTaTIB.

3aBaaHHA JOCTIIKEHHS

1. TlpoananizyBaTu Cy4dacHi MIAXOU A0 €HAOMPOTE3yBaHHS KYJIBIIIOBOTO CYrjio0a,
30KpeMa y CKJIaJHUX KIIHIYHUX BHUMAJKaX, Ta OIIHUTH ICHYIOUI METOAM BIIHOBIICHHS
IIEHTPY POTAIlii.

2. JlocmiauTH MOXJIMBOCTI Ta TEpeBaru 3acCTOCYBaHHS HABIMallIMHUX CUCTEM Y
XIpyprii KyJbIIOBOTO Cyrio0a, 3 aKIEHTOM Ha TOYHICTh MO3HUI[IOHYBaHHS KOMIIOHEHTIB
€H/I0IpOTE3A.

3. Ilokpamutu e(eKTUBHICTH IepeaonepalifHoro IJIaHyBaHHS B KOHTEKCTI
TOTAJILHOTO €HAONPOTE3yBaHHSA KYJBIIIOBOTO CYTJI00a.

4. Po3poOuTH KOMITAKTHY HaBIraIlifHy CHUCTEMY JJISI 3aCTOCYBaHHS B CKJIAJIHOMY
EHJIOTPOTE3yBaHHI KYJIBIIOBOTO Cyrjoda s 3a0e3nedeHHs aHAaTOMIYHO TOYHOTO
BIJTHOBJICHHSI IICHTPY POTAITii.

5. IIpoBecTu MOPIBHAIBHUN aHali3 KIIHIYHUX Ta PEHTICHOJOTIYHUX PE3YJIbTaTiB
SHIOTPOTE3yBaHHS KYJIBIIIOBOTO CYyrii00a, BHKOHAHOIO 13 3aCTOCYBAaHHSIM HaBiramiiHoi
cuctemMu Ta 0e3 Hei, 3 ypaxyBaHHSM TOYHOCTI BCTAaHOBJICHHS KOMIIOHEHTIB 1
(GYHKITIOHAIBHOTO CTaHy CYyrJIo0a MICIsl orepartii.

6. BrockoHanmuTH TEXHIKY €HIOMPOTE3YBaHHS KYJIBIIIOBOTO CYrio0a 3a I0MOMOT 00
KOMIT FOTEPHOT HABIraliiiHO1 CUCTEMH.

7. BuzHaunTH BIUIMB 3MiHH IIEHTPY POTAIlii B KyJBIIOBOMY Cyrjo0i Ha KOJIHHUN
cyrno0, muisxoMm 3D Ta MaTeMaTUYHOTO MOJICITIOBAaHHS 3MIHH PO3MOLTY HABAHTAKCHHSI

B OCTAaHbOMY.
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8. OWIHUTH KJIIHIYHY €(EKTHUBHICTh 3alPOIIOHOBAHOrO MIAXOAY Ha OCHOBI JaHHUX
nicisionepauifHoro  nepiony, (QYHKUIOHAAbHUX  ILIKaJ, PEHTTEHOJIOTIYHUX  Ta
KOMII' FOTEpHUX TTOKa3HUKIB.

O0’eKT A0CTIIZKEHHA: KYJBIIOBI CyriI00U XBOPUX 3 BPOXKECHUMH YU HAOyTUMH
CKJIATHUMHU J1ehOpMaIliIMHU.

IIpeamer gociaiT:KeHHsI: PEHTTCHMOP(GOMETPUYHI TMOKAa3HUKK  KYJIBIIOBUX
Cyrjio0iB  XBOPUX 3 BpPOMKEHMMH 4YM HAOYTUMHU CKJIQJHUMU JeopMalisiMH,
€HI0MPOTE3yBaHHs, HaBIralliHI CUCTEMHU Ta CUCTEMHU 3MIIIAHOT PEabHOCTI.

MeToau 10C/IiIKEHHS

- Knminiuni, 1HCTpyMeHTanbH1 (peHTreHorpadisi, Ko loTepHa ToMorpadis,
MarHiTHO-pe30HAaHCHa  ToMorpadis), IMITallilHe KOMIT'IOTEpHE  MOJEIIOBaHHS,
CTaTUCTUYHUM.

HaykoBa HOBHM3HA T0CJII2KEeHHS
1. Brnepiie po3poOnena HapiraijiliHa cucremMa Ha OCHOBI 3MIIIAHOI PeaJIbHOCTI 3
IPOrpaMHUM 3a0€3MEUYEeHHSIM, JUTsl €HAOMPOTE3yBaHHS KYJIbIIOBOTO CYrio0a Mpy BaXKKUX
aHATOMIYHMX 3MIHAX, Ta 3HAYHUX JAedeKTax KyJbIIOBOTO Cyrioda, IO J03BOJISIE
BCTAHOBHUTHU KOMITOHCHTH 3 OLTBII BUCOKOIO TOYHICTIO Ta BIIHOBUTH IIEHTP POTAIIii.

2. Brnepire mpoBesieHO KOMIUIEKCHE OloMeXaHIuHE Ta MaTeMaTUYHE MOJICITIO BAaHHS
BIUTMBY 3MIIICHHS LIEHTPY poTailii KyasinoBoro cyriaoba npu TEIIKC, Ha HaBaHTaXeHHS
B KOJNIHHOMY cyrio0i 3 BUKOpUCTaHHAM 3D-momeni HWKHBOI  KIHITIBKH.
[IponeMoHCTpOBaHO, IO HABITh He3HAuHI 3MimeHHs [P (2—-8 mMm) B mexiansHOMYy 260
JaTepaTbHOMY HAMpPsIMKaX ICTOTHO BIUIMBAIOTh HA PO3MOJLT HABAHTAXKEHHS KOJIHHOMY
CyrJy1001, 10 MPU3BOJUTH 10 BTOPUHHOTO YPa)KEHHSI OCTaHHBOTO.

3. ITicist mpOBEACHOTO EKCIIEPEMEHTAIBHOTO JTOCTIKEHHS OyII0 TIOTrIHOICHO 3HAHHS
JOIUIBHICTI  BKJIIOYEHHS  IHAWBIAyadbHOI  Opi€HTamii Tasa B ajJTOPUTMHU
nepeaonepaiitHoro madIOHyBaHHS 3 METOI0 ONTHMAJIbHOTO BHU3HAYECHHS IMOJIOKEHHS
[EHTPY POTaIlii KyJbIIOBOTO CYIJIo0a.

4, VY nockoHaneHo miIxXiJ 10 Pi3HUX BapiaHTIB BIAHOBICHHS OMOPHOI Ta KIHEMAaTUYHO1

(G yHKIII1 KyJIBIIOBOTO CyTiio0a.
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S. VYaockonaneno miaxig ao nepepomnepauiiiHoro mianyBaHHa TEIIKC mwsixom
iHTerpauii cydacHuX MetoniB 3D-Bizyanmizaulii Ta KOMII IOTEPHOTO MOJEIIOBAHHS 3
ypaxyBaHHSIM 1HJIUBIIyaIbHOT aHATOMIYHO1 BapiaOeIbHOCTI MaIliEHTIB.

6. Ha migcraBi oTpuMaHUX pe3yJbTaTiB 3alpONOHOBAHO HOBUM MIAXIA 0
XIpypriyHoi TaKTHKM TMpU CKJIAJHOMY €HIOMNPOTE3yBaHHI KYJBIIOBOIO Cyriooa,
OpIEHTOBaHUN  Ha  MepcoHipiKOoBaHe  mepefonepaliiHe  IUIaHYBaHHS  Ta
IHTpaonepaiiHuil KOHTPOJIb 3 BUKOPHUCTAHHSM 3MIIIAHOT PEabHOCTI, 110 BIAKPUBAE
HOBI MEPCIEKTUBHU B XIPYpPTii BEJIMKUX CYTJIO01B.

IIpakTH4YHa 3HAYUMICTH pe3yJbTATIiB pOOOTH.

3anporioHOBaHa CHCTeMa HaBiramii Ha OCHOBI  3MIIIAHOT  pPEAJbHOCTI  JUJIA
EHJIONPOTE3yBAaHHS KYJIBIIIOBOTO CYyrjio0a J03BOJIIE CYTTEBO TMIJBHUIIUTH TOYHICTH
MO3UIIIOHYBaHHS IMIJIAHTIB, 3MEHIIIUTH MMOXUOKH, ITOB’s13aHi 3 BI3yaJbHOIO OPIEHTAIIIETO,
Ta 1HJIMBIlyali3yBaTH nepeonepaniiie miaHyBaHHs. Pe3ynbTaTu 1oCHiIKEHHS MOXKYTh
OyTH BUKOPUCTaHI B MPAKTHUI[I OPTONEAUIHUX BIIIUICHB K Jep>KaBHUX, TaK 1 MPUBATHUX
3aKjIajiB, 30KpeMa IIPH OINEPAaTUBHOMY JIIKYBAaHHI CKJIAJHUX BHUIIQJIKIB JTUCILIA3II,

KOHTPAKTYp Ta aHKLJIO3Y KYJBIIOBOTO CYIriio0a.

Oco0ucTuii BHeCOK 3100yBaya. J(ucepraiiis € 0coOOMCTO BUKOHAHOIO Ta

3aBEPIICHOO 3100yBauyeM HaAyKOBOI pOOOTOI. ABTOPOM CaMOCTIMHO MPOBEICHHUI
naTeHTHO-1H(opMariitHuii momyk 1 chopMyabOBaHi Il Ta 3aBAAaHHS JUCEPTAIliHOI
poOOTH, MPOAHAII30BAHO BITYM3HIHY Ta 3aKOPAOHHY JiTepaTypy. CaMOCTIIHHO CTBOPEHO
eICKTPOHHY 0a3y MaIli€HTIB, MPOBEICHO aHalli3 MeAUIHO1 fokyMeHTallii 119 mamieHTiB,
MICJST TOTAJIBHOTO €HIOMPOTE3YBaHHS KYINBIIOBOrO cyrioba. Hammcano yci po3minu
nucepTanii, copMyiOBaJio BHCHOBKM Ta IPaKTHYHI peKoMeHalii. Y crarTsx,
HAlMCAaHWX 3a Y4YacTI0 aBTOpa, MPOBEIEHO CEPII0 JIarHOCTUYHMX Ta JIKYyBaJbHUX
MpoLIeTyp, Peai3oBaHO HAYKOBI i1ei 3100yBaya.

Amnpobanisi pe3yJbTaTiB AucepTamii

PesynbTaTit gocniikeHb oONpuiiioAHEHI Ha Takux 3axonax: 1. KondepeHiis
Mononux BueHux 24 mucrtonaaa 2023 poky «Holonens 2 B enmonpoTe3yBaHHI

KyJbIIOBOTO cyrioba» 2. OHnailH cemiHap «3arajbHl acleKTH EHIONPOTE3yBaHHS
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PO3/11 1.
CACTEMATAYHWM OTJISI] JITEPATYPH

B cydacHiif TpaBMaTOJIOTii Ta OpTONEAll OJHIEIO0 3 TOJOBHUX MPOOJIEM € po3podKa
Ta BIPOBAPKCHHS €(DEKTUBHUX METOIB JIIKYBaHHSI XBOPHUX 31 CKJIATHUMHU BPOIHKCHHMHU
gy HaOyTMMHU jae@opMalisiMM  KyJIbIIOBOro cyrjo0a. binbmiict aBTOpiB  Ha
CHOTOJIHIIIHIA JICHb, BBa)KAalOTh, IO CHJIONPOTE3YBAaHHS KYJBIIOBOTO Cyriobda — Iie
HaWKpaIuii, a IHKOJW 1 €IMHUN METO/ JIIKYBaHHS IMX IMAIIEHTIB. Y CBITI B CEPEIHbOMY
IOPIYHO MOTPeOyIOTh eHIonpoTe3yBaHHs cyrio0iB 500 — 1000 xBopux Ta TpaBMOBaHUX
Ha | MJTH. HaceJICHHS, a 3 ypaxyBaHHAM KUIBKOCTI HACeJIeHHS Y KpaiHu, IOPIYHO B HAIIN
JeprKaBi MOTPeOYIOTh €HA0NPOTE3yBaHH 25 — 40 THCSIY XBOPUX Ta TpaBMOBaHUX [1, 2].
3a HAIMMM CIIOCTEPEKEHHSMU, BHACHIJIOK BIMCHKOBHX [ii Ha TepuTOpil YKpainu,
KUIbKICTh ~ XBOPUX 3 YPOKEHHSAM  KYJIBIIOBUX CYIJIOOIB  AKi  TOTpeOYIOTh
€HJONpPOTEe3yBaHHs 3HA4YHO 3pocia. Haifuacrime e acenTUYHUA HEKPO3 TOJIOBOK
CTErHOBHUX KICTOK 4epe3 IMOCTiIMHE HaJMIpHE HaBaHTa)XEHHS Ta MIKPOTpaBMaTH3AIlifo,
HACJIIIKM MIHHO-BHOYXOBHUX IMOpPaHEHb. TaKo)X BPaxOBYIOYH, IO JIaHI MATOJIOTIi BCe
YaCTIIIe 3yCTPIYarOThCA Y MAIlIEHTIB MOJIOJIOTO Ta CEPEIHBOTO BIKY, CHAOMPOTE3YBAHHS
Ma€ HE TUIBKH TOJETIIMTH JKUTTS Ta MOXJIMBICTH TPYIOBOi MiSTIBHOCTI, a TaKOXK
3a0e3neun T MaKCUMaIbHUI TepMiH (PYHKITIOHYBaHHS €HIOMPOTE3a.

VYenimHuil pe3ynbTar 3aNeKdTh Biag 0aratbox (akTopiB, OCHOBHI 3 HHX 1€ —
MPaBWIBHUI BUOIP KOHCTPYKIIT Ta pO3Mipy KOMIIOHEHTIB €HIOMPOTE3a, ONTUMAIbHUN
JOCTYT, BEACHHS TICISIONEPaIlifHOTO Tepiomy Ta pealdumirarii, aje OKpeMO BapTo
3BEpHYTH yBary Ha KOPEKTHE TIOJIOKEHHS KOMIIOHEHTIB Tpore3a. [lpaBuibHe
MO3UIIOHYBaHHS KOMITOHEHTIB IMIUIAHTIB € CKJIQJHUM TPOIIECOM, SIK MPU TIEPBHHHOMY
Tak 1 peBi3iitHOMY eHpomnpore3yBaHHl. OCOONMMBO CKIATHUM € TPABHIbHE MOJIOKCHHS
KOMIIOHEHTIB MpPU EHJIONPOTE3yBaHHI KYIBIIOBUX CYIJI00IB y XBOPUX 3 CKJIAJHUMHU
BPO/DKEHUMHU 4M HAOyTUMHU JaeQopMalisMu: IHUCIIACTUYHUN KokcapTpo3 Crow 3-4,

MICTASATPABMATUYHUNA KOKCApPTPO3, AHKLIO3 KYJIBLIOBOTO CyIyio0a, apTpokaTail3 pi3HOi
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€TIOJIOT1i, XBOp1 3 HACIIAKAMU NEPEHECEHUX NaTIaTUBHUX ONEpPaTUBHUX BTPYYaHb HA
KyJIBIIOBIM 3amaguHi Ta/ab0 MPOKCHMMAJILHOTO BiIily cTerHoBoi kitku [7, 18, 19].
HenpaBuiabHe TMONOKEHHS KOMITOHCHTIB MOXKE TIPU3BECTH [0 3BUXY TOJIOBKH
EHJI0NpOoTe3a B PaHHbOMY TIEpiojai, a B JOBrOCTPOKOBIM NEPCHEKTUBI BIUIMBAE Ha
3HOUITYBaHHS MOJIETUICHOBOI BKIAJKH, PYHKIIOHAIbHY 3/IaTHICTh IMIUIAHTY Ta PAHHIO
acenTUYHY HecTaOUIbHICTh eHjonpoTe3a. OkpeMy yBary NpHUAUICHO BIUIMBY 3MIHU
HEHTPY POTALii MICJIsA SHAONPOTE3YBAHHS KYJIBIIIOBOIO CYrJio0a Ha KOJIHHUHN Cyriio0 [4,
10, 11, 12].

V¥ 1978 poui GE Lewinnek nucaB npo Tak 3BaHy «0Oe3Ne4Hy 30HY», BUPIBHIOIOUH
aneTadyIsIpHUI KOMITIOHEHT B Mekax 0011acTi, MiHIMI3y€e pu3uK BuBuxy: 40 = 10°, Haxu,
15 + 10° anteBepcis [13] Renkawitz T., Nakashima Y., Weber M., Lawrence D.
CTBEPIKYIOTb, 1110 TaK 3BaHa KOMOIHOBaHA aHTEBEPCIsS Ma€ OUIbIIE 3HAYCHHS, HIXK TUIBKU
aHTEBEPCis aleTadysipHOro KommnonenTa [14-17].

OcraHHIM YacoM 30UTBIITY€ETHCS TEHICHIIIS /10 TaK 3BAHOT'0 MIHIMAJIBHO 1HBa3UBHOTO
noctymy (MIS- minimal invasive surgery), 1o BIUIMBa€ Ha CKOpPOYEHHS Yacy
OMEpPAaTUBHOIO BTPYYaHHsS, 3HWKEHHS TpaBMaTu3allli, a TakoX OUIbII paHHIN
peaburiTarii. Ane MIS mae cBO1 HEI0JTIKH, Taki sIK: 3HAYHE 3HIKCHHS Bi3yalri3allii paHu,
10 B CBOIO Yepry BIUTMBA€E Ha MPABWILHY OPIEHTAIlIIO IMIIAHTIB 1 MOTpeOye HAsSBHICTH
CIEIIaJbHOr0 IHCTPYMEHTAPIIO Ta CIeHiaTbHUX HaBIralliiHUX MPUCTPOiB [24].

Ha nonosxenHst aieta0yisipHOro KOMIIOHEHTY BIUIMBA€E KYT HAXHIIy Ta3a, TOOTO KyT
MDK IUIOIIMHOKO Ta3a Ta (POHTAIHHOIO IUIOMIMHOK MAIll€HTA, 3aJIKHO BiJ TIOJIOKCHHS
narieara [20]. be3neuna 3oHa Lewinnek He BpaxoBye caritaibHy pyXJIUBICTh Taza. Tomy
aBTOpPM  CTald  BUKOPHUCTOBYBATH  TEepMIH  «(YHKIIOHAJIbHE  BHUPIBHIOBAHHS
arera0ynsipHoro kommoHeHTa» [21]. dyHKIiOHAIEHE BUPIBHIOBAHHS arleTa0yJIsipHOTO
KOMITOHEHTA — BUPIBHIOBAHHS KOMIIOHEHTA IIOJI0 CAKPAIbHO-TA30BOTO OanaHcy. 3TiTHO
3 Lembeck ta aBropamu, Haxun Tasy Ha 1° mpussesme 10 (yHKLiOHANBHOI aHTeBepCii
gamku Ha 0,7° [22]. Hocmigxenns Jloppa Ta iH. HOKa3aaM, M0 KOXKHE 30iTbIICHHS

HaXuJy Tasy 10 nepeay Ha 1°, mpusBese 10 3MeHIIEHHS aHTEBEPCii KYIbIIOBOI 3aNauHU

na 0,7°-0,8° [23].
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HepiBHICTb TOBXKUHU HIXKHIX KIHI[IBOK — II€ OJ[HE 3 HAMYACTIMNX YCKIAAHEHb MICIs
TOTAJILHOTO €HIOMPOTE3yBaHHS KYJBIIOBOTO cyrio0a. B miTeparypi BkazaHa 4acToTa
pi3HUI ToBXUHU HIDKHIX KiHIIBOK Ticiast TEITKC no 27% Ta 3 cepeiHbo10 pO301KHICTIO
1o 15,9 mm. TpaguiiiiHo, pi3HULS 10 | ¢M. BBaXKaJOCh IOMYCTUMHUM, ajie 4acTo MaIli€eHTH
MOXXYTh TMOMITUTH a00 3aHEMOKOITHCHh HaBITh HEBEIHMKOIO PO30DKHICTIO [26]. Orusn
miteparypu Ranawat nokasas, mo 10 50% Bunaakis TEII kynbioBoro cyrio0a nokasana
HEBIAMOBITHICTD >1cM. Takox BigoMO, 1110 HEPIBHICTh JOBXUHU HUKHIX KIHI[IBOK TICTIS
TEIIKC € oaniero 3 0CHOBHUX TpU4HH cynoBux mo30BiB B CILA [27, 36].

Pi3HUI AOBXKMHM KIHIIBOK IICJIS €HJIONPOTE3YBAaHHS KYJbLIOBOTO CYrjio0y, B
OUIBIIIOCTI BUMNAJKIB - II€ HACHIJIKA HENPaBWIbHO IMIUIAHTOBAHUX KOMIIOHCHTIB
eHjonporesa (piBeHb IMIIAHTAIlli HKKU €HI0IIPOTEe3a, 3MIHOIO LIEHTpa poTallii). 3HauHe
IIOJTIOBXKCHHS HY)KHBOT KIHITIBKH ITIiCJIS OTIEPATUBHOTO BTPYYAHHS MOXKE CTaTH IPHUHUHOIO
TPaKIIHKUX TOIIKOKEHb CiTHUYHOrO HepBa [28, 29, 30].

Heo06xinHOI0 yMOBOIO MJi BITHOBJICHHSI HOPMaJbHOTO 00’€MYy PYyXiB B CYIJ00i,
npoPUIAKTUKKA  IMOIPKMEHT-CUHAPOMY Ta 3BHXIB -  SBJISETHCS  BIJHOBJICHHS
«J1aTepagbHoOro oceTy», Ml SKUM PO3yMIIOTh BIICTAaHb MK BICCIO CTETHOBOT KICTKHU Ta
IICHTPOM TOJOBKH cTerHoBoi kictku [31, 32, 33]. Jleski aBTOpH IPOIOHYIOTH
BUKOPHUCTOBYBAaTH TEPMIH «MemiabHUN odcer» (BiACTaHb BiJ IIEHTpPa TOJOBKHA IO
¢birypu cipo3u). s BU3HaYCHHS 3MIIIEHHS BiIHOCHO Ta3y IOILIbHO BUKOPHUCTOBYBATH
MOHATTSI cCyMapHOro odceTy, ToOTO JaTepaibHOTO Ta MeiaabHoro. Lle BiacTaHp Mix
BICCIO CTETHOBOI KIiCTKM Ta (iryporo cimbo3u [34]. HekopekTHa 3MmiHa odceTy micis
€HIONIPOTE3yBaHHS KYJIBIIOBOTO CYIii00a MPU3BOAUTH IO MOPYIICHHS PYXiB y Cyrio0i
[35]. 3meHmeHHs odcery NPU3BOIUTH 1O IMITIIPKMEHTY Ta BHBHXIB. 30UIBIICHHS
MPU3BOJIMTH O HAJJTMIITKOBOI'O HABAHTAXKCHHS a0yKTOPiB, 0OJI Ta 3MEHIIICHHS 00’ MY
PYyXiB y Cyrio0i.

[IpuHuMnI TOTadBbHOTO €Ha0NpOoTe3yBaHHs KyiblioBoro cyriobda (TEIIKC) nonsrae
y BIATBOPEHHI MPaBUIBLHOTO aHATOMIYHHX CITIBBIIHOIIEHb KYJBIIIOBOTO CYTJIO0a, SIKAN
OyB 3pyWHOBaHMH y 3B’A3Ky 3 TPaBMOIO a00 3axBOPIOBaHHAM. SIK HACIIAOK IIHOTO
B11I0yBa€ThCsl Mirpallisi TOJIOBKM CTErHOBOI1 KICTKHM BiJl HOPMAJIbHOTO ILIEHTPY poOTallii

(LIP). Onniero 3 texuiunux 1urei omepamii TEIIKC € BiIHOBICHHS HEHTPY poTallii
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TOJIOBKM CTErHOBOi KicTkM B I[P aneraOynspHOi 3amaiuHM sIKOMoOra OJMKYe 10
HOPMAJILHOTO CTaHy 3 HOBOIO apTUKYJIAIIHHOIO TOBEPXHEO.

Komnu neHTpu He BiTHOBIIOIOTHCS MalKe 10 HOPMAJILHOTO CTaHy, CIIOCTEPIraeThes
3HIKEHHS abaykropHoi ¢yukmii [37, 38, 39], migsumiene 3nomyBanHs [40, 41] Ta
acernTuYHa HeCTaOUIbHICTh KOMIIOHEHTIB eHaonpoTe3a [42-46 ]. 3cyB CTErHOBOT KICTKH,
NepreHIuKysapHa BifcTanb BiJ [[P rogoBku cTerHoBO1 KICTKH 10 OC1 CTETHOBOI KICTKH,
€ BOXXJIMBUM B1J0OpaKEHHSIM 3MIIIEHHS CTerHOBO1 KicTku Bija Ta3za. Onnak npu TEIIKC,
IIEHTp poTaIllii ameTadyJsapHOi 3amaAMHN 3MIHIOETHCS MIISXOM PO3CBEPTIOBAHHS
3aMaJIvHA Ta IMIDIAHTAIlii areTaOyiasapHOro kommoHeHTa. Ha odceT BIIMBarOTH SIK
3MIIIEHHS CTETHOBOI KIiCTKH, Tak 1 [IP ameraGynsipHOro KOMIIOHEHTY, (Ba aBTOpHU
Ha3BaJM 1110 3MiHY L[P areraOynsipHOro KOMIOHEHTY <GMIlIEHHSIM Yamikny) [47, 48 ].
BaxxnuBuii moka3HUK oCceTy BKIIOYAE SK aleTa0yasIpHUN KOMIIOHCHT, TaK 1 CTETHOBY
KICTKY, 1 BU3HAYa€MO HOTO SIK MEPHNEHIUKYJSIPHY BIJICTaHb BiJl KpaIlil CIb0O3U Yepe3
roJIoBKy cTerHoBoi KicTku IIP 10 oci cTrerroBoi kicTku. Bepxue 3mimenns 1P crerna
3MEHIIy€ MEepPIeHIUKYISIPHY BIICTaHb 10 BEKTOpa CEPEIHbOrO CITHUYHOTO M’si3a 3
MOJIBIIIUM 3MEHIIICHHSM CHIIH a0aykTopa. OnHak 30UTbIISHHS 3CYBY OUIbIIE HIX Ha 5
MM BiJl HOPMaJIbHOT'O ITOKa3HUKa, 3011bI1ye 3HOC noieTuacHy [49]. Takum duHOM, SKIIO
IIEHTP CTerHa 3MINIyeThCS Ha 5 MM abo Oinbllie Bropy, 3MIIIEHHS CTETHA Mae OyTH
30UIBIIICHO, ajIe e MOYKE 3MEHIITUTH JTOBTOBIYHICTh CTETHOBOTO KOMITOHEHTY, SIKIIIO 3CYB
30UTBIIUTHCS OUTBIT HIK Ha 5 MM. DJiedep Ta iH. B CBOIX JOCTIHKEHHAX IMOKA3YyIOTh, 110
JUIIIE TUTSIXOM 0OMEKEeHHS BepxHboro 3mimeHHs [P crerna mo 3 MM i memianizanii 10 5
MM ab0 MeHIIIe 30UTBIICHHS 3CYBY MOKHA 3aBXKIU MiATpUMYBaTH B Mexkax 5 mm (0,4 +
3,8 Mm). Lli m1aHi € MEepeKOHIMBUM JOKA30M TOTO, IO JIJIT MakcuMizallii PyHKIIii M’ I31B 1
MiHiMi3a1ii 3HoCcy Haiikpamuid [[P mae 6ytu B Mmexxax 3 MM Big HopMmu. Llg ximbkicHa
KOpEJAIis MiATBEP/KYE KITHIYHI gaHi, 3riqHo 3 skumu HeBnada TEIIKC mop’s3ana 3
pertreHorpadiuauM 3minieHHsM [P Ha 2 MM abo Oinbme [50].

barato pocmimkeHb, MPUCBAYEHUX 3MINICHHIO IEHTPY pOTallii, BKa3ylOTh Ha
HEPIBHOIIIHHICTh 3MILIEHHS B PI3HUX HampsiMKax. Jleski JOCHiI>)KeHHsS BKa3ylOTh, IIO
MeJllalibHe 3MIMIEHHS Ma€ MEHII BUPAXKCHUH KIIHIYHMM eeKT, 1 HaBiTh 3MEHIIYIOTh

HAaBAaHTKCHHS KYJIBIIOBOTO Cyriioba Ha M’s3u abaykropu [51, 52], omHak BaKIMBO
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PO3YMITHU K TaKi 3MiHU BIUTMHYTH Ha KoJiiHHMM cyrino0. C. Nieschk et al. HaBoguTh naHi
oOcrexenHss 110 maiieHTiB, SKMM OyJ0 BHUKOHAaHE EHAONPOTE3yBaHHS KYJbIIOBOTO
cyrnoba. B skocTi KpuTepiiB OI[IHIOBaHHS BUKOPHCTOBYBaBcs iHJeKC bapremna mpu
BUIIKCL, OL[IHKA pyxJauBocCTI [lapkepa Ta piBeHb 060i10. B mociiikeHH1 BUSBIEHO, 11O
OyIb-siKe 3MILIEHHA LEHTPY poTalii MPU3BOJIUTH [0 MOTIPIIEHHS BCIX 3a3HAYEHUX
MOKa3HMKIB, 0COOJIMBO MOTIPIIYBAIUCh MOKA3HUKU KoedilieHTy baprenna, pyXiauBocTi,
MeJlaJbHEe Ta BEPXHE 3MIIIECHHS, HIKHE 3MIIIEHHS YMHWIO OUIBIIUN BIUIMB Ha
nocwieHHs Ooiro. Halikpali moka3HUKW 3a BCiMa BUBYCHUMHU TapaMeTpaMH YUHUJIO
TOYHE aHATOMIYHE PO3TallyBaHHS IEHTPY poTarii. TakuM YHMHOM, MiATBEPKYETHCS
HEOOXIJTHICTh SKOMOTa TOYHINIOrO 30€peKeHHS IEHTPY pOTallii, 10 € He 3aBXIH
MOXJIMBUM Bix pyku [53].

Lerner Z. F. y cBoili Mojeni ONOPHO-PYXOBOTO amapaTry, IO BpaxoOBYeE
BUPIBHIOBAaHHS MK BEJIMKOTOMUIKOBOIO Ta CTETHOBOKO KiCTKaMH, BHUSIBHJIH, IO KOXKEH
MUTIMETp BIIXWUJICHHS Bijl BUPIBHIOBAHHS BEJIMKOTOMUIKOBO-CTETHOBOTO BIIJIUTY 3MIHIOE
MIKOBE 3yCWJUIA KOHTAKTYy MedianbHOTO Bimainy Ha 51 H, Tomi sk KoXeH MUTIMETp
MeJlaJbHO-IaTEPAIBHOTO 3CYBY TOYOK KOHTAKTY BIAAUTY 3MIHIOE TIKOBE 3YCHILIS
KOHTaKTy MeAianbHoro Biaainy Ha 41 H [54].

BaxxnmuBo BiI3HAYMTH, IO PE3yJbTaTH JAHOTO JOCHIIKEHHS Oa3ylThCsid Ha
MaTeMaTHYHIA Mojeli, sSKa, X04a W HaMaraeTbcsl BIATBOPUTH peasibHI OloMeXaHidHi
IIPOIIECH, BCE K TaKU Ma€ CBOi oOMekeHHs. J[0/1aTKOB1 eKCIIepUMeHTaIbH1 JOCIIIKCHHS
MOXXYTbh OyTH HEOOX1THUMH TSI MIATBEPKCHHS IIUX PE3YIIbTATIB B peaIbHUX KIITHIYHUX
ymoBax. Takok BapTo BpaxoBYBaTH, 0 1HII (DaKTOPH, TaK1 SIK BIK MAI[I€EHTA, CTAH M'SI31B
Ta CYyXOXKHMJUISI, @ TaKOXK 1HIII aHATOMIYHI OCOOJIMBOCTI, MOXKYTh BIUIUBAaTH Ha peasibHE
HABAHTAXXEHHS Ha KOJIHHUU Cyriio0 Mmicis €HIOMpPOTE3yBaHHS KYJBIIOBOTO CYTIOO0Y.
Crnig TakoX 3a3HAYUTH, MO BIPOTIAHICTH YCKJIATHEHb JOJATKOBO 3YMOBJIEHA 3MiHOIO
3arajibHOi 010MEXaHIKM KICTKOBO-M’SI30BOTO amapary Ta BUMYIIEHOI MO3H, 10 MOTJa
BUHUKHYTH Yy MAIlIEHTA K QIaMTaIlisg 0 XBOPOOIMBOTO CTaHYy B JOOIEPAIIHHUN TTepio
[55].

M. Abolghasemian et al. mpu BHUBYEHHI pEeHTreHOTpaMm TMAIlI€HTIB 3 JHCILIA3i€I0

KYJIBIIOBUX CYTJI001B MICJISl TOTATBHOT ApTPOIUIACTUKY MPUUILIUIN 10 BUCHOBKY, IO MICIIsS
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omepailii BiIOyBaeThCsl 3MIIIEHHS IIEHTPY pOTallii KyJbIIOBOro Cyrioda meiadbHO Ha
23,4% Ta BHM3 B cepeaqHbomy Ha 20,8% mpu cTOAHHI Ha onHIA HO31. HacmigkoM 1boro
OyJI0 3HIDKEHHS peakilii cyryiobda Ta mocjaadieHHsT CUJIA M’S31B, IO BIABOMASTH CTETHO.
Takox B IOCHIIKEHHI MPOJEMOHCTPOBAHO, L0 JaTepajibHE 3MIIIEHHS MAa€ MPOBIAHY
poJib B 3MiHI peakilii cyryiioba Ta po3TATHEHHI M’sI31B B 3a3Hau€HOMY moJioxeHHi. Ili
3MIHM MOXKYTh MaTH TaKOXX IHIII MPOSBHU B IHIIUX KIHETUYHUX TOJOKEHHSX, Ta MaTH
BILUIMB Ha (YHKI[IOHYBaHHI KOJIIHHOTO cyriooa [56].

A. Rajpura Ha ocuoBi anamizy KT 40 narieHriB, SkuM OyJI0 BHKOHAHO
EHJIONPOTE3yBAaHHS KYJBIIOBOTO Cyryio0a, MIMIIIM BUCHOBKY, IO Yy 33 Talli€HTIB
CIIOCTEPIraJioch 3MIIIEHHS IICHTPY pOTallii HIXKKHA TpOTe3a B CEPEIHBOMY Ha 7 MM.
Hacnigkom 11b0ro Moxe OyTH 3MiHa BEKTOPIB M’ SI30BUX CHJI Ta HAXHITY KICTOK, [0 TAKOXK
nopyirye po0oTy iHmux cyriobis. S. van Drongelen B cBoeMy JOCHIIKEHHI ONMKUCYIOTh
3MiHH, 10 BiIOYBAIOTHCS B CUCTEMi KYJIBIIIOBOTO-KOJIHHOTO CYTr1001B MAIlIEHTIB TICTS
€HJONPOTE3yBaHHS KyJbIIOBOro cyrinoba. [lokasaHo, 110 BHUHHUKAE IiIBUILCHHS
KOHTaKTy MDK CTETHOBOIO Ta BEIMKOTOMUIKOBOIO KICTKamMH y (a3l pO3TMHAHHSA, 110
30UTBIIYE THCK Ha JIaTepalibHy MOBEPXHIO KOJIHHOTO cyrioba Ha 39% [57]. Lle moxe
IPU3BOJIUTH JI0 JACTCHEPATUBHUX 3MIiH y CYIJIOOi, aBTOPH BKa3yIOTh Ha HEOOXIJIHICTh
CTBOPCHHS CKEJIETHO-MS30BOT MOJENII KOJIHHOTO Cyryio0a, o JA03BOJUTH Kpalle
MOJICJTFOBATH Ta MPOTHO3YBATH MO 110H1 3MiHH.

3 orJIsAly Ha TaKy MOUIMPEHICTh AaHOI MaTOJOTii Ta 11 KJIIHIYHI HACIIIKH, BaXKJIMBO
BUSIBIIATH MOXJIMBI XIpypriyHi NPUYUHU, IO MOXYTh BHUKIMUKATH 3MIIICHHA Ta
HamaraTucs MiHiMi3yBatH ix. R. J. Benson et al. mpoananizyBanu nani 894 maiieHris, 1o
MPOXOJIUIIM €HAONpPOTEe3yBaHHs, Ha mpeameT 3MiHu [P kympmioBoro cyrmoba momo
MIEPBUHHOTO TIOJIOKEHHSI. Byno BUSIBIEHO, IO THI ONEPATHBHOTO JOCTYITY BIUIMBAE HA
smimeHHs [[P, BOHO tocsrae HalOUTBIIMX 3HAYEHb TPH IEPEAHLOMY JOCTYIT. MeiaabHe
3MIMIEHHS € HAalOUIbIIUM Ta gocsaraio B cepeaboMy 4,97 M. Take 3MileHHS MOXKe
MaTy 3HAYHI KIIHIYHI HACIIKU OTXE, BaXKJIWBO BPAXOBYBATH MOMIOHI acMeKTH MpHU
IUTaHyBaHHI ~ omepatuBHOro BTpywanHs [58]. P. Messer-Hannemann et al.
EKCIIEPUMEHTATBLHO TIOKA3aJIi 3HAYHY POJIb PO3CBEP/ITIOBAHHS KYJIBIITIOBOT 3aIlaInHA HA

3MIIIEHHSI UEHTPY pOTallii Micisl IMIUIaHTaLll YallKU KYyJbIIOBOTO CYrio0a, ajxe came
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nucIasis, aedopmaiis, JereHEepaTUBHI 3MIHM Ta aTUIOBE PO3POCTAHHS KICTKOBOI
TKAaHWHH € YWHHHUKAMU, M0 MOPYIIYIOTh MPUPOJIHE IOJOXKEHHS IMITIaHTa. ABTOPH
MPUBEPTAIOTh YBary 0 BaXKJIWMBOCTI IOTO €Tally ONEPAaTHBHOTO BTPYYAHHS IPHU
JTUCIIIA3isIX Ta PpI3HUX BUAaX Aedopmaliii KyJbIIOBOI 3amaJvHU JJIsi TOBEPHEHHS
aHATOMIYHOI'O IOJIOKEHHS MPOTE3y Ta BPIBHOBaXKCHHs 31 30poBOI0 Hororw [59]. M.
Marsh et al. B ormsiai, NpuUCBAYEHOMY HOBITHIM JOCATHEHHSM €HAONPOTE3yBAHHS
KyJBIIIOBOTO Ta KOJIHHOTO Cyrjoba, HaBOIATh JaHiI IM0J0 e(PEeKTUBHOCTI
IHAUBIMYyami3amii BUPOOHUIITBA IMIUIAHTIB, IO JIO3BOJIIE MaKCHUMAaJIbHO 3amo0IrTH
3MIIIEHHIO LEHTPY OOepTaHHs Ta MIABUIIMTH BUKUBAHHS IMILIAHTIB uepe3 13 pokiB A0
98,2% Ta 96,6% uepe3 20 pokiB. [HAMBIAYyaNnbHI IMIUIAHTH 3HAYHO CKOPOYYIOTH TakKi
YCKJIQIHCHHSI K BUBHX, PO3XHMTYBaHs, iH(EKIliS Ta 3MEHIIYIOTh YaCTOTY BHHHKHEHHS
HEOOXI1THOCT1 peBi3iHUX BTpy4yaHb. KoM’ oTepur3ailtis MOJICTIOBAHHS Ta BUTOTOBJICHHS
IHAMBIAYATbHUX IMIUIAHTIB PO3IIUPIOE MOMKIUBOCTI IXHBOT'O BUKOPUCTAHHS, X04a J0C1 €
TEXHIYHI Ta €KOHOMIYH1 YNHHUKH, 1110 CTPUMYIOTh iX PO3MOBCIOKEHHs. MoJIeTIOBaHHS
CHUCTEMH CYTJIOOIB SIK €IMHOI KOHCTPYKIIii, moaiOHe 10 TOro, IO 3/AlMCHEHe B MeXKax
JTAHOTO JOCIIKEHHS, MOKE BPaXOBYBaTH 1HAMBIIyaldbHI JaHI Ta Kpallle TPOrHO3yBaTH
NePEPO3NOa1JI MOMEHTIB CHJIH, IO JIIFOTh B CYTJIOO01, Ta IepeI0aYuTH MOXKIIUBI PU3UKH.
Buxopucranns 3D MoaentoBaHHS SISl BUBUCHHS O10MEXaHIKM KOJIIHHOTO CYTJI00y NpHu
3MiHI IIEHTPY POTaIlii B KyJIBIIOBOMY CYTJI001 € cydacHUM Ta e(heKTUBHUM TiaxoaoM. Le
JI03BOJISIE OTPUMATH JACTANBHUN PO3YMIHHS B3a€MO3B'SI3Ky MK IIMMH JIBOMa Cyrjio0aMu
Ta BU3HAYHTH, SIK 3MIHH B OJTHOMY CyTJI001 MOKYTh BIUTUBATH Ha iHIIHUI [60].
[IpaBunbHE po3TallyBaHHsS ILEHTPY pOTallli BIUIMBAaE Ha OlOMEXaHIKYy HE TUIBKH
KYJBIIIOBOTO, ajie¢ i IHIIUX CYri00iB HMKHBOI KIHIIIBKH, 30KpeMa KOJIHHOTO CYTI00Yy.
OpHiero 3 KIIOYOBUX 30H IHTEpECY € B3a€EMOJIS MiXK KyJIbIIOBUM Ta KOJIHHUM
cyrinobamu, siKi pa3oM BiIIrparoTh poiib y XOAK01 Ta MATPUMIII Bard Tina. 3MiHa TIEHTPY
poTarlii KyJbIIOBOrO Cyrjio0a miJg dYac eHJIONPOTE3yBaHHS MOXKE€ BHUKJIMKATH HOBI
HABAaHTAXXEHHS Ta TWHAMIYHI 3MIHM Yy KOJiHHOMY cyrio0Oi. [lopymenns GioMexaHiKu
X0JIbOU MOKE MPU3BECTU J0 MOAANBIINX OPTONEANYHUX MPOOJIeM, BKIIOYAIOUU OUIb Ta
JIeT€HEepaTUBHI 3MIHM B KOJIHHOMY CyTJI001. BpaxoByroun Ba)JIMBICTh 1IbOTO aCIEKTY,

BUHHMKAaEe moTpebda B JETalbHOMY BHBUYCHHI BIUIMBY 3MIHM LIEHTPY pOTallii Ha BICh
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HUKHBOT KIHIIIBKM Ta BIAMOBIAHO HAa KOJIHHUN CYIJIOO MICHS €HAONPOTE3yBaHHS
KYJIBIIIOBOTO CYTJIO0Y.

3a 1aHuUMU JiTepaTypH, Xipypris Big pyku BigHoBitoe [P B Mexax 5 MM numie y
55% mamientis [61], MmeTonu koM t0TepHOL Xipyprii BiTHOBIIOIOTH [[P B Mexax 5 MM y
34-83% manientiB [62, 63], a poboTtu3zoBaHa Xipypris BigHOBIOE [P B Mexax 5 MM y

81,4% mnartienris [64].

1.1 Buau maBiraumii

Merton «Free-hand» € oxniero 3 HalicTapimux 1 HAUOLIBII MOMTUPEHUX TEXHIK, 1110
BUKOPHCTOBYIOTBHCS Y TOTAIbHOMY €HIONPOTE3yBaHHI KyjbinoBoro cyrioba (TEITKC).
s meTonuka BuHukia me y 1950-60-x pokax 1 3aMMIIAETHCS aKTyaIbHOIO 10 ChOTOHI
3aBJISIKA CBOTH MPOCTOTI, JOCTYITHOCTI Ta yHiBepcabHOCTI. OCHOBHUI MPUHIIMIT IIHOTO
METO/Y IMOJIATae Y BAKOHAHHI BC1X MaHIMYJIALINA Bpy4HY, 0€3 BUKOPUCTaHHS CTIEIIaIbHIX
HaBIraliHUX CUCTEM a0 MEXaHIYHUX HampaBUTeNiB. Xipypr KEpPYyeEThCs BIACHUM
JIOCBIIOM Ta TMepeaonepaliifHiM IUIaHYBaHHAM, BU3HAYAIOYM IOJOKEHHS IMILUIAHTIB
BI3yaJIbHO, 1110 BUMAra€ BUCOKOTO PiBHS MalCTEPHOCTI Ta TOYHOCTI.

ITix gac omepaTHBHOTO BTPYUYaHHS MAIliEHTA 3a3BUYal PO3TAIIOBYIOTh Y MOJOKEHH1
Ha CIIKMHI @00 Ha 00111 3aJIe’KHO BiJl XipypridyHoro goctymy. [1icis BUKOHaHHS JOCTYITy Ta
BUBUXY TOJIOBKH CTETHOBOI KICTKH, XIpypr MPOBOJMUTH PE3CKII0 IMUHKH CTETHOBOI
kictku Mmetogom «Free-hand». Ha mpomy erami piBeHb OCTEOTOMIl BH3HAYAETHCS
Cy0’€KTMBHO, OpPIEHTYIOUHCHh Ha TMepeJoNepalliifie IUTaHyBaHHS Ta AaHATOMIYHI
OpIEHTUPH TAIlIEHTA.

Tax camo 1 HacTynmHW# eTam - 0oOpoOKa KyJBIIIOBOI 3amajJdHM, MiATOTOBKA i
MOBEPXHI JO BCTAHOBJICHHS aleTaOyIspHOTO KOMIIOHEHTAa Ta WOTr0 IMIUIAHTAaIlis Y
HeoOXigHe momokeHHs. [licis MbOro BUKOHYETHCS MiATOTOBKA CTETHOBOTO KaHAIY ITijT
dbeMopanbHUil KOMIIOHEHT eHmompoTe3a. [licnmsa imruianTtanii mpoOHOTO KOMIOHEHTY
BUKOHYETHCSI TECTYBAHHS CTaOUIBHOCTI Ta 00’ €My pyXiB y Cyrjio0i. Yci 1l MaHImyasiii
BUKOHYIOTBCSI BpY4HY, O€3 aBTOMAaTM30BaHOI HaBiralii, 110 CTBOPIOE MEBHI PU3UKU

noxuoOku [65].
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OcHoBHOW TpoOneMoro metony «Free-hand» € te, 110 TOYHICTH MO3UIIOHYBAaHHS
KOMIIOHEHTIB OI[IHIOETHCA BI3yallbHO. XIPYpPr OPIEHTYETHCS BIAHOCHO OINEpALIHHOIO
CTOJIa, TIOJIO)KEHHSI Ta3y Malll€eHTa Ta IHIIMX MMapaMeTpiB, K1 BU3HAYAIOTHCS 3 MEBHOIO
noxuOkoro. BiacyTHicTh HaBirauii abo MEXaHIYHUX HANpPaBUTENIB MOXKE MPHU3BECTU 10
HEKOPEKTHOTO pO3TalllyBaHHS KOMIIOHEHTIB, 1[0 HETaTHMBHO TI03HAYAETHCS Ha
JTOBTOTPUBAIMX pPE3yJbTaTax oreparlii. 3a TaHUMH JITEPaTypH, 4acTOTa HEKOPEKTHOT
IMIUTaHTAIlli KOMIIOHEHTIB eHI0NpoTe3a Moxe jgocsratu 30-60% [66, 67]. Lle o3nauae,
0 KOXXEH TpeTid maiieHT abo HaBiTh OUIbIIE MOXXE MaTH IEBHI BIAXWICHHS Y
po3TallyBaHH1 €HAONPOTE3a, 0 B MOJATBIIOMY MOXE MPU3BECTH J0 HECTaOLIbHOCTI
IMIUTaHTa, HEPIBHOMIPHOTO 3HOIICHHS a00 3BUXIB.

VY nocaimxenni Grammatopoulos Ta criiBaBTOpiB 0yJ10 MPOBEAEHO OI[IHKY TOYHOCTI1
JOCSTHeHHsST Oa)kaHOl OpieHTallii areTadyasIpHOr0o KOMIIOHCHTa IPU TOTAJIBHOMY
engonpore3yBanHi KynbinoBoro cymioba (TEIIKC) y xmiHiuHMX yMoBaX. ABTOpHU
M1IKPECIO0Th, 110 HaBITh JOCBIYEHI XIPypry 4acTo IEMOHCTPYIOTh 3HAYH1 BIIXUJICHHSI
BiJl 3aIUIAHOBAHUX KYTIB BCTAHOBJIEHHA IMIUIaHTaTa. BcTaHOBIEHO, 110 Yy OUIBIIOCTI
BUTIAJKIB aleTa0yyispHa 4Yallka IMIUIAHTYEThCS 3 MEHIIMM HaXuioM (cepelHe
BinxwieHHs —4°) 1 3 OUIbImIO0 aHTeBepcielo (cepenHe BigxwieHHs +11°), HIK
nepeadavanocs miaHoM.

OnHuM 13 BHCHOBKIB JOCITIDKCHHS € Ba)KJIMBICTh BUKOPHUCTAHHS JOJIATKOBUX
BI3yaJIbHUX OpPIEHTUPIB Mg 4ac omeparlii. Tak, 3acTOCyBaHHS TaKHX aHATOMIYHHX
MapKepiB, K MomepeyHa aneTadyspHa 3B’ s13ka, a00 IHTpaomepaliifHuX HAMPaBISIOUNX
MPUCTPOIB, JOCTOBIPHO TIJBUIIYBAJIO TOYHICTh YCTAHOBKM IMIUTAHTAaTa: CEPEIHE
BIIXWJICHHS aHTeBepcii 3MenmyBanocs 10 1° (p <0,001), a vaxuny — mo —3° (p = 0,003).
IIpoTe, HaBiTh 32 HASIBHOCTI IOTIOMIXKHHMX 3aC001IB CITOCTEpiraiacs 3HayHa iHIUB1TyalTbHA
BapiaOeNbHICTB, 1[0, HA TyMKY aBTOPIB, BKa3y€e Ha MOTPeOy y BJOCKOHAJIICHHI METO/IIB
HABYaHHS Ta 3aCTOCYBaHHI BHCOKOTOYHUX IHCTpyMeHTanbHUX TexHosoriii y TEIIKC
[73]. ¥V cucremaTruHOMY OIJISIII JIiTEpaTypH Ta MeTaaHami3i, mpoBeneHomMy Snijders Ta
CriBaBT. OyJo mpoaHami30BaHO €(EKTUBHICTh Ta TOYHICTh BUKOPUCTAHHS

0e3300pakyBalibHOI HaBIraIiiHOI CUCTeMM Yy MOpPiBHSIHHI 3 Tpaauuiinum (freehand)



27

METOJIOM BCTAHOBJICHHS alleTa0yJIIpHOTO KOMIIOHEHTa MpPHU MEPBHHHOMY TOTAILHOMY
eHJ0IpoTe3yBaHH1 KynbinoBoro cyriaobda (TEITKC).

JlocnmipKeHHsT  BKJIIOYAJIO  aHali3 CEeMHM  PaHJIOMI30BaHMX KOHTPOJbOBAHHUX
BUIIPOOYBaHb, Y SIKUX OYJIO0 OLIIHEHO TOYHICTh JOCSITHEHHS 3allJJaHOBaHUX MapaMeTpiB
MOJIOKEHHSI YalllKu — 30KpeMa, KYyTIB 1HKIIHAaLIl Ta aHTeBepcii. Y IMIeCTH 3 CeMUu
MPOAHAI30BAHUX JOCIIKEHb OYJI0 BUSBIEHO, 1110 BUKOPUCTAHHA HaBirailii 3ade3neuye
3HAYHO BUUIY MPEUU3INHHICTh y JOCATHEHHI 0akaHUX 3HAYEHb aHTeBepcCli, a y M’ SITH
JOCHIDKEHHSIX — TakoX 1 Haxwiy yvamku (iHkmiHamii). Lle Bkasye Ha mnepeary
HaBIralIfHOT TEXHOJIOT1i y KOHTPOJI1 pO3TAllyBaHHs IMIUIAHTATY.

VY pe3ynbrari MeTaaHaii3y BCTAHOBJICHO, 110 HaBITaIlisl CTAaTUCTUYHO JIOCTOBIPHO
NepeBepIIye BUTBHOPYYHHI METOJ 32 TOYHICTIO JOCSTHEHHS K KyTa aHTeBepcii (p=
0,002), tax 1 iakiHamii (p = 0,01). BogHouac aBToOpH MigKpecIOOTh, 110, HE3BAKAKYH
Ha BUIIY TEXHIYHY TOYHICTh, Hapa3l HEMA€E JOCTAaTHHO JOKa3iB, sIKi O MIATBEPKYBaIN
CYTTEBI KJIIHIYHI MMEPEeBarv y BUTJIAAI Kpamoi (yHKI[IOHATBLHOT aKTUBHOCTI, 3HIKCHHS
YaCTOTH MICIISIOTIEPAIliHHUX YCKIaHEHb 200 OTpeOU B peBI3IMTHOMY €HIONPOTE3yBaHHI1
IpY 3aCTOCYBaHHI HaBiramiiHux cucreM [74].

JlocmiPKeHHsT TTOKa3yloTh, M0 YacTOTa MOMMUJIOK MPHU IMIUTAHTAIlli KOMITOHEHTIB
EHJIOTPOTEe3a Y XIPYypriB, sIKi BAKOHYIOTH OIEpallii JINIIIE Yac BiJl Yacy, € 3HAYHO BHUIIOIO,
HIXK Y THX, XTO PETYJSIpHO BUKOHYE MOJ10HI BTpydaHHs. Lle mimkpeciatoe BaKIUBICTh
JIOCBIly Ta HABYaHHS y JOCATHEHHI ONITHMaJIbHOT TOYHOCTI orepalirii. Xipypru 3 MEHIIOI0
KUTBKICTIO MIPOBEJICHUX OTepalliii MOKYTh MaTH 3HaYHO BUIUN PU3HK IMO3HUIIIOHYBAHHS
aneTadyIsIpHOTO0 KOMITOHEHTA MiJi HEKOPEKTHUM KyTOM a00 HEMpaBHIIbHOI Opi€HTAIlii
CTETHOBOTO KOMIIOHEHTA, IO MOKE MOTpeOyBaTH PEBI3IMHOTO €HIONMPOTE3yBaHHS B
MaiiOyTHbOMY.

ITorrpu cBOIO MPOCTOTY Ta MBUAKICTH, MeTO «Free-hand» mae cyTTeBi 0OMEKEHHS
gyepe3 BUCOKY 3aJICKHICTh BiJl JTIOJCHKOTO (hakTopa. Y CydacHid OpTOmeandHii Xipyprii
Jiefalti 9acTilie BUKOPUCTOBYIOTh KOMIT FOTEPU30BaH] HABITAIliiiHI CUCTEMH, MEXaHIuH1
HampaBuTeNl Ta POOOTHU30BAaHI TEXHOJOTII, SKI JO3BOJISIIOTH MIHIMI3yBaTU MOXHOKHU

TO3UI[I0HYBaHHS KOMITOHEHTIB.
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KoM totepHa HaBiraiist 103BOJIsIE€ XIpYpry 0OauuTy TOYHE MOJIOKEHHS IMIUJIaHTa y
TPUBUMIPHOMY MPOCTOP1 Ta 3MEHIIUTH NOXUOKY 110 2-3°.

MexaniuHi HampaBuTenl 3a0e3medyroTh OUlbll mNependayyBaHe BCTAHOBJICHHS
aneTadyIsIpHOrO0 KOMIIOHEHTa, 3MEHIIYIOUYM PHU3UK HAAMIPHOrO ab0 HEAOCTaTHbOIO
Haxwiy. PoOOTM30BaHI CHCTEMHM MOXYTb aBTOMAaTHMYHO KOPETryBaTH pO3TallyBaHHS
KOMITOHEHTIB, 3a0€3Me4yl0ur HalBUIY MOKJIMBY TOYHICTh Ta CTA0LIBHICTb.

Taxum urHOM, X0ua MeTo] «Free-handy» 3anumiaeTbest LIMPOKO 3aCTOCOBYBAHUM 1 €
OCHOBHUM METOJIOM Yy 0aratboX JIKapHsIX, Cy4acHl TE€XHOJOT1i 3HAYHO MOKPAIYIOTh
TOYHICTh IMIUIAHTALlli, 1[0 MOXE CHPHUITH 3MEHILIEHHIO YCKJIaJHEHb Ta MOKPALIEHHIO

JOBI'OCTPOKOBHX pGSYJII)TaTiB CHAOOIIPOTC3yYBAHHA.

1.2 MexaniuHni HaBirauiigi cucreMu

OnHuM 13 HAUOUTBIN TTOIIMPEHUX IHCTPYMEHTIB HaBITaIlli MpH €HIO0NPOTE3yBaHHI
KYJIBIIIOBOTO CyIJIo0a € cTaHAapTHI Y-TOAI0HI HampaBUTENi, K1 BXOISATH JO CKJIAdy
XIpyprivHux HAOOpIB JJIsI TOTAJIBHOTO €HAONMPOTe3yBaHHSA. BOHM BHCTymaroTh y poJi
JOTIOMDKHUX ~MEXaHIYHUX TMPUCTPOIB, IO JONOMAraroTh XIpypry IpaBHIBHO
po3TallyBaTi KOMIIOHEHTH €HJIOMPOTE3a IiJi Yac OMepaTUBHOrO BTpydaHHsA. OCHOBHA
nepeBara TaKMX HaIpPaBUTEIIB IMOJIATAE Y TTPOCTOTI BUKOPUCTAHHS, HEBUCOKIN BapTOCTI
Ta IMHUPOKIM JOCTYIMHOCTI, IO POOUTH iX CTaHJAPTHUM BHOOpPOM Yy OaraTbox
opronenuyHux omnepaiisx. OTHAK TOYHICTh iIXHROTO BUKOPUCTAHHS 3HAYHOIO MIpPOIO
3aJIeKUTH Bl Cy0'€KTUBHOT'O CIIPUHHATTS XIpypra, KUl TOBUHEH Bi3yaJIbHO OIIHIOBATH
MOJIOKEHHS THCTPYMEHTIB Ta IMIUIAHTIB Y TPHOXBUMIPHOMY MPOCTOPI MiJ] 4ac omneparii.

Mexani4yHi1 HampaBuTell 3a0€3MeUyIOTh JUINE MPUONIH3HY TOYHICTh, OCKUIBKH iX
BUKOPUCTAaHHS BHMAra€ BiJ Xipypra TIOCTIHHOTO KOHTPOJIO 3a KyTaMH HaxXwWiy,
pO3TalllyBaHHSIM IMIUIAHTA Ta BHPIBHIOBAHHSIM KIHI[IBKA. DakTopu, SKi MOXYTh
BIUTUBATH HAa €(EKTUBHICTh TAKUX MPUCTPOIB, BKIIOYAIOTH (Pi3UYHY BTOMY JIKaps,
aHATOMI4YH1 OCOOJIMBOCTI MAI[I€EHTA, CYO'€EKTUBHY OLIIHKY PO3TalllyBaHHS KOMIIOHEHTIB Ta
MOTEHIIMHI MOMUJIKM MiJ Yac py4dHoi iMIiaHTtamii. OcoOnuBO 1€ KPUTUYHO i 4ac

IMIUJIAHTAallll aleTadyIsIpHOro KOMIIOHEHTA KYJBIIOBOTO €HAONPOTE3a, KOJIU HEOOX1THO
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TOYHO BU3HAYMTH OPIEHTAIlII0 HIKKHM IMIUIAHTA, JIOBXKUHY KIHIIBKH, OopceT Ta 00’eM
pyxiB y cyrio0i. Yepe3 BIACYTHICTh aBTOMAaTHU30BAHOI'O KOHTPOJIO XIPYpr 3MYIIEHUUN
MOKJIQIATHCS HAa BJIIACHWMA JIOCBIJ Ta HAaBUYKH, IO MOXKE MPHU3BECTH 0 BIIXWICHb Y
po3TanryBaHH1 IMIUIaHTiB. Lle, B cBOIO yepry, Moke BIUIMHYTH Ha CTaOUIBHICTH Ta
(YHKIIOHAIBHICTh KYJIBIIOBOTO CYrio0a B TOBFOCTPOKOBIN NEPCIEKTUBI.

3 METO0 MIJBUILEHHS TOYHOCTI MEXaHIYHUX METOJIIB HaBiraiii 0yjao po3po0sieHo
HU3KY CIELIaTi30BaHUX MEXaHIYHUX MPUCTPOiB, SAKI JOMNOMAaralmTh Xipypram
KOHTPOJIIOBAaTH pO3TAlllyBaHHS KOMIIOHEHTIB y mpoctopi. Hampuknan, Stephen B.
Murphy y cBOiX [OCHII)KEHHSX ONKMCAB MEXaHIYHUI HaBIraliiHUNA TPUCTPIH, IO
3a0e3nevyye TOYHE TO3WIIIOHYBaHHs areTadylsspHOrOo KOMIIOHEHTa eHjompore3a. Ls
cUCTeMa JTO3BOJISIE PO3TAIIOBYBATH YaIlIKy KYJIBIIOBOTO Cyriio0a Mmif 3aJJaHIMH KyTaMH,
IO TMOKpaIly€e TOYHICTh iMIuIaHTallii. OaHaK, OCHOBHUH HEIOJIK IIbOI0 MPUCTPOIO —
BHCOKA 1HBAa3WBHICTh, OCKUIBKU JIJII MOTO BCTAHOBJIECHHS MOTPIOHO BBOJUTH B Ta30BI
KICTKW TaIli€eHTa TpU cTadLIi3amiiHl cTpuxkHi. [le MoXke Mpu3BeCTH A0 MOIIKOMKCHHS
M’SIKUX TKaHUH, CyJIMH Ta HEPBIB, 110 30UIBIIY€E piBEHb ONEPAIIHHOTO TPaBMATU3MY Ta
MiBUIIYE PHU3UK IMICISONEpAlifHUX YCKIaTHEHb, TaKUX SK 1H(QEKIi, KpoBOTedl Ta
yIOBUIbHEHE 3aroeHHs [68].

VY momrykax MEHI TPaBMAaTHYHUX METOJIB XIpyprd Ta TOCHITHUKH PO3POOHIU
HEIHBa3WBHI MEXaHIYHI HaBiramiiHi TPUCTPOi, SAKI JIO3BOJISIOTH MIHIMI3yBaTH
HeOOXIIHICTh (pikcarlii Ha KICTKOBUX CTPYKTypax marieHta. Tak, Takashi Murayama ta
CIIBaBTOPH 3aIPOINOHYBAIM MEXaHIUYHY TEXHIKY TMO3WIIOHYBaHHS aneTa0ylIspHOTO Ta
CTETHOBOTO KOMIIOHEHTIB €HJOMPOTE3a, siIka HE TOTpeOye MOJAaTKOBUX I1HBAa3UBHUX
MaHimyJamid. OCHOBHOIO TIEPEeBaror IhOro IAXOAY € MiHIMaJIbHE XIpypridHe
BTPY4YaHHS Ta BiJICYTHICTh HEOOXITHOCTI Y BCTAHOBJICHHI JOJATKOBHX (DiKCATOpiB Ha
KicTkax marieHTta. lle 3HWKye PU3HK MICISONEPAIMHNX YCKIIaJHEHb Ta TOJETTIYE
nporec peadimitamii [69]. ¥V mocmimkerHi MypasMu Ta CIIBaBT. MPEACTABICHO HOBY
HEIHBa3WBHY MEXaHIUHY TEXHIKY MO3UIIIOHYBAaHHS YAIlIKH Ta CTEPIKHS, & TAKOXX KOPEKIIil
JOBKUHU KIHI[IBKM TpPU TOTAJIbHOMY €HAONPOTE3yBaHHI KYJBIIOBOTO cyrioda y
MaI€HTIB 3 AUCIUIA31€10 KYIbIIOBOIO cyrio0a. Pe3ynbTaTu nokasaiu, 1o BUKOPUCTAHHS

piBHEMIpa Ta TOHIOMETpPAa JO3BOJUIIO JOCSITTH CEPEIHbOr0 Haxuiy yamku 44,2° + 3,4° ta
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anTeBepcii 19,6° + 6,1°. Binxunenns crepxxusa ctaHosuwio 0,04° + 0,8° y BabrycCHOMY
HaIpsIMKY, a PI3HUIS B JOBXHUHI KIHIIBOK Micis onepaiii oyna -0,37 = 3,7 mm. Takum
YUHOM, 3alpONOHOBAHA TEXHIKAa 3a0e3leuye TOYHE IMO3MIIIOHYBaHHS KOMIIOHEHTIB Ta
MIHIMaJIbH1 BIIXUJIEHHS B JOBXKHHI KIHIL1BOK, TOPIBHSHHI 3 pe3yJibTaTaMU, OTPUMAHUMU
3a JIOMOMOrOK HaBIralliHUX CHUCTEM, IMPU LbOMY OyAydd MEHII I1HBa3WBHOIO Ta
exoHoMiuHO BurimHOW [70]. V paHmoMi3oBaHOMY KOHTPOJBOBAHOMY JOCIIKCHHI
Kiifoxapy Ta cHoiBaBT. OILlIHIOBaJacsi TOYHICTh Ta MPEUU3IAHICTh OpI€HTalll
arneTadynspHOi YAk TpPH TOTAIbHOMY €HIONPOTE3yBaHHI KYJBIIOBOTO CYriioda
(TEIIKC) 3 BUKOpPUCTaHHSM TIOPTAaTHMBHOI HaBiraiii Ha OCHOBI akKcelepomerpa
MOPIBHSHO 3 TPAJAMIIIHHUM MEXaHIYHMM METOJIOM. Pe3ynabTaTh mokasaid, mo CepeIHs
abCco0THA MOXMOKA HAXUJTy Yalllku ctaHoBuia 4,3° + 3,2° y rpymi HaBiramii ta 5,6° +
3,7° y KOHTpPOJIbHIH IpyIri, a moxuoka anteBepcii — 4,4° +2,9° ta 5,7° + 4,2° BiANOBITHO.
Xo4a TOYHICTH MDK TpylaMH HE BIApI3HSUIacs 3HAYHO, BUKOPUCTAHHS HaBirarii
3a0e31eunsio MeHITy BapiabenbHICTh moxuoku anteBepcii (p = 0,0049). Cumynsiis Ha
OCHOBI KOMIT'IOTepHOT ToMmorpadii mokasajia, IO Tpyma HaBiramii Mana OUTBIIHH
MOTCHIIIMHUK OOCST PO3TMHAHHS Ta 30BHINIHLOT POTallii, OJJHAK HE OYyJIO BHSIBIECHO
3HAYHUX BIIMIHHOCTEH Yy Jiara3oHi pyXiB, HEOOXITHOMY ISl IOJEHHOT aKTHBHOCTI.
Takum YWHOM, TIOPTaTMBHA HaBiramiss Ha OCHOBI aKceliepoMeTpa IIiJIBHINYE
IPEIU3IMHICTh aHTEBEPCii YAIIKH Ta MOKPAIIYE IesAKi ACTIEKTH PYXJIMBOCTI CYTri00a micys
TEIIKC [71]. ¥V mocmimkenHi JpkeHHIHICa Ta CIIBAaBT. OI[IHIOBAJIaCh TOYHICTh OPIEHTAIIIT
anetabymsiproi vamku mnpu TEIIKC 3 BUKOpHUCTaHHSM HOBOTO MEXaHIYHOTO
HaBIramiifHOTO MPHUCTPOIO. Pe3ynbraTt Mmokasaid, IO BCi MAIIEHTH Madd BIIXWICHHS
Mmentie 10° Bi nepenonepaiiHoro miaHy 3a KyTaMu HaXuily Ta anTeBepcii yamku. [Ipu
ORI )KOPCTKUX KpUTEPiax (BigxuieHHs MeHIe 5°) 12,8% narieHTiB Majau BIAXUICHHS
3a HaxuioM, a 23,4% — 3a anTeBepcieto. TakuM YMHOM, TMPUCTPIA JTO3BOJISE TOYHO
MO3UITIOHYBATH aIeTa0yJIsIpHY YallKy BIAMOBIIHO 0 TMEpPeaONepaliifHOro IUTaHy 3
BiIXuieHHSIM MeHIre 10°, mo mepeBeplrye TpaauIliiiHi METOIU BCTaHOBIEHHS [72].
OpHak, MexaHIYHI HaBITaIliiHI CHCTEMH BCE III€ MAalOTh OOMEKEHHS, IOB’sA3aHl 13
Ccy0’€KTUBHICTIO BUBHAUCHHS MOJIOKEHHS IMIUIAHTIB, 1110 MOXE HETaTUBHO BILUIMBATH Ha

JIOBIOCTPOKOBY CTaOUIBbHICTh Ta ()YHKI[IOHAJIBHICTh €HIO0NPOTE3A.
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1.3 Cuctemu CAOS (Computer Assisted Orthopedic Surgery)

Komm’torepusoBani cucreMu acuctoBaHoi opromneauunoi xipyprii (CAOS,
Computer-Assisted Orthopedic Surgery) € oJHUM 13 HAHO LTI 3HAYYITUX TEXHOJIOTTYHUX
jocarHeHb y cdepi CydacHOi MEIMIMHM, 30KpeMa B OpPTOHEAMYHiN Xipyprii. Ix
BUKOPUCTAHHS JI03BOJISIE CYTTEBO MIABUIIUTH TOYHICTP BHKOHAHHS OIEPATHBHUX
BTpYYaHb, IO € KPUTHYHO BaXJIMBUM (AKTOPOM 1Jisi YCHIMIHOI IMITAaHTAL{
KOMITOHETHIB €HJ0INpOoTe3a, KOPEKI[li KICTKOBHX JAedopMalliii Ta MpOBEIEHHS IHIIUX
CKJIQHUX MaHIMyJSIid. 3aBISKH TEXHOJIOTIYHOMY MPOTPECy Ta CTPIMKOMY PO3BHTKY
KoM toTepHoi 00poOku nanux, CAOS-cucTeMH 3HAYHO BIIOCKOHAIWIA XIPYpridyHYy
NPAaKTUKY, JTO3BOJISIIOYM HE JIMIIE ONTHUMI3yBaTH Iepeiolepalliiie IUIaHyBaHHS, a U
3abe3reuyBaTi TOYHUN KOHTPOJIb Il Yac omneparlii Ta HaBiTh YaCTKOBO a00 MOBHICTIO
aBTOMATU3yBaTH BUKOHAHHSA MEBHUX €TAIIB XIPYpPriuHOro BTpydaHHs. Lle 3HmxKye pusuk
MEIUYHUX TTOMUJIOK, TMIJBUIIYE SKICTh JIIKYBaHHS Ta IMOKpAIlye BiJJajeH] pe3yJbTaTH
JUTA TTAI€HTIB.

ITepmi cpoOu 3acTOCyBaHHS KOMIT IOTEPU30BAHUX XIPYPTriuHMX TEXHOJIOTIH B
oproneaii BigHOCATHCA 11e A0 1980-x poki, ko CAOS moyany BUKOPUCTOBYBATH ITiJT
yac CHAOMPOTE3YBaHHS KYJIBIIOBOrO cyrioba [75]. T'0loBHOIO METOI0 X IHHOBAIIii
OyJ10 MiIBUIIICHHS TOYHOCTI PO3TallyBaHHS KOMIIOHEHTIB €HI0IPOTE3Y, OCKUIBKH HABITh
HE3HAYHI BIIXWJICHHS B iX MO3UIIIOHYBaHHI MOXYTh MMPU3BECTH JI0 MIBUIKOTO 3HOIIECHHS,
HECTaOUIBHOCTI KOHCTPYKII a00 HEMpaBUIBLHOTO PO3MOJLTY HAaBaHTAXKCHHS Ha
HaBKOJMITHI TKaHWHU. Ha Toit wac TtexHosorii CAOS 31e01IbI10r0 00MEXKyBaTUCS
BUKOPUCTAaHHSM KOMII FOTEPHOI HaBiraii Ta MEeTOAIB MEpeIonepaIifHoro TIaHyBaHHS
HAa OCHOBI PEHTreHOJOriyHMX abo TomorpadiyHuX 3HIMKIB. [lompu BiTHOCHO
MPUMITUBHUN PiBEHB MEPIINX CUCTEM, BOHU CTAJIM OCHOBOIO JIJIS1 TIOJIATIBIIIOTO PO3BUTKY
KOMIT FOTEPU30BAHUX TEXHOJIOTIH Yy XIpyprii.

[IpoTsiroMm HacTymHUX JAECATUIITH BiAOYBCS CYTTEBUM TMPOPUB Y PO3BUTKY
KOMIT'IOTEpHOT  Bi3yamizamii, 3D-MonentoBaHHs Ta  poOOTHU30BaHOI  XIPYprli.

BnpoBamkeHHsT TEXHOJIOT1  TPUBHUMIPHOTO  MOJIEJIOBAHHS  JIO3BOJIMJIO  3HAYHO



32

MOKpalIUTU TIepeonepalliiine MIaHyBaHHS Ta MEPCOHANI3ZYBAaTH MIAX1A 10 JIIKYBaHHS
namieHTiB. BoaHoyac MmosiBa ONTHYHUX Ta EJIEKTPOMArHITHUX CHCTEM BIICTEKEHHS
copusuia po3poOIli HOBMX METOJIB IHTpaomepariiiHoi HaBiraimii, fKi JaBajid 3MOTY
KOHTPOJIIOBaTH PO3TallyBaHHS XIPYPriuHUX IHCTPYMEHTIB 13 MUTIMETPOBOIO TOYHICTIO.
[Hounnarouu 3 2000-x pokiB, CAOS-cucTteMu akTUBHO IHTETPYIOTHCS 3 pOOOTU30BAHUMU
MaHIMyJISTOPaMH, 110 JTO3BOJISIIOTH aBTOMATU3YBaTH JIESKi €Taly XipypriuHux BTPy4aHb
[76]. Lle BiakpriBae HOBI MOYKJIMBOCTI /I MIiHIMAJIBHO 1HBa3MBHOI Xipyprii, CKOpoUye
TPUBAIICTH peaduTiTallil HAI[IEHTIB Ta 3MEHILYE PU3UK MICISONEepalliiHUX YCKIaIHEHbD.

Ha cporoani kommn’roTepr30BaHi CUCTEMU OPTONEANYHOT XIpYPrii KIaCU(PIKYIOTHCS
Ha TPU OCHOBHI KaTEropii: IaCMBHI, HANlIBaKTUBHI Ta akTUBHI. Takui moain 6a3yeThcs Ha
piBHI aBTOMAaTH3allll XIPypriyHOro IMpoIlecy Ta CTYINEHI 3alyd4eHHs XIpypra o
BukoHaHHs omeparlii. [TacuBHi CAOS-cucteMu € HaHOUIBII MPOCTUMHU Ta BHKOHYIOTH
BUKJIIOUHO HaBIraiiHy QyHKIII0, JOMOMAaraiud Xipypram OTpPUMYBAaTH BI3yajbHY
iH(hOpMaIIiio 1010 TTOJIOKEHHS IHCTPYMEHTIB y mpocTopi. HamiBakTUBHI cUCTEeMH BKe
BKJIFOUAIOTh MEBHI MEXaHI3MH KOHTPOJIIO, 1110 AOMIOMArartoTh KOPUTyBaTH PYXH JIKaps Ta
3amo0iraTi  MOXJIMBUM TOMUJIKaM. AKTHBHI CHCTEMH, Y CBOIO 4Yepry, MaroTh
MaKCUMaJIbHUM p1BEHbh aBTOMAaTH3alli1, J03BOJISIOUYA BUKOHYBATH XIpypriuHi MaHIMyJISIIi1
Maibke 0e3 (hi3nyHO1 ydacTi Jiikaps, 1o 3abe3neuye BUHATKOBY TOYHICTh Ta MiHIMAaJIbHE
BTpYYaHHS Y HABKOJIMIIIHI TKAHUHH.

[Tonpu 3HauH1 nepeBary, mupoke BrupoBaxeHHss CAOS-cucteM CynpoBOIKYETHCS
MEBHUMHM BUKJIMKaMU. Bucoka BapTicTh 00nagHaHHS Ta HEOOXIIHICTh HABYAHHSA XIPYPriB
JUTIsl poOOTH 3 TAKMMH TEXHOJIOTISIMH MOXKYTh OOMEKYBATH iX JIOCTYMHICTh Y 0aratbox
MEIMYHUX 3aKnaaax. KpiM Toro, BAXKJIIMBUMH 3QJIMIIAIOTHCS MMUTAaHHS TU(PPOBOT Oe3neKn
Ta HAAIMHOCTI MPOTPaMHOTO 3a0€3MEeUCHHS, OCKUTBKH OyAb-sAKi T€XHIUYHI HECITPABHOCTI
MOXXYTh MaTH CEpHO3HI HAcHigku sl marieaTta. OHaK, BPaxOBYHOUHM CTPIMKHM
PO3BUTOK POOOTOTEXHIKM, IITYYHOTO IHTENEKTY Ta 3MIMIaHOI PEeasbHOCTi, MO>KHA
ouikyBat, 1o y HaiOmmwkdi poku CAOS-cuctemMu cTaHyTh 1€ OUIBII TOYHHMH,
ABTOHOMHUMHM Ta €(pEKTUBHUMHU, 3a0€3MeUyI0Ur HOBUM PIBEHb XIpYpPriuHOi TOUHOCTI Ta

Oe3MmeKu.
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1.3.1 AKTUBHI cCHCTEeMH

AxTHBHI poOOTH30BaHl IUIATPOPMU € OJHHUM 13 HAHUOUIBII TEXHOJIOTTYHO
PO3BUHEHHUX IHCTPYMEHTIB Yy CYy4YacHIM OpPTONEAMYHIN Xipyprii, IO A03BOJIAIOTH
BUKOHYBAaTH TOTalbHE CHAOMPOTE3yBaHHS KYJBIIOBOTO Cyrioda 3 MiHIMaIbHUM
BIUTUBOM JIIOJCBKOrO (akropy. BoHu (QyHKIIOHYIOTH B aBTOHOMHOMY DPEXKHMI,
BUKOHYIOUM BC1 OCHOBHI XIpYpriuHi €Tamu — BiJl pe3eKiii KICTKOBOi TKaHWHHU 10
BCTAQHOBJICHHS KOMITOHCHTIB IMIUIAHTATy BiJMOBITHO JIO MONEPEIHBO BHU3HAYCHOTO
iany onepartii. [lepenonepamniiine KT-ckanyBaHHS BUKOPUCTOBYETHCS ISl CTBOPEHHS
iHauBinyansHoi  3D-mojeni  aHATOMIYHUX CTPYKTYp TMaIli€eHTa, IO  J03BOJISE
pOOOTH30BaHIM CUCTEM1 TOYHO PO3paxyBaTh OOCSIT KICTKOBOT PE3EKIlli Ta iJealibHe
TIOJIOXKEHHS CHIIOTPOTEe3a. 3aBIsIKM BUCOKOTOUYHOMY KOHTPOIIIO HaBIraI[iiHUX CEHCOpIB
aKTUBH1 POOOTH30BaHI CUCTEMH MOKYTb 3a0e3MeuyBaTH TOUHICTh IMILJIAaHTAI[li HA PIBHI
MIKPOHIB, IO 3HAaYHO 3HIKYE PHU3HUK 3MIIIEHHS KOMIIOHEHTIB EHJOMpoTe3a Ta ix
aCeNTUYHOI HECTAOUIBHOCTI.

OCHOBHOIO TEepeBarol0 aKTUBHUX POOOTHM30BAHUX IMIATHOPM € XHS 3AATHICTH
CTaHJAPTU3YBATH XIPYPTiUHHI IpoIleCc, 3MEHIIYIOUYH MDKOTEpaIliiHy BapiaOelbHICTS,
0 € OJHIEI 3 MPOOJIEM TPAIUIIMHOTO €HAONPOTE3yBaHHSI. ABTOHOMHE BHUKOHAHHS
omeparlii rapaHTye€ OJHAKOBY TOYHICTh PE3CKIlii Ta MO3HUIIIOHYBAaHHS IMIUIAHTATIB Yy
KO)KHOMY BHUIAJKY, IO OCOOJMBO BaXXJIMBO MPH CKJIAAHOMY €HAONPOTE3yBaHHI Yy
MAIli€HTIB 13 BUPAKEHUMH aHATOMIYHMMHU nedopmariisimu. Kpim TOro, axTuBHI
pOoOOTH30BaHI CUCTEMHU JTO3BOJISIOTH JOCSATTH KPAlloro BIMHOBIEHHS LIEHTPY poTarlii,
OCKUTHKM BC1 PO3pAaxXyHKH Ta XIpypriuHi MaHIMyJsIii 371HCHIOIOTHCS BIAMOBIAHO IO
nepenomnepariinoro 3D-mmaHyBaHHS 03 MNOXWOOK, TOB’A3aHMX 13 BTOMOIO 4YH
Cy0’ €EKTUBHHMH IOMUJIIKAMH Xipypra.

[lTompu BHCOKY TOYHICTh, AaKTUBHI pOOOTHM30BaHI IMIATHOPMH MAIOTh TEBHI
0OMEKEHHS, 0 YCKIJIATHIOIOTh 1X IMIMPOKE BIPOBAHKCHHS B KIIIHIYHY NMpakTHKY. O THAM
13 KJIIOYOBUX HEJIOJIKIB € HEMOXKJIMBICTh afarTailii CHCTEMHU JI0 HemepeaodadyeHuX 3MiH
M Yac omeparlii, TaKux SK BUSBJICHHS [IOJATKOBUX AaHATOMIYHUX aHOMAJId 4YH

MaToJIOTTYHUX 3MIH, sIKI He OyJiM BpaxoBaHI MpU MepeaolepaniiHoMy MUIaHyBaHHI.
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BincyTHicTh 6e3mocepeIHhOro KOHTPOJIIO Xipypra Haj MaHIMyJsLisiMA poOOTa MOXKe
COPUYMHUTU YCKJIAJHEHHS Yy BHUNAJAKaX HECTAHIAPTHOI XIPYpridyHOi CHUTyauli, 010
noTpedye HeraiHoOro HPUUHATTSA pimieHb. KpiM TOro, BUKOPUCTAHHS TaKUX CHCTEM
notpedye 3HaYHUX (PIHAHCOBUX BUTPAT, MOB’SI3aHUX 13 3aKYMIBICIO O0JIAIHAHHS, HOTO
00CITyroByBaHHSIM Ta HAaBYAHHSM [IEPCOHAITY, IO OOMEXYE JOCTYIHICTD 11€1 TEXHOJIOT11
y OLTBIIOCTI MEIUYHUX 3aKaamiB [77].

He3Baxkaroun Ha mieBHI OOMEXKEHHS, aKTUBHI POOOTHU30BaHI CHUCTEMH MalOTh
3HAYHUW TMOTEHUIaNd JJIsl MOKPAIIeHHS Pe3yNbTaTIB €HIONPOTE3YBAHHS KYJIBIIOBOTO
cyri06a, 0co0IMBO y BUMAJKAX, 110 BUMATraloTh MAKCHUMAJIbHOI TOUHOCTI iMraHTanii. 1x
BUKODUCTaHHS  JIO3BOJIAE  3HM3UTU  YACTOTY  MICISONEPAIIMHUX  YCKIAIHEHb,
MIHIM13YBaTH PU3HUK HECTAOUTIHHOCTI IMIJIAHTA, 3MEHIIIUTH TPaBMATH3aIl1F0 HABKOJIHUIITHIX
TKaHHUH Ta MOKPAIIUTU pealduTiTaliiHI TOKAa3HUKU MAI[IEHTIB. Y MEPCIEKTUBl PO3BUTOK
pOOOTH30BAaHUX TEXHOJIOT1H, YIOCKOHAJIEHHS AaJrOPUTMIB MAIIMHHOTO HABYaHHS Ta
MOKpAIllEHHA IHTerpaiii HaBIraliiHUX CHCTEM MOXYTh CIPHUSATH IIUPLIIOMY

BUKOPHCTAHHIO IIUX I1aT(GOpM y opToreauuHii xipyprii [78].

1.3.2 HanmiBaKTHMBHI CUCTEeMH

HamiBakTuBHI pOOOTH TOEAHYIOTh IE€pEeBard aKTHBHUX 1 ITACUBHHUX CHCTEM,
3a0e3Ieuyoun IHTePaKTUBHUN KOHTPOJIb IIij 4ac omepallii. BoHM BHKOpHUCTOBYIOTH
TaKTUJIBHUN, CIyXOBUN ab0 Bi3yalbHUI 3BOPOTHHM 3B SA30K, IO JO3BOJISIE XIpypry
OTpUMYBATH 1HQOpPMAII0 TPO BIAXWUIEHHSA BiJ 3aJaHUX TapaMmeTpiB. SKimo Xipypr
BUXOJIUTH 32 MEX1 MOTEPEIHHO BU3HAUYCHOIO IJIAHY, CUCTEMa MOXKE YMOBUIBHUTH a00
MOBHICTIO 3YNUHUTH XIPYpPriyHUW IHCTPYMEHT, 3amoliraioud HaaMipHIA — abo
HEPIBHOMIPHil pe3eKIlii KICTKOBOI TKaHWHU Ta HEMPAaBWIBHOMY DPO3TAIlyBaHHIO
IMITJTAHTATIB.

OpHiero 3 KIIIOYOBUX TEpeBar HAIMIBAKTUBHUX CUCTEM € T€, 10 BOHH JI03BOJISIOTH
xipypry 30epiraTd TOBHMH KOHTPOJb HaJ MPOIECOM, OJHOYACHO 3amoliraroyu
ATPOTEHHUM TIOIIKO/DKEHHSM M SKUX TKAHWH, HEPBOBO-CYIWHHUX CTPYKTYp Ta

KICTKOBO1 TKaHUHHU. L{1 cicTemMu Npaifo0Th 32 TPUHIUIIOM IHTEPAKTUBHOTO OOMEXKEHHS,
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KOJIM XIpypr MOXE€ KepyBaTh IHCTPYMEHTamu, ajie poOOT 3amnodirae KpUTUUYHUM
MOMMJTKaM, 110 MOKYTh BITUHYTH Ha KIHI[EBUH pe3yibTaT Omeparlii.

Panni akTuBHI pPOOOTHM30BaHI CHUCTEMH JI €HAONPOTE3YBaHHS, SKI MOBHICTIO
BUKOHYBAJIM OMEpalliiiHi MaHImysii 6e3 6e3nocepeIHhOro KOHTPOIIIO 3 OOKY XIpypra,
MaJjii HU3KY 3HAYHUX OOMeKeHb. BiICYyTHICTh IHTEPAaKTUBHOI'O KOHTPOJIIO, CKIAJAHICTh Y
HaJallITyBaHHI Ta PU3MK TEXHIYHUX 300iB MPU3BEIN A0 PO3POOKH OLIbII OE3NEYHUX 1
THYYKUX HamiBaKTUBHUX cucTeM. OnHiero 3 nepmux Takux cucteM ctaB ACROBOT
(The Acrobot Co. Ltd., Jlongon, BenukoOpuranisi), sikuii crio4aTky OyB po3poOsieHUi
JUIA TIPOBENIEHHS MIATOTOBKH CTETHOBOi KICTKH /IO €HAOMPOTE3yBaHHs. | OJIOBHOIO
ocobmuBicTio ACROBOT 0Oymna inTerpaitis 3 XipyproM: po6oTu3oBaHa pyka pyxanacs B
MeXkax MONepeIHbO CIJIAHOBaHOI 001acTi, 3aro0iralour BIIXUICHHSIM BiJl XIpYpPTri4HOTO
TUTaHYy.

s Texnomoris 3rogom Oyna mnpuabana kommaniero Stryker Ltd. (Kamamasy,
Miuuran, CHIA) micist po3BUTKY KOHKYPEHTHOI pobotu3oBaHoi cuctemu MAKO. ¥V
2013 pomi Stryker Bukymuna mpaBa Ha ACROBOT mnst BperysiatoBaHHS MaTEeHTHUX
CYIIEPEUOK 1 MMOAAJIBINOI IHTEerpallil HampaIioBanb y BiacHi miatdopmu [79]. MAKO —
IIe HalmBaKTHUBHA XIpypriyHa cHCTeMa, sKa (DYHKI[IOHYE 3a MPUHIMIIOM TaKTUIBHOTO
KOHTPOJIIO, IO JO3BOJISIE XIPYypry BpPYUHY KepyBaTH pyXxaMH POOOTH30BaHOI PYKH B
MeXKax BH3HAUYCHHUX IapaMeTpiB. BoHa 3a0esmnedye Bi3yalibHi, TaKTHIJIBHI Ta CIIyXOBI
iKa3KH, TOMTOMaraouy 3HU3UTH PU3UK BIIXWICHHS BiJl ITepeaonepariiHoro Imiany i
Jac BCTAHOBJICHHS areTadysipHoro kommoHeHTa [80].

MAKO Surgical corp. 6yna 3acHoBana y 2004 portii Ta Crio4aTKy Opi€HTyBaJIacs Ha
YaCTKOBE €HJOMPOTE3yBaHHS KOJIHHOTO cyrio0a. Y >koBTHI 2010 poky O0yi0 BUKOHAHO
nepuie TOTalbHE €HAONpOTe3yBaHHs KyiblnoBoro cyrioba (TEIIKC) 3a gomomororo
cuctemu MAKO, ay 2011 pori BinOyBcs i1 komepitiriaumii 3amyck. Y 2013 porri kommnaHis
Stryker mpumbama MAKO Surgical Corp., mo cTamo KIIOYOBUM MOMEHTOM ¥
PO3IIMPEHHI BUKOPUCTAHHS pOOOTH30BAaHUX TEXHOJOTIH Yy OpTONeqnYHii Xipyprii. Bixke
y 2015 pomi Oyno BumyieHe TpeTe MokoiiHHA cuctemMu MAKO, ske oTpumao
cxBaieHHss FDA (Food and Drug Administration, CIIIA) ta go3Bonwio xipypram

BUKOpUCTOBYBaTU eHponpore3n Stryker Ha margpopmi MAKO. Cuctema 6a3yeTbest Ha
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nepenonepamiiiii - komn ' rotepHiii Tomorpadii (KT), sika cTBoproe TpUBHMIpHI
300pak€HHA aHaTOMIi MalieHTa, [0 JO03BOJIAE€ MIABUIIUTH TOYHICTh IJIAHYBaHHS Ta
IMILJTaHTAIll1 HE3aJIe)KHO BiJl TUITY XIPYpPrid4HOTO JOCTYIY.

Ha cvoronni cuctema MAKO € HalinomupeHinow poO0TU30BAHOK CUCTEMOIO IS
TOTAJIHOTO €HJONPOTE3yBaHHS KYJBIIOBOTO Cyrjioda y CBITI Ta JIOMIHYE Ha PHUHKY
oproneauyHoi  poboruzoBaHoi  xipyprii.  I[IpoTe, 3pocTarda  TOMYJSIPHICTH
HaIBaKTUBHUX CHUCTEM CTUMYJIOBaja pPo3poOKy KOHKypeHTHuX tiatgopm. Cepen
albTEPHATUBHUX DpilieHb BUAULIIOTECS ROSA (Zimmer-Biomet, Bapmaa, [ngiana,
CIIA), VELYS (DePuy Synthes, Rayham, MA, CIIIA) ta CORI (Smith & Nephew,
Botdopna, Benukobputanis) [81]. Yci i cuctemu 6a3yroThes Ha iIHTErpallii XipypriuHoro
KOHTPOJIFO 3 KOMIT IOTEPHOIO HaBIraii€ro, M0 CHPHUS€ IMMIBUIICHHIO TOYHOCTI Ta
Oe3neyHocTi IMIUTaHTalii eHgomnpoTe3iB. Y pobori Chengliang Li Ta cmiBaBT.
npeacTaBiaeHo 010J10MEeTpUYHUN aHalli3 CydyacHOrO CTaHy Ta TEHJACHIN KIIHIYHOTO
3aCTOCyBaHHS pOOOTHM30BaHMX CHCTEM B  OPTONEOWYHINA  Xipyprii. ABTOpH
npoaHatizyBanu 224 crarri, onyosikoBani y nepion 3 2000 o 2019 pik, sKi cTocyBaucs
BUKOPUCTAHHS pOOOTHU30BAHUX TEXHOJIOTIN y 3aMIIleHH1 CyTiI001B Ta Xipyprii xpeodTa. 3a
pe3yiabTaTaMy JOCTIKCHHS, KUTbKICTh HAYKOBUX ITYOTIKaIlii y Miil ramy3i J1eMOHCTPYE
YiTKO BHPaXEHY TMO3UTUBHY JIWHAMIKy, IO CBIAYHTH TIPO 3pPOCTAIOUHN IHTEpeC
JOCJTITHAITLKOT CIIIJTBHOTH JI0 BIIPOBAPKEHHS BUCOKOTEXHOJIOTTYHUX PIIIEHb Y MMPAKTHKY
opronenii. Bymo BcTaHOBIEHO, IO HAWOUIBIIMKA BHECOK Y PO3BUTOK KIIHIYHOI
poboTtu3oBaHoi oproneaii 3poomnu Crionyueni [lItatn Amepuku (99 ny6mikartiit), Kurai
(38) Ta Bemmka bputanis (27). Cepen mNpoBIAHMX HAYKOBUX YCTaHOB, IO
CHEIaNi3yIOThCd Ha MOCHDKEHHSIX Yy i cdepl, HallakTuHimmMu Oynu Beijing
Jishuitan Hospital ta Cleveland Clinic. ¥ KOHTEKCTI €eHIOMPOTE3yBaHHS KYJIBIIOBOTO
cyrio0a, HaHOUIbIIe KITHIYHUX JOCTIIHKEHBb OYJI0 MPUCBSIYEHO BUKOPUCTAHHIO CHCTEMHU
MAKQO — 30kpema, mpu TOTAJIBHOMY €HIOMPOTE3yBaHHI KOJIHHOTO Ta KYJBIIOBOTO
cyrno6iB. Y cmiHajdpHIA Xipyprii HaidacTiiie BUKOPUCTOBYBAIM cucTeMy Mazor
Robotics [82].

He3Baxkarounm Ha NO3WUTUBHI TEHIEHLII MO0 BIPOBAIKEHHS POOOTHU30BAHUX

CUCTEM, aBTOPH MIAKPECITIOIOTh, 110 3HAaYHA YaCTUHA JIOCIII)KEHb Ma€ OOMEKEeHHI 00csr
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BUOIPKU Ta HEJIOCTATHIO TPUBAIICTh CIOCTEPEKEHHS. Y 3B 53Ky 3 LIUM HAroJoLIyeThCs
Ha NoTpedi B OUIbII MacITaOHMUX, 100pe KOHTPOIOBAHUX KIIIHIYHUX BUIPOOYBaHHSX,
AK1 103BOJIUIIN O 00'€KTUBHO OI[IHUTH €(EKTUBHICTb, O€3MEKY, EKOHOMIYHY JOLIbHICTh
1 IOBrOTpUBAJIl PE3YJIbTATH BUKOPUCTAHHS POOOTU30BAaHUX TEXHOJIOT1M B OpTONEANYHIN
Xipyprii.

BripoBajpkeHHsI HamiBaKTUBHUX POOOTHU30BAaHUX CHUCTEM Yy KIIHIUHY MPAKTUKY
JI03BOJISIE ONTUMI3YBaTH XIpypriuHe BTPYYaHHs, MIHIMI3yBaTH MOXMOKH IMIUIaHTAIlil,
NOKPAIIUTA CTAOUIBHICTh KOMIIOHEHTIB EHJOMNpoTe3a Ta 3a0e3nmedyuTH  OuIbII
IPOTHO30BaH1 JIOBTOCTPOKOB1 Pe3yabTaTH JiKyBaHHs. TEHEHIIIS 10 PO3BUTKY MOAIOHUX
TEXHOJIOT1A CBIIYUTH TPO TMOCTYNOBY aBTOMAaTH3allll0 OPTOMEIUYHOI XIpyprii 3
aKIIEHTOM Ha IHTEPAKTMBHUN KOHTPOJIb XIpypra, HIO JO03BOJIAE€ MOEIHYBATH TEepeBaru
pOOOTOTEXHIKM Ta  XIPpypriyHOro JOCBIAY JJiA  TOKpPAIIEHHS  Pe3yJbTaTiB

€H/I0IPOTE3yBaHHsI KYJIBIIOBOTO CYIio0a.

1.3.3 ITacuBHI cucreMmu

[TacuBHI pob6oTH30BaHi MmIaTGopMu HEe 3AIHCHIOIOTH KOJHOTO aBTOMATH30BAHOTO
KOHTPOJIFO HaJ XIPYpPriyHUMHU MaHINyIAmisMu. BoHM (QYHKIIOHYIOTH SIK aCHCTHUBHI
HaBIraIiiHi CUCTEMH, IO 3a0e3MeUyI0Th TOYHE 300paKCHHS aHATOMIYHHMX CTPYKTYp 1
BKa3yIOTh Ha IIOJIOKEHHS I1HCTpyMeHTIB abo imruianTtatiB. [Ipote, yci pimeHHs Ta
MaHIMyJSIIT 3aUIIAIOTECA TOBHICTIO TiJ] KOHTPOJIEM Xipypra, 1 cucTeMa HE Mae
MOXKJTMBOCTI aKTHBHO 3aro0iraTv MoMUJIKaM a0o0 BIIXWJICHHSIM Bij TUTaHY.

[lacuBHI cucTeMH, 1O BUKOPHCTOBYIOTHCS JUISI €HIONMPOTE3YBAHHS KYJBITOBUX
cyrino0iB, MOAUISIOTECS HAa CUCTEMHM 3 300pakeHHsMH (image-based) ta cucremu 0e3
300paxenp (image-free). BinMiHHICTh MK IIMMH JIBOMA TIX0JAaMH TOJIATAE y CIIOCO01
OTpUMAaHHS aHATOMIYHOI iH(opMaIllii, ska BUKOPUCTOBYETHCS IS TIEPEIOTIEPAIIHHOTO
MJIaHYBAaHHS Ta IHTPAOTIEPAIIITHOTO HABEACHHSI.

Cuctemu 3 300pakeHHSIMU 0a3yIOThCS Ha MepeonepaniiiuX MeTo1ax Bizyaiszallii,
Takux ik komn’torepHa romorpadis (KT), maraitHo-pe3onancua tomorpadis (MPT) a6o

cTaHjgapTHa peHTreHorpadis. OTpumaHi JaHi AO03BOJISIFOTH CTBOPUTHU TPUBUMIPHY
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MOJIECNIb KICTKOBUX CTPYKTYp TAIli€EHTa, SKa BUKOPUCTOBYETHCS IS BHU3HAYCHHS
ONTUMAJIBHOT'O MOJO0KEHHS IMIUIAHTATY Ta PO3paXyHKY HEOOX1THUX IMapaMeTpiB pe3eKLii
KICTKOBOi TKaHMHU. OCHOBHUMHU TIIepeBaramM IbOTO TIAXOJYy € BHCOKA TOYHICTD,
MO>KJIMBICTh IEPCOHAIII30BAHOIO TUIAHYBAHHS Ta IMiJIBUILEHA CTA0UIbHICTh €HA0MPOTE3a
3aBJISIKA TOYHOMY JOTPUMAHHIO aHATOMIYHUX OpieHTHPIB. OJHAK BUKOPUCTAHHS CUCTEM
Ha OCHOBI 300pa)k€Hb Ma€ TMEBHI OOMEXEHHs, 30KpeMa IiJABUIICHE pajialiiine
HaBaHTaXeHHs mpu 3acrtocyBaHHi KT, BHCOKY BapTiCTh MNpOIEAYPH, a TaKOX
HEOOXITHICTh JOIaTKOBOI Mepeonepaliiioi maroToBKH, M0 MOI0OBKYE 3arajJlbHUM 4ac
HiroToBKH 10 onepaiiii [83].

Ha npoTtuBary npoMy, CUCTeMH 0€3 300pakeHb BUKOPUCTOBYIOTh iHTpaoIepaliiny
pEECTpalLlil0 aHATOMIYHUX CTPYKTYp 3a JOIMOMOTOI0 HaBIraliiHUX IHCTPYMEHTIB, IO
103BOJIsI€ BiAMoBUTHCS Bin nepepomnepariiinoro KT a6o MPT. Ilix yac onepariii xipypr
BUKOHYE PEECTPAIIIF0 OCHOBHUX KICTKOBUX OPIEHTHUPIB, SIKI CHCTEMa BUKOPUCTOBYE IS
CTBOPEHHS BIPTYaJIbHOI KapTH cyrio0a B peXuMi peanbHoro vacy. Llew miaxia 3MeHiye
IPOMEHEBE HABAHTAXKEHHSI Ha TAllI€HTA, 3HWXKYE BUTPATH Ha OOCTEKEHHS Ta CKOPOUYE
nepenonepamiiHuil yac miaroroBku. BogHodac TOYHICTh TaKUX CHUCTEM 3aJICKHUTh Bijl
IPaBUIBHOCTI BU3HAYEHHS OPIEHTHPIB Mij 4Yac omeparlii, o Moe OyTH CKIAQIHUM Y
NAIi€HTIB 31 3HAYHUMHU aHATOMIYHUMU JiepopMariisiMu ab0 BTPATOO KICTKOBOT TKAHUHU
[84].

O6uaBa THNHM CHCTEM MAalOTh CBOi TiepeBarm Ta oOMexeHHs. Cucremu 3
nepeonepaIiiHow Bizyamialielo 3a0e3MeuyioTh BHCOKY TOYHICTh, ajieé IOB’s3aHl 3
JOJTATKOBUMH BHUTpaTaMH Ta padialliiHUM HaBaHTaXXEHHSM, TOJ1 SK CHCTEMH 0e3
300paKeHb € MEHIII 3aTPAaTHUMH, ajie iXHs €PEKTUBHICTH 3aJICKUTh BiJ JOCBILY Xipypra
Ta TOYHOCTI IHTpaoMepaIiifHOI peecTpallii aHATOMIYHUX CTPYKTYp. YIOCKOHAJICHHSI
TEXHOJIOT1H, BKIIIOYAIOYH PO3POOKY anroputMmiB HU3bK0/1030BOi KT Ta moxpamieHHS
IHTpaomepariiHoro TPEKiHry, MOXKEe CIPHUSITH MOJANBIIINA onTuMizallii 000X MiIX0IB y
MaiiOyTHBOMY.

Hagiramis Ha ocHoBl KT € HaitO11p111 TOUHOTO, ajie mepeaonepaliifie miaHyBaHHS
o 300paxenHssM KT morpebye Ouibiie vacy, 30uiblIeHHs BapTpocti. Hapiramis 6e3

300paxenb He BUkopucToBye KT 300pakeHHs1, ajne ii TOYHICTh 3aJIeKUTh BIJ TEXHIKU
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HABEJICHHS OPIEHTUPIB Ta HE BPAaxOBY€ IHAMBIAYaJbHY aHaToMito. HaBiraiist Ha OCHOBI
peHTrenorpadii 1o1uIbHa B BUKOPUCTaHHI NPU TpaBMax ad0 OnepaTUBHUX BTPYYAHHSX
Ha XpeOTi, Ta HE IOCTATHHO €(PEKTUBHA MTPHU €HAONPOTE3yBaHHI KYJIBIIOBUX Ta KOJIHHUX
cyriioois [85].

3actocyBanHs 3D TexHoOr1i B opTONEe/ il BUBYAETHCS JOCUTH IaBHO. Bizyamnizalris
MeauYHUX 300paxeHs B (popmati 3D HaOyBae Bce OUIBIIOrO 3HAYEHHSA B XIPYpPridHid
rany3i. Posyminusg 3D aHatoMii KOHKPETHOTO MAaIll€EHTa JOMOMarae Xipypram Kparie
HiITOTYBaTUCh JI0 OIEPATUBHOTO BTPYYaHHS, TUM CaMUM ITOKPAIWTH JIiKyBaHHS
narienta. [Ipote, Bci 3D - 300paskeHHs Mij Yac OMEPaTUBHOIO BTPYYaHHS, BCE OHO
BimoOpaxatoTbes Ha 2D ekpani B onepauiiiHiii. Lle B cBOI0 uepry 3arpyaHse po3yMiHHS
00’eMHOCTI 300pakeHHd. Ha chOrogHimHiA J€Hb, NPU CKIAJAHOMY IEPBUHHOMY
SH/IONPOTE3yBaHHI Ta PEBI3IHHUX BTPYyYaHHSIX aKTUBHO BIIPOBAKYyeThes 3D ApyK KicTOK
Tasy Ta CcTerHoBoi KicTku. JlpykoBani 3D wmoxenm MaroTh CBOI TmepeBard B
nepenonepamifHoMy Ta I1HTpaolepauiiHOMy IUTaHyBaHHI mniepen wmeauynumu 3D
300paXeHHAMH, aJKe XIpypr MOXKe BI3yaJIbHO Kpallle OiHUTH jaedopmarlii Ta qedexru
KICTOK, OO0 ’€MHICTh MOJIENIl, a TaKoXX TMPUMIPATH CIUJIAHOBaHI JI0 3aCTOCYBaHHS
KOMITOHCHTH €HJO0IMPOTe3a. Xoua JJaHa TEXHOJIOT1sl Mae TiepeBaru, ajie € 1 CBOi HeJIOIIKH.
3D npyk motpeOye Habararo OuUIbIle Yacy I NEPEAOINEpaIlifHOrO IUIAaHYBaHHS Ta
camoro Jpyky mojeni. [1ix yac onepaTUBHOTO BTpy4YaHHs, MOHITOpH 3 3D-300pakeHHAM
Ta apykoBaHi 3D mojeni He 3HAXOMATHCA B IOJI 30py Xipypra i Iie 3MyIIye Xipypra
BiJIBOJIIKATHCH BiJ X0y BUKOHAHHS OTEpaIlii, 10 B CBOIO YEPTry 30UIBIIYE ii TPUBAJICTD.

Xipypriusi HaBiramiHi CHCTEMH Ta pOOOTHU30BaH1 TEXHOJIOTIi OyJIH PO3pOOIICH] IS
3a0e3IeueHHs] OUThIT TOYHOI IMIUTaHTAIlli KOMIIOHEHTIB €HIOIMPOTE3a Ta BIIHOBICHHS
OloMeXaHIKH KyJBIIOBOTO cyrioba mmij 4ac totanbHoro eHponportesyBanns (TEITKC).
[Ipote, Ha choromHi auimie 5% ONMepaTUBHUX BTPYYaHb 13 3aMiHHM KYJBIIOBOTO CyTiio0a
BUKOHYIOThCSI 3 BHKOPHUCTAHHSM HAaBITAI[IHHUX CHUCTEM, IO TOSCHIOETHCS HHU3KOIO
3HAYHUX HENIOJIKIB, IKI OOMEXYIOTh iX HIMPOKE BIIPOBAKEHHS B KJIIHIYHY MPAKTHUKY.

OnnuM 13 KIIOYOBUX (PAKTOPIB, 1[I0 CTPUMYE BUKOPUCTAHHS KOMII IOTEPHOI
Hapiramii, € ii rpomizakicte. I[li cuctemu nOTPeOYIOTH CKIAAHOTO OOJIaTHAHHS,

BKJIIOYAIOUM KOMIT FOTEPHY CTAaHI[I}0, 30BHIIIHIO CUCTEMY CTEXXEHHS 3a MOJIOKEHHSIM
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namieHTa (HaiyacTille ONTUYHY Kamepy) Ta OJuH abo KUIbKa MOHITOPIB, IO 3aiMae
3HaYHUN TPOCTIp B omnepauiiiHiil. KpiM 1boro, BCTaHOBJIEHHS 00JIaJHAHHS Ta MPOIIEC
peecTpauii 300paxkeHb Nall€HTa 3aiimMae Oarato 4acy, IO 30UIbIIYE TPHUBATICTh
XIpypriyHOro BTpy4YaHHs. [HIIMM BaKJIMBUM HEJOJIIKOM € BUCOKA BaPTICTh CUCTEM, SIKa
YCKJIAJHIOE 1X MHUPOKOMACIITAOHE BIPOBAIKEHHS, OCOOJIMBO Y 3aKJIajiax 3 0OMEKCHUMU
(Gb1HaHCOBUMU peECypcamu.

[le olHUM 3HAYHUM OOMEKEHHSM € HEOOXIAHICTh MOCTIMHOTO NIEPEMUKAHHS yBaru
Xipypra MDK oOIepaiiiHMM I0JeM Ta E€KpaHOM HaBIramiiHOi CHUCTEMHM, IO MOXKE
3HIKYBATH KOHIEHTPAIIIO Ta TOYHICTh BUKOHAHHS MaHINMyJsii. OKpiM IIbOTO, ICHYIOTb
NEBHI CTEPWIbHI OOMEXEHHS, SKI YCKJIAJIHIOTh O€3MoCepeNHii KOHTPOJIb HaJ
300paXeHHSAMH, 110 BiJOOpaKarOThCSI Ha MOHITOPl. BUKOpHUCTaHHS ONTHYHUX CHUCTEM
BIJICTEKCHHSI 3 30BHILIIHIMU KaMepaMU TaKOX CTBOPIOE MPOoOJIeMy NEpeprUBaHHS MPSAMOT
BUJUMOCTI, KOJIU OyIb-KUH pPyX NEpcoHany ab0 IHCTPYMEHTIB MOXE€ THUMYacoOBO

0JIOKYBaTH HaBIraIito Ta BIUIMBATU Ha TOYHICTb CUCTEMH.

1.4 3mimana peajabHICTH

VY 3B’s3Ky 3 IMMU HEJIOIIKaMH CyJacHi JOCTDKEHHS CIPSIMOBaH1 Ha BIPOBAHKCHHS
3mimmanoi peanbHocTi (MR) K anbTepHATUBU TPAJAUIIIHHUM HABITAI[IHHUM CHCTEMaM.
30kpema, HaroJaoBHI AUCIUIET 3MIIIaHOT PeaIbHOCTI AEMOHCTPYIOTh 3HAUYHUN TTOTSHITIAI
y BHpIilIEHHI 0aratbox 3 mepeniueHux mnpoosieM. [loyaTkoBi ITOCTIKEHHS BXKe
MIATBEPIUIN MOJKIIMBICTh BHCOKOTOYHOTO BIJCTCKECHHS IIOJOXKEHHS CYriI000BHX
CTpYKTYp 3a gonomoroto MR y koMmOiHaIlii 3 akTUBHUMHU CBITIOIIOJHUMHU TPEKEPAMHU.
MeTtaHAIITHYHI OTJISIM, IO aHaT3yBajdd BUKOPHUCTAHHS TexHOJorii MR Ha OoCHOBI
cmaptdoniB y TEIIKC, Takox n1eMOHCTPYIOTh OOHAIAINBI PE3YIbTATH.

OmHuM 13 HAWOLIBII MEPCHEKTUBHUX KOMEPIIIHHO TOCTYIHUX MPUCTPOIB Y IIiH
raiy3i € HoloLens II (Microsoft, Peamonn, CIIIA). Lleit mpucTpiit € 3HAYHO JCIICBIINM,
KOMIIAKTHUM Ta MOOUIBHUM TOPIBHSHO 3 TPaauIIMHUMH CHUCTEMaMH. 3aBASKH
BOy/ZIOBaHUM CeHcopaM Ta iHTerpauii 3 iHppauepBoHuM (IH) BigcTexkeHHIM 3cepeuHU

HazoBH1, HoloLens II ycyBae Oararo mpoOieM, MoB’s3aHUX 13 NEPEPUBAHHIM MIPSIMOi
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BUIUMOCTI. J{Mcmiiel 3MIaHoi peaqbHOCTI J03BOJISAE XIPYPry OTpPUMYBAaTH HaBIraliiHy
iH(popMailiiro 6e3 He0OX1THOCTI BIIBOIKAHHS HA OKPEMUM €KpaH, 110 3HAYHO MOKpAIIlye
TOYHICTP BHUKOHAHHS OMNEPATHBHOTO BTPYUYaHHS Ta CIPOIIYE TPOIEC B3aeMOMIl 3
BIpTyaJIbHUMH AaHATOMIYHUMU OPIEHTUPAMU.

3 oryAay Ha 1l IepeBaru, TEXHOJOT1l 3MIIIaHOT PeaJbHOCTI MaIOTh MOTEHINAN IS
MOJAJBUIOTO PO3BUTKY Y XIpYpriuHid HaBiramili Ta MOXYThb CTaTH HACTyIHUM
€BOJIIOI[IMHUM KPOKOM Yy MIBHUIIEHHI TOYHOCTI Ta OE3MEeYHOCTI TOTAJIbHOIO
€HIONPOTE3yBaHHsI KYJIBIIOBOTO CYTIo0a.

HoBa TexHosoris 3MilaHoi peajbHOCTI KOKHOTO pOKYy HaOyBae MOIMYJISIPHOCTI B
PI3HHUX Tally3iX MEIUIIMHHU, 30KpeMa B XIpypriyHuX crneuiagbHocTsX. Ll Texnonoris
BIJIKPMBA€ HOBI MOXKJIMBOCTI JUIsl TOKPAIEHHS XIPYPriyHOi IPAKTUKH.

3MmilraHa peanbHICTh 1€ METOJ| BiIOOpaKeHHS, M0 TMOEJHYE pealbHUU CBIT 13
BIPTYaJIbHUM; BIH JIO3BOJISIE MOEAHYBaTH LU(POBI 300paxkeHHs YW 1HPOpPMALIIO MPO
nepenonepailiiiie miaHyBaHHs 3 TOTJISAOM XIpypra Ta peanbHuit cBit. Lleit meton nmae
XipypraM peHTIeHIBCBKMM 3ip 0€3 BHUKOPHUCTAHHS I10HI3YHOUOTO BHUIIPOMIHIOBAHHS,
JT03BOJISIFOYH 1M BI3yalli3yBaTH YaCTHHU aHATOMI1 MAIlI€HTA, K1 3a3BUYal HE MiTa0ThCs
BIUIMBY IiJ] Yac XIpypTiyHOi MpoIeaypH. 3MIIIaHa peaibHICTh MOKe TOKPAIIUTH Xipypry
OTJISIJT HeeKCIIOHOBAaHUX KICTOK Ta IHIIMX TKAHWH ITiJI Yac orepailii BUKOPUCTOBYIOUHU
MEHII 1HBa3MBHI MeTonu. I[li mpucTpoi Bi3yamizaiii TakoX JO3BOJSATH XIpypry
NePETJISIaTH MOMEePEIHBO BU3HAUCH1 PO3TAIlyBaHHS PO3PI3iB Ta MEIUYHI 300payKeHHS B
pealbHOMY 4Yaci 3 HaJeKHHM MPOCTOPOBUM BHUPIBHIOBaHHSIM Tif 4Yac omeparii. Lle
3a0e3MeunTh TOYHICTh Ta OE3MEYHICTh MPOLEAYpPH, IO B KIHIIEBOMY MIJCYMKY MOXKE
MPU3BECTH IO €KOHOMIT 4acy Ta MPaBUIBHOTO MO3UIIOHYBAHHS IMILJIAHTATY .

24 xoBtHs 2018 poKy ympaBiIiHHS MO CaHITAPHOMY HATJISATYy 3a SKICTIO XapuOBUX
npoaykTiB Ta MmenukameHTiB CIIIA cxBamwio mepine MeauyHe pIlICHHS 3MINIAHOI
peansHOCTI HoloLens® (Microsoft, Penmonn, Bamuurron, CILIA) st BUKOpHUCTaHHS B
nepeonepaitHoMy XipyprivHoMmy IuianyBaHHi [86].

Cyrill Dennler Ta cniBaBt. omwmcanu BukopuctanHs Hololens mpu BBeneHi
TPAHCIEIUKYJIAPHUX TBUHTIB. BiH JOBIB 110 JaHa TEXHOJOTIS MiABUIIYE TOYHICTb

CBEpIUIIHHS OTBOPIB ISl TPAHCIEIUKYJISIPHUX TBUHTIB B JTA0OpPATOPHUX yMOBax Ta
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3MEHIIIy€ BIUIMB JIOCBiNY Xipypra Ha pe3ynbtat omneparii [86]. Philipp Kriechling Ta in.
MpoaHali3yBajiu JOMOBHEHY PEabHICTh IPU €HIOMPOTE3yBaHHI IJIEYOBOTO CYTIo0y, Ta
JIUIUIM 10 BUCHOBKIB IO 3MiIlIaHA peajibHICTh MOXe OyTH 0aratooOilsiou0l0 HOBOIO
TEXHOJIOTIEI0 ISl BUCOKOTOYHOIO XIpypriyHOro BUKOHaHHA 3D mepepomnepaliiiHoro
mwianyBanHs [87]. Takoxx Bukopuctanas Hololens nobpe cebe 3apekomenayBano B
kapaioxipyprii. Sara Condino Ta iH. BH3HAJM, IO JaHA TEXHOJIOTIS € JIETKOIO Ta
MIBUJKOI0 B OCBOEHHI Ta MOXe OYTH BHUKOpPHCTaHA B KIIHIYHIA NpPaKTHUI IS
NOKPAILIEHHS aHAaTOMIYHOTO PO3YMIHHS, CIPOIIEHHS XIPYPridHOIO IUTAHYBAaHHS, HIXK
TPaIUIifHAN METOM, 1 JUIA MOCHIICHHS 3amaM’ sSITOBYBaHHS Xipypri4HOTO TUTAHYBaHHS
[88]. V¥ crarri R. Galati Ta iH. JeTajdbHO aHATI3YIOThCS TEpEBard Ta HEJONIKH, SKi
ab/IoMiHaJIbHI XIpYpPTrH BUSIBUIIM, KOJM BOHU HOCWIM rapHiTypy Microsoft HoloLens miz
Yac yCiX JIECSITH BIAKPUTHX OMNeEpalliii Ha YepeBHIi MOPOKHUHI, MPOBEACHUX Yy JIIKApHI
IRCCS «/IxxoBanni ITaono I1» y micti bapi (Itanis). OnutyBanus 3a mkanor Jlalikepra
JEMOHCTPY€E, SIK BHUKOPUCTAHHS 3alPOINIOHOBAHUX IHCTPYMEHTIB MOXE 30UIBLIIUTH
MIBUAKICTh BHUKOHAHHS, JO3BOJIAIOYM OaraTo3afadHi MpoIEeAypH, TOOTO MNIISXOM
NEepPEeBIPKU MEAUYHUX 300pakeHb y BUCOKIM PO3UIbHIA 31aTHOCTI, HE BIAXOISYHU BiJ
OTMEepalifHOTO CTOJYy Ta TalieHTa. 3 IHIIOTO OOKYy, OMHUTYBAaHHS TAaKOX BHSBUIIO
30UTbIICHHS (hI3UYHOTO HABAaHTAXKEHHS Ta 3HIKCHHS KOMQOPTY 4Yepe3 Bary MpUCTPOIO
Microsoft HoloLens, a Takox HeITOJIKK Yyepe3 aBTOHOMHICTh akymyJisitopa. KpiM Toro,
OMUTYBaHHS, CX0Xke, 3a0xouye Bukopuctanas DICOM Viewer i Spectator View sik aiis
XIpypriqHOi OCBITH, TaK i JJIs MMOKpAIeHHs pe3yinbTaTiB omepariii [89]. M. D. Vles Ta iH.
MpOaHai3yBalld 110, BUKOPUCTAHHS 3MIIIAHOT peaJbHOCTI BUSBHIIACS 3HAYHO KPAIIOIO
IIOJI0 TOYHOCTI OCTEOTOMIN IMiJI KyTOM HIDKHBOI IIEJIeNd Ta BHYTPIITHBOPOTOBOI
JTUCTPaKINi HIDKHBOI IIENENH, MOPIBHAHO 31 3BHYAHUMH MeTomamu. J[ns Kopekirii
CHHOCTOTHMYHOI TrIarionedanii Ta opOiTambHOTrO TimeprenopusMmy BukopuctanHs MR
MIPOJACMOHCTPYBajo TouHy octeoTomiro [90].

["apcus-CeBuiibst Ta 1H. 3alpONOHYBAIM BUKOPUCTOBYBATH JOMOBHEHY PEANBHICTh
MIPU PE3EKIli MyXJIUH Tazy. B cBoeMy qocCiIKeHi1, MM BUCHOBKY, 1110 3aCTOCYBaHHS
JaHOI TEXHOJOTii € TEPCIEeKTHUBHUM 1 MOXE 3HAYHO 3HHU3UTH PH3UK TOMHUIOK

pO3TalTyBaHHs IHCTPYMEHTIB Ta 3a0€3MEYUTH TOYHICTh BUKOHAHHS pe3ekiii [91].
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B nmocmimkeni Puxun Tu Tta cmiBaBt., Hololens 2 BukopucroByBanmm mis
JUCTAIBHOTO OJIOKYBaHHS IHTpaMEAyJspHUX CTPUKHEH, 1 JOBEJNM Ii IepeBaru nepen
HaBpiramiiiHoro cuctemoro 2D-ekpaHa Ta HaBIramiifHOIO CHCTEMOIO Ha OCHOBI
MaHIMyJsATOpa 3 TOYKH 30py TOYHOCTI Ta YacoBMX BUTpat [92].

TakuM YMHOM MPOBEICHUM CHUCTEMATHYHUN aHalli3 JiTepaTypu 3acBIIYMB, MO
npo0jemMa TOYHOIO TMO3WIIOHYBaHHS KOMIIOHEHTIB €HJIONpOTe3a IMpH CKIAJTHOMY
NEPBUHHOMY CHJIONPOTE3YBAaHHI KYJIBIIOBOTO CYyrjo0a 3aIMIIA€ThCS HAJI3BUYANHO
aKTyaJbHOIO B CydyacHiil opTomenii Ta TpaBmarosiorii. BcraHOBIEHO, 110 aHATOMIYHI
3MiHU, 3yMOBJICHI JIUCIUIA31€l0, TOCTTPAaBMATUUYHUMHU JepopMallisiMu, aHKUIO30M,
HACJIJIKAMH TIONIEPE/IHIX OINEepPaTUBHUX BTPYYaHb Ta IHIIMMH IAaTOJOTIAMU, 3HAYHO
YCKJIQJIHIOIOTh JIOCATHEHHS OINTHMAJIbHOT TIPOCTOPOBOI Opi€HTAIlll EHIOMPOTE3HUX
KOMITOHCHTIB.

Amnai3 JiTepaTypu BKa3ye Ha Te, 10 HENIPaBUIbLHE PO3TAIYBaHHS IICHTPY pOTaIlii,
odcery, abo KyTIiB Haxujay Ta aHTeBepcii KOMIIOHEHTIB CYTTEBO BIUIMBAIOTh Ha
G yHKITIOHANIBHI pe3yJIbTaTH OIepallii, IOBrOBIUYHICTh IMIIJIAHTATIB, YACTOTY YCKJIAIHCHD,
30KpeMa BUBHXIB, IMIIHKMEHT-CUHAPOMY, OOJ0, aCeNTHYHOI HECcTabUIBbHOCTI Ta
HEPIBHOCT1 JIOBXUHM KIHIIIBOK. BCTaHOBIICEHO TICHUM 3B’SI30K MK HETOUYHOCTSIMH B
OpieHTAaIlil IMIUIAHTIB 1 PO3BUTKOM 3MIH y KOJIHHOMY CYrjo0i1 BHACIIIOK MOPYIICHHS
O6ioMexaHI1YHOT OC1 HUKHBOT KiHIIIBKH.

MiHiManbHO 1HBa3WBHI XIpYypriuHi AOCTYMH, IO HAOYJIM MOMYJISIPHOCTI OCTaHHIM
9acoM, JTOJIATKOBO OOMEKYIOTh Bi3yallizallito, 0 YCKIAAHIOE OPIEHTAI[IF0 KOMITOHEHTIB.
Meronuka «free-hand», xo4a i IMPOKO 3aCTOCOBYETHCS, XapPAKTEPUIYETHCSI BUCOKOIO
1HTpa- Ta MDKIHAUBITYyaTbHOIO BapiaOeIbHICTIO TOYHOCTI.

3rifHO 3 aHaNi30BaHUMU JKEPEIaMH, BHKOPHUCTAHHS HABITAIIMHUX TEXHOJOT1H
(MexXaHIYHUX, KOMIT FOTEPHUX, 3MIMIAHOT PEanbHOCTI) JO3BOJISE CYTTEBO 3MEHIIUTH
BapiaOENbHICTH IMITJIAHTAIlIT Ta MIABUIIUTH BiTBOPIOBAHICTh XIPpypridHUX PE3yJIbTaTiB,
OCOOJIMBO TIpW CKJIAIHOMY TIEPBUHHOMY €HAOINpoTe3yBaHHI. [IpoTe OUTBHIICTH 3 IUX
TEXHOJIOT1/ 3aIUIIAI0THCS] MAJIOIOCTYITHUMHU B KJIIHIKaX Y KpaiHH.

TakuMm YWHOM, OIJISIA JITEpaTypu MIATBEPIXKYE HEOOXIHICTH PO3POOKH

epexTBHOI, AOCTYMHOI Ta O€3MeYHOl HaBIramiiHOI CUCTeMH [JI1 OpieHTallll
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koMmroHeHTiB ipu TEIIKC, 30kpeMa npu ckiagHUX aHATOMIYHUX yMoBax. L{e 103BoauTh
MIHIMI3yBaTU XIpYypriuHy BapiaOeibHICTh, MOKPAUIUTH (YHKLIOHAIBHI pEe3yJIbTaTH,

3HM3UTH PU3UKH YCKIAIHEHb Ta MOKPAIIUMTH JOBrOTPUBAI1 KIIHIYHI pe3yJIbTaTH.
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PO3JILI 2.
MATEPIAJIY I METOJH JOCJIIKEHD

2.1 3arajabHa XapakTepuCcTHKA XBOPUX

OcHoBYy 111€1 poOOTH CKJIAIM JJaH1 OOCTEKEHHsI, JIIKYBaHHs Ta crioctepekeHHs 119
XBOPHUX 3 MATOJIOTI€I0 KYJIBIIOBOTO Cyrio0a, sKUM B yMOBaxX KJiHIKM « TpaBMarosorii Ta
oproneaii nopocnux» Ha 6a3i JIY «lHcTuTyT TpaBmaTosorii Ta oproneAii HamonansHoO1
akajemii MeIMYHUX HayK Ykpainm» B mepion 3 2022 mo 2024 pik 119 marmientam
BUKOHaHO 151 omepaTuBHE BTpPYYaHHs: TOTaJbHE CHIOMPOTE3yBaHHS KYJBIIOBOTO
cyrinoba. 3 Hux 96 marfieHTiB 0€3 3aCTOCYBaHHS HaBIralliifHOI CUCTeMHU, 23 MaIli€eHTH 13
3aCTOCYBaHHSIM HaBIramiiHoi cucreMu. Y 87 Mali€HTIB MPOAHANI30BAHO PE3yJbTaTh
TOTaJIbHOTO €HJIONPOTE3YBAHHS OJIHOTO KYJIBIIIOBOTO CYT100a, y 32-X — 000X KYJIBIIOBUX
cyrino6iB, 3 Hux 118 0e3 HaBiramiiiiHoi cucTemMu, 29 3 3aCTOCYBaHHSM HaBiramiiHOi
cucremu. OJHUM 13 MapaMeTpiB BUOOPKU Oynu omepallii BUKOHAHI €HJIOMPOTe3aMH 3
Oe3lleMeHTHUM THIOM (ikcalrii, a TakoX 3 3HAYHUMHU Je(opMarisiMd KYJIBIIOBOTO
cyrio6a. Po3mosiii marieHTiB 3a BIKOM Ta CTATTIO MpejcTaBieHo B Tadmuili 2.1. Cepenniii

BiK maIfieHTiB ckiaB 59,73p. XKinku 54,17%, vonosiku 45,83%. [IpuunHu, 1o npu3Benu

no TEIIKC npexacraBienHi B Tabymii 2.2.

Tabmng 2.1
Po3moain marmieHTiB 32 BIKOM Ta CTATTIO
Bik
<20 21-35 36-59 60-74 >75 Bceroro
Cratb
Kinku 2 2 21 28 12 65
Yo10B1KH 1 4 23 25 1 54
Bceroro 3 6 44 53 13 119
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Tabauusa 2.2

[TpuuuHu, 1110 MpU3BENU J0 TOTAIBHOTO €HAONPOTE3YBAHHS KYJBIIOBOTO CyTiio0a

[Tprunun Na Nos
e(popMyrOUYni KOKCApTpPO3

Heopary pTP 56 | 42,05
JlucruiacTuyHUM KOKCapTpo3 23 19,32
AcenTHUYHUI HEKPO3 TOJIOBKU CTETHOBOT KICTKH 26 21,84
[lepenom muiiku CTETHOBOT KICTKH 9 7,56
[TicasTpaBMaTHYHUE 1ePOPMYIOUUI KOKCAPTPO3 2 1,68
Bropunauii  KOKcapTpo3 ~ BHACHIIOK  TNEPEHECEHHX
NaTiaTUBHUX XIPYpPriyHUX BTPy4YaHb Ha KYJIBIIOBOMY 3 2,52
cyrio0i B aHaMHe31
Bceboro 119 100%

Jle Ny — KUIBKICTH MAIIEHTIB B a0COJIFOTHUX ITOKAa3HUKAX

Ny, - KUIBKICTE HAII€HTIB B %.

Taomung 2.3

KinpkicTh maIieHTiB Ta ornepallii B rpymnax

HaBirarrii)

I'pyna KinpkicTh marieHTiB KinbkicTh oneparti
Kontponsha (6e3 96 118

3aCTOCyBaHHS HaBiraitii)

Hocnigna (3 3actocyBaHHsIM | 23 29
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2.2 Mertonuka (yHKIiIOHATBHOI OWIHKH Ppe3yJbTATIB €HJAONPOTe3yBAHHS

KYJIBILIOBOIO Cyrji00a.

Bbyno mnpoBeneHO KOMIUIEKCHY OIIHKY (YHKIII KyJbUIOBOrO cyrio0a micis
€HO0NPOTE3yBaHHS, BUKOPUCTOBYIOUM 3araJIbHONPUIHATI Ta HAMMOUIMPEHINIl y CBITI
IIKAJIU OI[IHKU (YHKIIIT KyJIBIIIOBOTO CYriio0a, 30KpeMa BUKOPUCTOBYBAIH mmkaixy Harris
Ta onutyBanbHUK SF-36 (The Short Form-36). BpaxoByrouu 110 KJIiHIYHI O3HAKH €
cy0’€KTUBHUMH, 1 HE JO3BOJISIOTH 00’ €KTUBHO OLIIHUTH SIKICTh €HJIONPOTE3yaHHSI HAMU
OyB poO3pOo0JIeHHH PEHTICHOJOTIYHUNA METOJ] OLIHKH SKOCTI EHIOMpPOTE3yBaHHs
KyJIBIIOBOTO Cyriio6a. IIpoBefieHHsS OIIHKK TIOJIOKEHHS Yalllkh BUKOHYBAIH 3
ypaxyBaHHSIM TaKUX MapaMeTpiB: IHKIIHAIIAHUNA KyT, KyT aHTEBepCii, TOPU30HTAIbHE
3MIIEHHS IIEHTPY POTaIllii, a TAKOXK HOT0 BEPTHKAIBHE 3MIIICHHS.

Po3mMirieHHst CTErHOBOTO KOMITOHEHTa aHATI3yBalld 32 TAKUMH XapaKTePUCTHKAMMU:
BIJIMOBIIHICTB OC1 CTETHOBOI KICTKH 3 BICCIO HIXKKH Y (DpOHTATBHIM TUTONTHHI (BIIXUICHHS
HIKKU Yy BAJIBI'YCHOMY UM BapyCHOMY HAmpsIMKY).

OkpiM 11bOTO, BpaxOBYBaJM IapaMeTp pI3HUIII B JOBXHHI KiHIIBOK. [Ipu
JIBOOIYHOMY TIPOIIECi YpaKCHHS, IMOIOBKEHHS IIPOOIEpPOBaHOi KIiHIIBKH 10 5-10MMm

BBaXKaJI0Ch 32 [TIO3UTUBHUHN PE3YJIbTAT.

I xanaa Harris

Ominka Harris Hip Score 6yna po3po6iena Bimbsimom X. Xappicom Juisi OIIHKH
pe3ynbTaTiB omeparlii Ha KyJIbIIOBOMY Cyrio6i abo 3aMiHM KYJIBIIOBOTO CyTiio0a.
CraHgapTHA OIIHKA CTOCYETHCS PI3HUX BaJl KYJIBIIIOBOTO CYTJI00a Ta METOIIB JIIKyBaHHS
y nopociux. OpuriHaibHa Bepcis MapTUTypu Oyna Brepie omyoiaikoBana B 1969 porri.
3 TOro Yacy craja 30J0THM CTaHAAPTOM OI[IHKH (YHKIII{ KYJIBIIIOBOTO CYTJIO0Y Ta OIIHKA
e(EKTUBHOCTI SHONPOTE3yBaHHS JIsl KOHKpeTHOT mroquau [107].

s nposenennss HHS He moTpiOHe cneniaabHe HABYaHHS, 1 JUIsl IOT0 BUKOHAHHS
noTpiOHO Ayke Mayo 4dacy. € AecsTh NYHKTIB, IO OXOIUIIOIOTh YOTHUPHU PO3JLIH.

Pozninamu € 6i1b, PyHKIIA, BIACYTHICTH AedopMallii Ta Aiana3oH pyxy.
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Po3ain 605110 BUMIPIOE BUPAXKEHICTh OOJIIO Ta MOro BIUIMB Ha AISUTBHICTH 1 OTPEOy
B 3HeOOMOI0YNX Mpemnapatax. OyHKIIOHATIbHA 00JIACTh MOJUISETHCS HA MOBCSKICHHY
TISTBHICTH Ta Xo1y. Po3ainu nedopmaliii cnoctepiratoTh 3ruHaHHs CTErHa, MPUBEICHHS,
BHYTPIIIHIO POTAIlil0 Ta HEBIAMOBIAHICTh JOBXHHU KIHIIIBOK, TOJ1 SIK Jllalla30H PyXiB

OI[IHIOE CYMY TPaJlyCiB pyXy CTETHa.

OnurysanbHuk SF-36 (The Short Form-36 Health Survey)

€ HaWMOIMPEHIIIOK HA CHOTOAHI METOJIUKOIO OLIIHKHU SIKOCT1 XKUTTS, 00YMOBJIEHOT
CTaHOM 3JI0POB’ s, (DYHKIIIOHATLHUMH MOKJIMBOCTSIMU JIFOJMHU Ta HASBHICTIO 00JIBOBOTO
cuHapoMy. Moro po3po6iieHo 11 KOMILIEKCHOTO aHali3y (Gi3sHuHOr0 Ta ICHXOIOr4HOTrO
CTaHy TMaIli€HTa, M0 J03BOJISE€ OI[IHUTU CTYIIHL 3aJ0BOJICHOCTI 3JI0POB’SIM, PIBEHBb
00MEKeHb, CIIPUYMHCHHUX 3aXBOPIOBAHHAMHU a00 ONEpaTUBHUMHU BTPYYAHHIMHU, a TAaKOXK
3arajbHy 3/IaTHICTb JIOAWHHU MIATPUMYBATH HOPMAIbHY KUTTEAISUIBHICTD. 3aBISKH
cBOill yHiBepcanbHOCTI SF-36 MIMPOKO 3aCTOCOBYETHCS B MEIUYHHUX JTOCHIKEHHSX,
BKJIFOYAIOUM aHalli3 e(QeKTUBHOCTI XIPypriyHUX BTPydYaHb, JHOCHIIHKEHHS SIKOCTI
peaburiTallii Ta MOPiBHUIBHI OI[IHKY CTaHY 3J0POB’ s MAIlIEHTIB 13 PI3HUMH MaTOJIOTISIMHU.

OnuTyBaJIbHUK CKIAAAETHCA 3 36 MUTaHb, sIKI 3TPYIIOBaH] Y BiCiM OCHOBHHX IIKaJI,
0 JO3BOJISIIOTh BU3HAYMTH SKICTh JKUTTS B pi3HUX acnekTaX. OCHOBHI Kareropii
BKJTIOUAIOTh:

®i3uyHe (yHKIIIOHYBaHHS — OIIHIOE pPIBEHb OOMEXEHb Yy TMOBCAKICHHIN
AKTHUBHOCTI, TAaKMX SK X0Jb0a, IMIHOM IO CX0/JaX, BUKOHAHHS (hI3MYHUX HAaBAHTAKCHB
PI3HOT IHTEHCUBHOCTI.

[HTeHCUBHICT, OO0 — BHU3HAYAE PiBeHb JUCKOMGMOPTY, BIUIMB OO0 Ha
MOBCSIKICHHE JKATTA Ta OOMEXeHHS (I3WYHOT aKTUBHOCTI, BHUKJIMKAHI OOJHOBHM
CUHIPOMOM.

3arajgpHUI CTaH 30pPOB'ST — Cy0’€KTHBHA OIIHKA MAI[IEHTOM BIACHOTO 37I0POB’S, 3
ypaxyBaHHSIM MOKJIMBHX MOTIPIIEHb a00 MOKpPAIlICHb.

XKutreBa aKTUBHICTH — BioOpaka€e piBeHb €HEprii, CTOMIIOBAHOCTI Ta 3JaTHOCTI

BHKOHYBATH HOBCHKI[CHHi 3aBIaHHA 0e3 3HaYHOT'0 BUCHAKCHHS.



49

CouianbHe (GYHKIIIOHYBaHHS — OLIHIOE BIUIUB (PI3MYHOTO Ta TCHUXOJOTTYHOTO
310pOB’S Ha B3aEMOJIIIO 3 OTOUYIOUUMH, Y4acTh Y COLIIAJIbBHOMY >KHTTI.

PonroBe (dyHKIIIOHYBaHHS, 00yMOBIeHE (QI3UMYHUM CTAHOM — aHANII3ye, HACKUIbKU
(d131uH1 0OMEXKEHHSI BIUIMBAIOTh HA BUKOHAHHS MPOQECIHHUX, CIMEMHUX YU COLIIaIbBHUX
000B’ I3KIB.

PonvoBe GyHKIIIOHYBaHHS, OOYMOBJIEHE €MOIIIMHUM CTaHOM — BH3HAYae€, SK
eMOI[IiH1 TTpoOJeMH BIUIMBAIOTh HA 3JAaTHICTh MpalllOBaTH Ta BUKOHYBAaTU COIaJIbHI
000B’SI3KH.

[lcuxiyae 3M0pOB’S — BKJIFOYAE IMOKA3HUKH EMOIIHHOTO OJIaromonyddsi, piBeHb
CTpecy, JeNpecruBHi a00 TPUBOXKHI CTaHHU.

Kosxna mikana onuryBansHuka SF-36 omintoeTnses y 6anax Big 0 1o 100, ge Bunuii
0ayt CBITYUTH MPO KPalTUid CTaH 3I0POB’ S Ta SAKICTh )KUTTS 32 BIAMOBITHUM IMOKA3HUKOM.
JlaHi, oTpuMaHi1 B pe3yJbTaTi OMUTYBaHHS, OOPOONSAIOTHCA Mg (HOPMYBAHHS JBOX
IHTETpaIbHUX KOMIIOHEHTIB 37]0POB’S:

Di3UYHUI KOMIIOHEHT 3/I0POB'Sl — BKJIIOYA€E MTOKA3HUKH, 110 BiOOpaKarTh Gi3UUHI
oOMeXeHHSsI, piBeHb 00JII0 Ta 3arayibHe (hi3UYHE CAMOIIOYYTTS.

Ilcuxonoriyauii KOMIIOHEHT 3JI0POB'S — BijmoOpaxkae pIBEHb EMOIIIHOTO
OyraronoJry44si, piBeHb COILIAILHOT IHTETPAIIil Ta ICUXOJOTTYHOT CTIMKOCTI.

SF-36 € He nuIIe yHIBEpCaIbHUM IHCTPYMEHTOM OIIHKH 3J0pOB’S, a 1 OJTHUM i3
HaHOLIBIIT HAYKOBO OOTPYHTOBAHUX METO/IIB, IIIO JIO3BOJISE MPOBOJIUTH JOBIOCTPOKOBHUI
MOHITOPUHT CTaHY MAIli€HTA, OIIHIOBATA €(DEKTUBHICTH JIIKYBAHHS Ta BIUIUB MATOJOTI1
Ha KUTTEABUTBHICTD. Y Hammomy nociimkenHi SF-36 BUKOPUCTOBY€ETHCS AJIS OIIIHKY 3MiH
y SIKOCTI JKUTTA TICIs EHJIOMPOTE3YBAHHSA KYJBIIIOBOTO Cyriio0a, T03BOJISIOYU
00’€KTUBHO BW3HAYMTH, HACKUIBKM XIpypriyHe BTpYy4YaHHS MOKpamrye ¢Gi3udHi Ta

TICUXOJIOTIYHI aClIeKTH 3710poB’s mamieHTiB [108].



50

2.5 IlpomeHneBi meToau A0CTiIKEHHS

PeHTreHonoriuni MeToAu TOCI1IKEHHS

PeHTreHoNnoriuHnii MeToj] BUKOPUCTOBYBAJIM Il OOCTEKEHHS BCIX XBOPHUX 3
O3HaKaMHM apTpo3y KyJIbIIOBOro cyriioda. Pentrenorpadis KyJabIIoBUX Cyrio0iB OKpeMO
B TEpPEeIHBO-3aJHIM MPOEKIlli BUKOHYBAJIACh TMEpPeIONepaliifHo sl MOXKJIUBOCTI
BIMIPIOBaHHSI PO3MIpPIB KOMIIOHEHTIB 3TiIHO po3MipHUX I1abnoHiB. [lamientam 3
JOCTIIHOT TPyHH JA0JAaTKOBO BHKOHYBajach KOMM IOTepHA Tomorpadis KicTOK Ta3y Ta
KyJIBIIOBUX CYIJIOOiB. PeHTreH KOHTPOJIb BUKOHYBajlM HA HACTYIHUWA JEHb IICIA
OTIEPaTHBHOTO BTPYYAHHS Ta €TAIHI PEHTTEHOTPaMH 4epe3 3Mic., MICIs ONepaTUBHOTO
BTPYYaHHS.

Komm’torepna Tomorpadiss KyJbIIOBUX CYIJIOOIB BHKOHYBAJach MalliEHTaM
eKCIIEPEeMEHTANIbHOI TPyl B MEpelonepariiHoMy Tepiofi Juisi  CTBOPEHHS
TPHOXBUMIPHOTO 300pakK€HHSI HaBIraIiiHO1 CKJIa0BO1.

B micnsonepariiitHoMy mepiofii BUKOHYBABCS PEHTTCHKOHTPOJb NI BU3HAYEHHS
SIKOCT1 €HJIONPOTE3yBaHHS KYJIBIIOBOTO Cyrjioba, a came KyT iHKIiHAIlli, aHTeBepcli,
PI3HUITIO JIOBKUHH KIHITIBOK Ta IMOJO0KEHHS IIEHTPY POTAaIlii KYJIbIIIOBOTO CyTJIo0a.

[HKTIHAIIIO BEPTIIFOKHOTO KOMIIOHEHTa CHAOMPOTE3a BHU3HAYAIM SK KYT MK
JiHi€er0, mo 3’ eauye Girypu "cipo3u" 3 000x 00kiB (Bich AB), Ta TOBroro BiCCIO MPOEKITiT

vamku (Bick BI') (Puc. 2.1).
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Puc. 2.1 Meroauka BHU3HAYEHHS KyTa IHKIIHAI] aneTaOyaspHOTO KOMIIOHEHTa

CHIOIIPOTE3a

BusnauenHst iHKIiHAIi aneTaOys[pHOTO KOMIIOHEHTa 3a3BUYail HE BUKIMKAE
TPYAHOIIIB MPH aHATI31 CTAaHAAPTHUX PEHTIEHOTpaM, MPOTe OOYMCIICHHS aHTEBEPCii €
3HAYHO CKJIAJHIIUM 3aBIaHHAM. Kowmm’rotepHa Tomorpadis TOJEruye TOYHE
BU3HAYCHHS TIOJIOKEHHSI YallleYKH BEPTIIIOKHOI 3arajguHu, OCOOJHMBO aHTEBEpCii, aje
BOHA HE Ma€ MIMPOKOTO 3aCTOCYBaHHS B KJIIHIYHINA MPaKTHUIl Yepe3 BUCOKY BapTICTh,
0oOMEXeHy JOCTYIHICTh 1 J0oAaTKoBe pajmiaiiiiHe ompominenHs [93, 94]. Uepes 1e
3BUYAMHI  PEHTreHOrpamMu IHPOKO BUKOPUCTOBYIOTHCS B  MICISONEpAIiiHUAX
oOcTexeHHsX. barato MeTo/1iB MOXXHA BUKOPUCTOBYBATH JIJIsl BUMIPIOBAHHS aHTEBEPCili,
aJie HeMae repeBipeHoro ta Haioinbi epexruHoro [95]. Lie moB’s13aH0 3 THUM, 10 HAXHIT
Tasy Mae OUTbIIMK BIUIMB HA BHUMIPIOBAHHS aHTEBEpCii Ha TEPEIHbO-3aJIHIX
pEeHTreHorpaMax, HDK BH3HAUEHHS KyTa BIABEJACHHS Ha  MEpPEeIHBbO-33JIHIX
pentrenorpamax. [Ipote, Sk MOKa3ylOTh JOCTIKEHHS, ICHYE METOJ, SIKAW JTO3BOJISIE
MPOBOJUTH BHUMIPIOBAHHS, SIKI HE BIPIZHSIIOTHCS BiJ BUMIPIOBaHb, MPOBEICHUX 3a
JIOTTIOMOT0r0 KOMI'toTepHOT TomMorpadii. Ile meron, crBopennii Liaw (Puc.2.2), Hapasi

ICHye HU3Ka PEHTTCHOJIOTIYHWX METOJIB IS OIIIHKA aHTEeBepcCii areradyiaspHOTo
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komnoneHTa micist TEITKC, ane 3aransHONPUNHHATOrO CTaHIapPTU30BAHOTO MIX0Y J10C1

HC 3a1IpOBa?KCHO.

Puc. 2.2. Meroauka BU3HauYeHHS KyTa aHTeBepcii 3a MmeTogoM Liaw

BuznaueHHs pi3HUII TOBXHHHU KIHI[IBOK Ha MICISONEpaIlIiHUX PEHTIEHOTpaMax

Pi3Ha poBkWHa KIHIIIBOK IIICNIA €HAONPOTE3yBaHHS KYJBIIOBOTO Cyrioba €
MOIIUPEHUM YCKJIQHEHHSIM, SIKE OI[IHIOIOTH 32 IOMIOMOT'OI0 PEHTI€HOJIOTTYHUX METO/IIB.
Jliss 1bOTO BUKOPHUCTOBYIOTH CTaHAAPTHI PEHTTEHOTpAMU Ta3y y TMepeaHbO3aqHIN
MPOEKI[li, BUKOHAHI 3 TPABWIBHUM TIOJIOKCHHSIM TAIliEHTa: Ta3 pPO3TAIIOBAHUI
CUMETPUYHO, KIHI[IBKH BHUIpsMieHI. OCHOBHUMHM aHATOMIYHUMHU OpPIEHTHUPAMHU €:
HUKHIN Kpail 000X KyJbIIOBUX 3alajifH, BEpXiBKa Majoro BepTiIora Ta IEHTP poTarii
TOJIOBKM CTETHOBOI KICTKH. BuUMIiproBaHHS MPOBOMASTHCS BiJl TOPU3OHTAIBHOI 0a30BO1
TiHIi, TPOBEIEHOT Yepe3 TOUKU «PIrypu CIHO3W», M0 3a3HAUYEHUX CTPYKTYpP Ha KOXKHIN

kinmisii (Puc.2.3).



53

Pi3HuIs MOBXMHU KIHIIBOK BHU3HAYA€THCS IUISIXOM TOPIBHSHHS BiJICTaHE BiJ
6a3oBoi IiHII 10 BEpXiBKM MaJlOro BepTaora s 000X KiHIIBOK. Pe3ymbratu
IHTEPIPETYIOTHCSI TAaKUM UYWHOM: PI3HULS MEHIIE 5 MM BBaXKAEThCS KIIIHIYHO
HecyTTeBOIO, S5—10 MM MOXe BHUKIMKATH (QYHKI[IOHAIBHI TMOPYLIEHHS, SKi
KOMIIEHCYIOTbCS OpTONEeAMYHUMH 3acobamu, a mnoHajg 10 mm dyacto mnotpelye
MMOBTOPHOTO XIPYpPriyHOTO BTpYy4YaHHsS. [[s MiIBUIIEHHS TOYHOCTI aHaTI3y MOILIBHO
BUKOPUCTOBYBATH LU(PPOBI IPOrpaMH, 1110 103BOJSIOTh aBTOMATUYHO 1 TOYHO BU3HAYATH
aHATOMIYH1 OPIEHTHUPHU.

STUDY ID

nep ez
,‘? é INSTITUT ORTOPEDIT KYIV|

Puc. 2.3. MeTroavka BU3HauY€HHS Pi3HUIII IOBKUHHM KIHIIIBOK, Ji¢ JiHiT Ab -
TrOpU3OHTAJIBHA JIIHIS MMPOBEICHA MK BEPXIBKAMHU MaJIOTO BEPTIIIOTa

BI' — nepnienukynsipaa Bichk Ta3y, JAE — niHis 1o 3’ennye «dirypu cibo3m»

PenTrenosnoriuna oriHka JOBXHHHU KIHI[IBOK € KITFOYOBUM €TarlOM KOHTPOJIIO SIKOCT1
€H/IONPOTE3yBaHHS KYJBIIIOBOTO Cyrio0a. JloTpuMaHHs cTaHAApTIB BUKOHAHHS 3HIMKIB
1 BUKOPUCTaHHsS CY4YaCHHUX TEXHOJIOT1H 3a0e3nedye TOYHICTh BUMIPIOBAaHb, CIPUSIOUU

CBO€YACHIH MIarHOCTHUIll YCKIAQAHEHb Ta iX KOPEKIIii.



54

2.6 MeToau cTaTUCTUYHOI 00POOKH JaHUX

Cratuctuudy oOpoOKy pe3ysbTaTiB JOCTIIKEHHS MPOBOJIWIN 3 BUKOPUCTAHHSIM
nporpamHoro 3abesneuenns, Microsoft Excel 2016.

Ha erami omucoBOi CTaTUCTUKU IS KOXHOI TPYNHU OOYHUCITIOBAIM CEpEeIHE
apugMeTH4He, MeJllaHy, CTaHJapTHE BIIXUJICHHS, MDKKBAPTHUJIBHUMA PO3Max, MiHIMAJIbH1
Ta MakKCHUMaJlbH1 3HauyeHHs. J{Js OI[IHKKM BapiaOeabHOCTI 3aCTOCOBYBAIU KOE(DILIEHT
Bapiallii, a TAKOX OILIHIOBAJIM CUMETPIIO Ta €KCIIEC PO3MOILTY.

[lepeBipka HOpMAIBHOCTI PO3MOALTY 3IHCHIOBaTIACch 3a gormomoroto Tecty Llamipo-
VYinka. Y pa3i migTBep/HKCHHS HOPMAIBLHOTO PO3IOJALTY 3aCTOCOBYBAIHM MapaMeTpHUHi
METOJIM aHamji3y (t-TecT uisi He3aJeKHUX BHUOIPOK), Yy BUMAIKY BIIXWIECHHS Bil
HOPMAJILHOCTI — HemapaMeTpu4Hi kpurtepii (tect ManHna-BitHi, Tect BinkokcoHa).
Kputnuynuii piBeHb 3HaUyIIOCTI BBa)KaBCs TaKuM, 1110 Bijnosigae p < 0,05.

Jlns aHanizy BapiabebHOCTI AUCTIEPCIN y TPyIax BUKOPUCTOBYBABCS TecT JIeBeHa.
JInst OIIHKM B3a€MO3B’A3KIB MK KUTBKICHUMH TMMOKa3HUKAMH — KOE(IIIEHT KOPEsIii
[Tipcona (y BUMagky HOpMallbHOro po3mnoautry) Ta CripMeHa (TpH BiIXWUJIEHHI Bij
HOPMAaJIBHOCTI). Y BUNAJKY MOPIBHSAHHS CUMYJISAILIMHOT TOYHOCTI ITPH IUIAHYBaHH1 YaIllKU
BEPTIIIOKHOT 3aIlaIMHA 3aCTOCOBYBAIM t-TECT JIJIsl MApHUX BUOIPOK Ta TecT BikokcoHa
31 3HAKOBUMHU PaHTaMHU.

Jlns  MOpIBHSUIBHOTO — aHANN3y TOYHOCTI TO3MI[IOHYBAaHHS  aleTadyJaspHOIo
KOMITOHEHTA B MEKaX TaK 3BaHOi «Oe3meyHo1 30Hm» (iHKiHamis 45° + 5°, anteBepcis 15°
+ 5°) BUKOPHCTOBYBABCS ¥>-TECT HE3QJICKHOCTI (Xi-kBajapar). Lle m03BoNMI0 OIMIHUTH
CTaTHCTHYHY 3QJICKHICTh MK METOJIOM IMILIAHTAaIlii (3 HaBiraiiero / 6e3 Hel) Ta TOUHICTIO
PO3MIIICHHS! KOMIIOHCHTIB.

[Tin wac oOpoOku pesynbrariB onutyBanbHUKa SF-36 1 mkanm Harris Hip Score
3aCTOCOBYBAJIHCS: OMMCOBA CTATHCTHKA, MEPEBipKa HOPMAIBHOCTI, t-TecT (st SF-36) i
tect Manna-Bitai (mns Harris Hip Score), mo oOrpyHTOBaHO BCTaHOBJICHOIO
HEHOPMAJIBHICTIO PO3MOALLY OCTAHHBOTO.

Takox MPOBOAMBCS PO3PAXYHOK CTATUCTUYHOI TOTYKHOCTI OCHTIJKEHHS IS

OL[IHKH OOIPYHTOBAHOCTI BUOIPKH Ta 3HUKEHHS pU3UKY XUOHOHETaTUBHOI'O PE3YJIbTATY.
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3acTocoBaHl METOAM CTATUCTUYHOI OOpPOOKH J1O3BOJMIM OO’ €KTUBHO OLIHHUTHU
BIIMIHHOCTI MDK TpylaMu, BHU3HAUYUTH BapiaOeibHICTh MapamMeTpiB Ta BUSBUTH
B32€MO3B’ I3KM MK 3MIHHUMHU, L0 € BAXKIJIMBUM JJI OI[IHKU €()EKTUBHOCT1 3aCTOCOBAaHUX
METOMIB JiKyBaHHA. KOMIUIEKCHUN MIAX1A A0 aHaji3y JaHUX JI03BOJUB 3a0€3MEeYUTH
BUCOKY TOYHICTh OTPUMAHMX BHMCHOBKIB, IO CIpUSA€ HAYKOBIA JOCTOBIPHOCTI
pe3yabTaTiB  JociaipkeHHs. Jl01aTKOBO MPOBOAMBCS aHAN3 YacTKW TMAIllEHTIB, SIKi
BIJINMOBIAQJIA BCTAHOBJICHUM KIIHIYHUM KPHUTEPIAM, L0 AaN0 3MOTY TJIMOIIEe OLIHUTU
e(hEeKTUBHICTh 3aCTOCOBAHUX TEXHOJIOT1H.

OnucoBa cTaTUCTUKA € (QyHAAMEHTAIBHUM €TaroM aHali3y JaHUX, 110 JO3BOJISIE
OTPUMATH y3arajibHeH1 XapaKTepUCTUKHU BUOIPKM Ta OLIHUTH OCHOBHI MapameTpu. Y
HAIIOMY JIOCHIIKEHH1 3aCTOCOBYBAJIUCS TaKl MOKa3HUKH OMKUCOBOT CTATUCTHKU:

Cepenne apudMeTuyHe - BUKOPUCTOBYBAJIOCS JJISL OLIIHKK CEPEIHBOTO 3HAYCHHS
KyTiB IHKJIIHAILlI{ Ta aHTEeBepcii y rpymnax 3 HaBiraiieto ta 6e3 Hei. Cepenne apudmeTrune

obuncioBanocs 3a GopMyIom:

(8)

>
Il
S|e=

n
R
i=1

10 JJO3BOJIUJIO BU3HAYUTHU CEPEIHE 3HAUCHHS JUIsl KOXKHOI TPYTIH.

Meniana - 3acTocoByBajacs JJi OIIHKA LIEHTPaIbHOI TEHJEHIIi JaHuX Ta Oyrna
0COOJIMBO KOPHCHOIO TIPH HASSBHOCT1 BUKUJIIB, OCKUIBKH MOUIANIa BUOIPKY Ha JIB1 PiBHI
YaCTHHH.

CraHgapTHE BIIXWUJICHHS - TOKA3yBaJlo CTYIIHb PO3CIIOBaHHS 3HAY€Hb BIIHOCHO
CEpEAHBOTO, 1110 € BaXXJIMBUM MPHU OLIHI[I TOYHOCT1 BUMIpIoBaHb. DopMylia cTaHIapTHOTO

BIJIXWJICHHS

n (X — K ®)
7= 1

n—1
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Koediumient Bapianii - J03BOJISIB OLIHUTH BIJHOCHY BapiaOeNbHICTh JAaHUX Ta

MOPIBHIOBATH 11 MK FPyIaMu, 10 OCOOJIMBO BaXJIMBO Y MEAUYHUX JOCTIIKEHHSX:

cv (10)

>l Q

X 100%

Jlis KOKHOI Tpynmu Oynmu po3paxoBaHi IIi TOKA3HUKH, IO JTO3BOJIUIO BHUSBHUTHU
BIIMIHHOCT] Y CepeJlHIX 3HAUEHHSX, BapiaOeNbHOCTI Ta PO3MOJAUIL JaHUX. 30KpeMa, y
Tpymi 3 HaBIrami€r CIocTepiragocs MeEHIIe CTaHIapTHE BIAXWICHHS Ta HUKYHN
koe(dimieHT Bapiailii, MO CBIIYUTH MNPO OUIBII BUCOKY TOYHICTh BCTAHOBIICHHS
KoMIOHEeHTIB. KpiM Toro, aHaii3 MOKa3HUKIB ILIEHTPAIbHOI TEHACHIIT Ta pPO3CIFOBAHHS
JI03BOJIUB BU3HAYUTHU CTYIMIHb CTAOUTBHOCTI pe3yJbTaTiB 1 OLIHUTH BIUIMB HaBIraiii Ha
TOYHICTh XIPYPTriYHUX BTPYUYaHb.

BukopucranHs ONMKUCOBOT CTATUCTUKU 3a0€3MeUmio HaaiiHy 6a3y s M0AajIbIIoro
CTATUCTUYHOTO aHali3y, BKIIOYAIOYH IEPEBIPKY TillOTe3, aHali3 BapiabelbHOCTI Ta
KOPEJISAIiAHI JOCIIKEHHS, 110 € BAXKJIMBUM €TanoM y (popMyBaHHI HAYKOBHUX BUCHOBKIB.

Tect Ilamipo-Yinka 3acTOCOBYBaBCsS JUIsl MEPEBIPKU HOPMAIBHOCTI PO3MOILTY
OTPUMAaHUX JaHUX y I'PyIax NaIli€eHTiB 3 HaBiraiieo Ta 6e3 Hei. el tect 6yB oOpanuit
3aBJSKM HOTO BUCOKIM YyTIMBOCTI MPHU POOOTI 3 MATMMHU BHOIPKaMH, 1110 € BAXKJIUBUM Y
MEIUYHHUX JOCITIIHKCHHSIX.

Jlnst KoKHOT Tpymnu, a came KyTiB IHKIIHAIl Ta aHTeBepcii, Oyau po3paxoBaHi
3HaueHHsa ctatuctuku lllamipo-Yinka. ®opmyrna po3paxyHKy CTaTHCTHKUA TECTY

BUIIIAA A€ TakK:

2
W (Liz1 aiX@)) (11)

?:1(Xi — (X — X)Z
ne X(;) — BIOPSJIKOBAaHI 3HAYEHHs, @; — KOeQIlieHTH, 00YUCICHI HA OCHOBI

OUYIKyBaHUX 3HAYEHb HOPMAJIBLHO PO3MOJILIIEHOT BUOIPKH.
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VY rpyni nmamieHTiB 3 Hapirauiero O0ynao orpumaHo 3HaueHHs p=0,021 nns KyTiB
iHkmiHauii Ta p=0,015 qs kyTiB anTeBepcii, mo € meHmmmu 3a 0,05. Le cBiguuts npo
CTAaTUCTUYHO 3HAuylll BIAXUJIEHHS B1J HOPMAJbHOTO PO3MOALTY. AHAJIOT1YHO, Y TPyl
0e3 Hapiramii 3Ha4yeHHs p-3HayeHb cTaHOBWIAW 0,034 mns iHwmiHamii Tta 0,028 mms
aHTEBEpCii, 1110 TAKOXK BKa3y€ Ha HECHOPMAJIbHUU PO3MO/I1T JAHUX.

3actocyBanusi Tecty lllamipo-Vinka namno MOXIUBICTH 00’ €KTHUBHO OILIIHUTH
XapakTep PO3MOAUTY JaHMX Ta OOIpyHTOBaHO oOpaTh HemapameTpudHl METOIU
CTATUCTUYHOTO aHai3y, 30KpeMa TecT ManHa-BiTH1, 11 OAaJIBIIOT0 TTOPIBHSHHS TPYIL.
BusiBneHe BiIXujeHHS Bl HOPMaJIbHOTO PO3MOAULY TMIAKPECTIOE BaKIUBICTh
BUKOPUCTAHHS CaMe€ HeMapaMeTPUYHUX METOJIB Yy HAIloOMy JOCHIIKeHHI, 10
3a0e3meumnsio KOPEKTHICTh 1 JOCTOBIPHICTh OTPUMaHMX pe3yiabTaTiB. OKpiM TOro,
pe3yIbTaT TECTY CBIAYATH MPO BapiaOeNbHICTh OTPUMAHUX JAHUX, 110 € TUTIOBUM JIJIsI
KJHIYHUX JOCTIKEHb, Ta JO03BOJISIOTH TOYHIIIE IHTEPINPETYBATH BIAMIHHOCTI MiX
rpynamu.

Tect Manna-BiTHI € HemapaMeTpUYHUM KpPUTEPIEM, SIKU BUKOPUCTOBYETHCS IS
NOPIBHSIHHS JIBOX He3alexHUX BHUOIpok. Lleil TecT € anbTepHATHBOIO t-KPUTEPIIO
CrplofieHTa, KOJIM JaHI HE BIJMOBIIAIOTh HOPMAJIBHOMY pPO3MOJAUTY a00 MarTh Mai
o0csru BUOIPOK.

TecT 0a3yeThcst Ha paH)KyBaHHI BCIX 3HAYEHb 3 JBOX BHOIPOK Y CHIJIBHIM BHOIPIIi.
[Ticnms pamKyBaHHS OOYMCIIOETBCS CyMa PpaHTIB KOXHOI Tpynu. Dopmyna s

pO3paxyHKy cTaTUCTUKH U HacTyIHa:

ny(n; +1) (12)
7e N1 Ta N — o0cATH Tepmioi Ta Ipyroi BUOIpOK BiAMOBINHO, a R4 — cyma paHriB
nepIioi BUOIPKH.
Xi-kBajgpaT TecT (y>-TecT) OyB BUKOPHCTaHUN [JIsi aHaNi3y 3BSI3KY MIK

KaTeroplalbHUMHU 3MIHHUMHU B HaIlIOMY JOCTiKeHH1. [{ei MmeTo 1 103BOJIsSIE OI[IHUTH, Y1
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ICHY€ CTaTUCTUYHO 3HAUYIIA 3aJICKHICTh MK JIBOMAa HOMIHATLHUMU 3MIHHUMH HIJISIXOM
MOPIBHIHHS OYIKYBaHUX Ta (DAKTUYHUX MMOKA3HUKIB y TaOIMII.

Tect 2 pO3paxoBYETHCS 32 (POPMYIOL:
¥7 Z (0; — Ey)? (13)
E;

ne 0;— daxTuyH1 (CrIocTepekeH1) MOKa3HUKH, E; — O4iKyBaH1 TOKa3HUKH.
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PO3JILI 3.
MATEMATHYHE MOJEJJIOBAHHS BILTUBY 3MIHH [IEHTPY
POTAIIII B KYJIBIIIOBOMY CYIJIOBI HA KOJITHHUI CYTJIOB

BuB4YeHHSI BITMBY 3MIiHU IIEHTPY POTAIlii IMICIs €HIONMPOTE3yBaHHS KYJBIIIOBOTO
Cyriio0y Ha HaBaHTAXKEHHS B KOJIHHOMY Cyrjio0i € KpHTHYHO BaxiuBuM. lle
JOCII/DKCHHSI HAMara€TbCs BH3HAYMTH, SK caMe 3MIIICHHS IIEHTPY pOTaIlii Moxe
BIUIMBATU Ha O10MeXaHIKy KOJIHHOTO Cyrio0a.

3MilIeHHS IIEHTPY POTAaIlii € OJTHIEI0 3 HAUTOMUPEHIMNUX 010MEXaHIYHUX 3MIH ITICIISI
EHJIONPOTE3yBaHHA KyJbIIOBOTO cyriobda. J.A. Bjarnason Tta O. Reikeras B
JOCIIPKeHH1 Ha 77 malieHTax, 1110 MepeHecIu TOTaIbHE €HA0MPOTE3yBaHHS KYJIbIIOBOTO
cyrinoba, OXOIATh BHUCHOBKY, IO 3MiHA IEHTPY poTallii crocrepiraetbes y 55%
narieHTiB. YactrHa BUMaaKiB Oyia IMOB’s3aHa 31 3MIIIEHHSIM CTETHOBOI KICTKH, TOMY
Ba)KJIMBO 3PO3YMITH MOJKJIMBI HACTIAKHU MOI0HOT0 3MimieHHs [96].

Jlns aHanmizy BIUIMBY 3MIHHM IIEHTPY POTAaIlii KYyJBIIOBOTO Cyrjio0a Ha KOJIHHUN
cyrino6 Hamu Oyia po3poOiieHa MareMaTHYHa MOJEIbh Ta CTBOPEHO CUMYIAIiHY 3d
MOJCNIh HIDKHBOI KIHIIBKM B Tmporpami Solidworks, ska wictuna engomnpores
KYJIBIIIOBOTO CYyIJI00a, CTETHOBY KICTKY, BEJIIMKOTOMUIKOBY KICTKY Ta XpSII IIJIaTO
BEJIMKOTOMIJIKOBOT KicTkH. Ha 1eHTp poraiii KyJbIIOBOrO cyrio0a MM JaBalid
HABaHTAXECHHS MaCH Tij1a, SIKe J1€ Ha HIDKHIO KIHIIBKY (puc. 3.1.), BIAMOBIAHO 3MIIIal0uu
IEHTp poTallii Ha 2, 4, 6 Ta 8 MM MeTIaJIbHO Ta JaTePaIbHO BiJl BUXITHOTO MOJOKCHHS.
BusHaueHHsT HaBaHTa)XEHHS Ha KOJIHHHUM Cyrio0 TpPOBOJWIM 33 yMOBH CTOSIHHS
MarjieHTa 3 PIBHOMIPHUM pO3MOALIOM Macu Tinma. Mojaenb 0a3yeThCcsi Ha PIBHSIHHSIX
MEXaHIKH TBEPJOTO Tijla Ta BPAaXOBYE€ AaHATOMIYHI OCOOJMBOCTI KYJBIIOBOTO Ta
KOJIIHHOT'O CYTJI001B.

MarteMaTHYHa MoOJeJb. | 1IOTEeTHUYHA Bara Ialli€HTa, 10 BKJIIOYEHA J0 MOJIEII,
ctanoBuna 90 kr. Cuna, sika Ji€ BEpTUKAJIbHO BHHU3 4Yepe3 IEHTp poTalii, Oyna

po3paxoBaHa 3 a pOpMYyJIOI0:
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Ftotal=m=*g @

BusHnaueHHs 3MIHHUX:

Ftotal — cuna, o i€ Ha KOJIIHHMIA CyTI00 Bijl Baru Tija,

M — Maca Malli€HTa, g - CWia rpasitaiii.

3a 3aKOHOM MOMEHTIB CHJI JIJIsl CUCTEMHU >KOPCTKHUX TLI:

M=Fxd (@)

M — MOMEHT cuiii B KOTIHHOMY cyriio01; F — cuna, mo aie Ha koniHHUE cyrio0; d
— B1JICTaHb BIJ] LEHTPY pOTAIli KyJIBIIOBOTO Cyry100a A0 KOJIHHOTO cyrioba. Po3paxyHok
J0JIaTKOBOro HaBaHTakeHHs: [Ipu 3MmimieHi weHTpy poTaimii Ha AX, Bigctanb d
3MiHIOEThCS Ha d+AX. TOMy MOMEHT CHJIM B KOJIIHHOMY CYTJ1001 Oyie:

M =F x (d + Ax) (3)

M’ — MOMEHT CHJIM TIPH 3MiHi HIEHTPY poTallii; AX — GiuHe 3MillleHHs [IEHTPY POTaIii
KyJBIIOBOTO cyrio0a. d — BiACTaHb BiJ IIEHTPY pOTaIlli KYJBIIOBOTO cCyrioba a0
KOJIIHHOTO cyryio0a, F — cua, 1o Jie Ha KOJIHHUM CyT100.

Pi3nuiis B MOMEHTax CHJI TIEpe1 Ta MIiCs 3MIIEeHHS IEHTPY pOTallii:

AM= M- M 4)

AM — pi3HUIISI MOMEHTIB CHJIM B KOJIIHHOMY CYTJI001 TIPH 3MIIICHHI.

M' — MOMEHT CHIM TIpY 3MiHI LIEHTPY poTamii

M — MOMEHT CHJIM B KOJIIHHOMY CYTJ1001

JlonaTkoBe HAaBaHTAXKEHHS Ha JaTepajbHy Ta MEIiallbHy TOBEPXHIO KOJIHHOTO
cyrioba Bij 3MIIICHHS

P=(AM)/d (5)
ne: AM — pi3HUIE MOMEHTY CHJIM B KOJIIHHOMY CYTJIO01 MpH 3MIIICHHI.

P - momatkoBe HaBaHTa)KEHHS HA JaTepajbHy Ta MEMIaIbHY MOBEPXHI KOJIHHOTO
cyrnoba Bix 3mimieHHs, d — BiACTaHb BiJ MEHTPY pOTallii KyJIbIIOBOrO Cyrioba a0
KOJIIHHOTO CYTJ100a.

Takoxx Hamm Oyna moOyJqoBaHA MapaMeTpUYHA MOJENh IS SKOi 3a/1aBaliCh
rabapuTHi, Ta aHaTOMiuH1 nmapameTrpu. Ha ocHOBI mapaMeTpu4HOi MOJelll BHBYAIaCh

OloMexaHiKa KyJIbIIIOBOT'O Ta KOJIHHOIO cyrio0a. OCHOBHOIO METOIO OyJ0 BU3HAUEHHS
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HaBaHTa)XCHHS Ha JaTepalibHe Ta MeJlajbHe IUIaTO BEJIUKOTOMUIKOBOT KICTKH B
KOJIHHOMY CyTJ1001, IPU 3MIHI LUEHTPY POTAaIlii, MCs €HIONPOTE3yBaHHS KYJBIIOBOTO
cyrinoba Ha 0, 2, 4, 6, 8 MM, MeiabHIIIE Ta JaTePAJIbHINIEC BUXITHUX JaHUX.

Jlisi BU3HAYEHHS 3MIHM KyTa KOJIIHHOTO Cyrio0a BHACHIIOK 3MINIEHHS LEHTPY
poTaitii, MU BUKOPUCTAIN TPOCTY T€OMETPUIHY MOAENb. HMKHS KiHITIBKa JIFOTUHU MOXKE
OyTH mpelcTaBiieHa SIK JIBAa KOPCTKUX BiIpi3Ka: BEpXHIN (B KyJIbIIOBOTO Cyrioda 10
KOJIIHHOTO) 1 HIXKHIM (Bl KojdiHHOro cyrio6a no migioru). Komum uentp porarii
KYJIBIIOBOTO Cyrjio0a 3MIIIY€EThCS, BEPXHIN BIAPI30K PYXA€ThCS, 3MIHIOIOUMU KYT MIXK
JBOMa BiJipi3kaMu. BHUKOpHUCTOBYIOUM TPUTOHOMETPUYHI (PYHKI[Ii, MOXKHA BU3HAYUTHU
3MIHY KyTa:

Tan(0) = (4x/d) (6)
0 = artcatan (4x/d) @)

ne: 0 - 3MiHa KyTa KOJIIHHOTO cyrio0a, d - BifcTaHb Bij KYJBIIOBOTO Cyriioda 10
KOJIHHOTO cyriio0a, AX - 3MilIeHHs IEHTPY poTarii

Bbyno npunymeno, mo d gopiBaroe 0,4 M (11e TpuOIM3HA BICTaHb BiJl KYJIBIIOBOTO
cyrio6a A0 KOJIHHOTO JJIsl JOPOCIIOT JIOUHN)

ExcniepumenT 3 HaBaHTaXeHHS OyB IPOBEICHHMM B NMpPOTpaMHOMY 3a0e3IeueHHi
SolidWorks 3a momomororo iHcTpyMeHnTy SimulationXpress. Tun aHamizy: cTaTUYHUH,
110 IMITY€ CTOSIHHS Ha OJIHIN HO3I.

SAx Oyio 3a3HaueHO BWIINE, 3MiHA LIEHTPY POTaIlii B KYyJbIIOBOMY CYTJIOO1 TiCs
TOTaJIBHOTO €HIONPOTE3YBAHHS MOKE TIPU3BECTH JI0 3MIHU MEXaHIKU KOJIIHHOTO CYTI00y
Ta 3HWKEHHA KWoro ctabimpHOCTI. Ha mepmomMy etamni pobotu Oyna po3paxoBaHa cuja,
110 JIi€ BEPTUKAJIbHO BHU3 Yepe3 IIEHTP PoTallii, mpu Ba3i marieaTa 90 Kr BOHa CTAHOBUTH
882,9 H. Ha romoBky mpote3a gisiia cuia, BEKTOpHU K01 Bka3zaHi Ha puc. 3.1. Ha nenTp
portarii cTersHa Jif0Th JIBl CHJIM: OJHA 3 HUX CIPSIMOBaHA BEPTHKAIHHO BHH3, a 1HIIA
BUINITOBXYE TOJOBKY 13 BEPTIIOTOBOI BIAJIMHUA Ta CHPSIMOBAaHA TOPU30HTAIBHO Ta
JaTepaabHO, CUJIa CIIPSMOBHS 1T TOCTPUM KYTOM JI0 BEPTUKAIBHOI OCi Ta CIIpsIMOBaHA

JI0 IIEHTPY TOJIOBKH IMILJIAHTY.
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Puc 3.1. 3D mMozenb HXKHBOT KIHITIBKU 3 €HJIOMPOTE30M KYJIBIIIOBOTO Cyriioda Ta i€

Ha HbOI'O CHJIM HaBaHTAKCHHA

CumynsmidHuii  mpoiiec  po3MOYMHABCS 13 (POpMYyBaHHS  T'€OMETPUUYHOTO
300paxenHs. Ilicmsa 1poro mporpaMmHe 3a0e3ledeHHS po30HMBaio I11e 300pakeHHS Ha
IIPOCTOPOBI €JIeMEHTH (TIOJITOHM), SIKI MAalOTh CITUIbHI TOYKHW 3'€HAHHS (BY3JH) IS
MOJANBIIOr0 JIOCHIKEHHA Ta BUBYeHHsA. Llg cTpykTypa, 1o ckiagamnacs 3
B3aEMOTIOB'I3aHUX €JIEMEHTIB, Mae Ha3By 'ciTka". dopMmyBaHHS Takoi CITKH OYJ0
KJIFOUOBMM MOMEHTOM Y JIOCITIPKeHH1 KOHCTpYKIii. [Iporpama caMmocTiiiHO BCcTaHOBHUIIA
PO3MIpH €JIEMEHTIB ISl 300pa’KeHHs, BPaXOBYIOUM HOro 00'eM, MOBEPXHEBY ILIOINIY Ta
1HIIT1 TeoMeTpudHi 0coOmBoCcTi. KUThbKiCTh By3ITiB Ta €JI€MEHTIB Y CITIII BU3HAYAIACS Ha
OCHOBI1 TeOMeTpii, po3MipiB 300pasKeHHS Ta KOHTAKTHUX XapaKTEPUCTUK. [|J1st oTpuMaHHs
OUTBII TIPENM3HUX PE3yJbTATIB BHKOPHUCTOBYBAIUCS MEHII PO3MIPH €IEMEHTIB, IO
3a0e3nedye JOKIATHINTNN aHami3 Moaeli. Moaenb TeMOHCTPYE, 110 KOJIU IIEHTP poTaiii
KYJIBIIIOBOTO CYTJI00a 3MIITY€EThCSI, TI€ IPU3BOINUTH JI0 3MIHHM KyTa HAXWUIy CTETHA, 110, B
CBOIO UepTY, BIUIMBAE HA KyT KOJIHHOTO cyrio0a. Ile, B cBoro uepry, Moxke MPU3BECTH J0
HEPIBHOMIPHOTO PO3MOAUTY HABAaHTAXXEHHS B KOJIHHOMY CYTJ001, HENPUPOJIHE
HABAaHTAXXEHHS OTPUMYIOTh JaTepaTbHUN Ta MEMIAIbHUIA BUPOCTKH BEITUKOTOMITKOBOI

KicTKH. Pe3ynbraT MoieIIOBaHHS HaBeAeH] Ha puc. 3.2. Ha HaBeieHOMY PHCYHKY BHJIHO
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3MIHY THCKY B KOJIHHOMY Cyrio0i y ()pOHTaJbHIA Ta akcClaJbHIM MPOEKIIAX, BKa3aH1
TOYKM 3 HAWBUIIMMU 3HAYEHHSIMU CHJIM TUCKY, L0 BHHUKAIOTh NPU MEIIaTbHOMY
3MIIIEHHI IIEHTPY POTaIllii KyJbIIOBOr0O cyrio0a. YucioM Bka3zaHa 30Ha, IO MpUiiMae
HaWOUIBIINNA THUCK, IHIIUMH KOJIbOPAMHU — HABKOJIMILIHI 00JIACT1 Ha AKUX PO3MOAUISIETHCS

HaBaHTAXCHH:I.

ENERGY (N.m)

ENERGY (N.m)
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[

1,475

1770
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1,328
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1180
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I e
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(sl ws00_ 2

-
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123,7%
113,474
103,158
92,842
82,526
12,211
61,895
51,579
a1,263

Puc. 3.2. Moaenb KomiHHOTO Cyrio0a, MO BimoOpa)kac HaBAaHTAXEHHS HAa KOHTAKTHI

MOBEPXHI MPU MEAIAIBHOMY 3MIIIEHH] IEHTPY POTaIlii
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Ha Mopeni BUJIHO, 110 B aHAaTOMIYHOMY IOJIOXKEHHI1 LEHTPY pOTaLli rOMUIKOBOT
KICTKM MaKCUMaJIbHUW TUCK Y KOJIHHOMY CyTrjo01 NpUnajae Ha JiaTepaibHUM BIAPOCTOK
BEJIMKOTOMIJIKOBOT KICTKH, 1Sl CHJIa CTaHOBUTH 1,770 Nxm, TO/1 sIK IpH 3MIIIIEHH] BOHA
MOX€E 3pOCTaTH B JIECSITKU Pa3iB Ta MEepeMillyBaTUCh B 1HIII MOJOKEHHS. [3 300paxeHHs
puc. 3.2 TakoXX BHUJHO, L0 30UIBLIYETHCS TAKOX 3arajbHa IUIOLIA, HAa SIKYy MPUIIAJAE
J0JTATKOBE HABaHTAXKCHHs. Takuil Tepepo3moail MPU3BOAUTH JO TOTO, IO THCK
NPUIMAIOTh JUISHKH CYTJIOOOBOi TOBEPXHI, IS SIKAX IJBHINCHUNA THCK HE €
(1310J0TTYHUM.

OTtxe, npy 3MiHI HEHTPY POTAIlii KYJBIIOBOTO Cyrjio0a MelaibHilIe BiJ] HYJIbOBO1
nmo3ullii, BiAOYBA€ThCA IOMITHA 3MiHA KyTa HaxXwWJly CTErHa, IO MPHU3BOAHUTH JI0
BUHUKHCHHS JIOJIaTKOBOT'0 HAaBAaHTAXCHHS Ha JIaTepaibHy MOBEPXHIO KOJIIHHOTO CYTJIo0a.
[Ipu 3mimeHH1 HeHTpy poTallii BiJ aHATOMIYHOTO MOJIOKEHHS, TAKOXK Bi0yBajach 3MiHa
NPHUPOJJHOTO KyTa HAXWJIy CTETHa, 110 BIUTMBAE Ha BEKTOPH MPUKIIAJCHHS CHII B CUCTEMI
KICTOK Ta cyrjo0iB. 3MiHa KyTa Oyjia po3paxoBaHa OKPEeMO ISl KOXKHOTO BapiaHTy
3MIIIEHHS, PO3paxoBaHa 3MiHa KyTa MMPpH 3MIIIeHH] IIEHTPY poTallii 0ysia HaCTYITHOIO JJIs
pi3HO1 BenmuuuHM 3MmimmeHHs: 2mm — 0,287, 4mm — 0,573; 6mMMm — 0,859; 8 mm — 1,146
rpaayciB. 3MiHa KyTa € JIHIHHOO Ta MPOIOPIIHHOI 3MIIIEHHIO IIEHTPY POTaIlii.

3MiHa KyTa HaXWUJy CTETHOBO1 KICTKA MOYK€ MAaTH HACTIIKM 3MCHIIICHHS aMILTITY a1
pyXy B cyrio0i, 3MiHy HampyXeHHS M’ S31B Ta 3B'I30K, JOBXKHHU KIHIIIBKH,
HEPIBHOMIPHHMM THCK Ha MOBEPXHIO 1HIITUX CYrj00iB, B TOMY YHCII i KOJIHHOTO.

Cuna, mo Ji€ Ha JaTepaJibHUNA BHUPOCTOK BEIMKOTOMUIKOBOI KICTKH, 3HAYHO
301UTBITyBasIacs MPH 3MIMICHH] BiJl aHATOMIYHOTO TOJI0KEHHs 70 8§ MM. [Ipu po3paxyHKy
JAHOTO HaBaHTaXKEHHs, Oynu oTpuMaHi HacTynHi gaHi: OMM — cuna 1,770 Nxm, 2mMm —
25,275 Nxm, 4mm — 48,806 Nxm, 6mMm — 71,673 Nxm, 8mm — 123,790 Nxm. Sk BugHO,
CWia, IO Ji€ Ha JaTepalbHy TOBEPXHIO KOJIHHOTO Cyriio0a, 3HAYHO 3pOCTaE
MPOTIOPIIIAHO 0 3MIMIEHHS LEHTPY poTaiii. BiamoBigHO, pIi3HUI HABaHTAXKCHHS
MTOPIBHSHO 3 aHATOMIYHO IPABUIBHOIO MO3UIIIE0, cKana: 2 MM — 23,5054 Nxm; 4 Mmm —
46,836 Nxm; 6 MM — 69,903 Nxm; 8 mm — 122,02 Nxm. OxpiM TOTr0, 3MIHa HaXUITy
CTeTHA YUHUTH BIUIMB Ha aKTUBHICTH M SI31B, IO BIIBOJSTH Ta MPUBOJSATH CTETHO, TAKIM

YHUHOM, 3MIHIOETBCS OlOMEXaHiKa XOJH, 10 MOXE€ MaTH HACIIAKA B TOMY YHCIl ¥ Ha
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KIHETHYHI NMOKa3HUKM HMKHBOI KIHI[IBKM Ta 3MIHY BEKTOPY Ta CHJIM THCKY B PI3HUX
cyriaob6ax mpu pyci, OJHaK 1€l aceKT BUXOAUTH 3a MEXKI1 JAHOTO JOCTIKEHHA. Takum

YUHOM, 3MIHA PY 3MILIEHHI € IOCUTh CYTTEBOIO Ta MOXKE MAaTH BUPAXKEH1 €()EKTH in Vivo.

Tabmuusa 3.1

Cuna, o0 Jii€ Ha JaTepajibHy MOBEPXHIO KOJIIHHOIO Cyrio0a npu MeaiaJbHOMY

3MIILIEHH] LIEHTPY pOTallii KyJbIIOBOIO Cyriobda

3MIIIEHHS LEHTPY Cuna, mo nie Ha ' . .
Pi3HuLs cui py 3MilIEHH,
poTarii MeialbHO, MM | JIaTepajbHy MOBEpXHI0, HX
Hx'm
m
0 1,770 0
2 25,275 23,505
4 48,806 46,836
6 71,673 69,903
8 123,790 122,02

SIk BHJIHO 3 HABEJICHUX JITAHUX, MOMEHT CHJIH, 1110 JTi€ Ha MMOBEPXHIO CYT100a, 3pocTae
JIHIMHO Ta TMPOMOPLINHO 3MIIIEHHIO, TpPH 30UIBIICHH] BIAXWICHHS 10 8 MM,
HaBaHTa)XEHHS 3pocTae OuIbIe, HIX ouikyBaHe. JlaHi 1010 10AaTKOBOT'O HABaHTAKCHHS

P MeTiaIbHOMY 3MillleHH] B TpadiyHOMY BUTJISI HaBeIeHi Ha miarpami (puc. 3.3).
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Puc. 3.3 HaBanTaxxeHHs npu MeiabHOMY 3MIIIIEHH] LIEHTPY pOTaIlli KyJbIIOBOTO

cyrioba.

CratnyHe HAaBaHTaXXCHHS HAa MEIUILHUN BUPOCTOK 3POCTAJO0 aHAJOTIYHUM YHUHOM
U JIaTepalIbHOMY 3MillleHH1: 0€3 3MIIIIeHHS BOHO ¢cTaHOBWIO 1,77 HXxm; mpu 3mimeHH1
Ha 2 MM — 21,735 Hxm; Ha 4 MM — 44,033 Hxm; za 6 MM — 69,975 Hxm; Ha 8 MM —
120,25 Hxm. 3pocTtaHHs HaBaHTa)XE€HHS TaKOX Ma€ JIHIMHUN Xapaktep. JlaHi momo
MaKCHMAaJIbHOTO HaBaHTaKEHHS HAa MOBEPXHIO KOJIHHOTO CYIJio0a Mpu JiaTepabHOMY
3MIILIEHH] HaBeaeHl B Ta0iui 3.2. Takox B TaOnUIll HABEIEH] JaH] OO0 JTO0JAaTKOBOI'O
HaBaHTa)XCHHS, 0 BUHUKae mpu 3MimeHHi [P kympmoBoro cyrimob6a. PisHuigs B
30UTBIICHH] MaKCUMaJIbHOTO HAaBaHTAXEHHS, MOPIBHSAHO 3 aHATOMIYHUM ITOJIOKCHHSIM
cTaHoBHUTH: 19,965 Nxm mpu 3mimenHi Big 0 70 2 MM, TpH 3MilIeHHI HA 4 MM BOHA
CTaHOBUTH 42,263 Nxm, Ha 6 MM — 68,206 Nxm, 1 pi3K0 3pocTa€e MpH 3MIIIECHHI 10 8§ MM
— Ha 118,480 Nxm. Sk BumHO 3 TaOymmpb 3 Ta 4, HaBaHTaXEHHS Ha BHPOCTKH
BEITMKOTOMIJIKOBOi KICTKH 3pOCTAa€ B JECATKH Pa3iB, OTKE, MOXKIWBICTh BUHUKHEHHS
MePEepo3NMOALTY CHJ, SIKI JIFOTh Ha KOJIHUN Cyriao0 HeoOXigHO BpaxoOBYBaTH MPHU

TUIaHYBAaHHI €HIONMPOTE3yBaHHS KYJIBIIIOBOTO CyTo0a.
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Tabauusa 3.2

Cuna, 110 Ji€ Ha MeJlaJbHy IMOBEPXHIO KOJIIHHOTO CYIiio0a Npu JaTepaJbHOMY

3MiILIEHH] LEHTPY pOTallii KyJbIIOBOTO Cyrio0a

3mimieHHs HeHTpy portaiii | Cuia, 1m0 Ai€ Ha MeiaabHy Pi3uuns cui npu
JaTepalibHO, MM noBepxHio, Hx m 3MmimenHi, Hx m
0 1,770 0
2 21,735 19,965
4 44,033 42,263
6 69,975 68,205
8 120,25 118,48

Ha puc. 3.4 mpejacraBlicHe CTaTUYHE HAaBaHTKCHHS Ha MeEIIaIbHUH BHPOCTOK
BEJTMKOTOMIJIKOBOT KICTKH TIPH JIATepaIbHOMY 3MIIIEHH] LEHTPY POTaIlii KyJIbIIIOBOTO
cyrinoba Ha 2, 4, 6, 8§ MM BiANOBiAHO. 3 AiarpaMH BUIHO, IO PICT HABaHTAXKECHHS €
JIHIMHUM Ta TPOTOPIIIMHUM 3MIIICHHIO, JIUIIE TP 30UTBIIICHH] BIIXUJICHHS 10 8 MM BIH

3pocTae OUIBIN Pi3KO.
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B HaBaHTa)XCHHS Ha MEAialIbHIIA BUPOCTOK

Puc. 3.4. HaBantaxkeHHS mTpu JaTEPAIBHOMY 3MIMIEHHI IEHTPY pOTaIlii

KYJIBLIOBOTO Cyryio0a
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Takoxx MM po3paxyBajid 3MiIHY JOAATKOBOTO HABAaHTAXEHHsS, L0 MPUIATAE Ha
KOXEH MUTIMETp y MeA1aJIbHOMY Ta JIaTepajibHOMY HanpsiMkax. Pe3ynbratu po3paxyHKiB
npenacTasiieHl B Ta0auii 3.3. 3 OTpUMAHKUX PO3PaxXyHKIB BUAHO, 1110 3MiHA HABAaHTAXEHHS
Ha JaTepajbHy MOBEPXHIO KOJIHHOIO CYIrJio0a MpH 3MillleHH1 HeHTpy poTauii Big 0 10 6
MM € NpUOIU3HO OJHAKOBOIO 1 CTAaHOBUTH B cepennboMy 11,650+1 N/mm. IIpote npu
3MIIIEHHI TEHTPY poTamii Bix 6 g0 8§ MM cHocTepiraeTbcsi 3HAuYHE 30UIBIICHHS
HaBaHTaxeHHs 10 26,058 N/MM. AmnanoriuHa cuTyaliss CIOCTEpIraeTbCs MpU
MelaIbHOMY 3MIILIEHHI: B aHATOMIYHOMY TOJIO)KEHH1 HABaHTaXEHHS CTAaHOBUTH 9,982
N/MM, 1 TOCTynOBO 3pOCTa€e B Jiana3oHi 2—6 MM, TOJI SK IpH 3MilIeHHI HA 6-8 MM
HAaBaHTAXKEHHS pI3KO 3pocTtae g0 25,137 N/mM. 3 HaBe[eHUX AaHUX BUIHO, IO MPHU
3MillleHH1 Ouble 6 MM, HAaBaHTa)KEHHsI HA KO’KEH MM 3pocTae Ouibiie HiX y 2 pasu. Li
JlaH1 3aclyTOBYIOTh Ha OCOOJIMBY yBary, OCKUIbBKM TaKe 3MIIIEHHS MOXXE BUSBHUTHCH

KPUTUYHUM 3 KJIIHIYHOT TOYKH 30DY.

Taomung 3.3.

3MiHa J0aTKOBOTO HaBaHTAKEHHSI, 1110 MIPHUIIaJIa€ Ha KOKEH MUTIMETP Y MeT1aIbHOMY

Ta JIATEPAIbBHOMY HaIlpsAMKax

3wmimenns 1P, mm [Tpu menianizanii nentpy | Ilpu nmarepansHOMYy
poraiii, N/Mmm 3MIIIIEHH] IEHTPY poTaIlii,
N/mm
Bix 0 1o 2 MM 9,982 11,752
2 1o 4 MM 11,149 11,765
4 1o 6 MM 12,971 11,433
6 10 8 MM 25,137 26,058

[Toxi6Ha nuHAMiKa 3pOCTaHHS HABAaHTAXEHHS HA IUJIATO BEJIMKOTOMIIKOBOI KICTKHU

MOX€E CBIIYUTU PO JOJATKOBUM cTpec Ta HaA(PI310JOTIUHHI THUCK HA CTPYKTypH
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KOJIIHHOTO Ccyryio0a Mpu 3HA4YHOMY 3MimieHHi. OTxKe, 3MIIIEHHS MOHAJ 6 MM MOXeE
BUSIBUTUCH KPUTUIHHUM JJIs1 (DYHKITIOHYBaHHSI KOJIIHHOTO CyTJ100a.

TakuM 4MHOM, CTBOpEHA MOJIEIb KUTBKICHO IGMOHCTPYE, IO 3MiHA LIEHTPY pOTaLlii
KYJBILIOBOIO CYIrJio0a Mpu €HJ0NpOTe3yBaHHI MOKE 3HAYHO 3MIHIOBATH PO3MOJILI CUJIH,
10 TUCHE Ha HW)KHIO KIHIIBKY Ta KOJIIHHUMN cyrio0. L1 3MiHu MOXKyTh OyTH niependayeHi
nuisixoM 3d MojentoBaHHS Ta MOTPEOYIOTh aHaji3y PU3HKIB MOXKIMBUX KIIHIYHUX
HACMiJKiB. B mopasbmioMy BaKJIMBO TOPIBHATH JaHI MOJICTIOBAaHHS 3 PEAIbHUMH
KJIIHIYHUMU CUTYAIISIMHU, 1110 CIIOCTEPIratoThCs MICS €HI0NPOTEe3yBaHHS 3 aKI[EHTOM Ha
B3a€MO/III0 ITUX JIBOX CYT001B. AJIXKE B CUTYaIlli in VIiVO KICTKH Ta CYTJI00U 3HAXOAThCS
B CUCTEMI, IMOB’s3aHIl M’SI30Bi-3BA3KOBUM arapaToM, CTaH SKOTO TaKOX POOUTHUMYTh
BHECOK Y PO3IOJIiT HAaBaHTaKEHHSI.

B nanomy pocinimkeHH1 ToKa3aHo, 110 3MiHA IIEHTPY POTaIlii B KYJIbIIIOBOMY CYTJI001
ICJISl HJIONPOTE3YBaHHS MOXE MPU3BECTU JI0 3MIHM MEXaHIKM KOJIHHOTO CYyrjio0y Ta
3HI)KEHHS oro cTabuTbHOCTI. 30KpeMa, JTOCTIKEHHS TTOKa3ally, 110 MPH 3MiH1 IEHTPY
portalii JaTepajbHO Bil HOPMAJbHOTO TMOJOKEHHS, 30UIBIIYETHCS HABAaHTAXEHHS Ha
MeJlaJbHUM BHUPOCTOK BEIMKOTOMIJIKOBOI KICTKH. Tak caMO MpU 3MIIIEHHI LEHTPY
poTarlii MeiabHO BiJl HOPMU — 30UTBIIYETHCSI HABAaHTAXXEHHS Ha JIaTePAIbHIN BUPOCTOK
BEJIMKOTOMIJIKOBOT KICTKH, IIIO 30ITa€ThCs 3 pe3yibTaTaMyd MOJCITIOBAHHS B IOTOYHOMY
JIOCIIIPKEHHI.

Takum ymHOM B TipeiacTaBieHiil poborti B mporpami SolidWorks 3a momomororo
iHcTpyMeHTy Simulation Xpress po3po0OiieHa MOAeNNb HUKHBOI KIHI[IBKH JIOJUHU, 110
IMITy€ CTOSTHHSI Ha OJIHIM HO31.

3MO/1e1h0BaHE 3MIMICHHS [IEHTPY POTAaIlii KyJIbIIOBOTO Cyriioba B aiama3oHi Bix 2
70 8 MM.

Takoxx po3pobieHa mMareMaTHyHa MOJENb, IO OMHCYE 3MiHY HaBaHTAKCHHS Ha
cyrnobu mig yac 3mimeHHs 1eHTpy potamii KC Ta Kyra Haxmiy CTETHOBOI KICTKH
BIZTHOCHO BEJIMKOTOMUIKOBOI.

[IponemoHcTpoBaHO, WO TMpU 3MIMIEHHI I[EHTPY poTalii MeJiabHIIIe,
HaBaHTA)XEHHS Ha JaTepalibHy MOBEPXHIO KOJIHHOTO cyriioba 3poctae Bif 1,77 Hxm B

aHATOMIYHOMY MoJiokeHH1 10 123,79 Hxm npu 3mimenH1 Big 6 1o 8 mm. Lle moxe Oytu
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MOSICHEHO THM, IT10 3MIIIIEHHS IIEHTPY POTAIlil MPU3BOIUTH /10 3MiHU KyTa HAXUJTy CTETHA,
110, B CBOIO YePTy, 301JIbIITye HABaHTAKCHHS Ha JaTepaJIbHy YaCTUHY KOJIIHHOTO CyTio0a.
31 30UIBIIEHHSAM JIATEPAIbHOTO 3MIIIEHHS LEHTPY poTallii, JOJAaTKOBE HABAHTAKEHHS,
po3paxoBaHe Ha OJIMHMITIO IUIOII, HA MEAIaJIbHY MOBEPXHIO KOJIIHHOTO Cyrioba, mMae
HE3HAYHUM picT nmpu 3MiuieHH1 B 0 70 6 MM Ta pi3KO 3pOCTa€ Mpu 3MilleHH1 6-8 MM. Lle
MO>K€ CBITYUTH TPO TE, IO P CHIILHOMY 3MIIIEHHI MOKE BUHUKATH JOJIATKOBUM CTPEC
a00 THCK Ha CTPYKTYPH KOJIHHOTO Cyrjio0a, 110 MPU3BOAUTH A0 OUIBII BHPaKEHOTO
30UTBIIICHHS] HABAHTA)KCHHS.

AHaNOrYHUM YHMHOM MpU Mefianizamii HEHTPY poTallii 3pocTae HaBaHTaXXEHHS Ha
JaTepaNbHU BUPOCTOK BEIIMKOTOMITKOBOI KICTKH, 3pOCTaHHS € BUPAXCHUM Ta HOCHTH
JTHIAHUN XapakTep, nocaraoyu Makcumymy 120,25 Hxm npu 3MmiieHH1 Big 6 10 8 Mm.
Xoua MaTeMaTU4YHa MOJIEIh HAJa€ 3arajbHUI ONMKUC 3MIiHW HAaBAHTAKEHHS HA KOJIHHHUMA
cyrinob, pesynbratu 3D MOJAENIOBAHHS JI03BOJISIOTH OTpPUMATH OUIBII JeTadbHUNU Ta
TOYHMI aHaJ3 PO3MOLTY CHJI B CUCTEMI CYTJI00IB.

Lle migxpecitoe Ba)KITMBICTh BUKOPUCTAHHS CYyYaCHUX TEXHOJOTIM JUIsi BUBUECHHS
OlomexaHiku cyrio0iB. B 1imomy, 1€ JOCHIDKEHHS TIJIKPECIIOE BaXXJIUBICTh
NPaBWJIBHOTO BHU3HAYEHHS TOJOKEHHA LEHTPY pOTallii MiJ 4Yac eHIoNpoTe3yBaHHS
KYJIBIIIOBOTO CYIJIOOYy, a TaKOX IMOTpeOy B JOJATKOBUX JOCIIDKCHHSIX IS KPaIioro
PO3YMIHHS B3a€MO3B'A3Ky MDK KYJIBIIOBUM Ta KOJMIHHUM cyriobamu. Takoxk BOHO
IIPUBEPTAE yBATy 10 MOKJIMBOCTEH BUKOPHUCTAHHS CUMYJISLIIMHUX MOJIEIICH, 110 MOXKYTh
OyTu OUIBII TOYHUMHU y MPOTHO3YBaHHI B3a€EMOJIA €JIEMEHTIB B OMOPHO-PYXOBOMY

amapari y TpUBUMIPHIN TPOEKIIii.
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PO3/I1LII 4.
PO3POBKA HOBOI HABITAIIIMHOI CUCTEMM TA ITPUHITUII ii
POBOTH.

TexHonoris 3MillIaHOT PEaIbHOCTI IPOMOHYE PIIICHHS SIKE TO3BOJISIE MPOEKTYBaTH
TPUBUMIpPHY 1HGOpMalito Oe3nocepeaHb0 y (GI3UUHUNA MPOCTIP, CHPUSIIOYM OUIbII
e(eKTUBHOMY 1HTpaoIepaliiHoMy HaBirauiiHoMy npoiecy. Ha BigmMiHy Bl TEXHOJIOT1H
BIPTYaJIbHO1 PeajJbHOCTI, [0 CTBOPIOIOTH MOBHICTIO BIPTyaJibHE CEPEOBHILE, 130110
Bl peaibHOro cBiTy, MR J0moBHIOE peanbHMII TPOCTIP BIPTYaTbHUMHU JIAHUMH,
3a0e3mneuyoun Xipypram IHTYiTUBHO 3pO3yMmilie KEpIBHUIITBO 0€3 MNpPHUXOBYBaHHSA
OCHOBHOT'O OTEPATUBHOTO ToJs. Takuil MiaXiq 30KpeMa KOPUCHUH Yy BHCOKOYYTIMBHX
chepax, Takux SIK XIpypris, ne Oe3mneka Ta eHEeKTUBHICTh MPOLEAYpPU € TMPIOPUTETOM.
CyuacHi po3po06ku y chepi MR-nipuctpois, Taki sk, rapuitypu Microsoft HoloLens 2 Bix
Microsoft Inc., 1110 € aBTOHOMHUMH TOJOTPAGIYHUMU KOMITHOTEPAMHU 3 MOXJIUBICTIO
IIPO30POT0 ONTHYHOTO BiOOpa)K€HHS Ta CAMOCTIMHOTO BiACTeXEHHsA, poOnsaTe MR
TEXHOJIOTII0 JIETKOJIOCTYIHOO JJIA PI3HOMAHITHUX XIpYpTiuHUX 3aBAaHb. OCKUIBKU Il
IPUCTPOi HE BUMArarTh JTOAATKOBOTO OOJIaIHAHHS JIUIA BIATBOPEHHS iH(opMaIlii, BOHH
3py4Hi y HAJIAIMITYBaHHI Ta IHTErpallii B XipypriuHi Nporeaypu.

Ils cucTtema BHUKOPUCTOBYE Kamepy Ta AATYUKU JUIsl HAHECEHHS KOMIT I0OTEPOM
MOTIEPEeTHRO  3T€HEPOBAaHUX 300paxkeHb abo iHdopMamii 3 mepeaonepaliifHoro
IJIaHyBaHHS Ha TUTO TmamieHTa. JlaHHA TEXHOJIOTiS BIIHOCHO HEIAaBHO OTpHUMAalia
BU3HAHHS B OPTOMENUYHIA XIpyprii 1 YCHIINIHO BUKOPUCTOBYETHCS B PI3HUX TaIy3sX
opromiexii [96, 97]. V nmamiii cuctemi Xipypr Mae MOXIIMBICTh meperisgata 3d
300paK€HHS TepeAOINepaIifHoTo TUTaHyBaHHS (KyT HaxXWwiIy Ta aHTeBepcii, MicIe
pO3TalryBaHHs KOMIIOHEHTA), a TAKOXK CYC1JIHI aHATOMIYHI CTPYKTYpH Oe3mocepeaHbo B
XIpyprivHOMY TOJI1 Yepe3 MPo30pi JIH3HU OKYISAPIB 3MIMIAHOT PEaTbHOCTI.

TakuM YMHOM TINMOTE3a HAIOTO JOCTIKEHHS ToJisiraia B TOMY, 100 pO3pOOUTH
IHHOBAIlIHY CHUCTEMY HaBIramii Jjis MO3UI[IOHYBaHHS areTa0yasipHOro KOMIIOHEHTa

CHJIONPOTE3a, BHKOPHUCTOBYIOUM TeXHOJIOTiIO 3Mimanoi peanpHocTi (MR). Tlo
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JNOCSTHEHHIO NPUUHATHOTO PIBHA HAAIMHOCTI Ta MPOCTOTH BUKOPUCTaHHS B
1a00paTOPHUX YMOBAX, 1110 POOUTH i1 ONTUMATBHOO JJIsl TOBCAKIAECHHOTO 3aCTOCYBAHHS,
MU BUNPOOYBaJM HAIlly PO3pOOKY B KIIHIYHIN mpakTuill. Lle BIAKpHIo nepcneKkTuBy I
MOJAJILIIOTO BIPOBAHKEHHS B PyTUHHY MEJIUYHY MPAKTUKY Ta 3a0€3MeUnIIO IHCTPYMEHT
IUIsl BJOCKOHAJIEHHS €(EeKTHUBHOCTI Ta TOYHOCTI B MPOBEACHHI EHIONPOTE3YBaHHS

KYJIBIIIOBOIO CYIJi00a.

4.1 MexaHiyHa CKJIaJ10Ba

Hama wnaBiramiiiHa cucTeMa CKJIQJa€ThCS 3 JBOX OCHOBHUX KOMILICKCIB, SKi
3a0e3MeuyloTh TOYHE OpIEHTYBaHHS B TMPOCTOPI Ta KOPUTYBAaHHS TIOJIOKCHHS
KOMITOHCHTIB €HIOIPOTEe3a ITiJT 4ac Xipypriuaoro BTpy4aHHs. OCHOBHHM CTPYKTYpHUM
eneMeHToM € T-moji0Ha TUIaHKa, 1[0 BUKOHYE (YHKIII0O TEepBUHHOI (ikcamii Ta
3abe3reuye CTaOUTBHICTD 1] YaC BU3HAUYCHHS OPIEHTUPIB MEPEIHbOT Ta30BO1 ILTOIIUHH.
KoncTpykinis miel muaHku nependayae HasiBHICTh KOPIYCY, SIKUH Ma€ TPH PETyJIror0Ui
HDKKH. L[ HDKKM BHKOHYIOTH BaXKJIMBY pOJb Y IO3UI[IOHYBaHHI Ta KOPWUI'yBaHHI
po3TaniyBaHHs HaBiramiiiHOT CHCTEMH, OCKUIBKM CaMe BOHHM BHCTaBIISIIOTBCS Ha
peecTpaliiiHi  TOYKM TMEpPeAHbOI Ta30BOi IUIOMIMHHM JJIi TOYHOTO BHU3HAYCHHS
aHATOMIYHHMX OpIEHTHPIB Ta3y (puc.4.1).

Bucora Ta mmumpuHa KOHCTPYKII MOXYTh OYTH HalalITOBaHI BIAMOBITHO 0O
IHAUBITyaTbHUX 0COOMUBOCTEN aHaToMmii mamienTa. [{i mapameTpu BU3HAYAIOTHCA M1 4ac
nepesonepalifHoro TUIaHyBaHHS Ha OCHOBI JIaHMX KOMIT IOTEpHOI TOoMorpadii.
BukopuctanHs 1HIMBIAYaJbHOTO IJAXOAY JO3BOJISIE 3a0€3MEUUTH MaKCUMAJbHY
TOYHICTH MO3UITIOHYBAaHHS HABITAIIITHOI CHCTEMH Ta MIHIMI3YBAaTH PU3HK MOXUOOK T[T
gac iMIiaHTaiii. /(s mpaBUabHOTO po3TamryBaHHS MPUCTPOIO i Yac omeparii #oro
BCTaHOBJIIOIOTH O€3MMOCePETHRO Ha MMOBEPXHIO MIKipu narieHTa. OCKUTBKY M’ SIKi TKAHUHH
MOXXYTh MaTH Pi3HY TOBIIUHY, 1[0 MOKE BIUIMHYTH Ha TOYHICTH PEECTpallii peasbHUX
AHATOMIYHUX OPIEHTUPIB, MU BUKOHYBAJIM MOMEPEAH1 BUMIPU TOBUIMHU M’ SIKUX TKAHUH
y AUISIHII peeCTpaliiHUX TOYOK 3a JOMOMOIOK KOMIT I0TepHO1 Tomorpadii. OTpumani

JlaH1 BUKOPUCTOBYBAJIMCS JJISI PETYIOBAaHHSI BUCOTH OMTOPHUX HIXKOK T-110/110HOT MIIaHKH
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BIJIMOBIAHO A0 (I310JOTYHUX MNapaMeTpiB MNalI€HTa, IO J03BOJSIO KOMIEHCYBaTH
IHAUBINYadbHI aHATOMIYHI OCOOJMBOCTI Ta MiJBHUIIUTH TOYHICTh TO3UI[IOHYBAHHS
CUCTEMH.

JIB1 3 TpbOX HDKOK KOHCTPYKIIi PO3TallOBYIOThCS y MEPENHIM YacTWHI Ta3y Ta
BCTaHOBJIIOIOThCSL Oe3mocepeHh0 Ha spina iliaca anterior superior. Jlyis 3a0e3neueHHs
CTaOUIbHOCTI Ta TOYHOT'O O3UIIOHYBaHHS B IIMX HUKKaX nepeadaveHi creniaibHi 0JI0KU
3 oTBOpamu Al ikcyrounx miHiB. L{i miHM 3a0e3neuyroTh XOpCTKY (ikcarito 670Ky 3
IncuiarepaibHOl CTOPOHU Ha spina iliaca anterior superior, 3amobirarouu OyAb-sIKOMY
3MIIIEHHIO TTiJ] 9Yac MPOBeACHHs onepaiii. JlaHuii MeTos 103BOJsIE OTPUMATH CTA0LTBHY
KOODJMHATHY CHUCTEMY, SIKA BHKOPHUCTOBYETBHCS [UIsl TMOOYJOBH BIPTYaJIbHOTO
300paK€HHA Yy 3MIIIaHIi peadbHOCTI Ta KOPUTYBAHHS TOJIOKEHHS XIPYpriyHUX
THCTPYMEHTIB.

[Ticns 3aBepuieHHs peectpailii opieHTUpiB T-moi0Ha KOHCTPYKIis 3a0upaeThes, a
Ha MICI[I BCTAHOBJICHHsI OJIOKY 3aJIMIIAEThCS CTAOUIBHO 3adiKCOBAHWNM MAarHITHHUM
NEPEeXITHUK-TpUMAY, SIKUA  BUKOPHUCTOBYETHCS  [IJI1  BCTAHOBJIEHHS  MapKepy
TapreTOBaHOTO 300pakeHHs. MarHiTHUM MexaHi3M 3a0e3reuye HaJiiHe KPITICHHS
Mapkepy, II0 € BaXJIWBHM (HaKTOPOM Il TOYHOTO IO3HWIIIOHYBAaHHS BIPTyaJIbHHUX
00’€KTIB y IPOCTOPi Ta B3aEMOJI1 3 XIpypriyHUMH THCTPYMEHTAMHU ITiJ1 Yac omnepairii.

Jlns  mHapiramii Ta noOyZoBM BIpTyaJdbHOI MOJENI Ta30BOi 001acTi MM
BUKOPHUCTOBYBaIIM 3MilIany peanbHICTh (MR) Ha 0cHOB1 MapkepiB, OCKUIBKH 1€l METO/T
€ OJTHUM 13 HaMOIIBII MOIMIMPEHUX Ta TOYHUX JJIS PI3HUX THUIIB 3MIIIAHOI PEabHOCTI.
BuxopucrtaHHs MapKepHHX TEXHOJIOTIM J03BOJIsA€ 3a0€3MEeYUTH BUCOKY TOYHICTH Ta
IIBUJIKICTh 1IeHTU(IKAIIT TTOJI0KEHHS 00’ €KTIB Y MPOCTOPi, IO OCOOIMBO BaXKIUBO JIJIS
OTIEpAaTUBHUX BTPYUYaHb, IKi BUMAraroTh MPEIU31MHOT TOYHOCTI.

Meton MapkepHOi 3MIMIaHOT PEATbHOCTI TMOJSATaE y BUKOPHCTAHHI CIEIiaJbHUX
Bi3epYHKIB a00 ONTHYHUX MITOK, $IKi JIETKO PO3MI3HAIOTHCA KaMepamu TapHITYpH
3MimaHoi peanbHOCTI, Hanpukiag HoloLens 2. 1i Mapkepu 103BOSIIOTH CUCTEM1 TOYHO
BU3HAYATH PO3TAlllyBaHHS 00’€KTa y TPUBUMIPHOMY TIPOCTOpPI Ta ABTOMATHYHO
KOpPUTYBaTU OyJib-sIK1 3MIILIEHHS] a00 HAXWJIM, 0 MOXKYTh BUHMKATHU 1]l Yac omnepari.

Bukopucranns Takoi HaBiraiiii 3abe3neuye BUCOKY HaIMHICTh Ta TOYHICTh XIPYPriuHUX
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MaHIMYJIAIIH, 10 103BOJISIE 3MEHIIIUTH PU3UK MOXUOOK MPU BCTAHOBJIEHHI IMIIJIAHTIB Ta
MOKPAIIUTH JOBrOTPUBAII pe3yJIbTaTH €HAONPOTE3yBaHHS.

Takum ynHOM, 3aIIPOTIOHOBaHA HAMU HaBIraliifHa cUcTeMa, 110 MOEAHYE MEXaHIuYHY
¢ikcalito OpiEHTHPIB Ta MapKEpHY 3MIIIAHy pPEajbHICTb, JTO3BOJSE JOCSITTH BHCOKOL
TOYHOCTI MO3ULIOHYBaHHS KOMIIOHEHTIB eHjxonpore3y. Lle € BaXJIMBHUM KPOKOM 10
MIHIMI3alli PU3MKIB HEBIJNOBIAHOTO PO3TAIIYBAaHHS IMIUIAHTIB, IO MOXE 3HAYHO
BIUTUBATH Ha CTAOUIBbHICTh, (YHKI[IOHAJIBHICTh Ta JOBIOBIYHICTH EHIOMPOTE3Y.
BukopucranHs JaHOI TEXHOJOTIl CHpHUsS€ TOKPALIEHHIO XIPYpPridyHOi TOYHOCTI,
CKOPOUYCHHIO Yacy orepallii Ta MmiJABUIIIEHHIO PiBHSI MMPOTHO30BAHOCTI PE3yJIbTATIB, 110 €
BXJIMBUMHU (DakTOpaMu JJIs ONTUMI3AIIl SKOCTI XIPYpPridyHUX BTPY4YaHb Ta pPIBHA

micasioniepaniiioi peadiiTalii marieHTiB.

Puc. 4.1. 1. T-noxiOna mnanka, 2. PerynboBani onopHi HixkH, 3. CreriabHAi 070K 3

OTBOpaMHU JJis MiHIB, 4. Tpumau TapreTroBaHoro mapkepa, 5. TapreToBanuii Mmapkep.
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4.2 OnTH4HAa CKJIAA0Ba

lapuitypu 3wmimanoi peanbHocTi (Mixed Reality, MR) € iHHOBaniiHUMU
MPUCTPOSIMU, 1O MOEAHYIOTh HU(MPOBI 300pa)KEHHS 3 peaJbHUM CBITOM, JO03BOJIAIOUM
KOPUCTYBauyaM OJIHOYACHO B3Aa€EMOJISATH 3 BIPTyaJbHUMU OO0 €KTaMU Ta (I3UYHUM
oTto4eHHsM. L1 npucTpoi BUKOPUCTOBYIOTH MPO30P1 €EKPaHU Ta CBITIOBIIOMBAIOY] JIIH3H,
10 103BoJIsie€ 1MdpoBiil iHGOpMaIlii HaKIaJaTUC HA pealbHUM CBIT 0€3 MOBHOTO HOTO
OJIOKYBaHHs, SK Yy BUIAIKYy 3 TpaaumiiHuMu VR-rapritrypamu. lle ctBoproe edekt
"po3mupeHoro 6adeHHs", 30epiraloun BIAUYTTS MPUCYTHOCTI Y pealbHOMY MPOCTOPI Ta
BOJHOYAC JIOJAl0UM IHTEPAKTUBHI ITU(POB1 CIEMEHTH.

OpHuM 13 HAMBIAOMIIIUX MPUCTPOIB 3MiIaHo1 peanbHOCTI € Microsoft HoloLens 2
— TapHiTypa, SKa BHKOPHUCTOBYE IHTEIPOBAaHI KaMEpPW Ta JATYMKHU IS BiJICTCKCHHS
TIOJIOKEHHSI PYK 1 pO3Mi3HABaHHs JKECTIB KOPUCTyBaua B PEXHMi peaJbHOro dYacy.
3aBsSKM [IbOMY BOHA 3a0e3Medy€e TOUYHY IHTePAKTHUBHICTh 13 BIpTyaJbHUMH 00’ €KTaMH,
J03BOJISIFOYM KOPUCTyBauaM 3IMCHIOBATH MaHIMYJAIii 0€3 J0JaTKOBUX KOHTPOJIEPiB
a00 CEHCOPHUX MPUCTPOIB. L TeXHOIOTIS BiIKpHUBA€ HOB1 MOMJIMBOCTI JIJII MEIUITUHH,
1HXKeHepii, OCBITH Ta IHIIMX TaJTy3eH, 1e moTpiOHA IHTerpallis BipTyaabHOTO CEPEAOBHIIA

3 peaTbHUMU TPOIECAMHU.

MexaHi3m po00oTH 3MIIIAHOI PeaJibHOCTI HA OCHOBI MapKepiB.

OCHOBHMYW TPUHIMI 3MIIIAHOI PEATbHOCTI, MO 0a3yeThCcsi HA BHUKOPUCTAHHI
MapkepiB, 0arato B 4OMy CHIBMNAJa€ 3 TPAAUIIIMHUMHU 1HQpauyepBOHUMH ONTHYHHUMHU
HaBiraniiaumu cucremamu. Criodatky (GopmyeTbes BIZHOCHA KOOpPAMHATHA CHCTEMA,
sAKa BU3HA4Ya€ TIOJOKEHHS Kamepw y mpoctopi. [lotiM anroputmu iaeHTHQIKYIOTh
MapKepH, IO JT03BOJISIE CTBOPUTH TPUBHMIPHY MOJENb BIpTyallbHOTO CEpPEOBHINA Ta
IHTETPYBaTH ii B peaIbHHAIA MPOCTIP.

I'omoBHA BIAMIHHICTH MK 3MIIIAHOIO PEATBHICTIO Ta 1HGPAYESPBOHOI ONTHYHOIO
HaBITAIlIEI0 TOJIArae y METO/Al pPO3Mi3HABaHHS MapkepiB. Y TOM 4ac SK ONTUYHI
HaBIramiiiHi CHUCTEMU BHUKOPUCTOBYIOTh 1H()pauyepBOHE BUIPOMIHIOBAHHS, W10

B1IOMBAETHCS BiJl CHELIaJbHUX 1H(PpauepBOHUX MapKepiB ad0 CBITIOBIAOMBHHUX KYIIb,
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CUCTEMa 3MILNIAHOI PEeaNbHOCTI NpPALIOE 3 BUAMMUM CBITIIOM. Kamepu rapHiTypu
aHaAMI3yIOTh crneuu@iuHl BI3€PYHKH, HAHECEHI Ha OO0 €KTHM y BUIVISIAI Mapkepis, 1
31CTaBJISIOTH 1X 13 BIIOMUMH 3pa3KkaMu JIJIsl BU3HAUYCHHS TOYHOTOo po3rarryBanHs [98]. Lle
103BOJIsi€ 1HTErpyBaTH HUPPOB1 3D-00’€KTH B HABKOJUIIHINA TTPOCTip 6€3 HEOOXITHOCTI
y CKJIaJHOMY amapaTHoMy 3abesneueHHl. B paMkax Hamoro JIociiipkeHHs OyIio
po3po0JieHO  chemialbHUM  IHCTPYMEHT, 10  BUKOpUCTOBYye  3D-ronorpamu,
pPEKOHCTpyHOBaHI Ha OCHOB1 jJaHux komi torepHoi Tomorpadii (KT). Lleit meton
JI03BOJISIE CTBOPIOBATH JIETANIbHI TPUBUMIPHI MOJI€JI1 AHATOMIYHUX CTPYKTYD, SIKI MOXKHA

HaKJIaJIaTU Ha pealibHUM MPOCTIP y PEKUM1 PEIbHOTO Yacy.

Texniuni xapakrepuctuku Microsoft HoloLens 2

Tun nucnnes: [N'onorpadiunuit xBunsoBo (Waveguide)

PosainpHa 3patHICTE: 2048 x 1080 mikceniB Ha OKO

Kyt ormsiny: 52° (ropu3oHTaNBHUN)

YacTtoTta o”oBieHHS: 60 'Ly

KonTpactHicTs: OniTMi3oBaHa ISl YUTAHHS TEKCTY Ta B3aEMOJi1 3 TOJIOrpaMaMu
Komipue nmokpurts: [upokwuii giana3oH KOJIbOPIB JJI PealiCTUYHOTO BIATBOPECHHS
BIpTyalbHUX 00'€KTIB

[Ipouecop: Qualcomm Snapdragon 850 Compute Platform

I'padiunuii mponecop: Boynoanuit Adreno 630

Holographic Processing Unit (HPU): 2-ro nokomiaas 3 anroputmamu Al
Omneparniiina cucrema: Windows Holographic (ra ocaosi Windows 10)
Bincrexxenns ronosu: 6 cryneniB cBoooau (6DoF)

Kamepu Tpekinry: 4 mMpoOKOKYTHI KaMepH 7Sl BIZICTE)KECHHS PyXiB

Kamepa rmubunan TOF (Time of Flight)

RGB-kxamepa 8 MII mnst poro Ta Bimeosamucy (1080p)

[adpavepBoni naTunku: J{7s po3nizHaBaHHS 0Yel Ta KOHTPOITIO MOJI0KEHHS TOJIOBH
[Nipockom, akcenepomeTp, MaraitomeTp: sl TOYHOTO BU3HAYEHHS TOJIOKCHHS Y
poCTOp1

Tpexinr pyk: [ToBauit Tpekinr naneiiB (Hand tracking)
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['onocoBe ynpaeiinHsa: BOymoBaHa miATpUMKa rojocoBUX KoMan uepe3 Microsoft
Cortana

[TinTpuMKa cTuiyciB: IHTepakTUBHA B3a€MOJIS 13 HUPPOBUMH 00’ €KTaMU
[IpocTopose 3D-aynio: Peanictruunuii 00’ eMHMI 3BYK

Mikpodonu: 5 MikpodOHIB IJi TOJIOCOBUX KOMaH/ Ta BIJICOA3BIHKIB
KomyHikariist Ta miaKIIOUCHHS

Wi-Fi: IEEE 802.11ac (Wi-Fi 5), Bluetooth: 5.0

ITigxmrouenns: USB-C

Cywmicuicts: Microsoft Azure, HoloLens Apps, Remote Assist

Axymynarop: Jlo 3 ToIuH aKTUBHOT pOOOTH, MIATPUMKA IIBUAKOT 3apSIKU
3apsnka: Yepes USB-C, yac noBHoro 3apsany ~90 XBUIMH

Bara: ~566 r

PerynroBana oromis’s: JJist 3py4HOi MOCa Ky Ta pIBHOMIPHOTO PO3IMOALTY Baru
Marepian: Jlerkuii, TepMOCTINKUHN TJIACTUK

[TinTpuMka xmapHUX cepiciB Microsoft Azure

3axucT ouel Ta iHTerpalisi 3 OKyJIspaMu

[TinTpuMKa IHTYITUBHOTO yIIpaBIiHHSA 0€3 KOHTPOJIEPIiB

MOXIHBICTh BUKOPHUCTAHHS B MEJIUIIMHI, 1HXEHEepIi, MPOMHUCIOBOCTI Ta OCBITI

4.3 Anroput™m podoTH HaBiramiiiHoi cucteMu

JIist  KOpEeKTHOro  TIO3MIIIOHYBaHHS  KOMIIOHEHTIB  €HIONpOTe3a MU
BUKOPHCTOBYBAJIM aHATOMIYHY IJIONIMHY Ta3a, SIKa BUZHAYAETHCS Yepe3 MepeaHi BepXHi
OCTi KITyOOBHX KIiCTOK Ta JJOOKOBUI cuM(]i3, Ki 3T THO TaHHUX JiTEpaTypH 4acToO CIYTye
OCHOBOIO JJISi CTBOPEHHS TPUBUMIPHOI CUCTEMH KOOPAMHAT Ta3a B KOMIT IOTEPHIN
Hasiraiii. Kpim niporo, ¢yakuionansay miomuny Taza (PIIT), mo € ropu3oHTaI-HOI0
TUIONIMHOTO, SIKa TPOXOIUTh Yepe3 IBOCTOPOHHI MEPEIH] BEPXHI OCTI KIIyOOBHX KiCTOK
Ta OpleHTOBaHa mapayenbHo moBepxHi ctona KT B nexayomy mosioxkeHHI, 3a3BUYal
BUKOPHUCTOBYIOTh SIK OPIEHTHP [JIsi TPUBUMIPHOTO IUJIAHYBAHHS JOOIEPaIiiiHOTO

pO3TalTyBaHHsI YaIllKH 3 ypaxyBaHHsAM 11 Haxwry Ta anteBepcii [99, 100]. ®IIT takox
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ciyrye 0a30BOIO IJIOIIMHOKO AJIA 3BUYAHOI peHTreHorpadii B KJIIHIYHIA IPaKTHUI, 10
pOOUTH ii 3pyUHOIO /1JIsi BUKOPUCTAHHS OPTONEAaMU SIK OplIEHTHPA.

VY psaal 3aKOpIOHHUX AOCHIIKEHb MIOJA0 IHTpaonepaliiHuX MPUCTPOIB I
pO3TalllyBaHHsS YalIKWA IOJIOKEHHS Ta3a BIJICTEXYyBaloOCid y JexadoMy abo OluHOMY
NOJIOXKEHHI nmartieHTa mij 9ac oneparii [101, 102]. L{i po6oTH po1eMOHCTPYBAIA BUCOKY
TOYHICTh 3aCTOCYBAaHHS TaKUX MPHUCTPOIB, X0Ya B OKPEMHUX BUMAAKAX CIIOCTEPIrauCs
BigxuneHHs. I[lpobrema momsirae B TOMy, IIO MPHUCTPOi MOXKYTh HEAOCTATHHO TOYHO
BpaxOBYBAaTH 3MIHM TMOJOKEHHSA Ta3a, Kl BiIOyBalOTbCS B IMpOLECi XIPpypriyHOro
BTpy4YaHHs. TakuM YMHOM, MU BHUCYHYJIM MPUITYIICHHS, [0 30€peXEeHHS TOYHOCTI
pO3TalllyBaHHS YalllKi MOXJIMBE 32 YMOBH KOPEKIlii 3MIIIEHHS Ta3a TAKUM YUHOM, 100
3MIIIEHHS HaBiraiii Bi0yBasoCh BiAMOBIIHO 3MilllEeHHIO Ta3a . s 1boro HamMu OyI10
pO3p0o0JICHO TIPOCTHH TPUCTPiH, SAKUK (PIKCYEThCS TO TMEPEaHIM IUIONIMHHI Ta3a 3
MOAANBIIOK (hiKCaII€r0 0 IMCUIaTepaIbHOIl MePeIHhOI BEPXHBOT OCTI KITyOOBOT KICTKH.
Ie He nuIIe JOMTOMOTaE B iHTpaoneparifHoMy MO3HUI[IOHYBaHHI YalllKH, ajie i 3a0e3neaye

KOPEKIIif0 poTarlii Ta3a mix yac Brpydanus.(Pucynok 4.2)

l

SR

Pucynok 4.2. [lo3umionyBanHs HaBiraiiitHoi cucremu. /le A - HaBiramis 111 BU3HAYCHHS
nepeaHbO1 IUTOMKHY Ta3a. b - (hikcallis KOMIIOHEHTA HaBirailii 10 incuiaTepansbHoOl Spina
illiaca anterior superior. B - nakinanenHa BipTyanbHa 3D MoJeib Ta3y Ta iMITaKTOPA.
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BciM manieHTaM 3 OCHOBHOI rpynu Oyjno BHKOHAaHO mnepenonepauiiiny KT
KyJIBIIOBUX CyrJI00iB s cTBopeHHs 3D mopeneii tasy (puc. 4.3). Came MOJCITIOBaHHS
BUKOHYBAJIOCH B mporpamHomy 3abesneuenHi Slicer3D. INporpamue 3a0e3neuenus 3D
Slicer € MOTYKHUM I1HCTPYMEHTOM JUisi 0OpOOKH, Bidyalizallii Ta aHalli3y MEAUYHHUX
300paxkenb [103]. Ile OeskomToBHa muatrgopma 3 BIAKPUTHUM BUXITHHUM KOJOM, sKa
HaJa€ KOPUCTyBadaM IIMPOKI MOXIIMBOCTI, 30KpeMa Hjisi MPOBEICHHS XIPYpPridHOIO
TUIaHyBaHHS, 3a0€3MeYeHHs] 1HTPAONEPAI[IHHOrO KOHTPOJIIO Ta MIATPUMKU KITHIYHUX
JOCHIJDKeHb. 3aBISKM CBOid THYYKOCTI Ta (yHKiioHany, 3D Slicer akTUBHO
BUKOPHUCTOBYETHCS Y 0aratbox raixy3sx MeauIuuu ais iHTerpanii nanux 3 KT, MPT Ta

THIIUX JPKepen AJi CTBOPEHHS TPUBUMIPHUX MOJIEJIEH Ta aHaI3y.

Puc. 4.3. Ilepenonepariitna 3D moaens B mporpaMHOMY 3a0e3MeueHH1
Unity, rotoBa 1o 3aBantaxxenHs B Hololens 2

Jlns  mosumioHyBaHHS — arieTaOymsipHoro kommoHeHta B 3D Slicer, wu
3aBaHTaXyBalu B mporpamy 6e3nocepenubo DICOM ¢aitnu KT narienta ta 3D monens
IMIakTopa 3 MPUMIPOYHOIO dYamikoro. @DYHKIIOHATBHI MOMJIHMBOCTI MPOTPAMHOTO
3a0e3MeYeHHsI T03BOJISIIOTh B PEKUMI PEaTbHOTO Yacy MaHIMyIoBaTH iMmakTopoM B 3D
PEXUMIi 3 CHHXPOHHHM BifoOpakeHHs M no3uirionyBanHs B 2D KT 3pi3zax kopoHanmbHIH,

akcianpHii Ta caritanpHiil mommHax (Puc. 4.4). Ile no3Boiisie HaM BHCTaBUTH
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koMIioHeHT Ha 3D mozeni B moTpiOHiM Ham mo3uiii. CermeHTanito Oyjio 371MCHEHO 3a
JIOTIOMOTOI0 TTIO€THAHHS MMOPOTOBUX 3HAYCHD 1 TEXHIK CKOPOUYEHHS POCTY 3a JIOTIOMOT OO

miarina Fast Cut Grow

A 102.34320m = v &5

Puc. 4.4 ®yHKiOHaTBHI MOMIJIMBOCTI MPOTPAMHOTO 3a0€3MEUYCHHSI O3BOJISIOTH B
PEXKUMI peaslbHOTO Yacy MaHIMyJIoBaTH iMIakTopoM B 3D pexumi 3 CHHXpOHHUM
BimoOpakeHHssM mo3uiionyBanHs B 2D KT 3pizax kopoHanbHiM, akciaabHIA Ta

cariTaJibHIi [JIOMAMHAX

JIist CTBOpEHHST OCHOBHOI TpOrpaMu, MpH3HAYEHOi 1 poOOTH HA MPHUCTPOi
HoloLens 2, BukopucToByBangoch mporpamue 3ade3nedenHs Unity Bepcii 2020.3.42f1
(64-bit). Bubip came 11i€i 3actapinoi Bepcii 3aMicTh akTyanbHOI Ha Tol wac Unity 2022.1
OyB O0OyMOBIJICHHI TpOoOJIEeMaMH CyMICHOCTI 3 OCTaHHBOIO Bepcieto Microsoft Mixed
Reality Toolkit SDK (MRTK), Bumymienoto B 2017 porii.

VYci enemenTu romorpadiyHOTO KOHTEHTY Oynn 00’ €THaHI B €JUHUN 0aThKIBCHKHIA
00’€KT, TIPOCTOPOBUN SAKIP SIKOTO MIr 3MIHIOBATHCS BIAMOBIMHO 10 HAammMX MOTpeO.
Mogeni He Maliy MapaMeTpiB MAacHu UM MEX 3ITKHEHHS, 11100 YHUKHYTH OOMEXEHb, SIKi

Mo O MEepelIKOMKATH PO3MIIIEHHI0O 00’€KTIB ycepenuHi (aHTOMHOI Uil abo
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JTIOACHKOTO Tina. JIJis OCBITJIGHHS CIIEHW BHUKOPHCTOBYBAJIOCS OJIHE CIPSMOBAHE
mxepeno cBitia. Kpim 1p0ro, netanbHi (paHTOMHI MOJIEN MiJCBIYYBaIUCS T100albHUM
HABKOJIMIIHIM OCBITJIEHHSIM, 11O CTBOPIOBAJIO PEANICTUYHE BPaKEHHS IHTEPBEHIIIIHOTO
amapaTHOTO HaBaHTa)KCHHH.

[Ticns posropranns nporpamu Ha HoloLens Oyio 3a6e3neueno craduibHy poOoTy 3
4acTOTOIO KaJpiB, SIKa HIKOJIM He omyckanacs Huxde 59 FPS, 1m0 rapanTyBano miaBHICTh
1 cTaOUIBbHICTh POOOTH 1OAATKY.

Jlnst 3a0e3medeHHs TOYHOTO BIJCTEXKEHHS LUIeH y peani3oBaHOMY IIPOEKTI
BUKOpUCTOBYBasiaca TexHosoriss Vuforia SDK, Bepcii 6.5.22.

OpHiero 3 KIIIOYOBUX 3a71a4 OyJI0 3MEHILIEHHS (PIIyKTyalliil y JaHUX, 1[0 BAHUKAIOTh
TIiJ1 9ac MpoIecy BiJICTEKEHHS, TOMY OyJI0 3aCTOCOBAaHO METOAMKY 3TJIa/KyBaHHS TaHUX.
JUJ1s1 IbOTO BUKOPHCTOBYBAJIOCS BIKHO CEPEIHHOTO 3HAUCHHS 3 16 Ka/piB, sIKE TO3BOJISIIO
po3paxyBaTH MO3UIIIIHI Ta 00epTanbHI CepelHl 3HAYCHHsS. 3aBASKA TaKOMY MiJIXOIy
BIAJOCS MIHIMI3yBaTH KOJIMBAHHS BXIJHHUX JIaHUX, MPU IOMY HE CIOCTEepIraiocs
KOJHUX TOMITHUX 3aTPUMOK y poOOTi cuctemMu abo 3HWKEHHs ii epexrtuBHOCTI. Lle
3a0€e3Meunsio BUCOKY SIKICTh BiJICTEKEHHSI 0€3 HEraTUBHOTO BIUIMBY HA 1HTEPAKTHUBHICTD
Ta CTaOUIBHICTH POOOTH Tporpamu. llepeTBopeHHS MOjeNi B Mpoleci BIACTEKEHHS
MOCTIHO OHOBJIFOBAJIOCS IIJISIXOM PO3PAXYHKY TOOYTKY MK TpaHc(opMaIliero kamepa—
IiI6 1 TpaHchopMalliero miib—(paHToM, 1Mo 3a0e3nedyBai0 KOPEKTHE MO3UIIIOHYBaHHS
00'€KTIB.

Jlnst peanizarii BifcTexxeHHs OyJia BUKOPHCTaHa KOMOIHAITIS allTOPUTMIB BUSIBIICHHS
XapaKTepUCTUK, iHTerpoBaHux y Vuforia, i cmemianbHoi kBampaTHoi RGB-1imi, ska
CIIyryBaJia MapKepoM JJIs imeHTudiKallii monoxxenHs mamienta . el npoiec 6a3yBaBcs
Ha TIOPIBHSHHI BUAUICHHX 3a JOTIOMOTOI0 KaMepH Bi3yallbHUX O3HAK peajbHOI I 3
BiJIMMOBITHOIO KOMIT'FOTEPHOIO MOJIEIIIIO, 10 30epiranacs y nmaMm'sti cuctemu. Ha ocHOBI
I[HOTO TIOPIBHSHHS BUKOHYBAJIOCS OOYMUCIEHHS TPUBUMIPHOI KOPCTKOI TpaHChopmariii,
[0 JIO3BOJISUIO 3 BHCOKOKO TOYHICTIO BHU3HAYATH TIOJIOKCHHS Ta OPIEHTAIIO I Y
MIPOCTOP1, BUKOPUCTOBYIOUH JIUIIE OJIHY Kamepy (puc. 4.5).

KitouoBrM eneMeHTOM TpOoIecy cTaja TOMEpeaHsT peecTpallis TojiorpaMyd Ha

Malli€eHTOBI, SIka BUKOHYBaJlacsi BPYy4YHY, ajle 3 ypaXyBaHHSIM BHCOKOi TO4HOCTI. lle
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J03BOJIUJIO CTBOPUTH alpiOpHY MOJEIb, sIKa BUKOPUCTOBYBAjacs Il aBTOMATU30BaHO1
peecTpalii roJorpamu i yac poooTu nporpamu. TakuM YMHOM, HaBITh Y MPOLIEC 3MIHU
MOJIOXKEHHSI 200 KyTa OrJIsiy rojorpadiuauii 00’ €KT 3aIUIIaBCs YITKO CHHXPOHI30BaHUM
13 LUUII0, MITPUMYIOYM TOYHICTh B3a€MOIT MDK (I3UYHUMHU Ta BIpPTyaJbHUMU
enemeHnTamu. llocriiiHe BIACTEKEHHS NO3ULII 3a0e3leyyBajio CTIHKY Ta KOPEKTHY
peecTpaillito 3 OyJp-IKOro KyTa OTrJsiay, IO poOMI0 cucTeMy e(pEeKTUBHOIO HABITH Y
CKJIaJJHUX yMoBax ekcrutyatanii. lle rapanTyBaigo cTaOUIBHICTE POOOTH J0/ATKa,
CIPUSIIOYM TOYHOMY BHMKOHAHHIO IHTEPBEHI[IMHUX 3aBJaHb Ta HaAIWHIN 1HTErparii

3MIIIaHOT PeAIbHOCTI B KJIIHIYH1 400 €KCIIEPUMEHTAIbHI MPOLIECH.

== Quiity —== & wlorio "=

Pucynok 4.5. Etanu crBopeHHs mporpamHoro 3abesneueHHs aius Hapiramii.: 1. - KT
naifienra, 2 - 3aBaHTa)keHHs 1 00poOka B I13 Slicer 3D, 3. - 3aBanTaxkenns 3D mozeni B
I13 Unity, 4. - Taterpamis 3 miargopmoro Vuforia, mist cuaxpoHizaiii 3 Mapkepom, 5. -

3aBanrtaxenus B Hololens 2.

4.3 CumyasiniiiHa nepeBipka HaBiramiifHoi cucreMn

Mu npoBenu cuUMyJSIIAHE JOCTIIKEHHS] 3 BUKOPUCTAHHSM TapHITYPH 3MIMIaHOT
peanpHOCTI Ta iMitoBaHoro TEIIKC na 6a3i [actutyty opTomenii Ta TpaBMaTOJIOTIi
HAMH VYxkpainmu.

Harre HaykoBe mOCTiIPKEHHS 3/11MCHIOBAJIOCS HAa OCHOBI HaJipykoBaHuXx 3D moneneit

KICTOK Ta3y MallleHTIB 31 CKIQJHUMH aHATOMIYHMUMHU JedopmaliisiMyd, B paMKax



83

BUKOPHUCTaHHSI MEPENIOBOI HaBIraiiiiHOi cucTeMu, po3polJsieHOi Ha 0a3zl IMPHUCTPOIO
Hololens 2.

OCHOBHOIO METOIO EKCIIEPUMEHTY OYJI0 BU3SHAUEHHS MepeBar BAKOPUCTAHHS JaHOT
HaBITaIli{HOT CUCTEMH B KOHTEKCTI TO3UIIIOHYBaHHSI KOMIIOHEHTIB €HIOMPOTE3Y.

B pamkax pocnipkeHHst Oyno mpoBefeHO 20 CUMyNALIMHUX IMIUIaHTALld, 1e
3icTaBisIMCA J1Ba BapianTH — 10 pa3iB 3 BUKOPUCTaHHSAM HaBiraiiitHoi cucremu ta 10
pa3iB 3 BHUKOPUCTAHHSM CTAaHJAPTHOIO METOAY «BIA PyKu». YcCI MaHIIyJIAMii
BUKOHYBAJIUCS OJHUM 1 THM JK€ Xipyprom Juis 3a0e3ledeHHs €JHaHHS YMOB Ta
YHUKHEHHS BIUTUBY PI3HMX HaBHUOK OIEpaTtopa Ha pe3yibTaTH EKCIEPUMEHTY. YcCi
Mojieni (paHTOMHUX KICTOK Ta3zy Oynu otpumani BHachigok KT — ckanyBaHHS peaqbHUX
MAIlIEHTIB B paMKax IJIAHOBOTO MEPeIOTepallifHoOro miaHyBaHHS.

OCHOBHMM 3aBJIaHHSIM EKCIIEPHUMEHTY OyJi0o pO3TallyBaTH areTalyspHHMA
KOMIIOHEHT Y TIOTIEPETHBO 33aHOMY TTOJIOKEHHI.

CumynamiiiHi  IMIUIaHTAIli 3 HaBIraliifHOK CHCTEMOI0, Mald CIPOCKTOBaHY
OpIEHTAII0 aneTadyIsIpHOr0 KOMIIOHEHTa Ha ¢anToMi y mom 3opy (puc. 4.6). lle
3a0e3Meunsio Bi3yalibHE BIMOOpaKEHHS aHTeBepcCii Ta HaXWily IMIUIAaHTATy BiTHOCHO
nepeaHbol IUIOMMHU Ta3a y BUIJIAAI TOJIOTpaMd  IMIIAKTOpa Ta HamiBCPEepUuIHOL
IPUMIPOYHOI YaIlkd eHjompore3a. Ll rosorpama MOBHICTIO BiAIOBiIajda pealbHUM
po3MipaM IHCTPYMEHTIB, TOMY KOJIM JOCSTHYTAa Opi€HTAIlis BiAMOBiAaNa IIIbOBIM, BiH
MOBHICTIO Bi/MOBiAaB royorpami. He Oyo KogHUX H0IaTKOBUX BKA31BOK UM ITiICKA30K.
Cumynamiiiai  iMrutadTamii 0e3 HaBiramiiHoOI CHCTEMH, BHUKOHYBAJIHCh BHKJIIOYHO

METOJIOM BiJl pyKH, Ta CIIUPAIOYUCH HA JOCBiJ Xipypra.
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Puc. 4.6. Cumynsamiitna imrutadTaitis 3D Moesni 3 TOYHUM CITIBCTABJICHHSIM JI0 aHATOMI{

TMAaIli€EHTa, a TAKOX 3 BU3HAYMHUM I10JI0KEHHSIM KOMITOHEHTA CHIONpOoTe3a (Bi3yasi3allis

Xipyprom).

4.4.1 CtaTUCTUYHMIT AHAJI3

Orinka 0CTaTOYHOI Opi€HTAITIT YaITKY BEPTIIOKHOI 3aMaInHU BiJ0yBaIacs MUIIXOM
peecTparnii il HaxWiy Ta aHTeBepCil BIAHOCHO MEPEIHbOI IUIOMIMHKN Ta3y (PaHTOMHOTO
Tasa. /{7 BU3HAYCHHS TOXUOKH OpIEHTAIlli BAKOPUCTOBYBAJIACS PI3HUIIS MK I[LITHOBOIO
Ta JOCSATHYTOIO OpIEHTAMisIMH, IO Oyja po3paxoBaHa 3a JOMOMOTOI0 BIIIOBITHOTO
piBHAHHS. J|J1s1 MOPIBHSHHA MOXMOKW MK JBOMa METOJaMHU IMIUIaHTAIlli, 30KpeMa 3a
nomomororo MR Ta mertomom "Bim pyku', BUKOPHCTOBYBaBCS TecT Bimkokcona 3i
3HaKOBUM paHroM. /[BOCTOpOHHI mapHi t-TeCTH BUKOPHUCTOBYBAJIWCS ISl TOPIBHSIHHS

pe3yabTaTiB OpIEHTAIIHOT MOXUOKKA yMeXaxX OAHIEI rpynu CUMyJSALid. Y BHU3HAYEHHI

CTaTUCTUYHOI 3HAUYIIOCTI 3acTocoByBajacsi kputuuHa BennuuHa p<0,05. Tounictsb
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BUMIpIOBaNacs y rpajaycax i Bupaxaiacs y HUIMX yncaax. s po3paxyHKy HOTYXKHOCTI1
BUKOpPUCTOBYBaBca mnporpamHe 3abesneyeHHss G*Power 3.1.9 (Heinrich Heine,

Hroccenbnopd, Himeuunna), a nis aHanizy nanunx — SPSS 24.

Taomung 4.1

[lopiBHSHHS KYTIB IHKJIIHAI[T Ta aHTEBEPC1i OTPUMAHUX 3 BUKOPUCTAHHSAM HaBirauii ta

CTaHJApTHUM METOJIOM MPHU CUMYJSLIHHOMY €HAO0MPOTE3yBaHHI KYJIbIIOBOIO CYIJio0a.

3 BUKOpUCTAaHHSM | be3 BUKOpUCTaHHS

AnTeBepCis Ta KyT HAXHITy L oL

HaBirarii HaBirarii
CepenHiii KyT aHTeBepcCii 15° 25°
MakcumanbHU KyT aHTeBepCii 18° 30°
MiHiManbHUN KyT aHTeBepCii 12° 20°
CepenHiii KyT 1HKITIHAI11 45° 32°
MakcuManbHUM KyT 1HKITIHAIT 48° 35°
MiHiMaTbHUN KYT 1HKIIHAIIT 42° 29°

Y mpoBeneHOMY — €KCIIEPUMEHTI  MPOBOAWIIOCS  TOPIBHAHHS  TOYHOCTI
MO3UIIOHYBaHHS areTabyIsIpHOr0 KOMIIOHEHTA MPY BUKOPUCTAHHI HAIIOI HAaBITaIiitHOT
cuctemu Ha 6a3i Hololens 2 Ta tpaautiitHoro Metoay «Bia pyku». OTpuMani pe3ynbTaTH
MiATBEPKYIOTh, 110 BUKOPUCTAHHS HABITAIIHOT CUCTEMH 3HAYHO TMOKPAIYE TOYHICTh
no3uiionyBanHss (puc. 4.7). Jlnsg Kpamoro ysABICHHS TMpOIECy, MPEACTaBUMO

CTAaTHCTHYHI MiIPaXyHKH:
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MakcumanbHe BiAXWIEHHA

/

MiHiManbHe B|AXWNEHHA epenHE BiaXnneHHs

\ /

3 BUKOPNCTAHHAM HaBirauil
—— be3 sukopucTaHHa HeBiraujil

CTaHAapTHe BiAXMAEHHS
Puc. 4.7. IlemocTkoBa miarpama: Bi3yaJIbHO TIPEICTABIISE€ TIOPIBHSHHS CEPEIHBOTO
BIIXWJICHHS, MAKCUMAIBHOTO BiIXWJICHHS, MIHIMAJIBHOTO BiIXWJICHHS Ta CTAHJAPTHOTO
BIIXWJICHHS MDK BHKOPHUCTAHHSM HaBirarmii (KOBTHi) 1 0€3 BHKOPHMCTaHHsS HaBiraiii

(cuHiit) TpU CUMYJIAIIMHOMY €HJIONPOTE3YBaHHI KJIBIIOBOTO CYTJIO0A.

[TopiBHIOIOUH 111 MOKA3HUKH, MOYKHA BU3HAYMTH 3HAYYIIIUN TIPUPICT TOUHOCTI MIPH
BUKOPHUCTaHHI HaBiramiiHoi cuctemu mpu 3actocyBanHi MR. CepenHe BiIXWieHHS B
JAHOMY BHUMAJAKy 3MEHIIMJIOCS Maibke Yy TpHU pasu, M0 CBIAYATH TPO BHUCOKY
e(eKTHBHICTh Ta HAJIMHICTh CHUCTEMH Y TMOKpAIICHHI MO3UI[IOHYBaHHS KOMIIOHECHTIB

eHponpoTte3y (tadbmurs 4.2).
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Tabmauusa 4.2

Pe3ynpTaTn aHanizy noka3HUKIB BIAXUJICHHS MOJOKEHHS alleTa0yIIpHOTO KOMIIOHEHTA

BiJl 3aIUTAHOBAHOTO TMOJIOKEHHS TiJT YaC CUMYJISIIMHOTO TOCIIIKEHHS

[TapameTpu TOYHOCTI IMITJIAHTAII] 3 BUKOPUCTAHHAIM be3 BUKopHUCTaHHSA
aneTadyJIIpHOrO KOMIIOHEHTA HaBiraiii HaBiraiii
CepenHe BIIXUJICHHS 1.2° 3.8°
MaxkcumanbHe BIIXWIEHHS 2.5° 5.2°
MiHIMaJIbHE BIIXUJICHHS 0.5° 2.2°
CranmapTHe BIAXWICHHS 0.8° 1.2°
BucnoBok

TexHomoris 3MimaHoi peasbHOCTI, O0E3CYMHIBHO, BIJIIrpa€ BaXJIHMBY pOJIb Y
JIOTIOMO31 TIPH XIPYPrivyHUX OMEpaIlisfix 3 €HIOMPOTe3yBaHHS KYJBIIOBOro cyrioba. Ha
BIIMIHY BiJl KOMIT’ FOTEPHO1 HaBIramiiHO1 CHCTEMHU Ta pOOOTOTEXHIKH, HMOBIpHO, 110 MR
MOXKE€ TaK CaMO CIPHUATH MJABUIIEHHIO TOYHOCTI IMIUTAHTAIlIi 3a JOIMIOMOTOI0 Kpamoi
IHTpaonepamiiHoi eproHOMIKH Ta poO0YOro Mporecy, He T0Jal0un 3HAYHUX JTI0JIATKOBUX
BuTpat. JlaHe mociimKeHHs MoKaszye, o iHTerpaiis MP-TexHOIOTriI0 B MOBCAKICHHY
KIIHIYHY TMPaKTHKy MOXJIHBa Ta HeoOximHa. [licis mpoBeneHMX eKCIepUMEHTAIbHHUX

JOCIIHKEeHbB, 1aHa TEXHOJIOT1A MOXe OyTH 3acTOCOBaHa iHTpAOIEpaIliitHo.

4.5 BriuiuB 3MiHM KyTa HAXWIY Ta3a HA NepeaonepauiiiHe mJiaHyBaHHS

AkTyanabHicTb. [luTanHs onTuMmizamii  mepemonepamiiHOrO  TUTAHYBAaHHS
TOTATBHOTO €HIONMPOTE3yBaHHS KYJBIIOBOTO Cyrio0a HaOyjo Ba)XITMBOTO 3HAYCHHS B
cyudacHil opronenunuHiii xipyprii. IlepenonepaniiiHe nmiaaHyBaHHS BIAIpae KPUTUUHY

pOJIb Yy BUBHAUYEHHI CTpATET11 XIpypriuHOro BTpy4aHHs, BUOOP1 MpOTe3a Ta BCTAHOBIICHHI
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HOro ONTHUMAIBHOTO PO3MIIIEHHS ISl JOCATHEHHS HaWKpammx (QyHKIIOHATBHUX
PE3YJIbTATIB 1 3HUKEHHS PU3UKY MICIs0NEpAIiHUX YCKIAHEHb.

OgHuM 3 KIIOYOBUX AaCHEKTIB, SAKUH BIUIMBA€ HA YCHIIIHICTh TOTAJIBHOIO
€HIONPOTE3yBaHHsI, € TOYHE BU3HAUCHHS [IEHTPY POTaIlii KyIbIIoBOro cyrioda. Haykosa
CHUIBHOTA BCE OUIbIIIE BU3HAE, III0 AHATOMIYHI TApaMeTpH Nall€HTa, 30KpeMa KyT HAXUITy
Ta3a, MalOTh 3HAYHUH BIUIMB HA BU3HAYEHHS IHOTO IIEHTPY POTAIlii, III0 CBOEIO YEProOI0
BIUTMBAE HA 3arajibHi Pe3yJbTaTH XipypridyHOro BTpyYaHHSI.

Y crarri McLawhorn Ta cmiBaBT. BHUCBITJIEHO KPUTHYHE 3HAYEHHS
nepeonepalifHoro TUIaHyBaHHA AK (QYHIaMEHTAJIBHOTO €Taly Yy MiATOTOBI 0
TOTATBHOTO €HONPOTE3yBaHHA KybIoBoro cyriaoda (TEITKC). ABTopu HaroiaomyoTh,
110 peTesibHa MoTepe/Hs OllIHKA aHATOMIT mallleHTa, 010MEXaHIYHHUX MMapaMeTpiB cyriioda
Ta BUOIp TUMY 1 pO3MIPY IMIUIAHTIB € KJIIOYOBUMH (akTOpaMu [JIsi JOCSTHEHHS
CHPHUSATIMBOTO XipypridHOTO PEe3yabTaTy Ta 3MEHIICHHS PU3UKY YCKJIaHCHb.

Onrcana TexHIKa TMepeaonepariiHoro madJIoHyBaHHS 0a3yeThbCcsl Ha aHaji3i
300paxkeHb (peHtrenorpam a6o KT), 3a nomoMoror sIKMX BHU3HAYAETHCS MOJIOKEHHS
nentpy porarii (IIP), crernoBuii Tta aneraOymsipHuil oceTH, TOBKHUHA KIHIIIBKA Ta
aHATOMIYHI BapiaHTH OYJIO0BMU Ta3a ¥ IMPOKCHMAJIBHOTO BIIILTY CTETHOBOI KicTkH. lle
JI03BOJISIE HE JIMIIIE OOTPYHTOBAHO ITiTIOpaTH KOMIOHEHTH IMILUTAHTATY, a W TIOTIEPEIHBO
OI[IHUTH TIOTCHIIIHHI TPYJIHOII, TIIOB’sA3aHI 3 aHATOMIYHUMHU JaedopMaIlisiMi YU
MOTIEPETHIMU XIPYpPridHUMHU BTPYIaHHSIMHU.

OcobnmuBa yBara y poOOTI MPUIINIAETHCS IHTpAOINEpaIidHii  peanizalii
nepeponepalifHoro Iiany, ska mnepefadadyae BUKOPUCTAHHS BHU3HAYEHUX I Yac
TUTAaHYBAaHHS OPIEHTUPIB JIJI1 TOYHOT'O PO3MIIICHHS KOMIOHEHTIB. Takuii miaxij JO3BOJISIE
XIpypry Kpaiie KOHTPOJIOBATH BiHOBJIEHHS aHATOMIYHOTO IEHTPY poTalii, OamaHc
M’ s131B-a0TyKTOPiB, JOBKHHY KIHIIIBOK Ta CTaOUIbHICTH IMITIAHTATy. Y MOEIHAHHI 3
MOXJIMBOCTSIMH CYYaCHHX IHCTPYMEHTIB a00 HaBiramiiHUX CHUCTEM I 3a0e3meuye
BHUCOKY TOYHICTH 1 BIITBOPIOBAHICTH BTPYYaHHSI.

ABTOpH TaKOX MIAKPECTIOIOTH, 10 1HTETpallisl IepeAoNepaliiiHOro MIaHyBaHHS Ta
IHTpaonepaliiHoi CTpaTerii 3HUKYE WMOBIPHICTh TaKUX YCKIAAHEHb, SIK BUBHUXH,

acMMETpis JOBXKHMHHU KIHI[IBOK Ta MepeJyacHe 3HOIIYBAaHHS IMIUIAHTATY, 1 CHOpHUSE
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MOKpAlIEHHI0  (DYHKI[IOHATBHUX pE3YyJbTaTiB Ta 3aJ0BOJICHOCTI TMAIl€EHTIB Y
nicnsionepariiinomy nepiofi. [104].

VY nocnimxkenHi, mpoBeaeHomy T. Acquaviva Ta CHiBaBT. BUKOHAHO TJIMOOKHUUN
MOPIBHSUIBHUI aHali3 TPhOX OCHOBHUX METOIB Bi3yalli3allli, 110 BAKOPUCTOBYIOTbCS Ha
eTarri nepenonepaliiHoro niaHyBaHHS MIPH BUKOHAHHI €HJIONPOTE3YBaHHS KYJIBIIOBOT'O
cyrno6a. Jlo anHami3oBaHMX METOMIB OyJO BIAHECEHO: CTaHAAPTHY LUPPOBY
pentrenorpadito, crepeopentrerorpadiro (EOS) Ta TpuBUMIpHE MOJETIOBaHHS Ha
OCHOB1 JIaHUX KOMIT IOTepHOi ToMmorpadi. OCHOBHOIO METOI JOCHIKEHHS Oyio
3’SICYBaHHS TOYHOCTI Ta BiITBOPIOBAHOCTI KOXKHOTO 3 METOJIIB Y KOHTEKCTI BUSHAUYCHHS
KITIOYOBUX aHATOMIYHUX MapaMeTpiB, TAKUX SK KyT 1IHKJIIHAII, KyT aHTeBepCii, a TAKOK
NpaBWIBHUM M1I0Ip pO3MIpy IMIUTAHTATIB.

Pesynbrati gociipKeHHS TOKa3aId, [0 X04a BCi METOIU 3a0e3edyBajy 3iCTaBHY
TOYHICTh TP BUMIPIOBAaHHI KYTOBHX XapaKTEPUCTUK KOMIIOHCHTa EHIOMPOTE3Y,
HAWOLIBIIT JOCTOBIPHI PE3yJbTaTH IIOJI0 BHU3HAYEHHS PO3MIPY IMILIAHTATIB Oyiu
JOCSTHYTI caMe TPY BUKOPUCTAHHI TPUBUMIPHUX MOJIeJIeH, o0y 1oBaHuX Ha ocHoBi1 KT-
naHux. Takuii BUCHOBOK € KPUTHYHO BaKJIWBUM Yy KIIHIYHIN TMpakTHIl, OCOOIHUBO Y
NAIlI€HTIB 31 3MIHEHOIO0 AaHATOMIEI0 BEPTIIFOXKHOI 3aI1aIMHA 200 MPOKCUMATIBLHOTO BIIJILTY
CTETHOBOT KICTKH.

Kpim Toro, aBTopu BiI3HAYMIIM, IO BIATBOPIOBAHICTh PE3YyJbTATIB MK PI3HUMH
oreparopamu Oyia HaiBumiow npu Bukopuctandi 3D-CT, mo miakpecitoe mnepeBaru
I[OTO METOAY HE JIMIIE 3 TOYKH 30py TOYHOCTI, ajie¢ ¥ 3 MO3HINT MUKIUCIUTUTIHAPHOT
Y3rOJIKEHOCTI1 y TJIaHyBaHH1 OTepaltii.

BogHouac, BaXKJIMBOIO YaCTUHOIO OOTOBOPEHHS Yy IIili poOOTi € MUTaHHs OalaHCy
MDK TOYHICTIO Ta KIHIYHOIO JOIMUIBHICTIO: 3Ba)Kal04M Ha BHCOKY BapTicTh 3D-
JIaTHOCTUKH Ta TMPOMEHEBE HABAHTAXXEHHS, aBTOPU HE PEKOMEHIYIOTh 11 PyTHHHE
3aCTOCYBaHHS y BCIX BHMaakKax. HaTtoMmicTh BOHH TiAKPECIIOIOTh BAXKIUBICTH
IHAWBITYyaai30BaHOTO MIAXO0MY, ¢ BUOIp METOAMKHU Bi3yai3ailii IOBUHEH BPaXOBYBAaTH
aHAaTOMIYHI OCOOJIMBOCTI TMAIll€EHTA, CKJIAAHICTh KIIHIYHOTO BHIAJKYy, JIOCTYIHICTH

oOJlalHaHHs, €EKOHOMIYHI PECypCH YCTaHOBU Ta MPIOPUTETH JIIKYBAJIBLHOI'O MPOLECY

[105].
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B Vkpaini npoBouIuCh CX0XK1 KIIIHIYHI JOCIJIKEHHSI, SIK1 MOKYTh MaTH BIUIUB Ha
PO3YMIHHS HAYKOBI[IB II0J0 B&XJIMBOCTI BU3HAYEHHS KyTa HaxWwiy Tas3a Iepes
TJTAaHYBAaHHIM MIPOTE3YBAHHS KYJBIIOBOTO a00 KOJIHHOTO Ccyriioda. Pe3ynbTatit MOXKYTh
OyTH TIOB's13aH1 3 KyTOM HaxwJIy Ta3a Ta MPOTE3yBaHHAM KYJIBIIIOBOTO CYTiI00a, OCKIIBKH
ONTHUMI3alllsl MOCTaBU Ta OajaHCy 4Yepe3 peaduTiTallil0 MOXKEe MOKpallyBaTU PO3MOILIT
HAaBaHTaXEHHS Ha MPOTE30BaHUMN CYIJIO0, 3MEHIIIYIOUN PU3UK PO3BUTKY YCKIATHEHD Ta
CHPUSIOUYM Kpallii afganTtamnii iMmmianTary [106].

JlonaTkoBO, AOCHIIKEHHS BKa3yIOTh Ha TICHUM 3B'SI30K MK aHAaTOMIYHMMHU Ta
OloMeXaHIYHUMHU XapaKTePUCTUKAMH, 30KpeMa KyTOM HaxWIy Ta3a, i BUHUKHCHHSIM
YCKJIQJIHGHb TIC/IS eHJomnpoTe3yBaHHsA. OnTuMizallis TO3UWIIFOBAaHHS CHJIONPOTE3a,
BPaxOBYIOUH I1HAMBIYaJdbHI OCOOJMBOCTI TMAIllEHTA, € KPUTHYHOK [JIsi 3MEHIICHHS
PU3UKY HECTaOUIbHOCTI, BUBUXIB Ta IHIIMX YCKJIaJIHEHb, 3a0€3MeUyI0UM JIOBIOTPUBAJIC
(GYHKIIOHYBaHHS IMIUIAHTATy Ta MOJIMIIEHHS SIKOCTI KUTTA Malli€eHTiB. TakuM 4uHOM,
1HTEerparlis MepeloBUX XipypriyHux TeXHIK 3 BpaxXyBaHHSIM aHAaTOMIYHHX OCOOJMBOCTEH
KO’KHOT'O TAIlIEHTa € KIIYOBOIO JUIsl YCIIIIHOTO BIJHOBJIEHHS Ta 3a0e3neueHHs
ONTUMAJIBHUX JOBTOCTPOKOBHUX PE3YJIHTATIB JIIKYBaHHS €HIONPOTE3yBAHHS.

Mu nipoBeu BjacHe TOCIIKEHHS CYyTh SKOTO TOJIAraja B MOJEIIOBaHH1 3MIHU KyTa
HaxwmJIy Ta3a Ta aHadi3l MOro BIUIMBY Ha BU3HAYCHHS IIEHTPY pOTAaIlii KYJIBIIOBOTO
cyrinoba. Y 1mpoMy JIOCTIIKEHHI OCHOBHUMH MarepiagaMu Oyl CyxXi KICTKH Ta3y Ta
CTErHOBOI KICTKH, JI0 SAKUX IMIIAHTOBAHO CTAJIEBY KYJIbKY JiaMeTpOM 4 MM y TOJIBII
CTETHOBOI KICTKH JIJIsSi MOJICTIOBaHHS 3MIHM LIEHTPY poTallii. KicTku He Manu maTosorii
a00 O3HaK XpOHIYHMX 3aXBOPIOBaHb, SIKI MOIMIM O BIUIMHYTH Ha pE3yJIbTaTd

nocnimkeHss(puc. 4.8).
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Puc. 4.8. MonentoBanHs KyTa Haxuily Taza Ha 40° nmonepeny, paHTOMHA MOJIENb

lomo MeToauKu IMIIAHTAIli KYJIbKHM, KyJibka OYyJIM BCTaHOBJEHA B TOJOBI
CTErHOBOT KICTKM B MICIIl, IIT0 TOYHO BIJIOBIJIa€ 30H1 LIEHTPY poTarlii cyriooba. Lle 6yno
3po0JIeHO I TOYHOTO BIATBOpPEHHS (Di310JIOTIYHOTO PyXy Cyriioba Mg yac
excriepumenTy. Kynbka Oyna ¢ikcoBaHa B TOJOBIIl cTerHoBoi kicTku. e mporiec
rapaHTyBaB HaJiHy (QiKcallilo KyJIbKA y MPaBHUIBHOMY TOJOXKEHHI JIJISl TIOJIAJIbIIOrO
EKCIIEPUMEHTY.

JInst oTpuMaHHS PEHTreHIBCBKMX 3HIMKIB KICTOK Ta3y Ta CTETHOBOI KICTKH 3
IMIUTAaHTOBAHOIO KYJIBKOIO, TAIlEHT (KICTKH) OylW pETeNhbHO pO3TAIIOBAHWM Ha
PEHTTEeHIBCAKOMY CTOJ1 B MOTPiOHIN mo3uilii. Kputnuno BaxnmBo, mob KICTKH Oyiu
MPaBWILHO BHUPIBHSHI JIJII OTpUMAaHHS SKICHUX 3HIMKIB. PeHTreHiBchbka TpyOka, Oyma
po3TalioBaHa BIIMOBITHO 10 HEOOXimHOI TeoMmeTpii Ta KyTa, 00 ONTUMAILHO
Bi3yalli3yBaTH KICTKM Ta3y Ta CTETHOBOI KicTkH. OTpuUMaHi peHTIe€HIBChKI 3HIMKHU OyiH
00poOIeHi 3a TOMTOMOTOI0 BIAMOBITHOTO MPOTPAMHOTO 3a0€3MeUEHHS TS TOKPAIICHHS
AKOCTI Ta YITKOCTI 300pakeHHs. 3HIMKHU OyJIH AETAJIbHO IPOAHAII30BaH]1 ISl BU3HAUCHHS
TOYHOTO TEHTPY portaiii cyrioba. Ile BuMiptoBaHHS BUKOHYBAJIOCS 3 BUKOPHCTAHHIM

CHeHiaJ'IiBOBaHI/IX mporpamMm i BI/IMipI-OBaHHH JOBXHWHHN Ta KYyTa, K1 HaJlaBaJii BUCOKY



92

TOYHICTh pe3yabTaTiB. Llel miaxia 103BOJMB OTPUMATH Bi3yali3allilo Ta BUMIPIOBAHHS
3MIIIEHHS HEHTPY POTaIlli 3 BUCOKOIO TOUHICTIO 32 JOMIOMOT'0I0 PEHTI€HIBCHKUX 3HIMKIB.

Ile#i eram nmociimxkeHHs OyB OCOOJMBO 3HAYYIIMM, OCKUIBKM BIH 3a0€3IeuuB
MOXJIMBICTh BI3yadi3alii Ta KUIbKICHOT OIIHKM 3MIINIEHHS LEHTPY poTauii, sKi
BUHHUKAIOTh BHACJIJOK 3MIH Y MOJOXKEHHI Ta3a. lleil He TUIbKU CHPHUSIIO MIIBUIICHHIO
TOYHOCTI JIOCHIIPKEHHSA, aje © BIAKPUIO HOBI TNEPCIEKTUBU ISl PO3YMIHHS
B3a€MO3B'SI3KIB MDK aHaTOMIYHOIO OyJ0BOIO Ta3a Ta (DYHKIIOHAJBHUM CTaHOM
KyJBbIIIOBOTO  Cyrjoba, 110 Ma€ BUpIIAJbHE 3HA4YEHHS Ui ONTUMI3alii
nepefonepalifiHoro  TUIaHyBaHHS Ta  MIABUIIEHHA €(PEKTUBHOCTI  TOTAJIBHOTO
€HJIONPOTE3yBaHHS.

MogentoBaHHsT 3MIHM KyTa HaxWwily Ta3a CTAHOBUJIO KIIFOYOBUW €JIEMEHT
JOCIIDKeHHS, CHOPSIMOBAHOIO Ha aHali3 BIUIMBY aHATOMIYHUX Bapiamiii Ta3zy Ha
MOJIOXKEHHS LIEHTPY POTallii KyJbIIOBOTO CyIiio0a, 1o Mae BU3HAYAJIbHE 3HAUCHHS IS
yCIiXy TOTAJIBHOTO EHIOMPOTE3yBaHHA. Y paMKax [bOTO EKCIIEPUMEHTY OyIio
3aCTOCOBaHO METOJIMKY, sIKa I03BOJIsIa TOYHO Ta KOHTPOJIHOBAHO 3MIHIOBATU KYT HAXUITY
Taza BiJ WOro IMPHUPOJHOIO MOJOKEeHHS Ha KyToBi BiaxwmienHs 0, 10, 20, 30 ta 40
rpanyciB. Ilim yac MojenmtoBaHHS INPOBOAMIKMCS BHUMIPIOBAaHHS Ta KOHTPOJb IO3HIIIT
KICTOK, 11100 3a0€3MeYnTH TOYHICTh BIATBOPEHHS 3MIHU KyTa HaXWJIy Ta3a.

VY KOHTEKCTI MOCHIIKEHHS, IO BUSIBUJIO CKJIAIHOIII 13 BCTAHOBJICHHSM IPOTE3a
KyJIBIIOBOTO CyTiioba 4Yepe3 BENMKUN KyT HaxwWily Ta3a, BUKOPHUCTAHHS CIEIIaTbHO
PO3POOICHIX METOAMK € KJIIFOUOBUM JIJIsl ONITUMI3AIlii MPOLIEypHU €HIONPOTEe3yBaHHS Ta
MiHiMi3aIii pu3ukiB: 3D-MomeNOBaHHS Ta TJIaHyBaHHS, HaBITamiiiHi CUCTEMH IIij] 4Yac
orepallii 3 BUKOPUCTAHHS KOMII'IOTEPHO1 HaBiraiii abo poOOTH30BaHUX CHCTEM. Take
JICTAIbHE MOJICITIOBAHHS Jali0 3MOTY TIHOOKO TpoaHaizyBaTh OlOMEXaHiuHI 3CYBU y
MOJIOKEHH] MEHTPY POTallii, 0 BUHUKAIOTh K HACIIJOK 3MIHM KyTa Haxwiy Taza. Y
pamMKax HayKOBOTO JTOCHIKEHHS OyJI0 MPOBEIEHO KOMIUIEKCHUI aHalli3 BIUIMBY 3MiHU
KyTa HaXWiy Ta3a Ha MOJOKEHHS IIEHTPY POTaIlil KyJIbIIOBOTO Cyrio0a, o Ma€ iCTOTHE
3HAQUYEHHS  JJIi  ONTUMI3allii  NepeAonepaliiiHoro  IJIaHyBaHHS  TOTAJIbHOTO
EHJIONPOTE3yBaHHSA KYJIBIIOBOrO cyrioda. Ili mocaipKeHHS TMOoKazai, [0 IIpU

30UIbIIIEHH] KyTa HaXWJy Ta3a CIOCTEpIraeThCs 3MiHA IMOJIOKEHHS aleTaldyisipHOro
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KOMIIOHEHTa TPOTe3a, [0 MOXKE MPU3BECTH 10 3MiHM HAMpsIMKy HaBaHTaXXCHHsS Ha
MPOTE3 1 Ha KICTKOB1 CTPYKTYPHU HABKOJIO HHOTO. Take 3MillleHHS] MOK€e 30 UTbIIUTH PUZUK
aCeNTUYHOI HECTAOUIBHOCTI €HJI0ONPOTE3a, HOTO MIBUAIINNA 3HOC Ta 1HII YCKIIaITHEHHS.
Binrak, mpu 0 rpagyciB Haxwily Tasza, INepefolnepaliiHe IUIaHYBaHHS MOXe
0a3yBaTUCS Ha CTaHJAPTHUX AHATOMIYHMX OPIEHTUPAX 1 MapaMeTpax, BBAKAIOUM 3a
OCHOBY THUIIOBY MO3UII1I0 cyryioda Ta npote3a. OnHaK, Npyu 3HaYHOMY Haxwuil Ta3a 10 40
rpaayciB, HEOOXiTHO OpaTH J0 yBaru 3MiHEHY F€OMETPI0 Ta30BUX KICTOK, 1110 BUMAarae
KOPUTYBaHHS KYTIB IMIUJIaHTaIlll Ta, MOXKJIMBO, BUOIp CHEIIai30BaHUX THUIIIB MPOTE3iB,
K1 O Kpale aganTyBaJIMCs J10 3MiHEHOi OlomexaHiku. OKpiM TOro, nepeaonepariinte
IUTAHYBAaHHS TaKOXX MOBUHHE OYTH 1HAMBIIyaJIbHO aJalTOBAaHO A0 30UIBIIEHOTO KyTa
HaXUITy, 1100 3a0€3MeYUTH ONTUMAJILHE BITHOBJICHHS 1 3HU3UTH PU3HK YCKJIaHEHbD.
3peiToro, pe3yabTaTH JOCTIKEHHS IMIKPECTIOTh, 3HAYEHHS 1HIWBIAYaJIbHOTO
MiIXOAY J0 KOXKHOTO BUMAAKY €HAONPOTE3yBaHHS, Ji€ IMepeaorepaliiiHie MiaHyBaHHs
Mae OyTH TICHO TIOB's3aHE 3 TOYHOIO aHATOMIEIO 1 OloMexaHIKoo marieHTa. OTxe, MOXe
OyTH BUCHOBOK, II10 Jllalla30H KyTiB HAXWJIy Ta3a, Ha SKUW Tpeba 3BEepHYTH yBary IIiJl 4ac
IUTAHYBAaHHS TOTAJbHOTO €HIOMPOTE3YBAaHHS, MOBUHEH OYTH PO3IIMPEHUN, a METOIU

BHU3HAYCHHS IIUX KYTiB — yJIOCKOHAJICHI.

4.6 InTpaonepaiiiine 3acTOCyBaHHSI

IlepmuMm erarmmoM € BCTAHOBJICHHsS HaBiramiiiHoi cuctemu. Ilig perioHaIbHOIO
aHECTE31€10 B MOJIOKEHHI MalliEHTa Ha CIIMHI, TICIS TPHOXPa30Boi 00poOKHU oneparitHoro
MOJISI aHTUCENITUYHUM PO3YMHOM, BCTAHOBIIIOBAJIACH HaBITalliiiHa cucTeMa Ha TIEPETHIO
TUIONMHY Ta3a. 3 IMCHJIATepAIbHOI CTOPOHH, MICIs KOPEKTYyBaHHS TOJIOKEHHS, TpUMay
TapreToBaHOTO 300pakeHHs (hiKCyBaBcA /0 spina iliaca anterior superior J1BoMa MHAMHA
METOJIOM BCBEpJIIOBaHS uYepe3 cremiaabHi oTBopu. (OCHOBHAa 4dYacTHMHA HaBiraiii

npubupanack 1 3aTUNIABCS TUIBKKA TPUMad TapreTOBAHOTO 300paKEHHS Ta caM MapKep

(Puc. 4.9).



94

Puc. 4.9. TnTpaonepariiiina ¢ikcairist HaBiraliiHO1 CKJIa0BO1, 1711 YHUKHEHHS 3MIIICHHS

Tazy.

[Ticms 1bOro mMmaIfieHT BKJIAJABCS B TOJIOKEHHS HamiBOIK. 3a paxyHOK >KOCTKOi
¢ikcamii 70 KICTOK Ta3y MapKepa, MOJOKEHHS BIPTyalbHOI MOJENI 3MIHIOBAJIOCH
BIIMIOBITHO 710 MOJIOKEHHS TaieHTa. JIoCTym A0 KyJIBIIOBOTO Cyriioda 3iHCHIOBAIH
MO (IKOBaHUM TTepeTHFO-O00KOBUIA.

BuxonyBagcs niHiltHUN a00 371eTrKa BUTHYTHI pO3pi3 AOBXKUHOIO 8—12 cM, 3a1eKHO
BiJl TapaMeTpiB MallieHTa Ta mepeadadyBaHoro oodcary BTpydanss. [licis po3ciueHHs
IIKIpH Ta pO3IIapyBaHHA MIMIKIPHOT )KUPOBOT TKAHUHH, 1IeHTU]IKYyI0UN PaCIlito CTEeTHa,
po3cikanack Qaciiisi cTerHa y3/I0BX HAMPSIMKY M’ sI30BUX BOJIOKOH. BUSIBIISIBCS BEMMKUN
BEPTIIIOT SIK KJIFOUOBHI aHATOMIYHMI opieHTHp, m. gluteus medius i m. glutens minimus
TYHO PO3MIAPOBYBAJIM Ta BIJCIKAIM MO KOHTYPY BEIHKOTO BEPTIIIOTAa MaKCHMAaJIbHO
OJIM3BKO 70 OCTaHHBOTO, MO0 3amobirtu remoparii. Kamncyna poscikamu T — moniOHo,
TOJIOBKA CTETHOBOT KICTKM BUBUXYBaJIach B paHy. OCTEOTOMIs IIUUKU CTETHOBOI KiCTKH
IIPOKCUMAJIBHIIIIE B1I MAJIOTO BepTJirora Ha 1,5 cM.

[Ticas mporo mMpoBOAMIIACH MIATOTOBKA 3amaauHU a0 ¢Gpe3yBaHHsA. Dpe3yBaHHS

MPOBOAWJIOCH  HamiBchepuuHuMmu  (ppe3amMu 10  pO3MIpiB  BH3HAYCHUMU
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nepeaonepaniiiiiM IianyBaHHsIM. B ckinagHux Bumagkax, (pe3yBaHHs MPOBOAMIOCH 3
HAKJIQJaHHSAM BIPTYyaJIbHOT'O IJIAHYBaHHS ISl BU3HAYEHHS Miclsl oOpOOKH 3amaguHHu.
IMnanTanisa anera0yisipHOTO KOMIIOHEHTA MPOBOJAWIACH BIAMOBIAHO 10 MOJOKEHHS
BIPTYaJIbHOTO MJIaHYBaHHA HakjaaeHHoi 3D romorpamu iMnakropa, ajie mij KOHTPOJIEM
JOCBITUEHHOTO Xipypra JUisi YHUKHCHHS MOXJIMBOI TOXHMOKW. Bu3HaumBmm
BIJIMOBIJHICTD CHIBBIIHOIIEHHS (PI3MYHOIO IMIIAKTOPA Ta BIPTYyaJIbHOT' O, alleTa0yIISIpHUM
KOMIIOHEHT IMIUIaHTYBaBCsl MeTO[0M press-fit.

HaiiGinpimr  pamioHadbHUM  BBaXKAE€THCS ~ PO3TAIlyBaHHS  aleTaOyJspHOTO
KOMITOHEHTa €HJ0NpoTe3a (Ta BIANOBIAHO, ¢pe3un) mig KyToM 45° iHkiiHanii ta 15-20°
anTeBepcii. Take mo3ullioHyBaHHS 3a0e3leuye ONTUMAaJbHY CTAaOUIBHICTH CYTJ00a,
NPAaBWIBHUKA PO3MOJIiJI HABAHTAKECHHS Ta MIHIMI3y€ PU3MK BUHUKHCHHS YCKJIQJHCHBD,
TaKHUX K BUBUX a00 3HOIIYBaHHS KOMIIOHCHTIB €HIOMPOTE3a.

Oco0JMBO BaXKIUBO JOTPUMYBATHCh ITUX KYTIB NPH BUKOPUCTaHHI IMEpPEIHBO-
JaTepasbHOTO JOCTYIY, OCKUIBKM IIed miaxim 3abe3rneuye BiIMIHHY Bi3yamizalliro Ta
KOHTPOJIb HaJl pO3TAIIYBAHHIM KOMIIOHEHTIB, IO € KIFOYOBHUM JJIsi JOCSITHEHHS BUCOKO1
To4HOCTi iMrutadTanii. [IpaBuibHa opieHTaris ¢pe3u Mija Yac MiATOTOBKH KYJIBIIOBOT
3amaJuHu TaKOXK CIIPHUsSE BITHOBJICHHIO aHATOMIYHOT IreOMeTpii KyJIBIIOBOTO Cyriioba Ta
CTBOPIOE YMOBH JIJIs1 JOBIOTPUBAIOT (PYHKITIOHAIBHOCT1 €HIONPOTE3A.

Hactynmaum ertamom mpoBoauiiack 00poOKa KICTKOBO — MO3KOBOTO KaHAITY
CTETrHOBOI  KICTKM  pAINIUIAMH  BIANOBIIHO J0  PO3MIpiB  BU3HAYCHUMH B
nepeaonepaliiHoMy IiIaHyBaHHI. Hikka mpoTe3a iMIUTaHTOBajlach B KICTKOBO -
MO3KOBUH KaHa press-fit.

3anpornoHOBaHe OMNEPATHBHE JIIKYBAaHHS 110 TOTAJIbHOMY €HIOMPOTE3YBAHHIO
KYJIBIIIOBOTO CYTJI00a 3 HAaBIraIidHOIO CHCTEMOIO BUKOPUCTAHE MPH JIKYBaHHI 23 XBOPUX
aKi Oynu rpostikoBaHi B KiiHilI « TpaBmaTosorii Ta opronenii mopociux» Y «lHCTHTYT

TpaBmaTosorii Ta opromnenii HAMH Ykpaiauy.
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PO3/ILI 5.
MOPIBHSUIbHUM AHAJI3 PE3YJILTATIB JIIKYBAHHS XBOPUX

5.1 AHaJjii3 JTaHUX PEHTreHOJOTIYHUX JOCTiI’KeHb Y TpylaxX NOpPiBHAHHA

JIJ1st OIIHKY 3MIIIICHHS [IEHTPY POTAallii BAKOPHCTOBYBAJIM JIBa OCHOBHI TapaMeTpH:
3MIIIEHHS IIEHTPY POTallii y BEPTUKAIBHOMY HAMNPSIMKY (IMIPOKCHUMAaJIbHE/TIUCTATbHE
3MIIIICHHS ), Ta TOPU30HTATbHE (MEIiabHO-JIATepAIbHE 3MIICHHS [IEHTPY POTAIlii).

1. BepTukanbHe 3MIIICHHS IICHTPY pOTAaIlii

[TicnsgonepaniiiHuii aHami3 TMOKa3aB, MO0 Yy KOHTPOJIBHIA Tpyni (TpajaulliiiHe
EHJONpOoTe3yBaHHsI 0e3 HaBiraili) cepelHiil piBeHb 3MIIIEHHS IEHTPY poTamii y
BEpPTUKAJIbHINA IUIOMMHI cTaHOBUB 5,4 + 2,1 MM, npuuomy y 34,7% BuMaaKiB BOHO
MEPEBUIILYBAJIO 6 MM, III0 MOXKE CIIPUYMHUTH 3HAYHY 3MiHY 010MEXaHIKH CyTiio0a.

VY Tpyni HaBIramiiHOTO €HIONMPOTE3YBAaHHS CEPENHIM pIBEHb 3MIIICHHS IEHTPY
portariii cranoBuB 1,8 = 0,9 mm, a 'y 91,3% BumnaakiB BigXuiIeHHs HE MEPEBUIIYBAIO 2 MM.
Ile o3Hauae, MO 3acTOCYBaHHS HaBIramiiHOI CHUCTEMM 3HAYHO IMJIBUIIYE TOYHICTH
MO3UIIIOHYBAaHHS EHJIONPOTE3a Ta JO03BOJISE BIATBOPUTH aHATOMIYHE ITOJOKCHHS
cyrioba.

2. MenianpHO-NaTepaabHe 3MIIICHHS

MenianpHe 3MIIICHHS IEHTPY POTaIlii Y KOHTPOIBHIN IpyIi OyJIO 3apeecTpOBaHE Y
21,8% BumankiB, a narepanbHe 3MimeHHs — y 18,2% BunazakiB. CepeaHe BiIXUICHHS
cranoBuiio 4,3 £ 1,5 mm.

VY nocrmigHii rpyIri 3 HaBIralifHOK CUCTEMOIO MeTiaJIbHE YH JaTepaIbHE 3MIIICHHS
peecTpyBanocs numie y 6,1% BuMaakiB, a cepemHE BIAXWICHHS IIEHTPY pOTarlii He
nepesuiryBaio 1,5 + 0,8 mm. Lle 703B0INMIIO 3HAYHO MOKPAIUTH OaaHC HaBaHTAKECHHS
Ha M’ S3U-a0{yKTOPHU Ta 3MEHIITUTH PU3UK aCENITUYHOT HECTAOUTFHOCTI IMIUTaHTA.

Jns omiHKKM e(EeKTUBHOCTI HaBITaIllfHOT CHCTEMH IIiJI 4Yac €HJOMPOTE3yBaHHS
KYyJBIIOBOTO CyIJio0a MpPOBEICHO CTATUCTUYHUN aHallli3 TOYHOCTI BCTAHOBJICHHS

KOMMOHEHTIB. OcHOBHa yBara Oyja MNpuIUIeHa 3MINIEHI0O UEHTPY poTalli, KyTam
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IHKIIIHAIli Ta aHTeBepcii. BuKoOpHUCTaHO KOMIUIEKC METOAIB JUIsi TOPIBHSIHHS
Bapi1a0eNbHOCTI, OI[IHKM BIJMOBIAHOCTI ONTUMAJIbHUM 3HAYEHHSM Ta BU3HAUYCHHS
CTaTUCTUYHOI 3HaUyIIOCTI BIIMIHHOCTEN MIXK IpylaMHu.

OnTuMaTbHUMU 3HAYECHHSIMH BBAXKAJIHCS:

Kyt inxminamii: (40-50°)

Kyt anTeBepcii: (10-20°)

I{i 3HaueHHs 0a3yrOThCS HaA 3arajbHONPUUHATHX XIPYPriyHUX CTaHAApTaX, IO
MIHIMI3YIOTh PU3UK YCKJIaJHEHb, TAKUX SK BUBUXH, HAJAMIPHMHA 3HOC IMIUJIAaHTATy Ta
acCUMETpis HABaHTAXKEHHS Ha Ccyrjo0. BinxuieHHs Bij 3a3HAYCHUX Jlalla30HIB MOXE
HETaTHMBHO BIUIMHYTH Ha JOBrOTpHUBaTY (YHKIIOHAIBHICTH mpoTte3a. JlociaimKeHHs
MOKa3yloTh, 10 HEBIAMOBIIHICT ONTHMAJBHHM IapaMeTpaM IMiABUIIYE pPHU3HUK
nicisonepaniiaux yckiuaaaenb Ha 30-40% ( Tabmwuis 5.1).

['pynu TocmipKeHHs :

VY nocmiKeHHs BKJIFOYEHO JIB1 TPYIIU MAIIEHTIB:

I'pyna 3 HaBiraiier: 23 namieHTH (29 BUMIpIOBaHb)

['pyma 6e3 Hagiramii: 95 mamientis (122 BUMiprOBaHHS)

Taomung 5.1

CepenHi 3HaUCHHS KyTiB IHKJIIHAIIIT Ta aHTEBEPCii aneTadyasspHOTO KOMIIOHEHTA

EHJIOTPOTe3a 3 J1ala30HOM MaKCUMaJIbHOT'O BIAXWICHHS

[Tokazuuk ['pyna 3 HaBiraiieio ['pyma 6e3 HaBirarii
29 KynbIIOBUX CYTI00IB 122 kynp1oBux cyriao0iB

KYT IHKHlHaHll 43,5°i 7’00 44,560116,00

Kyt antesepeif 15,45°45,0° 14,86°+ 15,0°

Onna marienTka Oyna Oylla mpoonepoBaHAa 3 HABITAI[IMHOI CHUCTEMOIO, MPOTE
OCHOBHOIO METOIO HaBirailii 0yj0 BU3HaYUTH KOPEKTHE MICIE pe3eKIIii UK CTErHOBO1

KICTKH Ta Micue 0OpOOKH KyJbIIOBOT 3amaJuHU. Y 3B’SI3KY 3 KICTKOBHM aHKUIO30M Ta
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CUJIBHOIO OcCU(IKAIIEI0 KyT 1HKJI1HALI] OyB 30UIbIIEHNN, IPOTE HE BUXOAMB 33 MEXI1 TaKk
3BaHO1 Oe3MeuHoi 30HM (Tabnauus 5.2).

3HaueHHS KyTIB OTpUMaH1 HUIAXOM HICISONEPaliifHOrO aHali3y, SIKUW BKIIOYAB
aHaJi3 peHTreHorpagpiyHux 300pakeHb. BukoprcToByBanucs cnenianizoBaHi IporpaMmHi
QNrOPUTMU JJI1 BU3HAYEHHS TMPOCTOPOBOi Opl€EHTAlli KOMIIOHEHTIB E€HIOMPOTE3Y.

Jlo1aTKOBO MPOBOIUIIN KOPEKIIIIO 3 YpaxXyBaHHSIM aHATOMIYHMX OCOOJIMBOCTEH

MaII€HTIB.
3 BUKOPUCTAaHHAM HaBirauinHoi cMctemm
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BIJIMOBITHO JI0 3aIUTAHOBAHUX, Y TMAIIEHTIB 3 BUKOPUCTAHHSIM HaBITaIlIHHOT CHCTEMHU
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lpyna 6e3 BUKOPUCTAHHA HaBirauii

w
u

w
o
[ ]
[}

N
]

N
o

KyT aHTeBepcii
=
(9]

funy
o

0 10 20 30 40 50 60 70

KyT iHKniHawii

Puc. 5.2. PesynpTaTé OoTpuMaHUX KYyTIB IMIIAHTAIli aneTaOyIsipHOrO KOMITOHEHTa

BIJIMOBIJIHO JI0 TUTAHYEMHUX Y TIAIIEHTIB 0€3 BUKOPHUCTAHHIM HaBITamiiHOT CUCTEMU

Taomung 5.2
BincoTox maiieHTiB B Tak 3BaHiil Oe3nedHii 30H1
['pynu mopiBHSIHHS Kyt inkmniHamii B Mexax Kyt aHTeBepcii B Mexax
45°+5° 15°+5°
['pyna 3 HaBiraiieo 93% 100%
['pyna 6e3 HaBiraii 2% 76%

5.2 BriiuB HaBiraumii Ha TOYHICTD

VY mnHamomy nmochimkeHHI TecT MaHHa-BiTHi OyB BUKOPUCTAHHM IS OIIHKH
CTAaTHCTUYHOI 3HAYYIIOCTI BIAMIHHOCTEW MK TpylmaMH MAIliEHTIB 3 HaBIraii€eo Ta 0e3
Hei 3a KyTaMu IHKJIIHaLil Ta aHteBepcii. Otpumani 3HadueHHs U Oynu mMOpiBHAHI 3
KPUTUYHUMH 3HAUYCHHSMH PO3MOiTy MaHHa-BiTHI, 10 103BONMIO BU3HAYHUTH, YU €

BIIMIHHOCTI MIXK IPyIaMi CTaTUCTUYHO 3HAUYIIUMHU.
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Tabmuus 5.3 [lopiBHsiHHA U 3HaueHHs 3 3HaY€HHSAM po3noauly ManHa-BitHi

[TapameTp U-cratuctuka P-3nauenHs

Kyt inkninamii 1173.0 =0.0045

Kyt anTeBepcii 840.5 < 0.00001
[HKTiHALIS:

p = 0.0045 — cratucTUYHO 3HAYyIA PI3HUI MK Tpynamu (HaBirauis MOKparlye
TOYHICTD ).

AHTEBEpCIs:

p <0.00001 — m1e GBI 3HAUYIIA PI3HUL (HABITAIlls 3HAYHO MOKPAIIY€E TOYHICTD
KyTa aHTeBepcii).

3acTocyBaHHSI IILOTO TecTy Oyj0 OOYMOBIIEHE BIJICYTHICTIO HOPMAJIbHOTO
PO3MOALTY B IOCTIIKYBAaHUX BHOIpKax, M0 OYJ0 MIATBEPHKEHO 3a JOTIOMOTOI0 TECTY
[Mamipo-Yinka. Bukopucranus xpurepiro ManHa-BiTHI 103BOJMIIO  OTpUMAaTH
JIOCTOBIpPHI pe3yJIbTaTH, SKI CBiIYaTh MPO CTATUCTUYHO 3HAYYIl BIJIMIHHOCTI MIXK
rpynamu, ocoOJIMBO y TTOKa3HUKaX aHTEBEPCii, 110 IEMOHCTPYE MepeBary 3aCTOCYBaHHS
HaBiraiii mij 9ac eHJ0MpoTe3yBaHHs KYJIbIIOBOIO CYIJio0a.

AHaji3 OTpHMMaHUX JIaHWX 3aCBIIYMB, IO BUKOPUCTAHHS HABIraliiHOI CHCTEMH
3HAYHO TOKpAIy€ TOYHICTh MO3UI[IOHYBaHHS KOMITOHEHTIB €HJIOIpoTe3y. BigzHaueHo
CTAaTHCTHUYHO 3HAUYIIIE 3MEHIIEHHS BapiabeNbHOCTI KyTa aHTEeBEpCii, 0COOIMBO JIIBOTO
cyrinoba (p = 0.004). Ile cBimuuTh Mpo Te, MO0 HaBIraiis J03BOJISIE AOCITATH OiIBII

MIPOTHO30BAHUX PE3YyJIbTaTIB.

PiBeHb BiMOBITHOCTI ONTHMAJILHIM NMapaMeTpaM

[lopiBHSHHS BiICOTKA TAII€HTIB, y SKAX KYyTH IHKJIIHAIi Ta aHTeBepcCii
3HAXOJIMJIMCS B MeXax O0€3MMeYHO1 30HHU, IMOKa3ai0 3HaYHy NIepeBary HaBIraliiiHOi IpyIu.
Tect ManHa-BiTHI miATBEpAUB, IO PI3HULA MK IPyHaMy € CTATUCTUYHO 3HAYYIOIO:

[axminanis: p = 0.0045

AnTesepcis: p < 0.00001
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VY Hamomy JOCHIJIPKEHH] TeCT X1-KBaJpaT 3aCTOCOBYBABCS JJIsl OLIHKHU 3aJI€KHOCTI
MDK rpyliaMy Nall€HTIB (3 HaBiraiiero ta 6e3 Hei) Ta 4acTOTOO MOTPAIUISIHHA y O€3MeUHy
30HY KyTIB 1HKJIIHALII Ta aHTeBepcii. OuiKyBaHl 4acTOTU OyJM pO3paxoBaHl HA OCHOBI

PO3MOITY MALIIEHTIB MK IPYIIaMH.

Tabauusa 5.4

BincoTok notparisiHHs y Tak 3BaHUNA Oe3MeYHUi Jlana30H KYTiB IMIUIaHTAITI]. .

napameTp 3 HaBiraiiero bes nasirarii p-value
Ky inkninamnii 93,10% 72,13% 0.03235645155882577
Kyt anTeBepcii 100,00% 76,22% 0.007843350706947697

PesynpTaTn Xi-KBajpaT TECTY IMOKA3aJIH, 10 iICHYE CTATUCTHYHO 3HAYYIIHUH 3B'SI30K
MDK 3aCTOCYBaHHSIM HaBirailii Ta TOYHICTIO BCTAHOBJICHHS KOMIIOHEHTIB €HIOMPOTE3A.
OtpumaHe 3HaueHHs Xi-KBaapar (¥*) Oynmo noctatHbo BenukuM (p < 0.05), mo
MiATBEPUKYE, 0 BUKOPUCTAHHS HABITamifHOT CUCTEMHU 3MEHIINY€E KUIbKICTh BHUIAJIKIB
BHUXOJIY 32 MEX1 O€3IeYHOr0 JIiana3oHy.

Takum dYMHOM, pe3yibTaTH Xi-KBaApaT TECTy HIATBEPIKYIOTh €(PEKTUBHICTh
HaBiraiii Ta ii BIUTMB Ha TOYHICTh XIPYPriYHUX BTPYYaHb, 110 € BAXKIUBUM (PaKTOPOM JIJIs
MOKpAIIEHHS PE3YIbTaTiB €HAONPOTE3yBAaHHS KYJIBIIIOBOTO CyTiio0a.

Pe3ynpTaTé bOTO MOCTIIKEHHS MIATBEPIKYIOTh, 110 BUKOPUCTAHHS HaBITAI[iiHOT
CUCTEMHU TIpU EHJOMPOTE3yBaHHI KYJIBIIOBOTO Cyrioda CIpuUsi€ 3MEHIIECHHIO PU3UKY
YCKJIQJIHEHb, TAKUX SK JUCIOKAIliS IMIUIAHTATy, MEpeadyacHUi 3HOC KOMIIOHEHTIB Ta
HEPIBHOMIPHE PO3MOJIUICHHS HaBaHTaXKeHHsS. lle, cBO€ro deproro, MOKe BIUTMBATH Ha
30UTBIIICHHST TEPMIHY CIYXOM €HIONpOTe3y Ta TMOKpameHHs (YHKIIOHATBHUX

PEe3yIbTATIB ISl TAIIEHTIB.
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Pe3yJbraTu BiAHOBJICHHSI LEHTPY PpoTalii KyJAbLIOBOIO0 Cyrjo0a Iic/s

€H/IONPOTe3yBAHHS: MOPIBHAHHA METOAIB 3 Ta 0e3 HaBirauii

BinHOBNIEHHST LEHTpY poTalii KyJbIIOBOIO Cyrjio0a € OJHMM 13 KIIOUYOBUX
rapaMeTpiB YCIIIIHOTO €HAONPOTE3YBaHHS, OCKUIBKM HOTO HETOYHE MO3UIIIOHYBAHHS
MOXX€ MpU3BECTH [0 (GYHKUIOHATBHUX MOPYLIEHb, HECTAaOUIbHOCTI IMILIaHTa Ta
MiJBUIIICHOTO 3HOIICHHS KOMIIOHEHTIB. BUKOpHUCTaHHS HaBITal[iiHUX TEXHOJOTIN Y
Xipyprii /103BOJIsI€E 3HAYHO 3MCHIIUTH TOXWOKY PO3TAIlyBaHHS ICHTPY PpOTallii, 110
0e31Mmocepe/IHbO BITMBAE€ HA TOYHICTH IMILIAHTAIli Ta JOBTOTPUBAIHMH TPOTHO3 IS
MallexTa.

Otpumani pe3ynbTaTH JOCTIIKCHHS TOKa3aJld CYTTEBY PIZHHINKO Y TOYHOCTI
BITHOBJICHHSI IIEHTPY poOTalii MDK TpynaMd MalI€HTIB, y SKUX 3aCTOCOBYBAJIaCh
HaBiramiiiHa cucTeMa, Ta TUMH, JIe olepallis BUKOHYBajacs TPaIuIliiHUM METOJI0M Oe3
Hapiramii. Y Trpym, ¢ BHKOPUCTOBYBajach HaBiramiiiHa cucTeMa, MOXHOKa
NO3UI[IOHYBAaHHS LIEHTPY poTallii Oyia BUsBIEHA y 3 BHUMaakax i3 29 mpoornepoBaHUX
MaIli€HTIB, 10 CTAaHOBUTH 0J113bK0 10,3%. HaToMicTh y KOHTPOJIBHIN TPYIIL, 1€ HaBiraris
HE 3aCTOCOBYBaJiacs, BIIXWJICHHsS BiJ OaXaHOTO IIOJOXKEHHS IIEHTPY poTallii Oyio
3adikcoBano y 36 Bumankax 31 118, mo ckinagae 30,5%. lle Bkazye Ha TPUMIPOIEHTHE
3MEHIIIEHHS YaCTOTH IMMOXUOOK MPY BUKOPUCTAHHI HABITAI[IHHOT CHCTEMH, 1110 € CYyTTEBUM
MOKpAIEHHSAM TOPIBHSAHO 3 TPATUIIIMHUMU METOIaMH.

AHaniz oTpuMaHHUX pe3yJbTaTiB JEMOHCTPYE, IO BUKOPUCTAHHS HaBIraIiiHO1
CUCTEMHU 3HAYHO TIABUIIYE TOYHICTh MO3WI[IOHYBAaHHS IMIUIAHTA, OCKUIBKM BOHA
3abe3neuye 00’ €KTUBHMI KOHTPOJh IMapaMeTpiB omeparii, JO3BOJIAIOYH XIpypry
OTPUMYBATH Bi3yaJlbHI Ta YHCIOBI TMOKAa3HWUKH Yy peanbHOMY dYaci. HaBmaku, mpwu
CTaHJAPTHOMY MiAX0Ji 0€3 TeXHOJOT1YHO1 MIATPUMKHU TO3UI[IOHYBaHHS KOMITOHEHTIB
3HAYHOIO MIPOIO 3aJICKHUTh Bil Cy0 €KTHMBHOTO JTOCBIAY Xipypra, 1o 30UIbIITy€e PU3UK
MOXMOOK Ta HECTAOLILHOTO BITHOBJIICHHSI aHATOMIUHHUX CTPYKTYP.

OkpiM KUIbKICHMX TMOKAa3HUKIB, SIKI JIEMOHCTPYIOTh 3HIM)KEHHSI PIBHS MOMUJIOK Y
BIIHOBJICHH1 IIEHTPY pOTallii, Mali€eHTH 3 TPylH, J€ BUKOPUCTOBYBajach HaBiraiiiiHa

cUCTEeMa, MalM Kpaill (PyHKI[I0HAJIbHI pe3yJIbTaTH Ta MEHILE YCKIAJIHEHb Y PAaHHbOMY



103

nicisionepauiiHoMy nepioai. Lle CBIAYUTH MPO Ba)KIMBICTh 3aCTOCYBaHHS CYYaCHUX
TEXHOJOTIA, M0 JONOMararTh MIHIMI3yBaTH (AKTOPH NOXMOKM Ta MIiABUILUTH
nepen0ayyBaHICTh XIPYPriYHUX Pe3yIbTaTIB.

TakuM 4yMHOM, OTpHMMaHi JaHl NIATBEPIKYIOTh €()EKTUBHICTh HABIralliIiHOIO
MIAXO0AY B €HAONPOTE3yBaHHI KYJBIIOBOTIO CYrio0a, 110 J03BOJIsE€ 3MEHIIUTH MOXUOKY
MO3ULIOHYBaHHS  IMIJIAHTAa BTPUYl, TMOKPAUIUTH BIJHOBJICHHS OlOMEXaHIYHUX
napameTpiB cyriio0a Ta CpUATH KpalioMy KITHIYHOMY MPOTHO3Y ISl MAI[I€HTIB.

AHaJI3 OTPMMAHMX Pe3yJIbTATIB

['pyna 3 HaBiraiiero Majna 3Ha4YHO HUKYHH piBeHb MOXUO0K — 10.34% (3 moxubkwu 13
29 omepartiit). Hosipumii intepBan (95%) Bapiroerbes Bing -0.74% no 21.43%, mio
CBIIYUTH MPO BITHOCHO BUCOKY TOYHICTH METOJTY.

['pyna 06e3 HaBirailii AeMOHCTpYBaja CyTTEBO BUIUH piBeHb moxubok — 30.51% (36
noxu6ok 13 118 onepartiit). loBipuuii inTepBan (95%) ctanoButh 22.20% — 38.82%, 110
BKa3ye Ha OUTBII BUCOKY BapiaOeNbHICTh Ta OLIBITY HMOBIPHICTh HETOUYHOCTEH.

Xi-KBaJipaT TECT JJISI HE3aJIeKHOCTI

byno mpoBeneHo Xi-kBajapar TeCT, SIKMW BHU3HA4Ya€, YU € CTATUCTUYHO 3HAUYIA
PI3HUII MK IBOMA TpyTHaMu:

Xi-kBajsipaT cTaTucThka: 3.88

p-3nauenHs: 0.049

Ockinbku p-3HaueHHs < 0.05, 11e 03Hayae, 10 PI3HUI MK TPYIIaMH € CTATUCTHYHO
3HAUYIIOK, TOOTO BUKOPUCTAHHS HAaBIraiii CyTTE€BO MOKPAIye€ TOYHICTh BIIHOBIICHHS

IIEHTPY pOTaIlIii.

5.3 Kiiniuna ouninka pe3yabTaTiB

CratuctnyHa oOpoOka moka3HukiB SF-36 Ta mkamm Xappica ayis Maii€HTIB 3
HaBiraifieto ta 6e3 HaBirarii.
OnucoBa cTaTUCTHKA
VY nocniipkeHH1 TpoBeAeHO aHaii3 Moka3HUKiB SF-36 (OLiHKa SKOCTI KUTTS) Ta

mkanu Xappica (QyHKIIOHaJIbHA OIIHKA KYJBLIOBOrO Cyrjio0a) y Mali€HTIB MICHs
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€HJOMpPOTE3yBaHH, PO3MOAUICHUX Ha JBl TPYNU: 3 BUKOPUCTAHHSIM HaBIramiiHoOi
cuctemMu Ta 0e3 Hei. OnucoBa CTaTUCTHKA MOKa3ajia, U0 cepenHi 3HayeHHs SF-36 Ta
mkany Xappica € BUIIIMMU Y TPYIIi MAIIEHTIB 3 HaBiramier. 30KpemMa, CepeIHii MoKa3HUK
SF-36 y rpymi 3 HaBirauieto ckiaB 79.12 + 4.53, toai sik y rpymi 0e3 Hairanii — 76.03
+ 3.96. AHanoriyHo, cepeHiii MOKa3HUK 3a IIKaJI0I0 Xappica y Mali€HTIB 3 HaBITaILIE0
ckiaB 93.13 + 5.99, toxi sik y rpymi 0e3 HaBiraiii — 86.23 + 9.90.

OnucoBa CTaTUCTMKAa BUKOPUCTOBYETHCA JUISl  y3araJlbHEHHsS JaHUX Ta
NpEe/ICTaBIICHHsI OCHOBHUX XapaKTEePUCTUK BUOIpKHU. [[ns koxkHO1 rpynu naiieHTiB ("3
Hapiramieo" Ta "be3 HaBirauii') Oyi0 po3paxoBaHO HACTYITHI MOKa3HUKHU:

Cepenne 3nauenns (Mean, X) — 0kasye cepe/iHiii piBeHb 3HaYEHb y BUOIPIII.

Meniana (Median, Md) — nueHTpajibHe 3HA4YCHHS Y BIOPSAKOBaHIH BHOIpIIi.

Crannmaptae BimxwieHHs (Standard deviation, SD) — BUMIpIO€ CTYIiHb PO3KUIY
3Ha4YeHb HaBKOJIO cepeanboro. Keaprumi (Q1, Q3) — 25-if Ta 75-# nmepueHTwI, 10 JaI0Th
YSBJIEHHS IIPO PO3IMOALT 3HAYEHb.

MinimansHe (Min) Ta MmakcumaibHe (Max) 3HaueHHs.

CGpGI[HGZ 3HA4YCHHA:

_ 1y (14)
X = —Z Xi
n .
=1
CranmapTHE BIIXWICHHS
Meniana (Md) — skmo n mapHe, TO CEpeaHE MDK JBOMAa IICHTPAJbHUMU

3HAUEHHSMH, SIKIIIO0 HETIapHE, TO IIEHTPAIIbHUI €JIEMEHT.
Ksaprtumni:

Q1 — 25-it mepuenTHIL Q3 — 75-i MEpHEHTHIL
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Tabauusa 5.5

Craructuuna oOpoOka noka3zHukiB SF-36 Ta mkanu Xappica AJisl HaIl€HTIB 3

BUKPUCTAHHSM HaBIraiii Ipu eHJ0NPOTE3yBaHHI KYJbIIOBOTO cyriobda Ta 6e3

BUKOPUCTAHHS HaBIraiii

I'pyna |Iloka | Cepenn | Meniana | Ctannx | Q1(25 | Q3(75 | Miniman | Makcumanb
3HHK | € (Median) | aptae | -it -i pHe(MInN) | He (Max)
(Mean) BIIXM | IIEpIe | meplie
JICHHS | HTWJIb) | HTUJIb)
bes SF-36 | 76.0326 | 75.55 3.959 | 73.19 | 78.47 66.8 86.11
Hagira 3
i
3 SF-36 | 79.1186 | 78.47 4529 | 76.175 | 83.05 71.8 85.69
HaBira 0
€10
bes kan | 86.2340 90.0 8.744 | 78.0 95.0 68.0 98.0
HaBira |a 4
i Xappi
C
3 Mkan | 93.1304 95.0 5.987 | 94.0 97.0 78.0 98.0
HaBira |a 1
IIE€T0 Xappi




[lepeBipka HopmanbHOCTI po3noainy SF-36 ta mikanu Xappica

JIJ1st HOpIBHSAHHS TPYN HEOOX1AHO OyJI0 BUBHAUUTH, UM BIAIOBIAAE PO3MOALT TaHUX
HOopManibHOMY. JJ1 ibor0o MM Bukopuctanu Tect Lllamipo-Binka, sikuii 7oOpe npaitoe Ha
MaJiix BUOIpKax.

Hynwoga rinotesa (Ho): [laHi MatoTh HOpMaJbHUN PO3IOILI.

AnwprepHatuBHa rinote3a (Ha): Jlani He MatoTh HOPMaAJIBLHOTO PO3MOALTY.

ko p-value > 0.05, To po3moaAisl MOXKHA BBAXKATU HOPMAJIbHUM.

Slkmo p-value < 0.05, po3monia BiIpi3HSIETHCS Bill HOPMAIBHOTO, 1 HEOOXIITHO

34CTOCOBYBATHU HenapaMeTquHi TCCTHU AJIA HOpiBHHHHSI.

Ta0mung 5.6
[lepeBipka HopManbHOCTI po3noauty SF-36 Ta mkanu Xappica

[ToxazHuk SF-36 SF-36 [lxana Xappic | Hkama Xappic

(bes nagiramii) | (3 nagiramier) | (be3 Hapiramii) | (3

HaBITaIlIEI0)

p-value 0.100836344063 | 0.084023624658 | 3.90300673724 | 3.538953023
HOpManbHUHK | Tak Taxk Hi Hi
PO3IOLT

IlepeBipka HOPMAJNBHOCTI PO3MOALTY ITOKa3aja, 1m0 omiHku SF-36 MaroTh
HOPMAaJIbHUW PO3MOALT Yy 000X Tpymax, 0[O0 JO3BOJIMIO BHKOPHUCTATH t-TECT IS
MOPIBHSHHS CepelHIX 3HaueHb. HaTomicTe mkama Xappica B 000X Trpymnax He
BIIMIOBiZJa)la ~ HOPMAJBHOMY  pO3MOAUTY, M0  OOIPYHTOBYE  3aCTOCYBaHHS
HelapaMeTpUIHOTo TecTy MaHHa- YiTHI.

Amnaniz nokazauka SF-36

Jlnst mopiBHsSHHS 3Ha4YeHb SF-36 Mik rpynmamu HariieHTiB 3 HaBiraiiero ta 6e3 Hei
OyJ10 BUKOpPUCTAHO t-TECT ISl HE3aJIe:)KHUX BUOIpOK. BUKOpUCTaHHS came IbOTO TECTy
OoOrpyHTOBaHE TUM, WIO MOMNEPEAHIM aHali3 MOKa3aB HOPMaJbHUM PO3MOJUT I[HOTO

MOKa3HUKa B 000X rpymnax.
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®dopmyiia t-TecTy s He3aleKHUX BUOIPOK:

t=—L_Z2 (15)

ne:

X1, X,— cepe/iHi 3HaUEHHd B JBOX IPymnax,

512, 522 — aucniepcii BUOIpoK,

N4, N, — 00CATU BUOIPOK.

Otpumane 3HaueHHs p = 0.0053.Ockinbku p<0.05, TO MOXKHA BIAXUIUTH HYJIHOBY
rinore3y, sika MpUIycKaia BIACYTHICTh CTATUCTUYHO 3HAUYIIOI PI3HUIII MK TpymamH.
TakuM 4YKMHOM, MOXKHA 3pPOOMTH BHCHOBOK, IO PI3HUI MDK MokasHukamu SF-36 y
rpynax CTaTUCTUYHO 3Hauyina. [lamieHTu, sSiKi MPOXOAWIN OTNEpaIlilo 3 BUKOPUCTAHHIM
HaBIramiiHoO1 CUCTEMH, MAIOTh BUII Moka3HUKH SF-36 y MOpiBHSAHHI 3 MaimieHTaMu 0e3
Hapiramii. Lle cBiAUuTh TIPO Kpalry SKICTh KUTTS MICHS omeparlii, BKJIHOYalIl MEHIIY
IHTEHCHUBHICTH 0010, TTOKpalieHy (i3ndHy aKTUBHICTH Ta 3araJibHE CAMOIIOYYTTS.

AmHaii3 mkanu Xappica

Jlns omiHkM pi3HUII Y (YHKIIOHATBHHX pe3yJbTaTax Cyrioda MK TIpylnamMu
BUKOpPHUCTOBYBayacs Imkaida Xappica. OCKiIbKHM TONEpeAHid aHami3 Mmoka3aB, MO ii
pO3MONUT HE € HOPMaJIbHUM (Yepe3 BHCOKY KOHIIEHTpAIlil0 3HAY€Hb y BEPXHBOMY
Jianma3oHl Ta acUMETPii0), JUIsl TOPIBHSHHS 3aCTOCOBYBAJIW HEMAapaMETPUUYHHUA TECT
Manna-YiTHi.

dopmyna kputepito ManHa-YiTHi:
n(ny +1)

——— R

7e N1 Ta N — o0cATH Tepmioi Ta Apyroi BUOIPOK BiAMOBINHO, a R4 — cyma paHriB

U = nlnz +

nepuioi BUOIPKHU.

Otpumane 31auenHs p = 0.00018.
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Ockinbku p<0.05, To MOKHA BIIXWIUTH HYJIbOBY TIIOTE3Yy IPO BIACYTHICTh PI3HUIIL
MK rpynamu. e o3Hauae, 110 pi3HULS MK TPyHaMu 3a IIKajaow Xappica € CTAaTUCTUYHO
3HAYYIIOKO.

[TamienTu, sxkuM OyJI0 MPOBEACHO HABITAIllHE EHJOMPOTE3yBaHHS KYJBIIIOBOTO
cyrio0a, MaroTh 3HaYHO BHIII1 OLIHKHU 3a IIKaJI0K0 Xappica MOPIBHSIHO 3 MaIrfleHTaMu 0e3
Hasirauii. [{e cBiuuTh npo Kpaiii GyHKII0HATbHI pe3yJIbTaTH.

Bumi 3nauenHst mkanu Xappica y Tpymi 3 HaBiraui€r0 MOXYTb HOSICHIOBATHCS
TOYHIIIOI0 YCTAaHOBKOIO KOMIIOHEHTIB €HIOINMpPOTEe3a, M0 CHPHUSIE ONTUMAIBHOMY
OioMeXaHIYHOMY HaBaHTKCHHIO Ta 3MEHIIICHHIO PU3UKY YCKIIAIHEHD, TAKUX SIK BUBUXH
a00 HeCTaOUIBHICTB CyTI00a.

Kuiniunnii npukiaan 1. Xsopa C. 64p. Ne icropii xsopoou 601584. [Toctynuna y
BIJIIJICHHS TpaBMaTtoJjorii Ta oproneaii qopocnux Y «ITO HAMHY» 31 ckapramu Ha
O1b Ta OOMEEeKEeHHsI pyXiB B KYJbLIOBUX cyrioOax. byno BcraHoBieHO miarHos:
JIBOOIUHMI KOKCApTpO3 BHACHIIOK MJICIIIA31i, AHKLIO3YIOUMH KOKCapTpo3 000X
KYJIBIIIOBUX CYTJIOOIB. B aHamHe3i: B 5 piyHOMY Billi BUKOHAHO BIJIKPUTE BIIPABJICHHS
BPOJKEHUX 3BUXIB 000X cTeroH. OpTONMEIUYHHI CTaTyC: pyXaeTbCa 3a JTOMIOMOTOI0
MUJIUIb, KyJbralour Ha OOWIBI HIKHI KIiHIIIBKH. [Ipu orismi mormepekoBOTro BiALTY
XpeOTa BiIMIYA€ThCS MJICHIICHHS TTOMEPEKOBOTO JIOPA03Y.

24.04.24p. Oyno BHKOHAHO TOTAJIbHE E€HIONMPOTE3yBAHHS IPABOTO KYJIBIIIOBOTO
cyrnmoba  OGe3neMeHTHHMM  eHpompore3oMm.  30.09.24p  BHKOHAaHO  TOTajbHE
€HJIONPOTE3yBaHHS  JIIBOTO  KYJBIIOBOTO  Cyryio0a  O€3IEeMEHTHHUM  MPOTE30M.

[TicasonepariiftHuii mepioa MpoTikaB 0€3 yCKIIaJHEHb.
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F 25 0ct 1360 601584 SKN

0.2 0oknageii ol

Puc. 5.3 Pentrenosnoriuna kaptuna namiesta C., 10 Ta Micis OMEpaTUBHOIO BTPYYaHHS

Ha npyruii nens micist onepariii maiieHTKa y CympoBO/Ii JiKaps X0auia 3a

JIOTIOMOTOF0 XOJIYHKIB, 3 YaCTKOBUM HaBaHTa)XCHHSAM Ha OTICPOBaHY KiHIIIBKY.

Bunucana 13 cramionapy Ha 11 ta 8 no0y micig omepauiil BignmosiaHo. Ilpu
JTMHAMIYHOMY CITIOCTEPEKEHH1 3 3 MICSIIB MICHs ApPyroi omepailii, XBopa MOBHICTIO
CoIliaiIbHO pealiTiToBaHa Ta TMOBEPHYJACh JI0 3BHYHOTO CIOCOOY JKHTTS: OLJb,
KyJIbI'aBICTh Ta OOMEKEHHSI B JUCTAHIIIT PyXY — BIZICYTHI, KOPUCTYETHCSI TPOCTUHKOFO JIJIsI
TpUBaIUX MNporyiasHok. OIiHKa 3a mKaiow Xappica — 92 Gamu (BigMinHO) SF-36
BiIMiHHO. MeTO0 3acTOCyBaHHS HaBiramiitHoi cucteMu OyJI0 BHU3HAYCHHS MICIS
po3TanTyBaHHs CIIUJIY CTETHOBOI KICTKH Ta MicCIle 00pOOKH 3aIiaInHH.

Kainiunuii npukanan 2. [anientka I1. Ne ictopii xBopoou 598384. [Toctynuna
y BinauieHHs TpaBMarosiorii Ta oproneii nopocaux AY «ITO HAMHY» 31 ckapramu Ha
O0imb B 000X KyJBIIOBUX Cyriiobax, OOMexeHHs pyxiB. BcTaHoBIeHO fiarHos:
AceNnTHYHUI HEKPO3 TOJIIBOK CTETHOBHUX KICTOK 3 000X OOKIB. AIutacTHYHA aHEMis,
cTazis pemicii. B anamaesi: 31 caiB MaMu OUTh y KYJBIIOBHX CYIJIOO0ax (IIOYEPTOBO)
nmodaB TypOyBatu B 2018 p. motuii ( Ha 4 nenp BBeaeHHsS TiMOTIOOYIiHY), KBITCHb
MpHUEIHABCS OUTh y KOMIHHUX CYyriio0ax Ta Maiie€HTKa He TepecyBaiachk. Uepes 2 poku
rmovasa HaBaHTaXEHHS 3 XOMyHKaMmu. JIikyBamach 3a MICIIeM MPOKWBAHHSI TIIICYBAHHSIM.
OO0’€eKTHBHO: TIEPECYBAETHCS 3a JOIMOMOIOI XOJYHKIB, XOan0a 3MiHeHA. Buaumux
BICLOBUX BUKPHUBIICHb BEPXHIX Ta HIXKHIX KIHI[IBOK HEMA€, KOHTYPH CYTJI001B HE 3MIHEHI,

pyXHu y cyriiodax BEpXHiX KIHI[IBOK 3aJI0BUIbHI Ta 0e300icHI. Burunu xpedTa Ta pyxu y



110

MONEPEKOBOMY BIIAUII HE3HAYHO OOMEXEHI Ta 4YyTiauBl. TpoiuHMX Ta UYyTIMBUX
pO37ajiB HEMaAE.

07.12.2023 O6yno BUKOHAHO TOTaJlbHE E€HIOMPOTE3yBaHHS IPABOTO KYJBIIOBOTO
cyrnmoba Oe3neMeHTHUM eHgomnpore3oM. 07.05.24 Oyino BHUKOHAaHO TOTaJbHE
€HJONPOTE3yBaHHS JIIBOTO KYJBIIOBOIO Cyrjio0a Oe3leMEHTHUM €HAOMPOTE30M.
[TicnsonepanitHuii epioa mMpoTikaB 0e3 yckiaaHeHb. Ha apyruit geHp micis omepariii
Mall€HTKa Yy CYNPOBOA1 JIKaps XOoJauia 3a JONOMOIOI XOAYHKIB, 3 YaCTKOBHUM
HAaBaHTAXEHHSM Ha ONEpOBaHy KIHIIBKY. Bunucana 13 cranionapy Ha 6 Ta 7 100y miciis

oreparilii BiJIMOBIIHO.

Puc. 5.4. Pentrenosnoriuyna kaptuna naiiesTa I1., 1o Ta miciist onmepatuBHOTO BTpyJYaHHS

[Ipu nruHaMiYHOMY CIIOCTEPEXKEeHHI 3 3 MICSIIIB MICIs APYroi omeparlii, XBopa MOBHICTIO
COIIaJIbHO pealimiToBaHA Ta TMOBEPHYJACh 10 3BHUYHOTO CIOCOOY JKUTTS: OLIb,
KyJIbTaBICTh Ta OOMEKEHHS B IUCTAHIIII pyXy — BIZICYTHI, HE KOPUCTYETHCS IOATKOBUMHU
3acobamu omopu. O1riHKa 3a mKkanow Xappica — 92 6anu (BinMmiaHO), SF-36 BinMiHHO.

MeTtoro 3acTOCyBaHHS HaBiramiiHoi cucteMu Oylno BHU3HAYEHHS  MICIlA
pO3TanTyBaHHS CIIMJIY CTETHOBOI KICTKH Ta Micie OOpOOKH 3amaJuHU Ta BUCTABJICHHS
KOPEKTHUX KYTiB IHKJIiHAIi, aHTEBEPCii Ta BIMHOBIEHHS LIEHTPY POTAIliX KYJBIIOBOTO
cyrio0a.

Kainiunnii npukiaan 3. Ilamientka H. Ne icropii xBopoou 601302. ITocTynmia y
BiIUIEHHS TpaBMaTosorii Ta opromneaii nopociaux Y «ITO HAMHY)» 31 ckapramu Ha

Oulb Ta OOMEXEeHHSI pyXiB B 000X KYJbIIOBUX Cyriodax. byio BCTaHOBJIEHO A1arHo3:
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Kokcaptpo3 BHacnigok Aucruiasii, 1Bo01unuii 4 ct. B anamuesi: XBopie 3 TUTUHCTBA. Y
Biui 10 pokis B 1Y «ITO HAMHY» BUKOHYBaJMCh ONEpaTUBHI B TPy4YaHHS Ha JIBOX
KyJBIIOBUX CYIJIO0aXx 3 OCTEOTOMIEI0 CTETHOBHX KicTOK. 3BepHynack B Y "ITO
HAMHY" nns xipypriudoro inikyBaHHs. Oprtonenuunuii crtatyc: IlepecyBaerbcs
CaMOCTIIHO, 0€3 J0MOMOrY CTOPOHHIX Ta IHIIUX J0JATKOBUX MPEAMETIB, HAKYIbI'YIOUU
Ha 00u/B1 HIDKHI KiHIIBKU. Di31010r1uH1 BUrMHU XpeOTa 30epekeHi. B B/3 000x cTeron
Mo JaTepalibHIl TOBEpXHI micisonepaiiiini pyoui 3amosxku 10,0 cm, 6e300micHI,
BTATHYTI. B KynbloBomMy cyrio0i pyxu oOMEXeH1 3a paxyHOK OOJBOBOTO CHHAPOMY.
O3Hak mopyIieHHs IHHEpBaIlli Ta KpOBOTIOCTAYaHHSI HA MOMEHT OIJISIAY HE BIIMI4a€ThCSI.
Ha pentrenorpadisx Big 22.02.2024 p.- 1BOCTOPOHHIN TUCTUIACTHYHUN KOKCAPTPO3 4 CT.
28.05.2024 Gyii0 BUKOHAHO TOTAJIBHE CHJIONPOTE3YBaHHS MIPABOI0 KYJIBIIOBOT'O CyTjio0a
OE31IEeMEHTHUM EHJIONPOTE30M 3 KICTKOBOKO IUIACTHKOI naxy 3amaauHu. 09.10.2024

6y.]10 BUKOHAHO  TOTaJIbHC CHAOIIPOTC3YBAHHA JIIBOTO KYyJIbIIOBOTO CYFJ’IO6a

6e3HeMeHTHI/IM CHIOIIPOTC30M.

Puc. 5.5 Pentrenonoriuyna kaptuna namiesta H., 1o Ta micis onepaTHBHOTO BTPYYaHHS

[Ticnsonepamiiftauii mepion mpoTikaB 0e3 yckiamHeHb. Ha apyrwit geHsp micis
oreparlii MamieHTKa y CyInpoBO/Ii JIIKapsl XOIuja 3a JTOIMOMOTO XOYHKIB, 3 YaCTKOBUM
HABaHTAXXEHHSM Ha OIMEpPOBaHy KiHIIBKY. Bummcana i3 cramioHapy Ha 9 mo0y micis
omepariii B IBOX rocmitanizamisx. [Ipu ruHaMiuHOMY CHOCTEpeXEeHHI 3 3 MICSIIIB Mics
Jpyroi omeparii, XBOpa MOBHICTIO COI[ialbHO pealiTiToBaHA Ta IOBEPHYJACH 0

3BHYHOTO CIIOCOOY XKHUTTA: OUTb, KyJIbraBiCTh Ta OOMEXXEHHS B JUCTAHIIII pyXy — BIACYTHI,
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HE KOPUCTYEThCS AJOAATKOBUMHU 3aco0amu onopu. O1liHKa 3a mkanow Xappica — 92 6anu
(Bimminno) SF-36 BigminHO. MeToro 3acTocyBaHHSI HaBiraimiiiHoi cucTteMu OyIio
BHU3HAYEHHS MICIS PO3TAIlyBaHHS CIHIIY CTETHOBOI KICTKM Ta MicLie 0OpOOKHU 3amajuHu
Ta BUCTABJEHHS KOPEKTHHUX KYTIB IHKJIIHAIIi Ta aHTEBEpCii 3 BIAHOBIECHHSM ILETPY

poTarlii KyJbIIOBOToO Cyriooa.
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PO3/ILJ 6

BAXKJIUBICTH PEABLIITAIIIL IICJISI EHJIONPOTE3YBAHHSA
KYJbIIOBOI'O CYTJVIOBA

PeaOuriTalliss € KJIIOUOBUM KOMIIOHEHTOM Y CTPYKTYpl KOMILIEKCHOT'O XIPYpPri4HOTO
JIKyBaHHS MAII€HTIB, SKUM OYyJ0 BUKOHAaHO TOTaJbHE €HIOMPOTE3YBAHHS KYJIBIIIOBOTO
cyrno6a[107]. He3Bakarouu Ha BUCOKUH PIBEHb PO3BUTKY OTNIEPATHBHUX TEXHIK, Cy4acHi
KOHCTPYKIIIT €HJONPOTE31B 1 MHUPOKE BIPOBAIKEHHS MaJIOIHBa3WBHUX MIAXOMAIB, caMe
eTan IMicsornepaniiHoro (pyHKIIOHAJLHOTO BiJTHOBJICHHsS BH3HA4Ya€ KIHIIEBUU YCITIX
JKyBaHHs. Y CHIIIHO MPOBECHE EHI0MPOTE3yBaHHA 0€3 HallexHOT pealduTiTallli 4acTo He
3a0e3nevye BiTHOBICHHS MOBHOI aKTUBHOCTI TMAIli€EHTA, a TOJEKYAH CYIPOBOIKYEThCS
PO3BUTKOM YCKJIaJIHEHb, 30KpeMa M’ SI30BUX KOHTPAKTYp, HECTAOUIHLHOCTI €HAONPOTE3A,
HOPYIICHHS XOIH, aCUMETPIi JOBKUHHU HIDKHIX KiHIIBOK Toro[108].

OcHoBHa MeTa MichsornepaliitHoi peadburiTallii nojsrae y sKHalIIBUIIOMY ITOBEPHEHH1
naiieHTa 10 (YHKIIOHATBHO AaKTUBHOTO CIIOCOOY KHUTTS, 3 YypaxyBaHHSIM MOro
IHAUBITYaJTbHUX aHATOMO-(1310JIOTTYHUX O0COOMBOCTEH, BIKOBUX YHHHHKIB, CYITyTHBOI
natoJyiorii, piBHA (I3UYHOI MIATOTOBKM Ta TMOOYTOBHX YW TPOQEeCiiHUX BHUMOT.
BinHoBneHHs1 (yHKIIIOHATBHOI 3aTHOCTI OMEPOBAHOrO CYrio0a OXOIUTIOE IIMPOKHUIN
CIIEKTp 3aBJaHb — BiJI 3a0e3leueHHs CTaOUIBHOCTI IMIIaHTara, (opMyBaHHS
mpaBwIbHOI OioMexaHiku cyriao0a Ta YKpPIMIEHHS M A31B HABKOJO HBOTO — JO
CTBOPCHHS YMOB JIJIsl TPUBAJIOl Oe3peMIMBHOI eKCIuTyaTailii engonpore3a[109].
Oxkpemoi yBarm 3aciayroBy€ IICHXOCMOIIIMHUA KOMIIOHEHT IIporecy pealimiTarrii.
ITamienTn micis TEIIKC gacTo MaroTh TpuBaili 0OMEXKEHHS B ITEpeCyBaHHI, 3aJI€KHICTh
BiJ] CTOPOHHBOI TOTIOMOTH, III0 CYITPOBOIKYETHCS TPUBOTOI0, IENPECIEI0, CTPAXOM MEpe
pyxamu abo mamiHHsMu. CHcTeMHa pealOuTiTallis, 3a y4acTi MyJIbTHIAUCIHUILTIHAPHOT
KoMaHau ( Xipypr, ¢iziorepamneBT, peabiTiTOIOr, ICHUXOJIOT,), T03BOJSIE 3MEHIIUTH
MICUXOJIOTTYHY Hampyry, chopMyBaTH MO3UTHUBHY MOTHUBAIIIO O aKTMBHOI y4dacTi B

JIKyBaHHI, a BiITaK — MOKpaUTH GyHKIioHAIBHI pe3yabraTi[110].
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EdektuBHa,  CcTpykTypoBaHa, TMoeTamHa  peaOuliTaliiHa  mporpama  HICHsS
€HJO0MPOTE3yBaHHS JI03BOJISIE B CEPEIHbOMY BJIBIYl CKOPOTUTH TEPMIHM MOBEPHEHHS
MalieHTa J0 CaMOCTIMHOrO MepecyBaHHSA, CYTT€BO 3HHU3UTU PHU3UK PO3BUTKY
TPOMOOEMOOTIYHUX ~ YCKJIaJAHEHb, MNPOPUIAKTYBATH KOHTPAKTYpU Ta M SI30BY
atpodiro[108].

He MeHm BaxiuBUM € BIUIUB pealuliTallii Ha JOBFOTpHUBAlTy CTaOUIBHICTh Ta
(GYHKIIOHYBaHHS IMIUIAaHTaTa. AJIEKBATHE BiHOBJCHHS M SI30BOi CHJIM, TOKpAIICHHS
KOOpJAMHAII Ta MPaBWIBHUKA PO3MOJiI HAaBaHTA)XCHHS Ha CYIJIOOOBUH KOMIIOHEHT
CIpPUSIOTH 3MEHIICHHIO PHU3MKY TMEpPeIYacHOrO 3HOIIYBAaHHS  TMOJICTHICHOBHX
BKJIQJUIIIIB, MIKPOPYXOMOCTI KOMIIOHEHTIB Ta PO3BHUTKY aCENTHYHOT'O PO3XUTYBAHHS.
JloBeieHO, IO aKTHBHE M’SI30BE€ HABAaHTAXKEHHS B PaHHBOMY ITiCISOTIEpaIlifHOMY
nepioJii CTUMYITIOE PEMOICITIOBAHHS KICTKOBOT TKAHWHU B AULSTHIT (piKcallii eHI0mpoTe3a,
MIBUIIYIOYH HOTO NMEPBUHHY CTa0UIbHICTh, 0COOIMBO NpU O€31eMEHTHHUX (DiKCAIIsX.
Hopwmamizamiss Xoqm — OJWH 13 IEHTPAJbHUX OPIEHTHPIB peadinitailii, OCKUIbKU
BITHOBJICHHSI CHMETPUYHOIO Ta €HEProeeKTUBHOTO CTEPEOTUIy PYXy 3amodirae
NEpEeHaBaHTAXXEHHIO KOHTpalaTepalbHOTO Ccyriioba, xpebTa Ta komiH. [lpu upomy
BUKOPHUCTAHHS 010MEXaHIYHOTO aHAII3Y XOJU Ta IHIUBITYyAITbHUX MPOTOKOIIB KOPEKIIii
PYXOBHX TOpYIIEHb Ma€ 3HAYHUK TMOTEHIian JUIS IMJIBUIICHHS €(QeKTUBHOCTI
peaburiTarii.

3abe3nedenns HanexHOi sikocTi UTTA micis TEIIKC Hepo3puBHO MOB’si3aHe 3 pIBHEM
(b13UYHOT aKTUBHOCTI, MOKIIUBICTIO CAMOCTIHHOTO TEPECYBaHHS, YYacTi B COLIAIbHOMY
KUTTI, BIJACYTHICTIO OOJIO Ta BIEBHEHICTIO y CcTabUIbHOCTI iMmaHnTata. Came
KOMITJIEKCHa peabimitaiiss ¢opMye OCHOBY Uil JIOBFOTPUBAJIOTO (HYHKI[IOHATHHOTO
edeKTy XipypriyHoTO BTpyUYaHHSI.

TakuM ymHOM, y CydacHIM mapagurmi OpTOMEAMYHOI Xipyprii peaduriTamis mepecTtae
OyTH JpYrOpsSiTHUM €TaroM, a BHU3HAETHCA KIIOYOBHM (aKTOpoM, Mo 3abe3rnedye
SAKICHUH pe3yJbTaT JIiKyBaHHS. BoHa moBuHHA OyTH HE JuIe GopMaIbHO MPU3HAYEHOIO,
a TIMOOKO IHTETPOBAHOK B XIPYPriuHUM MapuIpyT MailieHTa — BiJl MIATOTOBKU 0

onepailii 40 (piHATBHOIO €Tany COLIaIbHOI peiHTerpalii.
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OCHOBHOIO METOIO peaduiTallii € BITHOBIEHHS (yHKI[1I0HAIBHOI HE3aJI€KHOCTI MALllEHTA.
Cepen KJIIOYOBHUX 3aB/IaHb MOXKHA BULIUTHU:

3MEHILEeHHs 0010 1 HAOPSKY;

podIaKTUKY TPOMOO31B Ta KOHTPAKTYD;

MOKpAILEHHS aMIUIITYAN PYyXiB y KYJbIIOBOMY CYyTrio00i;

3MIITHEHHSI M's131B TA30BOT0 MOSICY M HUKHIX KIHI[IBOK;

BIJTHOBJICHHS XO/IM Ta KOOPAMHALIIT pyXiB;

ajlanTallis 10 HOBUX O10MEXaHIYHUX YMOB TICIS IMIUIAHTAIlli eHgonporesa [4].
Peabinitamiitnuii mpoiiec MOAUISE€THCS Ha JIEKUTbKA MOCTIOBHUX €TariB, KOXKEH 3 SIKUX

Ma€ 4iTKO BU3HAYEHI 3aBaaHHs (Tab:. 6.1).

Tabmuus 6.1.
Etanu peaGinitamii micas TETIKC
Eran Tpusanicte ||OCHOBHI 3aBIaHHS
Panniit . 3He00IeHHS], npodiTakTUKa TpoMOO03iB,
. . 1-14 nnis . .
micisionepaninHui JUXajbHa TIMHACTUKA, TACUBHI PyXU
[TizHii . AKTHUBI3allisl, TPEHYBaHHA XOIU 3 OIOPOIO,
. ' 2—6 TUXHIB || .
micisionepaninHuii 130METpPUYHI BIPABU

_ 6 twkHiB — 3|JIOK, pobora 3 TpeHakepamu, 30UTbIICHHS
Bignosnwmii _ .
MIC o0cAary pyxiB

o . ComaneHa Ta npodeciiina aJanraiis,
ITi3nii 3-12 mic _
eproTeparis

Kommneke peaburiTamitHuX 3aX0/1iB MICIs TOTAIHHOTO €HIONPOTE3yBAHHS KYJIBIIIOBOTO
cyrino0a BUKOHY€E HE JIMILIE JOMOMIKHY, alie i (yHIAaMEHTaJbHY POJib y 3a0e3MeueHH1
MOBHOLIIHHOTO (PYHKIIIOHAJIBHOTO BIIHOBJICHHS NalieHTa. Ha cyyacHOMY eTani po3BUTKY

oprone/ii Ta G13UYHOT MEAUIMHHU, peadlIiTalis pO3MISIAAETHCS K CKIagHa 010-TICUXO0-
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colllaJibHa TEXHOJOrid, 00 Oa3yeTbcsi Ha MOEAHAHHI (I3UYHUX, MEIUYHUX,
MICUXOJIOTIYHUX Ta COLIaTbHUX BTpPy4YaHb, CIPSIMOBAHHUX Ha BiJHOBIEHHS 3JI0POB'A,
AKTUBHOCTI Ta SIKOCTI1 XKUTTS NallEHTA MICIISI XIPYPI1YHOT'O BTPYYaHHS.

@di3uyHl BIOpaBUM Ta IHINI TEpanmeBTUYHI METOJM, IO 3aCTOCOBYIOThCS B paMKax
peabiniTalii, MO3UTUBHO BILIMBAIOTH HA TPO(PIKY M’S31B, CYyXO0KHIIb, KAICYJIH CYyIjI00a Ta
mkipu. [locuneHHss noKanbHOT MIKPOUMPKYJSALII B ONEpOBaHIA KIHLIBII CIpUSE
IIBHJIIIOMY YCYHEHHIO 3alalbHUX METa0O0MITIB, aKTHUBYE JOCTaBKY KUCHIO Ta MMOKHUBHUX
PEYOBHH JI0 TKAHWH, 1110 3a3HAJIM TPAaBMATHYHOTO BIUIMBY T/ 4ac onepaitii. Ik Hacmiaok,
BiIOYBa€ThCSl HE JIMIIE pEreHepaliss YIIKO/KEHUX CTPYKTYp, a ¥ 3HWKCHHS
micasionepaniinoro 600 Ta HaOpsKY.

Oxpemoi yBaru 3aciyroBy€ BiTHOBIEHHS M’ SI30BOTO TOHYCY Ta M’ SI30BOi MacH, 1110 YacTO
BTPAYa€ThCS  BHACIIZIOK  MEpeAoIepaliiHoro  TiMOJAMHAMIYHOTO  PEXKUMY  Ta
IHTpaonepariiHol TpaBMu. 3aHATTS JiKyBaidbHOIO (13KynbTyporo (JIOK), i3omeTpuuHi
BIIPaBHU, EJIEKTPOCTUMYJIALISI Ta TMOCTYIOBO 3pOCTaloue JAMHAMIYHE HABAHTAXKECHHS
AKTUBYIOTH TJIMOOKI CTAaOLII3yr04i M’SI3U Ta30BOTO TMOSICY Ta MPOKCUMAJILHOTO BiIJILTY
crerHa (3okpema, m. gluteus medius, m. gluteus maximus, m. iliopsoas), siki €
KPUTUYHUMH JIJI1 CTaOUTBHOT X0/ Ta 3a1mo0iraHHs BUBHXaM.

CucremaTiyHe BHUKOHAaHHS  peaOUuTITAllifHUX Tporpam  cropuse  (HOpPMyBaHHIO
KOMITCHCATOPHUX MEXaHI3MIB, SKi JO3BOJISIOTh OPTaHI3My aJanTyBaTUCS A0 3MIHEHUX
OloMEXaHIYHUX YMOB, 110 BUHUKAIOTH IICIIS IMIUIaHTAIlll €HI0IpoTe3a. 3aBISIKU IbOMY
mamieHT HaOyBa€ HOBHX MOTOPHHUX HABHYOK, BIJIHOBIIIOE CHMETPUYHICTH XOJIH,
HABYAETHCS KOHTPOJIOBATH PYXH 0€3 HAJAMIPHOTO HABAaHTAaXEHHS HAa CHIOMPOTE3 Ta
CYMIDXKHI CYTJIO0H.

BaxxnmBo HarojocwTH, MmO PETYJSIpHE MOTPUMAHHS TporpamMu (i3UYHUX BIPAB €
KIFOYOBUM  (paKTOpOM TPO(DITAKTHKA TMICISOTEPAIMHNX  YCKIIaIHEHb. 30KpeMa,
MIABUIIEHHS M’ SI30BOT aKTHBHOCT1 Ta KOPEKIIisl pPyXOBUX CTEPEOTHITIB 3HIKYIOTh PU3UK
PO3BHTKY: HECTaOLTLHOCTI €HJIONMPOTe3a, IOB'I3aHOT 3 HEJOCTATHBOIO M SI30BOIO
MIATPUMKOIO; BHUBHXIB, 3yMOBJICHUX MOPYIICHHSIM KOOpJWHAIT a00 HaAMIpHUMU
pyXaMH y KpaOBHX MOJIOKEHHSIX; M’ s130BO-(aciiaJbHUX KOHTPAKTYP, SIKI 0OMEXYIOTh

00csT pyXiB 1 Ae(POpMYIOTh MOJIOKEHHS CYTiI00a; aCUMETPIi TOBKUHUA HUKHIX KIHITIBOK,
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AKa MOXKe cpopMyBaTHUCS Yepe3 HeaZeKBaTHY poOOTY OMOPHOro anapary Ta HOpYIICHHS
OCbOBOI'O0 HaBaHTaxeHHA. Kpim Toro, peaOuriTaliiHe HaBaHTaXXEHHS CIpPHIE
¢b1310JI0TTYHOMY PEMOJCIIIOBAHHIO KICTKOBOI TKAaHMHHU B 30H1 IHTErpallii IMIUIaHTaTa.
Oco0auBO 11€ BaXJIUBO MPHU OE3LUEMEHTHUX €HA0NPOTE3aX, € CTAOUIbHICTh KOHCTPYKIIT
3HAYHOIO MIpPOIO0 3ajJieXKUTh Bl TMPOIECIB oOcTeoiHTerpaiii. J(uHaMiuHi MexaHIYHi
IMOYJIBCH i Yac PYXy CTUMYJIOIOTh OCTE€OOJACTUYHY AaKTHUBHICTb, MOKPAIIYIOTh
HIUIBHICTh 1 CTPYKTYpPY KICTKH, IO OTOYY€ KOMIIOHEHTH EHJOMNpOTe3a, TUM CaMUM
3MEHIIYIOYM PHU3UK MIKPOPYXOMOCTI, PO3XUTYBaHHs abo pe3opOiii. Takum YuHOM,
peabumitanis micnga TEIIKC He TunbkM NpUIIBUAILLYE BIAHOBICHHS (QYHKIID Ta
MOBEPHEHHS 710 aKTUBHOCTI, aJie i1 3a0e3nevye T0BroTpuBaly CTaOUIbHICTh IMIUIAHTATA
IUIIXOM BIUIMBY Ha TKAHWHHI, M’$30Bl1, HEHPOMOTOpPHI Ta OIOMEXaHIUYHI MEXaHI3MH.
IrHopyBanHs a00 HEAOCTATHS IHTEHCUBHICTH peadLTITAI[IMHOTO €Tay 3HAYHO IT1/IBUIILYE
HMOBIPHICTH MICISONEepaliiHUX MPOOJIEM, 3MEHIIY€E KITHIYHY €eKTUBHICTh BTpYyUYaHHS

Ta MOJKC IIPU3BOAUTH 10 HGB&I[OBOJIGHOCTi HaHi€HTa pe3yjibTaTaMu HiKYBaHHH.

CyuacHi miaxoam o0 peaOuritamii micJasi TOTAJBHOIO €HIAONPOTE3YBAHHA

KYJbIIOBOI0 CyIrJjio0a

[TopiBHAHHS MDKHAPOIHUX IIPOTOKOJIIB peabimiTarii Ta yKpaiHChbKUX PEKOMEHIAITii |

Enhanced Recovery After Surgery (ERAS): Mixnapoana kouueniis ERAS oxomtoe
BECh IIEPUOTICPAIIHHINA TIEP10/1, BKIFOYAIOYN ONTHUMI3AII0 JOOTIEPaIifHOI IMATOTOBKH 1
MIPUCKOPEHY MICIsoNepaliiHy peadimitamito. Y pa3i eHAONpOTe3yBaHHS KYJIBIIIOBOTO
cyrinmoba ERAS-mipoTokon mependadae 6araTOKOMIIOHCHTHI 3aXOJ: JETAJIbHY OCBITY
MaimieHTa Tepe]  olepaliero, onTuMizamito  3HeOoneHHs  (omioim-30epirarodi
MYyJIBTUMOJIATHHI METOJIMKH, pETiOHapHa aHEeCTe3is), MIiHIMI3alil0 1HBa3MBHOCTI (3a
MO>KJIMBOCT1), MPOQIIAKTAKY aHEeMii Ta TPOMOO3iB, a TOJOBHE — PaHHIO MOOLTI3AIiIO.
Hocnimkennst 1 koncencyc ERAS Society migkpecmoroTs, 0 MaIi€eHTa CIIij] MiJHIMATH
Ha HOTHW B JIEHb omepailii a00 HalOIMK4YMM 4acoM — 1€ CYTTEBO 3MEHIIYE TPUBATICTh
CTalllOHAPHOTO TiepeOyBaHHSA 1 PU3UMKHU BIJ IMMOOUTI3allil (TinepiHcyiiHeMii, aTpodii

M’s31B, TpomOoemOoiii Toio). Bumucka 3a1MCHIOETbCS 32 YITKUMH KPUTEPISIMU
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TOTOBHOCTI (HE3aJIe’)KHE MEepPEeCyBaHHs, CaMOOOCIyroByBaHHS TOIIO) YacTO ye Ha 1-2
noOy micns onepauii. [lepeBaroro ERAS € npuckopene BiIHOBIEHHS (PYHKI[li, MEHIIA
KUIBKICTh YCKJIaJHEHb 1 CKOpPOUEHHs MepeOyBaHHS B CTallioHapi 0e3 MOriplieHHs
pesynbrariB. CrnutbHUME pucamMu ERAS 3 HIIMMH cydacHUMHM MPOTOKOJAMU € aKIEHT
Ha PaHHBOMY BIJIHOBJICHHI PyXiB 1 MyJIbTUMOJIANBHIN peabiriTaiii[111]. Pexomenaarrii
AAOS (AMepukaHcbka akajeMis oproneauuyHux XxipypriB): AAOS He mnpomnonye
€IMHOTO CTAaHIaPTH30BAHOTO «IIBUIKOT0» IMIPOTOKOIY, MPOTe cydacHa nmpakTtruka B CIIIA
TAaKOXX HalpaBlieHa [0 PaHHbOI aKTUBI3allll MAI[IEHTIB MICJIS  TOTAJILHOTO
EHJIONPOTE3yBaHHS KYJBIIOBOTO cyrioba. ¥ kiniHiuHuX HactaHoBax AAOS ta AAHKS
3a3HAYA€ThCS HEOOXIIHICTh (PI3UYHOT Teparii po3MovaTH IKHAWIIBU/IIIE MICIIs oneparii,
3aCTOCOBYBAaTH TOBHE HAaBaHTAKEHHS Ha KIHI[IBKY 1 BYMTH MAIliEHTa BIpaBaM sl
30UTBIICHHS aMIUTITYIM PYyXiB 1 3MIIIHEHHS M’ sI31B CTETHA BXkKe y nepii axi. i 3a1Hp0T0
xipypriunoro poctyny AAOS TpaaulliitHo peKkoMeHIy€e Mpo]LIaKTUKY BUBHUXIB CYTiio0a
— TaK 3BaHI «3amoOKHI 3aX0au i KyJjbinoBoro cyrio6a» (hip precautions), 1o
BKJIFOYAIOTh YHUKHEHHs Tinepdiekcii >90°, agnykiii 1 BHYTPIIHbOI poTallii cTerHa
IPOTATOM ~6 THOKHIB Micis onepaitii. OfHaK Mpu NepeIHLOMY TOCTYIIl TAKUX 0OMEKEHb
MOXe He OyTH. AMEpPHUKAHCBKI MPOTOKOJM TaKOX HAroJomYylTh Ha MPOQiIaKTHIl
TpoMOO3iB (eJacTUYHA KOMIIpPECis, paHHS XOab0a, 3a MOTPeOM AHTUKOATYJISIHTH) Ta
KOHTpPOJI1 00JIr0 7151 3a0e3MeueHHs yqacTl maiieHTa B peadimiramii. 3arajgoM MpUHIAITN
AAQOS 306irarotbcs 3 MDKHApPOJHUMU: IIBHJKE BITHOBIICHHS HE3aJCKHOCTI B MOOYTI,
HAaBYaHHS O€3MEeYHUX MPUHOMIB PYXiB 1 MOCTYNOBE TMOBEPHEHHS 1O AaKTHUBHOCTI.
KiH1ieBoro MeTor0 € MOBEPHEHHS TAIliEHTA 0 TTIOBHOI[IHHOTO KUTTS — 3 MOKJIUBICTIO 0€3
OoOMEKeHb XOJWTH, KepyBaTH aBTOMOOLIEM Ta 3aMaTHCs HHU3bKOYIApHUMH BHIIAMH
cnopty (TaBaHHA, i3ma Ha Benmocunexdi, rombd, TaHmi Tomo). IIporokon NICE
(Benmukobputanis): HamioHanbHUN 1HCTUTYT OXOPOHH 3J0POB’S 1 BIOCKOHAJCHHS
Mennonomoru (NICE) y nactranoBi Nel57 (2020) miono eHIonmpoTe3yBaHHsS CYTio0iB
PEKOMEH/Iy€E PO3MOYMHATH PeaduLTiTaIlif0 B JICHb Omeparlii, SKI0 11e MOXIJIMBO, aje He
nizHime 24 roauH micas Hei. lle 6asyeThcs Ha JoKaszax, MO HaBITh AEKiIbKAa TOJIWH
BUrpamly y nmno4yaTky GI3UYHOI Tepamii [JaroTh KIIIHIYHO 3HAYyIlle CKOPOYECHHS

nepedyBaHHd B cTamioHapi (~ Ha 10 roaumH) Ta 3HIXKYIOTH 4YacTOTy peaamiciid. Y
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nporokonax BemnkoOpuTaHii Harosoc poOUTHCS Ha O€3MEPEPBHOCTI peaduTITaliiiHOIO
mporecy:  MyJIbTHUIMCHUIUIIHApDHA  KOMaHaa  (Iikap-opTomen,  (pi3ioTepamnesr,
eprorepamneBT, MeACeCTpa) CHUIBHO TOTy€ Malll€eHTa 0 BUIIMCKH, HAaBYa€ HABUYKAM
caMoOOCIIyroByBaHHs (OJsraHHS, Tiri€Ha), OE3MEYHUM TEXHIKaM TMepecyBaHHS
(BUKOpHCTaHHS XOJIYyHKIB, MWIHIIb, TiANOM cxoxamu). [lepen BUIUCKOIO 00OB’S3KOBO
OLIHIOIOTHCS MOTPEOU MOAANBIIOT peadiniTalii — nalieHTa CKEpOBYIOTh HAa aMOyJIaTOPHY
di3ioTepamito abo mporpamMy JOMAIIHIX BIpaB, a 3a HEOOXITHOCTI — 3a0e3MeuyroTh
colllaJibHy MIATPUMKY Ha mepioa BigHoBieHHs. IlepeBarm migxony NICE -
CTaHapTU30BAHMM, EKOHOMIYHO €(DEKTUBHUI NUISX BEJCHHS MAIli€HTa, SKHH TapaHTye
paHHE BiTHOBJICHHS PYXOBOI aKTMBHOCTI Ta MIATOTOBKY JO IOBEPHEHHS JOIAOMY 3
MIHIMaJIbHUM PU3UKOM ycKiagHeHb. CriibHi pucH 3 ERAS: panns Mmo6inizanis, Kpurepii
BUIUCKHU, TIPOdiIaKTHKa OOJII0 1 YCKIIaJIHEHb; BIIMIHHICTh — y JI€TAJbHO MPOMUCAHIN
CHUCTeMi OXOIUICHHS IICIsl BUNHUCKK (3B’S30K  CTAaIliOHapy 3 TPOMAaJChKUMHU
peaOimiTamitaumu cayxoamu NHS) [112].

VYkpaidceki KIIiHIYHI pekoMmeHaanii: B Ykpaini peaburiTaliis micias eHIONPOTE3yBaHHS
KYJIBIIOBOTO CYIJio0a TMOCTYNMOBO IMIUIEMEHTY€E 3acaad JI0Ka30BOi MEIUIMHU Ta
MDKHapOJIHUN AOCBiA. ICTOpHYHO BITYM3HSHA IMPAKTHUKA IMPUITYCKana JEMI0 JOBIIUI
CTaIllOHApHUK eTam Ta peadiTiTaIlifo B CIeMiaTi30BaHUX caHaTopisx. HuHi mpoBimHi
OpTOTEeNUYHI IIEHTPU YKpaiHu BIPOBAKYIOTh eieMeHTH ERAS: nallieHTiB akKTUBI3YIOTh
BXK€ B Iepmry o0y micisi omeparlii, 3aCTOCOBYIOTh Cy4YacHI METOJHM 3HEOOJeHHS 1
npodimakTuK TpoMO03iB (MEXaHIYHA KOMIIPECisS — MpecoTepartis, HU3bKOMOJICKYISpHI
renapuHu). 3arajbHl TPUHIMON  YKPAiHCBKUX  pEKOMEHMarmiil  30iralothcst 3
3apyOiKHUMH: paHHIK moyaTok JIOK, mocTynoBe HapolyBaHHs HABaHTa)KEHHSI HA HOT'Y,
TPEHYBaHHS XOABOW 3 JOTOMDKHUMH 3aco0aMu (XOTYHKH, MUJIUIlI) 3 MEPEXO0J0M Ha
TPOCTUHY Ta CaMOCTIHHY XOJy, HABYaHHS TAIli€HTa BIOpaBaM JJisi 3MIIHEHHS M’ S3iB
CTETHA 1 BITHOBJICHHS OOCATY PYXiB, JOTPUMAHHS 3amOODKHUX 3aXOMdIB BiJ] BUBUXY
(0cobmMBO TMpH 3aTHBOMY JTOCTYII) Ta MPOQIIaKTAKA YCKIATHEHb (IUXaJIbHI BIIPaBH,
KpioTepaliisi Ha MPOONEePOBaHy AUISHKY JIJIsl 3SMEHIIEHHS Ha0psKY). BiIMIHHOCTI MOXYTh
MOJISITAaTH 'y MaTepiajibHO-TEXHIUHIN 0a3l: BOpoBa/KeHHsI HOBITHIX TexHojoriii (MR,

TenepexadiniTaiii, poOOTOTeXHIKM) B YKpaiHi Hapa3i oOMexeHe. B 1ioMy x ykpaiHChKi
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(paxiBLl MATPUMYIOTh Cy4acHY NapajurMy “sKHalIIBUAIIEC TOBEPHEHHS 10 AKTUBHOCT1”
1 po3poOisitoTh BiacHl anroputMu (izuunoi tepanii micisa TEIIKC, inTerpyroun
MpOOIEMHO-OPIEHTOBAHUNA MIAXIJ, MYJIbTHAUCIHUILUIIHAPHICTh Ta O€3MEepepBHY OLIHKY
edextuBHOCTI BTpydanb[113].

3arajnbHUI BUCHOBOK IIIO0 MPOTOKOJIIB: Y Cl pO3TIISIHYTI MIXKHAPOHI TPOTOKOJIU MAaIOTh
CHOUIbHY METy — MAaKCHUMalbHO MPUCKOPUTH (PYHKIIOHAIbHE BIIHOBICHHSA MICISA
EHJIONPOTE3yBaHHS KYJIBOBOTO Cyrioba mpu 30epekeHH1 Oe3neku maiieHTa. CrouibHI
pUCH: paHHs aKkTUBI3aIlisl (B Mexax 24 roj), akIeHT Ha HaBYaHHI malieHTa (mpaBuiia
MOBO/DKEHHS 3 CHJIONMPOTE30M, JOMAIllHI BIOpaBH), MNPOQITaKTHKA YCKIIATHEHD
(tpomboeMOoutist, 1H(DEKIis, KOHTPAKTypH), MYJIbTUMOAAIbHE 3HEOOJEHHS A
koM@opTHOTO BigHOBIEHHS. OCHOBHI BIIMIHHOCTI CTOCYIOThCS JICTAJICH peaizalii: yac
nouatrky peabimiramii (ERAS/NICE — Bxe B jaeHb omepaiiii), TPUBAJIICTh CTaI[ioHAPY
(ERAS ckopouye no 1-2 ni6, Toal sik TpaauiiiftHO Moryio O0ytu 5—7 110), HasgBHICTh
dbopmanpHuX “3amo0bKHUX pyxoBux obmexeHs” (B CIIA ta Ykpaini mpu 3aTHbOMY
JOCTYII PEKOMEHIYIOTh YHUKATH NEBHUX PYXiB, Y €BpoOIi MiaXia OUIbII Ji0epanbHUN
3QJIEKHO BiJl CTAOUTBHOCTI €HIOMPOTE3a), a TAKOXK OpraHizallis MoJalblIoi peadimitarmii
(B mesIkUX KpaiHax — CTPYKTypa JOMAIIHIX Bi3UTIB (izioTepareBTa unu peadbimiTaiiuux
IIEHTPIB, B IHIIUX — MPOTPAMH CAMOCTIMHHMX BIIPAB 3 JUCTAHI[IMHAM MOHITOPUHIOM).
Koxen nporokon mae cBoi nepeBaru: ERAS — noBezeHo 3MeHIye Oilb 1 MPUCKOPIOE
Burucky; NICE — 3a0e3nedye CHCTEMHHM MAXiT 1 CIAJAKOEMHICTh JIOTIOMOTH;
pexomenpaiii AAOS — rHy4Ki, Opi€HTOBaHI Ha pe3yNbTat (BiTHOBJICHHS aKTUBHOCTI 0€3
00m10); yKpaiHCBbKI MiIXOIW — BPaxXOBYIOTh JIOKAJbHI MOJIMBOCTI 1 TOCTYIOBO
BIIPOBAKYIOTh CBITOBI CTaHAApTH. Takum duHOM, cydacHa peabimitaiis micis TEITKC
y CBITI IIEPEXOAUTH BiJl TACHBHOTO BiJIJIC)KYBAHHS JI0 aKTUBHOT'O BITHOBJICHHS 32 YITKHM
QITOPUTMOM, IO JOBOJAWTH CBOIO €(GEKTHBHICTh Y TMOKpameHHI (YHKI[IOHATHHUX
pe3ynbratiB namieHTiB. CydacHi TEXHOJIOTI, IHTETPOBaHi y peaduTiTariiHuil mporiec
CydacHa ¢izuuna peaOumiTaiis aKTHBHO BIPOBAKYE HOBITHI TEXHOJOTII, sKi
MIJBUINYIOTh €(PEKTUBHICTh BIHOBJIEHHS MICJsS €HIONPOTEe3yBaHHs Ccyrio06iB. Huxue

PO3MIISIHYTO KJIFOYOBI TEXHOJIOTTYHI IHHOBAIIIL Ta iX KJIIIHIYHY €()eKTUBHICTD:
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CeHCOpHI cUCTEMH 3BOPOTHOrO 3B’sA3KY: Pi3HOMaHITHI JaTuyuku 1 6iodindek-cucteMu
JOTIOMAararoTh MalllEHTY KOPUTYBaTH TEXHIKY pPYyXIB Yy PEXHMI peaJbHOro Yacy.
Hampukian, BHKOpUCTAHHS CEHCOPHHUX YCTUIOK 3 TACKOBUMHU JIATYNKAMH Ta Bi3yaJIbHAM
3BOPOTHHM 3B’ I3KOM CIIPHUSE TPABUIBHOMY PO3IOJILTY Bard Ha OIepoBaHy KiHIIBKY ITPH
x0/1p01. bioMexaHiunuii 610¢110ek MOKe TaKoXK peanizoByBatucs uepe3 EMG-610¢inoex
— JIaT4YWKH, [0 PEECTPYIOTh AKTUBHICTh M’S31B 1 JIONIOMAaralrTh MAaIIEHTY CB1IOMO
BKJIFOYATH MOTP1OH1 M’ s1i30B1 rpynu. Jloganus EMG-6iodigdexy 10 cTaHIapTHUX BIpaB
MOTEHIIHHO TOKpaIllye aKTUBaIlil0 M’s31B, Xo4a €()EKTUBHICTh MOXKE 3ajiek,aTh BIJ
IHTEHCUBHOCTI 0a30BOi Mporpamu, CUCTEMH OajaHC-TpEHYBaHHs Ha Tuiathopmi 3
JaTIUKaMU, «PO3yMHI» XOAYHKH, 110 CUTHATI3YIOTH PO MPaBUIBHICTE KPOKY, HOCHMI
TpeKepH pyxiB (1HEpIIHHI CEHCOPH) LTSI BIICTEKEHHS aMIUTITYI1 3TUHAHHS KYJIbIIIOBOMY
cyrnobi Ta komiHa. OTKe, CEHCOpPHI TEXHOJIOTii (IaT4yuku pyxy, THCKY,
enexktpomiorpadii) 3a0e3medyroTh 00 €KTUBHHI KOHTPOJb BHKOHAHHS BIpaB 1
J03BOJISIIOTH TOYHIIIIE J03yBaTH HaBaHTakeHHs[114].

biomexaniunuit MmoHiTOpUHT: [1i ITUM TOHATTAM PO3YMIIOTh KOMIUICKCHE BIJICTC)KCHHS
KITFOUOBHX MApaMETPIB pyXy 1 HAaBaHTKEHHS Ha cyryio0. CydacHi peaburiTaiiiHi IeHTpU
BUKOPHUCTOBYIOTh cUcTeMH 3D-aHali3zy XOJu Ta IMOCTaBH, IJIATGOPMHI JUHAMOMETPH,
IHEPIIMHI JAaTYUKH JUIS OIIHKK IIBHUIKOCTI XOJIbOHW, MOBXHHU KpOKy, Oamancy. lle
JI03BOJISIE KUIBKICHO OITIHIOBATH TPOTPEC — HAINPHUKIAJ, 30UIBIIECHHS 00CATY PYXIB y
KyJBIIIOBOMY Cyrjgo0i mo rpagycax, CcHUMeTpii omopHoi ¢a3u KpOKy, CHIIU
BIJIITOBXYBAaHHS OMEPOBAHOI HOTH TOMIO. blOMEXaHIYHHWA MOHITOPUHT TICHO
MOB’SI3aHUI 13 CEHCOPHHMMHU CHCTeMaMu: 310paHi JaHl TMepearoThCs TepameBTy, 1
mporpaMa MOK€ aBTOMATHUYHO IMJIAIITOBYBAaTH CKIAAHICTH BrpaB. KiiHidHA
e(eKTHBHICTh MPOSBISETHCS Y TIEpCOHAMI3AIT peadiiTallii — BIpaBy MPU3HAYAOTHCS 3
ypaxyBaHHSM BUSBICHUX ACHINHUTIB KOHKPETHOTO mMaIli€eHTa. bioMexXaHIUHMHA MiaXig
MiABUIIYyE O€3MeKy — MOJXKHA BYACHO IOMITUTH TEPEBAHTAKEHHS Cyrioba (duepe3
HAJMIpHY aMIUTITyly Y4 aCHMETPII0 HABAaHTAXXCHHSI) 1 CKOPUTYBATH MPOTPaMy.

3mimana peanpHicTh (MR): Texnomorii MR 3any4aroTh HakiamaHHs [HGPOBUX
300paxeHb/iHdopMallli Ha pealbHUN CBIT, 10 BIAKPUBAE HOB1 MOXKJIMBOCTI Y (PI3UUHIN

Teparii. [{7s mamieHTiB micas eHA0NPOTEe3yBaHHS KYJIbIIOBOMY CYTJIO01 PO3POOIISIIOTHCS
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MR-nonaTku, K1 MaKa3yOTh NPaBUIbHY TEXHIKY BIpaB: uepe3 KaMepy IulaHiera abo
OKYJISIpH 3MIIIAHOI peajJbHOCTI NALIEHT 0AYUTh, SIK caMe MOTPIOHO PyXaTH HOT'O010, 3 SIKOIO
aMILTITYI010, 1 OApa3y OTPUMYE KOPEKI[I0 (HAmpHUKIIaJ, «IiAHIMITH KOJIHO BHIIE IO
no3Hauku. Y cdepi cyrnobosoi peaburiTaiii MR 1ie nepedyBae Ha erari HOCTIKEHbD,
aje mepi pe3ysabTaTh OOHAIIMIUBI: OalaHCc 1 QYHKIIA KIHI[IBOK MOJIMIIYIOTHCS HPH
noearanHi MR-3anaTh 31 cTangapTHOO (izioTepamniero[115].

Po6oTtuzoBana mexanorepariis: Po6oTtruzoBaHi mpucTpoi 11 peadinitaiiii 0epyTh Ha cede
JacTHHY (I3MYHOTO HaBaHTAKCHHS a00 HaBIAKW CTBOPIOIOTH JIOJATKOBUH OMIp,
J0TIoMarayu po3poossiTi cyrinod 1 m’s3u. Ilicns enponpore3yBaHHS KYJBIIOBOTO
cyrioba MOXYTh BHUKOPHCTOBYBAaTHUCS pOOOTH30BaHI OpTEe3U (€K30CKEJIETH) s
TpeHyBaHHs xonp0u. Hanpuknan, podotuzoana cucrema HAL (Hybrid Assistive Limb)
— €K30CKEJIeT HIDKHIX KIHIIIBOK 3 JaTYMKaMHU, 1110 3YUTYIOTh HaAMIp PyXy — 3aCTOCOBaHa y
nepin AH1 TICHsS €HIONPOTE3yBaHHS, 3JaTHA 3MEHIIUTH MicisonepaliiHui Ouib Ta
MOJIIMIIATH TIOKa3HUKM XOAb0u. PoOOTHM30BaHI TpeHa)xkepu MOXKYTh 3a0e3nedyBaTh
Oe3neuHy MIATPUMKY 1 TOBTOPIOBAHICTh PyXiB — Hampukiaa, cuctemMa Lokomat®
JI03BOJISIE PAHHIO BEpPTUKAII3allil0 1 aBTOMATHU30BaHI KPOKM Ha OITOBIH JOpiXI 3
HiATPUMKOIO Baru Tija, IO KOPHCHO IS Ocja0ieHuXx abo JITHIX XBopux. I[HIIWH
HaAIpPsIMOK — pOOOTU30BaH1 MPUCTPOT ISl MacuBHOI po3pobOku cyrinobda (anamor CPM-
MaliMH) abo aKTUBHOI MEXaHOTepallii: MOTOPH30BaHI BEJIOTPEHAXKEPH IS HIr, SKI
I1JTaIITOBYIOTh HABAaHTAXEHHS ITi/T MaIfieHTa, abo poOOTU30BaH1 CUCTEMU JIJIsl BITPaB Ha
ormip (pO3TMHAHHS/3TUHAHHS KYJBIIOBOMY Cyrio0i 3 3amaHuM 3ycuuisiMm). KoiiHiuaa
e(eKTHBHICTh POOOTHU30BAHOI peadimiTallii MPOSBISAETHCA y MIBUAINIOMY BiTHOBIICHHI
CWJIM 1 Jiara3oHy pyXiB, OCOOJIMBO SKIIO IMAIIEHT CaM HEJIOCTAaTHHO aKTUBHHUH. OTJsi
JTEpaTypH MIATBEPAUB, IO JOJIaBaHHS POOOTIB J0 MpOrpaMu peaduTiTallii moKpamrye
(GYHKITIOHATBHI pe3yabTaTH y XBOPHUX MICIS €HAOMPOTE3yBaHHS KOJIHA UM KYJIBITIOBOMY
cyrno6i (xo4ya moTpiOHI MO JOCIIKEHHS JIJIs1 OI[IHKK JOBTOCTPOKOBUX €(EKTIB).
[Mpuxnamu: exzockenetu (Cyberdyne HAL, ReWalk), po6otuzoBaHni cuctemMu BripaB JjIs
noru (Physiomed ExoTrainer), Tomo[116].

TakuM YMHOM, Cy4aCH1 TEXHOJIOT1l JIOMOBHIOIOTH TPAAMINIMHI METOaU peadiumiTarii i

poOJIATh Mpollec OUIbII KOHTPOJbOBAHUM, IE€PCOHATI30BAHUM Ta IHTEPAKTUBHUM.
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3acTocyBaHHs TeJIeKOMYHIKalliid, ceHcopiB, MR 1 po6oTOTEeXHIKM 103BOJISIE MIABUIIUTH
3aJIy4EHICTh MAIll€HTA 1, 332 JAHUMH TEPIINX JOCTIIKEHb, MOXE MOKPAITUTH 00’ €EKTUBHI
pe3yabTatd (MBUAKICTH XOABOM, OanaHc, cuily M’si3iB) 0€3 30UIbIIEHHS PHU3UKIB.
BaxnuBo, mo0 BHOpPOBaJ)KEHHS LUX TEXHOJIOriH Oa3yBajiocs Ha JOKa3ax Ta
CYNPOBOJIXKYBAJIOCS HABYAHHSM MEPCOHANY — TIJILKHM TOJA1 HOBAIlli IEPETBOPIOIOTHCS Ha
peanbHe MOKpaIeHHs IKOCT1 peadimiTarii.

CrpykTypoBanuii anroputm peadutitamii nicas TEIIKC

Ha ocHOBi y3arajibHeHHs Cy4aCHUX pEKOMEHJauid MU cHOpMyBad MOKPOKOBUH
AJITOPUTM BITHOBIJICHHS MICIS TOTAIBHOT'O €HAONPOTE3yBaHHS KYJIbIIOBOTO cyrioba. Bin
OXOIUTIOE TOCHIAOBHI (a3u pealumiTaiii 3 BU3HAYCHUMH UMM, 3aX0JaMu Ta
KPUTEPISIMHU IPOrpecy:

Panniit micnsionepaniitauit etamn (0-3 q06a, crarionap):

3aBiaHHs: 3aXUCTUTH ONEPOBaHUMN CYrio0, 3amo0irTH YCKIaAHEHHSM Ta pO3MOYaTH
aKTUBALIIIO MAIE€HTA.

3axonu: BKe 4epe3 KUIbKa TOJIUH MICJIs BUXOAY 3 HAPKO3Y — JUXalibHA TIMHACTHKA, PYXH
cronamu (rpodijlakTHKa TpoMO03Y), 130METPUUHI HANIPY>KEHHS M sI31B CTETHA 1 C1IIHUITh
B JIbKKY. [Ipu cTabuibHOMY CTaH1 — MOCAJAUTH TMAIliEHTAa HA JIDKKY B AeHB omepariii. Jlo
KiHIIA Tiepiroi 106 abo Ha HACTYITHUN PaHOK — JIOTIOMOI'TH BCTaTH OIS JIKKA 3 OTIOPOIO
Ha xomyHku/mMuimii. [loctymoBo xoasba 1Mo mMajari, HABYaAHHS IEepecaKyBaTHCh Ha
CTUIClb, Y TyaJleT 3 MOTPUMAHHSIM 3aMo0DKHUX KyTiB 3ruHaHHsA (He Oumbmie ~90° y
KYJIBIIIOBOMY CYTJ1001, SIKIIIO 3aCTOCOBHI 3armo0ikH1 3axoau). [IpoBoAUThCS anekBaTHE
suebonenns (HII3II, mapameramon, mpu HEOOXIMHOCTI perioHapHa OJjokama) s
MO>KJIMBOCTI PyXiB 0€3 cuibHOro 00iro. MeamepcoHan HaBuae MaIlieHTa MpaBUIiaM: SIK
JSATaTH Ta BCTABAaTH 3 JIDKKA 4epe3 3A0pOBHUH OiK, sIK KOPUCTYBATHUCS XOJIYHKAMH, SK
cuaiT (CTiieIb 3 MAJTOKITHUKAMU, CTETHO TPOXHM BUIIE KOJIiHA) Ta BCTaBaTH 3 Kpicia,
o0 He TpaBMyBaTH Cyrio0. BripaBu Ha 3ruHaHHSI-PO3TUHAHHS B KOJIHI Ta KYJIBIIIOBOMY
cyria001 BUKOHYIOTBCS Y JIKKY B Mexkax 0€300J11CHOT aMIUTITYIU (Hamp. KOB3aHHS 11 SITOIO
o noBepxHi Jixkka). Ha 2-3 no0y — TpeHyBaHHSI X0Ab0M KOPUIOPOM, MIAHOM 1 CITyCK

cxoJaMu (KpOK 3a KPOKOM, 3 JOIOMOTOI0 MOPYy4HIB Ta (izioTepanenta). [lapanensHo —
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KOHTPOJIb paHu, MpodiIakTrKa iHPeKIi (aHTUOI0TUKH 32 TOKA3aHHSIMHU ), BUKOPUCTAHHS
KOMIIPECIHHUX MaHYIX 1/a00 MEXaHIYHOT KOMIIPECIi HIT 711 TPO(ITAKTUKU TPOMOO03y.
Kpurepii BUnucku: namieHT y 3M031 CAaMOCT1i{HO BCTaBaTH 3 JIKKa 1 TOBEPTATUCS, XOUTH
10 PiBHIM MOBEPXHI 3 MIHIMAJIBHOIO IOMTOMOTO0 (Ha XOJIYHKaX YU MUJIUIISIX), BIIEBHEHO
JI0J1a€ KUIbKa CXOAMHOK. BiH po3yMie Ta JOTPUMYETHCS IHCTPYKUINA IIOA0 OE3MEeYHUX
pyXiB 1 BripaB. JKUTTEBI MOKAa3HUKHU CTAOUIbHI, CUIBHOTO OOJII0 HEMAE, paHa 3arOl0ETHCS.
3a3Buyail 10 3-4 100U LUX KPUTEPIiB JOCIATAIOTh, 1 XBOPOTO BUIIUCYIOThH 10A0MY 200 B
peaburiTaliifHe BIIIIICHHS.

Panniit BimHOBHUY eTarn (1-2 TXKHI micist onepailii, aMOyJIaTOpPHO):

3aBiaHHS: TPOJIOBXKUTH BIIHOBJICHHS PYXJIMBOCTI CyIJio0a, HABUMTH IAIli€EHTA
CaMOCTIIHO 00CIIyTOByBaTH ceOe BAOMA, MOCTYMOBO 30UIBIITYBATH TaJbHICTh XOIb0H.

3axoau: MICJII BUIUCKH MAIIEHT BUKOHYE IMPU3HAYCHY JOMAIIHIO MPOTrpaMy BIIpaB
moAceHHO. Sk mpaBmwio, me 2-3 pa3d HAa JeHb KOMIUIEKC: i30METPUYHI BIpPaBU
(Hampy>KeHHS YOTHPHUTOJIOBOTO M’si3a CTETHA, CIIHWUYHHMX M SI31B), aKTUBHI1 3rHHAHHS -
PO3THHAHHS B KYJIBIIIOBOMY CYTJIOO01 JI€KA9H 1 CUISTYM, BIIBEACHHS HOTH BOIK, PO3MHUHKA
KOJIIHHOTO CyTJ100a, pO3TATYBAaHHS ITIIKOJIIHHUX M’ 5131B. PEKOMEHJ0BaHO MPOJOBKYBATH
XOJIUTH 3 TIATPUMKOIO (MUTIII/XOMYHOK) CTUIBKH, CKUIBKA TOTPIOHO Is Oe3meku —
3a3uyait nepiri ~10—14 gniB. [TocTynoBo, KoM MOKpaIIyeThes: 0anaHc, MepexoasaTh Ha
TpocTuHy. B 1eli mepion Oaxano xoua 0 1-2 pas3u BimBimaTu ¢izioTepamneBTa IS
KOHTPOJIO TEXHIKM BIpPaB 1 KOpeKIii mporpamu. TpuBarmOTh 3aX0oAu MPOQLIAKTUKH
TpoMOO03iB (MpU3HAYEH] AaHTUKOATYJISHTA NMPUUMArOThCS mpoTsiroM ~10—-14 xi6 abo 3a
cxeMoro Jikaps). [IpunmyxiicTs y OUISHIN onepallii 3MEeHIITYEThCSI 3aBASKA 3aCTOCYBaHHIO
a0y (KpioTepamiss Kiibka pasiB Ha jeHb mo 15 xB). IlIBu abo ckoOu 3HIMAIOTH
npubnu3ao uepe3 10-14 mi0, micis 9oro MoxHa 00€pEKHO TOUYNHATH PYOIIEBHI Macax
JUTSL TIOKpAIeHHS eNacTUYHOCTI pyOms (3a HaB4aHHsAM (iziotepamneBrta). [larieHT
BUUTKLCS CaM OJSTATH OPTOMENUYHI 3aco0M (MOMKIMBO, BUKOPUCTOBYE TMPHUCTPOI IS
HAJSTaHHS MTKAPIETOK, JOBTUHA PIXKOK JIJIS B3YTTS — 00 HE HAXWIISATHCS BIIEPE CUITHHO).

Xoapba: HaMaratucsl KijbKa pa3iB Ha JIEHb MPOXOJUTH KOPOTKI BIJACTaHI MO JIOMY,
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KOXXHOTO [JHS TPOXH 30UIbLIYIOYM JUCTaHLI0. BrpaBu MOXyTh BKJIIOYATH JIETKI
OanaHCOB1 TPEHYBaHHS OIS ONOPH (MIEPEHECEHHS Baru 3 HOr'M Ha HOT'Y, CTOSTYM Ha MICII1)
OuikyBaHU{ MPOrpec: HANMPHUKIHII 2-TO THXKHS — TOBHE 3arO€HHS paHU, BIACYTHICTh
rocrporo 0oJ0 (Juiie NOMIpHUM OuUlk/IUCKOM@POPT MNpu HaBaHTaxkeHH1). OO0’em
3TUHAHHS B KYJIBIIOBOMY CYTJI001 MOe CArHyTH ~90° (mami€eHT CUIUTh Ha CTLIbIII
HOPMAJILHO), PO3TMHAHHS 10 HEUTPaAJIbHOIO MOJ0KEHHA. M s30Ba cujla CTerHa — xo4da 0
3/5 3a mkanoro MPC (mae 3Mory miiHATH NMPsSMY HOTY HEBENUKOi BUCOTH). [lamieHT y
noOyTi  pyXaeTbCs 3  MIHIMAJIBHOK  MIITPUMKOIO, BHUKOHYE BCl  0a3oBi
caM00O0CIyroByBaHHs (BMUBAHHS, OJIATaHHS 3 afanTallisiMu). 3a TOTPUMaHHS IIUX YMOB
MO>KHA BIIMIHSATH MUJIMII HA KOPUCTh TPOCTHHHU.

CepenHiii BIATHOBHUM eTan (2—6 THXKHIB ITICHIS omnepariii):

3aBaaHHsA: 30UIBIICHHS CHJIM M S31B HABKOJIO KYJBIIOBOT'O CyIjio0a, BIIHOBJICHHS
MOBHOTO OOCSTY pyXiB, MEpeXiJ A0 XOA01 0€3 JOMOMOTH, TPEHYBaHHS PIBHOBAaru Ta
KOOpIMHAIII1.

3axonu: ¢izuyHa Teparis IHTeHCU(IKyeThCs. Jl01at0ThCsl BIIPABH 3 OMOPOM: €IacCTUYHI
CTpIUKH JJI BIABEACHHS CTErHa, JIETKI HABaHTAXKEHHS Ha TpeHaxkepax (BEJIOTpeHaxep
0e3 omopy abo MiHIMAJIBHUM OIIp — JJIg TOKPAIICHHS 3TUHAHHS; TPEHaXep s
pO3TMHAHHS cTerHa crosuv). 3 3—4 TIDKHA KOPUCHO TIAKIIOYATH EpProMeTp
(BesoTpeHaXkep): MOYMHATU 3 YAaCTKOBHX OOEpTIB Menajeil, MOCTyHmoBO 10 MOBHOIO
IUKITY, 0€3 3HAYHOTO CIPOTHUBY. SIKIIO € MOKJIMBICTh — aKBaTeparis: BIpaBu B OaceitHi
(axBaaepoOika JJI HIDKHIX KIHI[IBOK) MOXYTh PO3MOYMHATHCS TICIIA 3aTO€HHS paHu (~3
THKHI) — BOJIa 3MEHINTYE€ HABAHTAKCHHS 1 JIO3BOJISIE€ paHillle BIAMPAlbOBYBATH MOBHY
aMIuTTYy pyxiB. [IpofOBXKYIOTBCS PO3TSKKH M SI31B (YOTHPUTOJIOBUM, TMIIKOTIHHUN
CYXOKHJIOK, IMNTKOBHUM M’53) /TS BITHOBJICHHS THYYKOCTi. bamanc-TpenyBaHHs: CTOSHHS
Ha OJTHIN HO31 (CIIOYaTKy HA OTMEPOBaHIN 3 MATPUMKOIO, TTOTIM 1 Ha 3/I0POBIif), X0AK0a
OOKOM, Ha3aJ, BIOpaBU Ha OamaHCYBAJIbHIA MOAYHIi a00 HECTIWKIM MOBEpPXHI Mia
HarjsaoM TeparneBTa. Jo kiHisg 4—6 THKHS OUTHIIICTH MAIlIEHTIB BXKE MOXYTh XOJIUTH
0e3 TPOCTUHM Ha KOPOTKI BiACTaHI MO PIBHIM MOBEPXHI; BAXXJIUBO BIANpPAlbOBYBATH

HOPpMAJIbHY X0y oe3 KYJbI'aHHA — MOXKJIHNBO, CIIOYATKY 3 TPOCTHUHOIO, JOKHU KYJ'II)FaBiCTB
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HE 3HHUKHE. SIKIO KyJbraBicThb TPMBA€ — BapTO I1I€ 3MILHIOBATH BIABIAHI M’ 513U CTErHa
(BmpaBU «MYIUISH» JIesKauu Ha 00111, MIAHOM MPSMOi HOTH JIesKaur Ha 0OI11).

Kpurepii mepexoqy A0 HACTYDHOrO e€Taly: JOCTaTHS cuia M A31B (IO J03BOJISAE
BIIEBHEHO TpHUMaTH pIBHOBary Ha omepoBaHid Ho31 ~10 cek), oOcar pyxiB y B
KYJIBIIIOBOMY CYTJI001 HAOJIMKa€ThCsl 10 HOpMU (3ruHaHHs xoua 6 110—-120°, po3ruHaHHS
0°, BinBeaenus ~70-80% Bix 310poBoro 60Ky). Xoaa 6€3 10MOMOTH MOXJIMBA [0 JOMY
Ta HAa BYJMII 3 MIHIMAJIbHUM KyJbraHHSAM. Biib MiHIManbHUMN, KOHTPOJIOETHCS JIUIIE
nepioguyauM npuitomom HII3IT abo He noTpedye aHANBI€TUKIB Y CIOKOI.

[Ti3niii BimHOBHUI eTamn (6—12 THXKHIB MICTs OTepartii):

3aBaaHHsA: TOBEPHEHHS [I0 IOBCSKJICHHOI aKTMBHOCTI Ha OUIBII BHCOKOMY PiBHI,
MIATOTOBKA JO peKpeamiiHux (I3UYHUX HaBaHTa)KEHb, MaKCHUMaJIbHO MOJXKIIMBE

BIJTHOBJICHHSI CHJIH 1 BUTPUBAJIOCTI.

3axoau: 3HSABIIM OUIBIIICT OOMEXKEHb, MAIllEHT MOXKE€ BHUKOHYBATH IOBHOIIHHY
nporpaMmy TpeHyBaHb. JlomaioTbCs BIpaBM Ha TpeHYBaHHS  (YHKIIOHAIBHOI
BUTPHUBAJIOCTI: X060 MO JOPIXKII a00 Ha BIIKPUTOMY MOBITP1 MMOCTYIOBO 301IBITY€ETHCS
1o 20-30 xB 6e3 nepepBu (B 3pydyHOMY TeMiri). JIerkuit Oir miATIONIIeM 3a3BHYail 111e HE
pPEKOMEHYEThCs 10 12 THXKHS, alie MBUAKA X0ap0a — Tak. Bripau: npucimanus mgo 90°
(3a yMOBH BiJICYTHOCTI 00JII0), BUIMMaAX BHepea 1 BOIK (CIIOYATKY 3 MiATPUMKOIO, TTOTIM
CaMOCTIWHO), TITHOMH Ha CXOAMHKY (Step-up) Ha HEBEIMKY BHCOTY 3 IOCTYIIOBHUM
30UTBIIIEHHSIM BUCOTH miaThopmu. [IpogoBxyroTh BrpaBu Ha OajaHC — OUTBI CKIIATHI
(criiika Ha ONHIM HO31 3 3aIUIIOIMICHMMH OYMMa, XOAhOAa MO JiHii, TpEHyBaHHA Ha
HECTIHKHUX TutaTdopMax). MoxHa BUKOHYBATH TPEHYBAaHHS B CTIOPT3ajll 3 HEBEITUKUMHU
BaraMM: po3rdHaHHS CTErHa Ha TPEeHaXXepi, BIABEICHHS Ha OJolli, nmpec Horu (leg press)
3 MOMIPHOIO Barolw — TMiJ KOHTPOJEM IHCTPYKTOpa, YHHUKAIOYH OCHOBOTO YIApHOTO
HaBaHTa)XeHHs. B 1eii mepiox 6arato maIi€HTiB MMOBEPTAIOTHCS O BOJIHHS aBTOMOOLIIS
(mpuOHM3HO TicIs 8 THHXKHIB, SKIIO 1€ JIiBa HOTa 200 aBTOMAaTHYHA KOpOOKa, Ta JTiKap J1aB
7103B11). TakoX MOXHA BITHOBIIOBATH IUIaBaHHS (TIICIIsA 6—8 THOK, KOJIM M’ 513U TOCTaTHBO
3MIHUIK JJ1s1 Oe3neyHux pyxiB). Skiio mpodecis maiieHTa He MOB’si3aHa 3 BaXKKOIO

(G13MYHOIO TTpalet0, MOKIIMBE MOCTYIIOBE MOBEPHEHHS O pOOOTH MK 8 1 12 THxKHEM.
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OuikyBaH1 pe3yJbTaTu 10 3 MICSI[IB: NALIEHT BUIbHO XOAUTh 0€3 TOMOMIKHUX 3acO01B,
y TOMY YHUCJI1 IO CX0J1aX (MOXJIUBO, TPUMAIOUYUCh 32 TOPYUEHbB JI Oe3MeKn). AMIUTITYyAa
PYXIB y KYJIBILIOBOMY CYTJ1001 OJIM3bKa 10 HOPMaJIbHOT ISl JaHOi 0co0u (3ruHaHHs ~120°
Yy OUIbIlIe, TTOBHE PO3TMHAHHS, BIJBEICHHS JOCTaTHE JJisl HOpMalibHOI xoap0m). Cuna
M’s131B BiiHOBJIeHa Ha ~80% Bix HOpMU abo Oulbiie. bk MpakTUYHO BIACYTHIN, JUIIIE
TUCKOM(DOPT MpH 1y’)Ke TpUBAJIOMY HaBaHTaxxeHHI. [lalieHT moBepHyBCs A0 OUIBLIOCTI
NOBCSIKJIEHHUX CIPaB 1 HUI3bKOIHTEHCUBHUX CIIOPTUBHUX 3aHATH (BEJIOCUIIE]], TJIABAHHS,

rojbQ, JerKi MoXou).
JloBroctpokoBwuii etarn (3—6 MicsIIiB 1 ai):

3aBaHHsA: TIOBHA COIIAJIBHO-TPYAOBa peadimiTaliss, 30epeeHHS JOCITHYTHUX

pe3yibTaTiB, IpodiIakTHKa YCKIaIHEHb €HI0NPOTE3a B JIOBTOCTPOKOBOMY MEPIOIi.

3axonu: micis 3 MICSI[IB OUTBIIICTD MAIIEHTIB 3 TOTATBHUM €HIOMPOTE30M KYJIBIIOBOMY
cyriao0061 MOXKYTh IMOCTYIOBO MOBEPTATUCS HABITH 10 TTOMIPHO aKTUBHHMX BHJIIB CIIOPTY.
PekoMeHyl0TbCS BIpaBd Ha MIATPUMAHHSA CHIM 1 BHUTPUBAJIOCTI: MPOJOBKUTH
nomarnnHio miporpamy JI®K 3-4 pasu Ha THxkAeHH a00 BiIBIAYyBaTH TpEeHaKEPHUU
3JI/TPYNOBI 3aHATTS JIKYBIBHOIO (Pi3KYJIBTYpOI0. XOPOITUM BUOOPOM € CKaHAMHABCHhKA
X0/1p0a, TUTaBaHHs, ora 3 aJlanTallisiMy, IMIaTec — BCe, M0 MOKPAIly€e THYYKICTh 1 CHITY,
HE MEePEeBaHTAXKYIOUYHN CYTJIO0 yIapHUMHU HaBaHTa)XeHHSAMU. Bij Oiry Ha OBIi uUCTaHIII
Ta CTPUOKIB CJiJ] yTpUMYBATUCS (PU3UK 3HOIIYBAaHHS IMIUIAHTY), SIK 1 BiJ] KOHTAKTHHUX
cnoptiB. Jlikap MpOBOAUTH IJIAHOBI OMISIAM (HampUKIIam, dyepe3 3 Ta 6 MICAIIB MiCIs
orepailii, MOTIM IIOPIYHO) — OIIHIOETHCS (DyHKIS cyriao0a, TMOJOKEHHS IMIUIAHTY
(peHTreH-KOHTpOIb). [larieHTy peKOMEeHAY€eThCS MIATPUMYBATH HOPMaJbHY Bary Tija i
M’SI30BUH TOHYC, MO0 3a0€3MEUYUTH JTOBrOBIUHICTh €HAONpPOTe3a. KiHIeBUI pe3yIbTaT:
gyepe3 6 MICSIIB — MAaKCUMAJIBHO MOXKJIMBE BITHOBICHHS (QYHKINIT; 6araTo XTo 3a0yBae
PO OTIEPOBAHUM CYTII00 Y TIOBCSIKIEHHOMY JKUTTI, 3aMAa€ThCS 3BUMHUMHE CTIpaBaMu 0e3
6omi0. 3a yMOBHM TPaBWIBHOI pealimiTalii i JTOTpUMaHHS PEKOMEHIAII €HIOMpOoTe3
cayxuTh 15-20 pokiB 1 OUTbINE, JO3BOJIAIOYN MAIIEHTY BECTU aKTUBHHUU CITOCIO KUTTSI.
BucnoBok no anroputmy: Peabimitamis micas TEIIKC — me moetanmuuii miporiec, KU

BUMAarae KOOpAWHAIIl MIXK XIpyprom, peaburitoiaoroM Ta camum namieHToMm. Kirodosi
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MPUHIMIIN CyYaCHOTO JIrOPUTMY: PaHHIM MOYATOK, IHTEHCUBHICTh, 1HAMBIAYaTi3alis 1
OesnepepBHICTh. K0oXXKeH HACTYMHUM eTam HAcTae TOJl, KOJIM MAILIE€HT AOCIT KpUTEPIiB
TOTOBHOCTI Ha MONEPeAHLOMY (HAIPUKJIIAJ, TOCTATHS CHUJIa 1 piBHOBAra Jisl BIIMOBH BiJl
TPOCTUHH, 3aTO€HHSI paHU AJI1 MOYATKY BOJHOI Tepamii Tomio). Taka CTpyKTypyBaHHS
3abe3rneuye Oe3neky (MOKPOKOBE HaBaHTAXKEHHsI 0€3 MEPEBHUIIEHHS MOXJIMBOCTEH) 1
€(EeKTUBHICTh — MMALIIEHT MOCTYIOBO OBEPTAETHCS 10 BUCOKOT IKOCT1 KUTTS, SIKOT MOXKHA
JOCSTTA MICHs EHAONPOTE3yBaHHS KYJBIIOBOrO Cyrjioda 3a yMOBH TPaBUIBHO
npoBeaeHoi  peaOumitamii. Jly’ke BIy4HO 3a3Ha4yeHo, 10 YCMiX  omepaiii
enaonpore3yBaHHs Ha 50% 3anexurb BiAg MalicTepHOCTI Xipypra, a Ha 50% — Bifg
IPaMOTHO CIJIAaHOBAHO1 Ta BUKOHaHO1 peabimiTalii. CydacHi MiAX0AH 1 TEXHOJIOT1i 1at0Th
3MOTy 3HAYHO MOKPALIUTH PE3YIbTaTH 1 MOBEPHYTH MAIIEHTIB O aKTUBHOIO JKUTTS B
KOPOTIIl CTPOKH, IO MIATBEPKYIOTh SK KIIHIYHI HACTaHOBU, TaK 1 YHCIIEHHI

JOCJIIJDKEHHSI Ta METaaHalli3u OCTaHHIX POKIB.
VY3aranbHeHHS

Peabimitarriss miciis TOTaJbHOTO €HAOMPOTE3yBaHHS KYJIBIIOBOTO Cyrjioda € He JIHIIe
3aBepIIajbHUM €TaroM JIIKYBaHHSA, aje W KPUTUYHO BaXKIMBOK CKJIAJ0BOIO, IO
BHU3HAYA€E JTOBrOTpHBaIi (PYHKI[IOHAIBHI PE3yJIbTaTH Ta SKICTh XUTTA MaiieHTa. BoHa
NOBMHHA  PO3TISAATUCh K IHTErpajbHa 4YacTUHA  MYJIBTUIUCIUILUTIHAPHOTO
JIKYBJIBHOTO TIPOIIECY, SIKa TMMOYMHAETHCSA BXKE J0 OIepallii 1 TpUBa€ JIEKiIbKa MICAIIIB
micost Hel.

CygacHi migxoau Ao peaOumitarii 6a3yloThCs Ha MPUHIMNAX JOKA30BOi MEIMIIMHHU,
BKJIIOUAIOTh PAHHIO AaKTUBI3aIliIO, 1HAMBITyaTi3alil0 HaBaHTAXXEHHS, 3allydeHHS
MYJIBTHAUCIAILIIHAPHOT KOMAaH/IM, a TaKOXK 3aCTOCYBaHHS HOBITHIX TEXHOJIOTIN — BiA
Tenepexabimitamii 10 010MEXaHIYHOTO MOHITOPUHTY Ta 3MilIaHoi peanbHOCTI. Takuit
MIIX11 JTO3BOJISE HE JIMIIE CKOPOTUTH CTPOKH BITHOBJICHHS, ajie W IMOKPAIIUTH KiHIICBI
(GyHKITIOHATBHI pe3yJIbTaTH, 3SMEHIIUTH YaCTOTY YCKIJIaTHEHb Ta ITIBUIIATHA TPUBAJICTh
CITy>KOU IMILIaHTaTA.

[lopiBusanuss mikHapoguux mnpoTokoniB (ERAS, AAOS, NICE) 3 ykpaiHCBhKOIO

MPAKTUKOIO 3aCBIAYY€ CIUIbHE MPAarHeHHS A0 MaKCHUMalbHO PAaHHBOTO IMOBEPHEHHS
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MallieHTa 10 aKTUBHOTO KUTTA. [Ipu nbomy ycniniHa peabutiTallisi IpyHTYETbCS HE JIUIIIE
Ha TEXHIYHOMY 3a0€3ME€YeHHI, a i Ha BUCOKOMY PIBHI MDKAMCIHUIUTIHAPHOI B3a€EMOI,
KJIIHIYHOMY JTOCBIJ1, T aKTUBHINA y4acTi caMoro MaiieHTa.

Oninka e(geKTUBHOCTI peabOuniTalii MOBUHHA 3JIMCHIOBATUCS KOMIUIEKCHO, 13
BUKOPUCTAaHHSAM  BalliJOBAaHUX  KIIHIYHMX  IIKad,  (YHKIIOHAJIbHUX  TECTIB,
IHCTpPYMEHTaJbHUX METOJIB Ta CyO €KTHUBHUX OIL[IHOK TalieHTa. be3nepepBHUi
MOHITOPHHT Pe3yJbTaTiB JO3BOJISIE CBOEYACHO KOPUTYBATH peabuIiTaIlliHy TporpaMmy Ta
IHAMBIAYaNTI3yBaTH MIX1]] 10 KOXKHOTO XBOPOTO.

Takum 4MHOM, KOMIUIEKCHA, €TalHa, HAYKOBO OOTPYHTOBaHa peaduTITaIlisl € HE MEHII
Ba)XIIMBOIO, HK caMe XipypriuHe BTpy4yaHHS. BoHa BH3HAauae CTyNiHb TOBEPHEHHS
naiieHTa J0 3BHYHOTO CMOCOOY JKUTTS, Mpale3aaTHOCTI Ta COIladbHOI I1HTEerparlii.
BrpoBajpkeHHsT cydacHUX peaOUTITAllIiHUX CTpaTerii Mae cTaTd TPIOPUTETOM IS
HAI[IOHATBHOI OPTONEAMYHOI TPAKTHKHU 3aJUIsl JOCATHCHHS BUCOKHX CTaHAAPTIB Y
JIKyBaHHI MAaTOJIOT1{ KYJIBIIIOBOTO CYyTJI00a.

KommuiekcHa, moeramnHa, 1HAUBIAyaTi30BaHa peaOUTITAIlll € KIOYOBUM KOMITIOHEHTOM
ycmimuoro BigHoBnenHs micns TEIIKC. Ii 3HaueHHs monsrae He Inume vy
G yHKITIOHAIBHOMY TTOKpaIleHH1, aje W y MiHIMIi3aIlil pu3uKIB YCKJIaJIHEHbB, MIIBUIIICHHI
TPUBAJIOCTI CIIY)KOH IMIIJIaHTaTa Ta MOKPAIEHH1 SKOCTI JKUTTS MaIfieHTa. 3 ypaxyBaHHIM
Cy4YacHHX ITIJIXO/IIB Ta TEXHOJIOT1H peaditiTallis IepeTBOPIOETHCS Ha BAXKIIUBY, I0Ka30BO

OOTpYHTOBaHY YaCTUHY IHTETPOBAHOI CUCTEMHU OPTONEANYHOT JOTIOMOTH.
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AHAJII3 TA Y3AT'AVIBHEHHSA PE3YJIBTATIB JOCJ/IIIKEHHSA

Jucepraliist IpUcCBAY€Ha JOCTIIKEHHIO €)EKTUBHOCTI 3aCTOCYBAaHHS HaBIralIiHO1
CUCTEMHU 3MIIIaHOI PEaNTbHOCTI IS CKJIQJHOTO TIEPBUHHOTO CHJIOMPOTE3YBAHHS
KYJIBIIOBOTO Cyryio0a. BpaxoByrouM CKJIAIHICTH JAHOTO OINEPATHBHOTO BTPYYAHHS Yy
NaIli€EHTIB 3 BUPAXEHUMHU aHATOMIYHMMHU 3MIHaMHU, pPO3poOKa HOBUX METOIB
IUTAaHYBaHHS Ta IMIDIAHTAIlli Mae€ KPWTHYHO BaXKJIMBE 3HAYCHHS JUIA TOKpAIICHHS
JIOBIOTPUBAIMX PE3YJIbTATIB JIIKYBaHHS. Y POOOTI MPOBEACHO aHAI3 MICJISIONEepaIliiHuX
pesynbratiB 119 namieHTiB, sKuM BUKOHAHO 151 omepaTtuBHE BTpyYaHHS 3 TOTaJIbHOIO
EHJIONPOTE3yBaHHS KYJbIIOBOTO cyrinoba. OImiHoBaIMCS HE Juine Oe3mocepeaHi
pe3ylnbTaTh BTPYYaHHsS, a MW BIIJaJIeHI MNOKa3HUKHA CTaOUIBLHOCTI EHIO0NpOTe3a,
(YHKITIOHAJIPHOCT1  KIHIIIBKM Ta PIBHS 3aJ0BOJICHOCTI MAIIEHTIB IPOBEJACHUM
JiKyBaHHSAM. BripoBakeHHS HOBUX TEXHOJIOT1H y Tay3i OpTONEINYHO1 Xipyprii Mae Ha
MeTI OKpAaIIeHHsI TOYHOCT1 BCTAHOBJICHHS IMIUTAHTIB Ta MIHIMI3aIli0 IMICJISIONepaiiinHuX
YCKJIaHEHb, SIKI MOXKYTh BIJTUBATH Ha SKICTb XKHUTTS MAIIEHTIB Y MaiOyTHHOMY.

OnHi€er0 3 TOJIOBHUX MPOOJIEM €HAOMPOTE3YBaHHS KYJIBIIOBOTO CYrjioda € TO4YHe
BIITBOPEHHS aHATOMIYHOI CTPYKTYpH Cyrjoba Ta 3a0e3NedyeHHs IPaBUIBHOTO
MOJIOKEHHS KOMIIOHEHTIB iMIutanTa. OcoOJMBO 1€ aKTyalbHO Yy TAIIEHTIB 13
BPO/DKEHUMHU YW HAOyTUMH JedopmallisiMi, TAKUMHU SK JUCIUIACTUYHHN KOKCApTpPO3,
MOCTTPAaBMATHYHI 3M1HH, HACTIIKY 3aMaJIbHUX 3aXBOPIOBAHb UM ATPOTCHHI YCKIATHCHHS
MICJIsT TIOTIEPEHIX OINEpPaTUBHUX BTpydYaHb. BHUKOpUCTaHHA TpaaWIiHHUX METO/IB
IMIUTaHTAIlll 9acTO CYNPOBOKYETHCS TMOXHMOKAMH y TIO3UI[IOHYBaHHI KOMITOHEHTIB
SHI0TPOTE3a, M0 MOYKE MPU3BOJUTH J0 aCENTHYHOI HeCTaOUIBHOCTI, PI3HMIN JOBKUHU
KIHITIBOK, IMITI/DKMEHT-CHHAPOMY, OOMEKEHHSI pyXJIMBOCTI Ta 1HIINUX ycKiaaHeHb. Came
TOMY 3aCTOCYyBaHHS HAaBiralifiHUX CHCTEM, 30KpeMa 3MIIIaHOi peanbHOCTI, €
MEPCIEKTUBHUM MIAX00M ISl 3a0€3MeUeHHs BUCOKOT TOUHOCT1 BTPYUYaHHS.

VY pamkax 11poro JOCHIiIKEeHHsS 0yJ0 po3p0o0IeHO HABIraliiHy CUCTEMY Ha OCHOBI

TEXHOJIOT1i 3MIIIAHOI peajbHOCTI, sKa BUKOpUCTOBYe oKyisipu HoloLens 2. Bona
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JI03BOJISIE TIOEHYBATH Tepeaonepaiiiiae 3D-MoIeoBaHHs 3 pealbHUM aHATOMIYHUM
MOJIOKEHHIM TMalll€HTA M1J] Yac onepauii, 0 3HaYHO MiIBUILYE TOYHICTh BCTAHOBJICHHS
enponpotesa. [Iporpamue 3abe3nedenHs, po3podiieHe s JaHOiI CHCTEMH, J1a€ 3MOTY B
pPEXHUMI PEATbHOTO Yacy CHUHXPOHIZYBaTH BIPTyaldbHY MOJENb Ta3y Ta KYJBIIOBOIO
cyrioba 3 omepaliiHUM MOJeM, MIHIMI3YyIOUM PU3MKHU 3MILEHHS KOMIIOHEHTIB 4yepes
noyioxkeHHs: Tazy. llepepomnepaniiine MOJENIOBaHHS BUKOHYBAJOCS B IMPOTPaMHOMY
3abesneuenHi Slicer3D, 1m0 103BOJUIO CTBOPUTH MOJEIh KYJBIIOBOTO Cyrjio0a, 3
ypaxyBaHHSIM YCIX aHATOMIYHUX OCOOJMBOCTEH MaIll€HTA.

[lopiBHsNBHUE aHami3 JABOX TIpPyN IMAalI€HTIB — TUX, KOMY OYyJ0 BHKOHaHO
TpaJUIIIfHEe SHIONPOTE3YBaHH 0€3 BUKOPUCTAHHS HaBIraIiiHOT CUCTEMH, Ta THX, KOMY
orepallif0 BUKOHYBAJIM 13 3aCTOCYBaHHSM 3MIIIaHOI peajbHOCTi, — MPOJIEMOHCTPYBaB
3HaYHI TepeBard HOBOTO MIAXOAy. Y JOCHIAHIA TpyIi, J€ BHUKOPUCTOBYBajacs
HaBiraiiifHa cucTema, CriocTepirajocsi CyTTEBE 3MEHIIICHHsI BapiabeIbHOCTI IMITJIAHTAITI1,
10 CIIPHUSIO OLIBII TOYHOMY BIJHOBJICHHIO aHATOMIYHHUX MapamMeTpiB cyriioda. OriHka
micasonepaliiiuX pe3yaprariB 3a gomomororo mkan SF-36 ta Harris Hip Score
MoKaszaja TOKpalieHHsS (QYHKI[IOHATBHUX ITOKa3HHWKIB Yy TAII€HTIB, SKI MPOUILIH
SHJIOTPOTE3yBaHHS 3 BUKOPHUCTAHHSAM HaBiraiii. 3o0kpema, OyJ0 3MEHIICHO PH3UK
HECTaOLILHOCTI €HJIONPOTE3a, PI3HUIl JOBKWHU KIHIIIBOK Ta IHIIWX YCKJIQJIHEHB, SKI
4aCTO BUHUKAIOTH MPH TPATUIIIHHOMY T1AXO/II.

Oco06mBy yBary B JOCIIDKCHHI MPUIALICHO O10MEXaHIYHOMY aHajli3y 3MiH IEHTPY
portaiiii KyJbIIOBOTO Cyrio0a Micisi €HIOMpOTe3yBaHHA. Byno 3MOAeNbOBaHO BILUIMB
PI3HHUX BapiaHTIB 3MIIEHHS IIEHTPY pOTaIlii Ha QYHKI[IOHATBHICTh KOJIHHOTO CyTjio0a.
BukopucranHs MaTeMaTHIHUX MoJIesIel Ta 3D-cumymsmiit 103BOJIUIIO OIIHUTH PO3OI1T
HaBaHTa)XCHb HAa HIDKHIO KIHIIBKY 3QJIC)KHO BiJl 3MiHHM IMapaMmeTpiB iMmiutanTaiii. Ile
JOCTI/DKCHHST TIAKPECHTIOE  BAXKIUBICTh 30€pPEKEHHS] ONTUMAJIBHOTO TIOJIOKCHHS
SHIOTIPOTE3a, OCKUIBKH Oyab-sSKe 3MIIMICHHS MOXKE BIUTMBATH HE JIUIIC HA CTaOUIBHICTD
KYJIBIIIOBOTO CyT7I00a, a i Ha (PYHKIIIIO IHITUX CYTII001B HMKHBOT KIHITIBKH.

[IpakTryuHe 3HAYEHHS JTOCIKEHHS MOJISITa€E y BIPOBAKEHH]1 TEXHOJIOT 1M 3MIIITIaHO1
peasbHOCTI B XIPYpPriyHYy MPAKTUKY OPTONEAUYHUX BIAAUIEHb. Bukopucranhas

HaBITAIlIMHOT CHCTEMH JO3BOJISIE MIABUIIUTH TOYHICTh OINEPATUBHOTO BTPYYaHHS,
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MIHIMI3yBaTH KUIBKICTh IHTpaonepamiiHuX [OMUJIOK Ta TOKPAIIUTU  SKICTb
nicisionepauiiHoi peadutitanii. Ll MeTonuka ocoOJMBO akTyanbHa AJA MALIEHTIB 13
BUPAQXEHUMHU aHATOMIYHUMU JedopmamisiMy, e TpagulliiiHi METOAM IMIUIaHTalli He
3aBXJIM JAI0Th 3MOTY JOCSITH ONTUMAJIbHOIO MOJIOKEHHS KOMIIOHEHTIB €HJ0MpPOoTe3a.
BripoBa/pkeHHsT TEXHOJIOTIN 3MIIIAHOT PEATbHOCTI BIAKPUBAE€ HOBI MOXJIMBOCTI Y
MEPCOHAJII30BAHOMY IUUIaHYBAHH1 ONEPATUBHOIO BTPYYAHHS, 1110 € KIOYOBUM (aKTOPOM
YCIIIIHOTO JJOBITOTPUBAJIOr0 Pe3yabTaTy JIKYBaHHS.

Otxe, pe3ynbTaTH JOCIHIKEHHS JI0BEJIW €(PEKTHBHICTh HAaBITAI[IHHOI CHCTEMH
3MIIIaHOT peaJbHOCTI Yy TMpoLeci EHAONMPOTE3yBaHHS  KYJbIIOBOIO  Cyriooa.
BukopucranHs 11i€i TEXHOJIOT1T T03BOJISIE 3HAYHO TMOKPAIIUTH TOYHICTH IMIUIAHTAIIl,
3HU3UTU PUBUK YCKJIAJHEHb Ta MMOKPAIIUTH (YHKI[IOHATBHI MMOKA3HUKU TMAII€HTIB.
Hapani neii migxig moxe OyTH pO3MIMPEHUN Ha 1HII cPepu OPTONEAUYHOI XIpyprii,
30KpeMa i PEBI3IMHOTO €HJIONMPOTE3yBaHHS, J€ TOYHICTh IMIUIAHTAIlll Biairpae mie
OuthIry podib. IloganbIn TOCTIKEHHS Ta BIOCKOHAJICHHS MPOrPaMHOTO 3a0e3MeueHHs
JUTISL 3MIIIAHOT PeabHOCTI CHPHUATUMYTh MOAANBIIOMY PO3BUTKY IIi€l TEXHOJOTIi Ta ii

MIUPOKOMY BIPOBAKEHHIO B KIITHIYHY TIPAKTHUKY.
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BUCHOBKH

VY pe3ynabTaTi NpOBEACHOIO JOCIIIKEHHS PO3POOJICHO IHHOBALIMHY HaBIralidHy
CHUCTeMYy JUIS €HAOMPOTE3yBaHHs KYJBIIOBOTO CYIrioba, sSika Mae HHU3KY KIIOYOBUX
nepesar, 110 J03BOJIAIOTh MIJBUIIUMTH TOYHICTh XIPYpTiYHOTO BTPYYaHHS, 3MEHIIUTH
KUIBKICTh MICSONEpallifHUX YCKIaJHEHb Ta MOKPAUIUTH (PYHKIIOHAIBHI pe3yibTaTh
JKYBaHHS MAIIEHTIB.

1. BcranoBneHo, 110 3aCTOCYBaHHSI HaBITAIlIMHOI CUCTEMH 3MIIIAHOI PeaTbHOCTI
OpU TOTAJLHOMY €HIOMPOTE3YBaHHI KYJIBIIOBOIO CYrio0a y MAali€HTIB 31 CKJIAJIHOIO
AHATOMIEI0 JIO3BOJISE 3HAYHO IMIJIBUIIUTH TOYHICTh TMO3UI[IOHYBAHHS KOMIIOHEHTIB
€H/I0TpOoTEe3a, MOPIBHIHO 3 KIIacHYHUM MeToaoM «freehand». ¥V mocmiguiit rpymni yactka
NPAaBWJIBHOTO PO3TAIllyBaHHS aleTaOyIsIpHOTO KOMIIOHCHTa B MEXax Oe3MeYHOl 30HM
cranoBuia 93,10%, npotu 72,13% y kouTposbHii rpymi (p=0,032).

2. Po3po06iieHo 1 BIpoBaPKEHO EKCIIEPUMEHTAIbHY HaBIralliifHy CUCTEMY Ha OCHOBI
rapuitypu HoloLens 2, sixa noegnye 3D-MoaentoBaHHs, KOMIT' IOTEpHY ToMorpadito Ta
3MIllIaHy PpeaJbHICTh. 3ampoIlOHOBAHO YHI()IKOBaHWI TIPOTOKOJ CHHXPOHI3aIlii
¢di3u4yHOrO TiNA MarfieHTa 3 BipTyadbHOI 3D-Monentio, 10 J03BOJISIE XIPypry TOYHO
Bi3yaJli3yBaTl aHATOMIYHI OPIEHTUPH B PEKUMI PEaIbHOTO Yacy.

3. Maremaruune MojenoBaHHs y cepenouiii SolidWorks moka3zaino, 1o 3mimeHHs
IEHTPY poTaIlli KyJbIIOBOTO Cyrio0a B JaTepalbHOMY HAIpPSMKY MPU3BOIUTEH 0
ICTOTHOTO 3pOCTaHHS HABaHTAXCHHS HA MeiaJbHUNA BHUPOCTOK BEIMKOTOMLUIKOBO1
KICTKH: mpu 3MinieHHl Ha 2 MM — 21,735 Hxwm, Ha 4 mm — 44,033 Hxm, HA 6 MM —
69,975 HxwM, a ipu 3mimenHi Ha 8§ MM — 120,25 HXwm, 110 y AecsATKH pa3iB NEPEBUIILYE
HOpMallbHI 3HaueHHs. lle minTBepaXKye HEOOXIAHICT, TOYHOTO BITHOBICHHS IEHTPY
porTarii mijJ Yac €HIONpPOTE3yBaHHA JJIA 3all00IraHHS BTOPHUHHIN MATOJIOT1] KOJIHHOTO
cyrioba.

4. TlepenomneparliiiHe MIaHyBaHHS 3 ypaxyBaHHSIM 1HIWBIIYadbHOTO HAXWIy Ta3a
BUSBIJIOCS KPUTHYHUM (PAKTOPOM TOYHOCTI YCTAaHOBKH areTadyaspHOTO KOMITOHEHTA.
Byno BcTanoBieHo, 1110 mpu HaxuIiIi Ta3a 10 40° 3HaYHO 3MIHIOETHCS Bi3yalibHA T€OMETPIs

Taza, 1110 BUMarae KOpeKIii KyTiB IMIUIaHTAaIlii 1 mia0opy Tuily eHaonpote3a. HexTtyBanHs
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UM (HaKTOpoM 30UIbLIYE PU3HK ACENTHYHOI HECTAOUIBHOCTI Ta MEPEIYaCHOrO 3HOCY
nporesa.

5 . InTpaonepaiiiine BUKOPUCTAHHSI HABIramiifHOT CUCTEMU 3MIIlIaHOT PeaIbHOCTI
JI03BOJIsSIE KOMIICHCYBATH 3MIHY TOJIOXKEHHSI Tasa MiJ Yac oreparii 3aBISK1 HaKJIaJaHHIO
BipTyasnbHOi 3D-Mozeni Ha peanbHI aHATOMIYHI OpieHTUpH. Lle n03BoJIsIE YHUKHYTH
NOXWOKHM TMO3ULIIOHYBAHHS 1]l Yac YCIX €TaliB YCTAaHOBKM IMIUIAHTATIB, OB’ A3aHUX 3
fioro potarii€to, 6e3 3acToCyBaHHS JA0JaTKOBUX (hiKCATOPIB.

6. Pesynbrat (pyHKIIOHATBHOI OIIIHKM JIIKyBaHHS 3a mmkajgor Harris Hip Score
OyJiM BUILUMHM y TPyl 3 BUKOpUCTaHHAM HaBiramii: 93.13 = 5.99 npotu 86.23 + 9.90 y
KOHTpOJIbHIN Tpymi. 3a mkanow SF-36 Takox 3adikcoBaHo mepeBary — 79,1+4,5 y
nocnigHil rpyni npotu 76,0+4,0 y mamientiB 6e3 Hapiramii. OOuABI pI3HULL €
cTaTUCTUYHO 3Hauymumu (p < 0,05).

7. 3ampomoHOBaHa CHCTEMa HE JUIIe JEMOHCTPYE BUCOKY TOYHICTh, a WU €
JOCTYNHOIO, O€3MeYHOl, Ta aJalTOBAaHOI [UIsl MPAKTUYHOTO BHUKOPUCTAHHA B
OpPTONIEANYHUX LEHTpax TpeTUHHOro piBHA. BoHa He moTpedye CcKIagHMUX
po60TH30BaHUX MIATHOPM 1 MOKE OyTH PEKOMEHI0BaHa JJIs IIUPOKOTO BIPOBAKEHHSI
B MPAKTUKY MPU CHAOMPOTE3YBaHHI IMAIIEHTIB 31 CKJIATHOI0 aHATOMIEID KYJIBIIIOBOTO

cyrioba.
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JNOLAATOK A
Ankera Baire 370poB's Ta caMONOUyTTS: OLIIHKA MOKa3HUKU AKOCT1 KUTTS (SF-36
v2 Health survey)

ILLIT Ne ict _ Homep anketn [Hara

OCJIKEHHS

1.Ha Bamy nymky, Baiie 3m0poB'st B3arasni €:

« olIpekpacne . o/lyxe noOpe. o/lobpe. o3anoBuibHe. Ollorane.

2. Sk Bu B nuiomy ouintoere Baiie 310poB’st B JaHMi yac B MOPIBHSAHHI 3 TUM,
1o Oyno ThxaeHb TOMY?

* oHabararo kpartie, HiXK THXKIECHb TOMY.

» 0Tpoxu Kpaliie, HiK THXJICHb TOMY.

* 0l IpubIM3HO Tak camo, 5K 1 THKICHb TOMY.

* OTpoxu ripiie, Hi’XK TUKICHb TOMY.

* oHabararo ripiie, H’XK THXKIEHb TOMY.

HacTtynHi nuTanHs cTocyroThest Bamoi qisiibHOCT1 BIPOJOBK 3BUUAHHOTO JAHS.

3. Uu Bam crtan 310poB’s B JaHUM yac mepeuikomkae BaM BHKOHYyBaTu
HAJMIPHI 3yCHIIIA, TaKi K OIr, MiAHIMAHHS BaXKHUX MPEIMETIB, y9acTh Y CIIOPTUBHUX
3MaranHsax? SIKIo nmepemkopKae, To HaCKIbKU?

*0Tak, nyxe nepemkokae OTak, Tpoxu mepemkomkae. OHi, He mepemkoKae
30BCIM.

4. Uu Bam crtan 370poB’s B JaHWl yac Mepelikoaxkae Bam BHKOHYBaTu
nomipHy @DI3UUHY AISUTBHICTH, TaKy SK TEPEeCyBaHHA CTOJNAa, MHUTTS mimimoru (abo
MiAMITaHHS), Tpallsd B TOpoii a00 rpa B 0aaMiHTOH? SKIO MEepenIkoaKae, TO HACKUTEKHU?

*0Tak, myxe mepemkomkae. OTak, Tpoxu mepenikomxkae. OHi, He TmepemKoKae
30BCIM.

d. Uu Bamr cran 310poB’s B JMaHWW Yac mepenkomkae Bam mimHiMata abo
HOCHUTH CYMKH 3 IPOAyKTaMu? SIKIIO MepenIKoKae, TO HACKUTbKH ? '

*oTak, gyxe nepemkomkae. OTak, Tpoxu nepenikopxae. OHi, He mepenikoKae

30BCIM
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6. Yu Bam cran 370poB’s B JaHUM yac nepemkokae Bam migHiMaTucs Ha
JEKUIbKA MOBEPXIB cxogaMu? SIKII0 MepemKoKae, TO HACKUIbKHU?

*0Tak, nyxe nepemkomkae. 0Tak, Tpoxu nepewmkomkae. OHi, He mepemkoKae
30BCIM.

7. Yu Bam cran 370poB’s B AaHUM yac nepemkokae Bam migHiMaTucs Ha
OJIMH MOBEPX cxoaamu? SIKIo NepemnKo Kae, TO HACKUTbKH ?

* 0Tak, ayxxe nepemkomkae. OTak, Tpoxu nepemkomkae. OHi, He TmepenKomKae
30BCiM.

8. Uu Bam ctan 310poB’sl B JaHUM Yac Mepenkokae BaM HaXuiInTrCh, CTaTu
HABKOJIIIIKH, 3ITHYTHCS? SIKIIO MEePEenIKo Ka€e, TO HACKUIBKU?

* 0Tak, ayxxe nepemkokae. OTak, Tpoxu nepemkomkae. OHi, He TepenKomKae
30BCiM.

Q. Yu Bam cran 310poB’s B aHUW 4Yac mepenrkoixae Bam mpoitu Ouibiie
OJTHOTO KiToMeTpa? SKIo nmepenikoakae, To HACKUIbKU?

«0Tak, nyxe nepemkompkae. OTak, Tpoxu nepemkomkae. OHi, He mepemkoIKae
30BCIM.

10. Uwu Bamn ctan 310poB’sl B TaHWH Yac IMepenikopkae Bam npoitu nekiibpka
COTeHBb MeTpIB? SIKIIIO MepenKkoKae, TO HAaCKUTbKHU ?

* 0Tak, ayxe nepemkopkae. OTak, Tpoxu nepemkomkae. OHi, He TepenKomKae
30BCIM.

11. Ywu Bam ctan 310poB’s B JaHUH Yac nepenikoakae Bam npoittu cto meTpiB?
SKI10 nepenkopKae, TO HaCKUTbKH?

*0Tak, myxe mepemkomkae. OTak, Tpoxu nepemkokae. OHi, HE TepemKoKae
30BCIM.

12. Ywu Bamr ctan 3m0poB’st B TaHUH Yac epenmkopkae BaM caMOCTIHO MUTHCH
Ta BASATATUCH? SIKIIO MepenKo kKae, TO HACKUIbKU?

* 0Tak, nyxe nmepemkomxae.

* 0Tak, Tpoxu nepemKkomIKae.

« OHi, He nepeiiKo/Ka€e 30BCIM.
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3a ocTaHHIN THXKJIEHb HAaCKUIbKM 4YacTo y Bac BuHHMKanu Oyab-iKi 3 HaBEIECHUX
TPYJAHOILIB 3 BUKOHAHHSM CBO€1 pOOOTH a00 1HIIOI IOAEHHOI JISJIbHOCTI?

13. MeHnuie yacy npairoBajid Yd 3aiiMajiCh 1HILOIO AisUIbHICTIO yepe3 Bam ¢
13UYHUM CTaH.

* 0¥YBech yac. obuibmicts yacy. o/leskuii yac. oHebararo yacy. oHikomnu.

14. 3pobunu MeHlIe, HiK XoTun yepe3 Bam di3uynuii cTaH.

*0¥YBech yac. obuibiicts yacy. o/leskuit uac. oHebarato yacy.

15. Bynu o6mexeH1 y edkux BUAAaX poOOTH YU 1HIIOI IisNIBHOCTI yepe3 Barm
®di3u4HM CTaH.

*0¥YBech yac. obuibmicts yacy. o/leskuit yac. o Hebararo vacy. 0 Hikomnu.

16. Manu TpyaHoIll y BUKOHAaHHI poOOTHM UM 1HINOI MISJIBHOCTI yepe3 Baru
¢b13uuHu cTaH (HAMPUKIIAJl, BUTPATHIIA HA HET OLIbIIE 3YCHIIb).

*0 YBech yac. O binbmicte yacy. 0 Jleskuii yac. o Hebararo yacy. o Hikonn.

17. MeHiie 4acy TpaifoBajiyd Yd 3aiiMajuCh 1HIIOI MISUTHHICTIO BHACHiIOK
eMOIIIMHKUX MTP0OJIeM (MPUTHIYEHICTh, HECITOKIH).

* o¥YBech yac. obinbmiicts yacy. oJleskuit vac. oHebararo yacy. oHikomu.

18. 3pobunM  MEHIIe, HDK XOTUIM BHACHIIOK EMOIIHHUX MpoOsiemM
(IpUTHIYEHICTH, HECITOKIH ).

* 0¥YBech yac. obuibmicts yacy. o/leskuii uac. 0 Hebarato yacy. o Hikomnu.

19. BukonyBanu po0oTy 4M 3aiiMaiuCh IHIIOK ISUIBHICTIO MEHII CTapaHHO,
HIK 3BUYAHO BHACIIOK €MOIIMHUX Mpo0JieM (MPUrHIYeHICTh, HECTIOKIN).

* O¥YBech vac. O binemnicTs yacy. 0 Jleskuii yac. 0 HebaraTto gacy. o Hikomu.

20. 3a ocTaHHIA TWXKIEHb HACKUIBKM Bamii mpoOmemMu 13 370pOoB’SIM  4u
EMOIIIITHIM CTaHOM 3aBa)kaiu Bamomy 3BUYaiHOMY CITUTKYBAHHIO 3 CIM’ €10, IPY35SMH,
cyciamMu, KOJCKTHBOM?

0 Hickinbku He 3aBakanu. O Jlemo 3aBaxamu. O [lomipHo 3aBakanu. 0 3HAYHO
3aBakay. O Han3BuuaiiHO 3aBaXkamu.

21. Uwu 3a3nanu Bu ¢izununoro 00110 3a OCTaHHIN THXKIEHBD 1 B sIK1 Mip1?

* OHisixoro. o/lyxke cmabkoro. oCnabkoro. oOllomiproro. oCumsHoro. o/lyxe

CHJIBHOI'O.
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22. Hackinbku 3a ocTaHHIN TWXIEHb OUTb MEpemKokaB Bainiii HopManbHIN
po6OTI (BKIIOUAIOYH POOOTY 32 MEXKaMHU JIOMY 1 JOMAIIHIO poOoTy)?

*0 Hickinpkn He mepemkoakaB. O 30BCIM Majio mepenikopxaB. O [lomipHo
MEPeNIKo/pKaB. 0 3HAYHO MepemKokas. O HaazBuyaitHo mepenkomkas.

Ile muTaHHS CTOCYETHCS TOTO, K Bu ceOe modyBaau NpoTATOM OCTAHHBOTO THXKHS.
Bynp nacka, maiite BiAMOBIb, KA HalWKpalle onucye Bamie caMmonoayTTsi.

23. CKiTbKM Yacy MPOTATOM OCTaHHBOTO THXHS BH modyBanmucs CIIOBHEHUM
HKUTTA?

*0 YBech yac. O binpuricts yacy. 0 Jlesikuii yac. o HeGararto vacy.

24. CK1BKM Yacy MPOTATOM OCTAaHHBOTO TWXKHSI Bu Oynu yxe 3HepBOBaH1?

* 0 YBech yac. obubicts yacy. O Jleskuit yac. 0 Hebararo yacy. oHikounu.

25. CKUIbKM Yacy IpOTSATOM OCTaHHBOTO THKHA By Oyiu HACTUIBKY MPUTHIYEH],
110 Hi 3 YOro HE paguin?

* 0 YBech vac. O butemricts yacy. o Jesikuii yac 0 He6araTto vac. 0 Hikonwu.

26. CKITBKHM Yacy MPOTIATOM OCTAaHHBOTO TIKHS BU modyBaymMcs CIOKIHHO Ta
BPIBHOBQ)XEHO?

* 0 YBech vac. O binbmricte yacy. 0 Jleskuit yac. 0 Hebararo yacy. o Hikonn.

217. CKITBKH Yacy MPOTATOM OCTAaHHBOTO THXKHSI By Oynn crioBHEH1 eHeprii?

* 0 YBech vac. O binbmricte yacy. 0 Jleskuii yac. 0 Hebararo yacy. o Hikonn.

28. CKiTbKM Yacy MPOTITOM OCTaHHBOrO TIOKHS Bu Oymm 3acMydeHi Ta
MpUrHIYeH1?

*0¥YBech yac. O binemricts vacy. 0O Jleskuit wac. 0 Hebararo gacy. 0 Hikounm.

29. CKiUTbKM ~ dYacy MPOTITOM  OCTAHHBOTO THKHS Bu nouyBanucs

BUCHA)XEHUM (BHUCHAXEHOI0)?
* 0 YBech vac. 0 binemricte wacy. O Jlesikuii gac. 0 Hebararo wacy. o Hikonmn.
30. CKUTbKHM 9acy MPOTATOM OCTaHHBOTO THXKHSA Bu Oymu maciansi?

* 0 YBech yac. O binbmricts yacy. 0 Jlesikuit gac. 0 Hebararo wacy. o Hikomnn.

31. CKIJIbKM Yacy MPOTSATOM OCTAHHBOTO THKHS Bu Oyiu BTOMIIeH1?

*0¥YBech yac. ObuibliicTh yacy. O Jleskuii uac. 0 Hebararo wacy. o Hikomnwu.
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32. Sk 4dacto 3a ocTtaHHIN TWxKIeHb Di3uuHul cTaH 310poB’a ab0 eMOIiiH1
npobiemMu nopymyBaiu Bamry comianbHy aKTHBHICThH (BLABIAYBaHHS ApPY31B, POJHMYIB
TOIIO)?

* 0 YBech yac. O binbwicte yacy. o Jleskuii yac. o Hebararo wacy. o Hikonn.

33. Hackineku BIPHE a6o HEBIPHE € ctBepmxenns mono Bac? Meni
3/1a€THCS, IO 1 MOXY 3aXBOPITH JIETLIE HIK 1HIIII.

0 [inkom BipHe. O 3aranom BipHe. O He 3naro. O 3aranom HeBipHe. O L{imkom
HEBIpHE.

34. Hackinsku BIPHE a6o HEBIPHE € ctBepxenns moao Bac? Moe 310poB's
TaKe K, 5K 1 B IHIINX, KOT'O 5 3HAIO.

*0 Ilinkom BipHe. O3aranom BipHe. O He 3naro. o3aranom HeBipHe. Ollinkom
HEBIpHE.

35. Hackineku BIPHE a6o HEBIPHE € crBepmxenns mono Bac? A
nepenIyyBaro MOripIIeHHS 3/I0POB's.

0 [linkom BipHe. O 3araiom BipHe. O He 3naro. 0 3aramom HeBipHe. O Llimkom
HEBIpHE.

36. Hackinsku BIPHE a60 HEBIPHE e ctBepmkenns momo Bac? Moe 310poB's
peKpacHe.

0 [inkom BipHe. O 3aranom BipHe. O He 3naro. 0 3aramom HeBipHe. O L{imkom

HEBIpHE.
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JNOJIATOK b
TemaTnuHa KapTa XBOPOTO
[cTopis xBopoOU
ILLIL: Cratp: O XiH. O 9ol Pik
HApOJDKEHHS:
JlaTa rocmiTamizarii: JlaTa BUIIHCKH:
Anpeca

Kminiyauii qiarsos:

A. Jlepopmyrounii KokcapTpo3

OJIHO/IBOOTYHUM/TICAS TPAaBMATUIHU/1/110TTaTUHYHUI/aHK1JI03 KYJIBIIOBOTO CYTJI00a.
b. Jucnnactuunuit kokcaptpo3 OmHO/IBOOIUHMIMA

B. AcenTuyHuii HEKpO3 TOJOBKH CTETHOBOT KICTKH

OJTHOOTYHUN/ IBOOTUHUM/TIICTAATPABMATUIHUIN/1110TTATHUHUA M

I'. IlepesioM MIMKAKU CTETHOBOT KICTKH

J1. PeBmartoinHuii apTpuT

€. [amnre

AHaMmHE3:

CynryTHi narosorii: CeplieBo-CyIMHHA/IeTeHeBa/€HIOKPUHHA/ TUTYHKOBO-KHIIIEYHOT'O
TPaKTy/CEUOBHUBITHOT CHCTEMH.
KoHcepBaTuBHe JTiKyBaHHS 110

rocriTaizamii

Ho [Ticms

orepartii orepartii
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O06’eM pyxIB B KYJIBIIOBUX CYIJI00ax:

Posrunanus/3ruHanfs
[TpaBuii BiJIBEICHHS/TIPUBEACHHS

30BHILIHSA/BHYTPILIHS POTALIis

Po3runanHs/3ruHanys

JliBui BiJIBEICHHS/TIPUBEICHHS

30BHIIIHSA/BHYTPILIHS POTALIis

BukopucTtanHs 101aTKOBO1 ONOPH: HI/ ML/ MUJIUIII

HakynbryBanHs: BiiICyTHE/cepeiHE/3HAUHE

binb: BinCcyTHINA/IOMIpHUHN IPU HaBaHTAXKEHH1/ TOMIPHUN MOCTIMHUN/CUIBHUN
TTOCTINHMI

BxopoueHHs 10 onepaTuBHOro BTpydaHHs: J[o omepariii: CM

[Ticns oneparrii: CM.
ITpoBenenHi nociimkeHHs: 3aranbHi/010XiMiuH1/ PeHTrenonoriuai
Ha3sa onepatuBHOro

BTPYYaHHS:

Bukopucranns Hasiramii: Tak/Hi
Orminka mo mkaixi Xapic micis OnepaTuBHOTO BTPYYaHHS:
Orinka 1mo onuTyBaJbHUKY SF-36
PenTtrenomnoriuni napameTpu MojJoKeHHS KOMIIOHEHTIB:
Kyt inkninarmii Kyt anTeBepcii 3MimIeHHs eHTpy poTarii Hi/
Tax(menianpHO/TaTepaIbHO/KpaHiAIbHO/KayJaJIbHO)
Jlo 10mm/ Oimbrre 10Mm.

VY cKiTagHeHHS ;
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[TpumiTku:




JIOJIATOK B
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Hip ID:

KynbLuosui cyrno6: Jlisui

Mpasun

Harris Hip Score

:Oata pocnigxenHa (MM/DD/YY): / /

M. | | |

Homep meonyHoi KapTku:

[aTa onepauii

CKinbkn Nponwmno nicns onepaTMBHOIO BTPYYaHHS Mic.:

Harris Hip Score

Binb (subepimes 0OuH nyHKkm)

He BusiBneHo abo irHopyeTtbes (44)

INerkuii, yac Big, Yacy, 6e3 obmexeHb y aisnbHocTi (40) Jlerkuii 6inb,
6e3 06MexeHb B pyci, piaKo NomipHuii 6inb Mpu He3HaYHMX pyxax,

BXMBalo 3Hebontotoui (30)

MomipHuin 6inb, Tepnumuin, ane BUMarae BigMoB Big, poboTu Yepes binb.
[esike 0GMeXEHHs1 3BUYaNHOI aKTUBHOCTI
abo poboTu. [JoBoauTca npuitmaTyi 3He60MI0YI, CUNbHILLI HiX
acnipuH uun aHanbriH. (20)

BupaxeHuii 6inb, cepiiozHe 06MexeHHs akTuBHocTi (10)

MoBHa 6e3aianbHICTb, NPUKY T [0 NixKa, 6inb y Nixky, nexaun B nixky (0)

KynbrasicTb (BUGepiTb 0AWH MyHKT)

BiacyTha (11)
Cnabka (8)
MomipHa (5)

BupaxeHa (0)

MiaTpymka (BUGEPITL OAMH MYHKT)

He notpi6Ha (11)

TpocTuHa Ans AOBrMX NPOrynsHok (7) Mavxe 3aBxam
TpocTtuHa (5)

OpHa munuus (3)

[si TpoCcTWHYM (2)

[Ogi TpocTuHY a6o He3paTHicTb xoamTn (0)

MpoiipeHa BiacTaHb (BUGEPITE OAMH MYyHKT)
Be3 obmexeHb (11)
Bin 2 no 4km (8)
Big, 600M o 1km (5) Tinbkn no
xaTi/kBapTupi (2)
Tinbku B nixkky abo Ao ctinbus (0)
Mo3a cnpsaum (BMGepiTb OAMH BapiaHT)
KomdopTHO Ha cTinbLj/Kpicni npoTarom ogHiei roanHn (5) Ha autavomy
cTinbunky 30 xBUnuH (3)

Juwe nixko abo Benvike, M’sike kpicro (0)
KopucTyBaHHS rpoM. TpaHCMOPTOM (BUGEpITb OAVH MyHKT)

Tak (1)

Hi (0)

XopiHHA cxonamu(BrbepiTb OANH MyHKT)

3a3Bnuant  6e3 BUKOpWUCTaHHA nepun (4)

3a3Buyain BUKOPUCTOBYIOTb Nepuna (2) byab-
AKUM crnocobom (1)

He moxy cxoputu (0)

B3yTTa Ta LWKapneTky camocTiiHO(BUGEpiTL OAVH MyHKT)

Ilerko (4)
3 TpyaHoLwamm (2)

Hemoxnmso (0)

BincyTHicTb nedopmalii (Bei 'Tak' =4; MeHwwe Hix 4 = 0)

MeHue 30° thikCOBaHOi KOHTPaAKTYpPH 3ruHaHHsA 154 PiKcoBaHa Hi

abaykujs meHwe 10° i
T

aK Hi

Menwe 10° chikcoBaHOro BHY TPILLIHLOrO TaK Hi

NOBOPOTY B PO3r1HAHHI

Pi3HnuS AOBXMHM KiHLIBOK MeHLe 3,2 cm Tak

[ianasoH pyxy ( *8Kkasye Ha HOpMY)

3ruHaHHA (*140°)

BinBeneHHs B CTOpOHY (*40°)

MpuBeaeHHs A0 LeHTpY (*40°)

PoTauljs 3irHyTOi HOrM B cepeauHy

(nexaum Ha XuBoTi) (*40°)

PoTaujs 3irHyToi HOrM Ha30BHi

(nexaui Ha Xu1BOTi) (*40°)
lkana piana3oHy pyxy

211°-300° (5) 61°-100 (2)

161° - 210° (4) 31°-60° (1)

101° - 160° (3) 0° - 30° (0)

OujHka giana3oHy pyxy(Cyma nyHKTiB BULLE)

3aranbHuii 6an wkanu Xappica(snucaTu cymy 6anis)

<70 Tlorano

70-79 JlocrarHii
80-89 JloGpe
90-100 Biaminao
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