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OuyKoesble /1UH3bl C MHOXEeCmeeHHbIMU
8CMPOEHHbIMU 0eOKYyCHbIMU cecmeHmamu
(DIMS) usmeHaom omHocumenbHyH
nepugepuyeckyro peppakyuro:
pe3ynomamei 2-1emHez20 KAUHUYECKO20
PAHOOMU3UPOBAHHO20 UCCME008AHUSA

Han Yu Zhang, Carly Siu Yin Lam, Wing Chun Tang, Myra Leung, Chi Ho To
(Uentp nccnemoBanus myonuu, llIkona onromerpun, [OHKOHTCKIIT OMUTEXHIYECKIA
YHUBEPCUTET)

OO6BIYHO MUOIIBI EMOHCTPUPYIOT TUIIEPMETPONINIE-
CKYI0 OTHOCUTEIbHYIO IepudepudecKyio pedpakimio
(RPR), Torga Kak 3MMeTpOIIbI ¥ TUIIEPMETPOIIbI — MIOIIN-
yeckyio RPR."” Panee mpoBejeHHbIe ICC/IEIOBAHNA CBA3Y
Mexx1y RPR 11 HayanoM passutiusa MUONNM 1 ee Iporpec-
CrpoBaHMeM IpofomKanT obcyxaarscs.”® Hoogerheide
et al.’ usmepsim pedpakiuio Bonb 120° ropu3oHTaIBHOTO
IIOJIA 3pEHNA Y MOJIOLBIX B3POC/IBIX TUIIEPMETPOIIOB 1 9M-
METPOIIOB, KOTOPbIE IIPeBAPUTEIBHO IIPOLIIY KOHTPOJIb-
HBIiI TPEHNHT. BpIIo ycTaHOBNIEHO, 9TO 65% 5MMETPOIOB I
TUIIepPMETPOIIOB, Y KOTOPBIX MTO3/IHee pa3BMIach MUOMNA,
nMmenyu runepMmerponndeckyo RPR, xora He mouATHO,
nsmepsin 1 RPR B Havase nim B KOHIe uccnefoBanms.’
9710 6BLIO IIepBOE INTEIBHOE UCC/IeJOBAHNE, B KOTOPOM
Cc0o061a/I0Ch O CBA3Y Mexxty RPR u passutuem mmonum.

B pabore Mutti et al.® 65110 06HAPYSKEHO, 4TO GOJIBIIAS
runepmerponnyeckass RPR 3a 2-4 roga 1o Havana passu-
TVIsI MIOTINY MOXKET OBITh OHUM 13 (PAKTOPOB, YKa3bIBa-
IOLIMX Ha BO3MOXXHOCTb pasBUTHUA Muonny; ogHako RPR
OCTaBajach CTAOMIBHOI B TeYeHME TOfja, KOT[a MOV
HOABUJIACD, ¥ B Cllefylomye 5 j1etT. B 6oee mosgHeM nc-
crnegoBaHuy Mutti et al.’, mpoBeeHHOM ¢ yyacTueM [e-
Tell Pa3IM4YHON STHUYECKON IPUHAIIEKHOCTI (asmarsl,
adpo-aMepuKaHIBl U eBPOIIENIIBI), 6BIIO MOKA3aHO, YTO
RPR okasbiBaeT c1aboe MOCTOSIHHOE BIMSIHUE HAa PUCK
BO3HMKHOBEHNA VI PasBUTYA MUOINYU M aKCUAIBHOE YI-
nuHeHMe. Sng et al.’ M3y4amu u3MeHeHNe [IeHTPaIbHON U
nepudepudeckoil peppakuym y CMHIAIyPCKUX KUTANCKNX

MepeBog ctatby Han Yu Zhang et al. Defocus Incorporated Multiple
Segments Spectacle Lenses Changed the Relative Peripheral
Refraction: A 2-Year Randomized Clinical Trial. Invest Ophthalmol Vis
Sci. 2020;61(5):53. CraTba npefocTaBfieHa komnaHuen Hoya Vison.
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meTeil B TedeHMe 1 rofja ¥ BBISACHUIN, YTO Iepudepudeckas
pedpakuys He TO3BOJISIET MIPENCKa3aTh pa3BUTHE MUOIIN
U He BIMSIET Ha ee IPOrpeccupoBaHIe.

B uccrenoBaHUAX Ha KMBOTHBIX OBIIO YETKO MO-
Ka3aHO, YTO OOIBIINII TUIIePMeTPOINYeCKNIT TedoKyc
IPUBOAUT K 6O/IbIIEMY IPOrPeCCHpOBAHNI0 Muomuy, !
B TO BpeMs KaK MHJyLMPOBaHNE MUOINYECKOro fedo-
Kyca TOPMO3UT ee mporpeccuposanue.'™* ! Jlanusle,
IIOJTyYeHHBbIE Ha JleTeHbIIax 06e3bgn' > 1 uplarax,' >
IAI0T OCHOBAHME IPEIONIOXNUTD, YTO IPOCTPAHCTBEHHOE
paspeseHye Ha aHATOMUYECKOM yPOBHE 3PMUTEIbHBIX
IIPOBOAAIMINX IIyTell MOXKET MOAYIUPOBATh POCT INIa3a
B 1enoM.'® VccnenoBaHnsa Ha >KMBOTHBIX IIOKa3ajy, 4TO
MCIO/Ib30BaHNMe KOHTAKTHBIX TMH3 CO BCTPOEHHBIM M-
OIMYecKNM J1epOKYCOM MOKeT 3aMe/IUTD IIPOrpeccupo-
BaHue muoruu Ha 20%-60%.'5"°

B HameM mpeppInylieM KIVMHIYECKOM MCC/IefOBAHUNI
C MCHOTb30BAaHMEM MATKMX KOHTAKTHBIX JIMH3 C MHKOP-
nopupoBaHHBIM jedokycoMm (nuu3pl DISC), koTopsoie
VMHIYUMPYIOT y feTeil C MUOIMeN MUOIIYeCcKIil e oKyC
+2,50 D, 3HaunTenbHOE 3aMe[jIeHNe IPOrpeccUpOBaHUA
MuoOnuu 3a iBa roga (nmpubausurensHo Ha 60%) HabTOMA-
JIOCh Y TeX, KTO HOCWUJI 9TV JIMH3BI 60/1ee 7 4acoB KaXKMIbIi
IeHb.'” B 1pyroM KIMHIYECKOM PaHLOMU3MPOBAHHOM MC-
C/IE[IOBAaHMM C UCIIO/Ib30BAHMEM MATKIX KOHTAKTHbIX IMH3
MiSight (CooperVision) nnu ogHodoKanbHbIX 11H3 (SV)
y meTeil, HOCMBIIMX TMH3BI MiSight, Myonus nporpeccu-
poBasa 3aMeTHO MefiJieHHee B TedyeHue 3-X jeT (Ha 59%)
10 CPaBHEHMIO C JIeTbMM, KOTOpble HOCUIM SV JIMH3BI;
aKCcHaIbHOE Y[/IMHEHIE TaKXKe 6bIT0 MeHbie (Ha 52%)."
9TO CBUIETENILCTBYET O TOM, YTO MUOIINYECKUIT HedOKyC
MO>KeT 3aMeJJLATh IIPOrpeccupoBaHme MUOINHN y geTeit.'”
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ITpy xoppeKUUM MMONNY OOBIYHBIMU OYKOBBIMMU
JIMH3aMJ CBEeTOBBIE Y4V, UAYILIVE BJOJIb OINTUYECKON
ocu, pokycupyroTcs Ha GpoBea, B TO BpeMs KaK BHEOCEBBIE
nyan GpopMupyroT nepudeprdeckuil rumepMeTponmnye-
cKkuit edokyc,’** KOTOPBbIIL, KaK IpefIIoIaraloT, 1 3aIly-
CKaeT MeXaHu3M pa3puTya Muonuu. Sankaridurg et al.”
YCTaHOBWJIN, YTO HeT HMKAKVX CTaTUCTUYCCKI 3HAYMMBIX
3¢ dexToB 3aMe[IeHNA IPOrPeCCUPOBAHNA MUOIIUY IIPU
HOLIEHM! OYKOBBIX JIMH3 ¢ UHKOPIIOPUPOBAHHBIM MIUO-
nndeckuM fedokycoM Ha nepudepun B TedeHue 1 roga
110 cpaBHeHMo ¢ SV nuH3amn.'

OTu JaHHbIE He COITIACYIOTCS C pe3yIbTaTaMM Hallle-
rO HeflaBHETO KJIMHNMYECKOTO MCCIeJOBAHNA OYKOBBIX
JIMH3 ¢ MHOXXeCTBEHHBIMJ BCTPOEHHBIMM CeIrMEHTaMMU
medoxyca (DIMS). B muusax DIMS nenrpanbHas 30Ha
I/IA KOppeKLMM 3peHMA BIalb OKPy>KeHa MHOXEeCTBOM
CeTMEHTOB C IOCTOSHHBIM MMONNMYECKUM JedokycoM
(+3,50) D B cpenne-nepudepuveckoit 06macTy IMH3HL.
B pesynbrare nuasa DIMS opHoBpemeHHO obecredn-
BaeT YeTKOe LIeHTPaJbHOe 3peHue U nepudepudecKuii
Muonmaeckuit fedoxyc.”” Panee Mbpl coobanyu, 4To0
HomeHne nmuH3 DIMS B TeyeHme 2-x jIeT IPUBORUT K
3HAYUTEIbHOMY 3aMeJ/ICHNIO IIPOrpecCUpOBaHNA MUO-
nun (Ha 59%) 1 3aMeIIeHUI0 aKCHaTbHOTO YIIMHEHUA
(1o 60%) 1O cpaBHEHUIO C HOIIEHMEM OJJHO(]OKATbHbBIX
OYKOBBIX TNH3.?

B 6onpIIMHCTBE paHee IMPOBENEHHBIX MCCIeIOBAHNUI
B/IVSTHMSI MUOIIMYeCKOro gedoxyca 06 apdexTuBHOCTN
KOHTPOJII MUOIINMM CYAWIN IO U3MEHEHUI0 pedpaKkuum
" akcuanbHou JnuHbl (AL), U MuIIb B HEKOTOPBIX — IO
U3MeHeHMI0 POPMBI CeTYaTKU. B HEKOTOPBIX MCCIefoBa-
HISIX COOO6IAnoch, 9T0 popMa CeTIATK MOXKET UIPaTh
OIIpefle/IA0NIYI0 POIb B Pa3BUTHUM MMOIUM, OKa3bIBas
BIMAHUE Yepe3 TaKue OyoMexaHMdeckre GpakTopsl, Kak
VICTOHYEHIE CKJIePBI U1 IOKAIM30BaHHAA 9KTa3UA CKJIepPbI
B 00/IacTH 3a[{HEro IOJII0Ca I71a3a B IIpoLiecce pasBUTUA
muonumu.24*

Dblna ycTaHOBIEHA CUJIbHAasA KOPpenALMA MeXZIY
nepudepudeckoil IIMHON rnasa u mepudeprdecKkon
pedpaxnmeir.’**® CregoBarenbHo, NepupeprdecKyo
pedpakuuio (RPR), K0oTOpyIo MOXHO JIeTrKO M3MepUTh
U 32 M3MEHEHMeM KOTOPOJI CIIeLIMaJINCThl MOTYT JIETKO
CJIeINTH, MOXHO VICIIONIb30BaTh /I HEIPAMOIO OIM-
caHusa ¢opmbl ceryaTkn.'>* K HacToAIeMy BpeMeHU
NI B HeOOJIBIIOM YICIIE MCCIefOBAHNIT COOOIIanoch
06 namenennn RPR y mrofeit mocie npumMeHeHus Ass
KOHTPOJII MUONUM MMONNMYecKoro gedoxyca. B mpo-
exTe DIMS? uccnegoBany BAMAHME HOLEHMA OYKOBBIX
nmua3 DIMS na RPR. B manHOIT cTaTbe mpefcTaBIeHBI
pe3ynbTaThl cpaBHeHMA umsMeHeHnit RPR u gopmsr
cetyaTky B rpynne ¢ nuasamu DIMS u B rpymnme ¢ SV
nuH3aMmn. PesynbraTsl npoexkta DIMS B gannoit pabote
VICIOIb3YIOTCA JIS U3YYECHN S BIUAHNA HOIICHNUA JINH3
DIMS un SV ouxosbix muu3s Ha RPR.
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Metogp!
PanpgoMusupoBaHHOE IBOJIHOE C/I€IOe KIMHUYECKOE KC-
cnenoBaHMe 6bIIO0 IpOBefeHO B LleHTpe mccnemoBaHus
muonuu lIkonbl onroMeTpuy TOHKOHICKOTO IONIUTEXHU-
YECKOTO YHUBEPCUTETA MEXY aBrycToMm 2014 r. u mroneMm
2017 r.% Jletu cry4atHbIM 06pasoM OBUIM pacIIpefeIeHbl
s HomeHys muH3 DIMS (rpymma yedeHus) win ogHO-
¢doxanpHBIX (SV) OYKOBBIX NMH3 (KOHTPOJIbHAS IPYIIIA).
Kpurepun BK/TIOUeHVA/VCKTIOYEHNA B ICCIEJOBaHNe TIPef-
CTaBJICHbI HIDKE.
Kpurepun BKmoueHns:
1. ITpoxxuBaromue B [oHKOHTe KUTaJICKNE NETU B BO3-
pacre 8-13 et
2. Cdepuueckmit skBuBajeHT (M) IeHTPaJbHOIO 3pEHIA
ot -1,00 D o -5,00 D
3. Acturmarmsm nmm aHusomerponus 1,50 D nan MeHb-
ie
4. HauBpICIIasg MOHOKY/IAPHasA OCTPOTa 3pEHNUA C KOp-
pexuneit 0,00 logMAR (1,0) v nydre
5. Cornacue Ha CIydaiiHOe pacpefielieHne 10 IpyInam
U C MACKMPOBAHHDBIM IN3a/IHOM MCCIIeNOBaHNA

Kpurepun nckmoueHns:

1. Kocornasue n aHoMamy OMHOKY/LIPHOTO 3pEHNA
2. SpI/ITeHI)HbIe U CUCTEMHBIC aHOMAINN

3. Vimerowmuiics OIbIT KOHTPOJLA MUOIINY

ViccnenoBanme 6b1mo ofobpeno IlogkoMmureToM 1mo
9TNKe [OHKOHI'CKOTO MOMUTEXHIYECKOTO yHI/IBepCI/ITeTa n
IIPpOBOANIIOCH B COOTBETCTBUMN C IIPVHINIIAMI XembCUHK-
CKoOIT meknmapanuu. VIHpopMupoBaHHoe cormacue 6bIo
TIOATINMICAHO POAUTETIAMMI NI OHeKyHaMI/I BCeX y‘laCTHI/IKOB.
[Ipouenypa panmoMusanuy OblIa onucaHa pasee.” [letn
" IX pOOUTENN HE 3HAN, B KaKYIO prHHy OHUI 6I>UH/[ pac-
npepeneHsl. IIpolenypa MacKpOBaHNA COOTBETCTBOBAIA
craggapraMm CONSORT 1o mpoBeeHuo IBOIHBIX CTIETIBIX
KAVMHNYECKNX UCITBITaHUI.

CranpfapTHOe UCC/IeLOBaHMe 3pEeHMUs HPOBOAUIOCH
KaXKfIble 6 MecCALeB B TedeHNe 2-X jIeT IIPOBeeHNs K/INHN-
4eCcKoro mccienoBanms. OnTnyeckas cuaa poroBUIbl U3-
MepsIach ¢ IoMolbio aBTopedpakroMerpa Shin-Nippon
NVision-K 5001 (Ajinomoto Trading Inc., Tokyo, Japan)
6e3 uukmomternu. s TOCTVOKEHUS [UKIOIJIETUN 3a-
KalbIBa/MM CHava/la OfHY KaIulo npomnapakanHa 0,4% c
HOCHeHYIOHH/IM 3aKaIllbIBAaHIIEM OI[HOiI i nByx KaIiejiab
LMKJIONIeHTONaTa Tuppoxnopus 1%. IlenTpanbuyro u nepu-
depudeckyo pedpaKIuIo 10 TOPU3OHTAIbHBIM CeYCHNUAM
CeTYaTKy M3MEPSUIN 110 5 pa3 ¢ IOMOIIbI0 aBTOpedpaKTo-
metpa Shin-Nippon NVision-K 5001 ¢ ucnonp3oBannem
MUIEeHN «ManbTUIICKUIT KpecT», pasMENIeHHON B II0JIO-
>KeHUM npsimo-Brieper (center) u Ha 10°, 20° u 30° B Ha-
3azmpHOM (10N, 20N, 30N) 1 10°, 20° 1 30° B TeMIIOpaIbHOI
croponax (10T, 20T, 30T) ceryaTku. Y4acTHMKOB IPOCUIN
A QUKcanyy pasIMYHBIX MUIICHEN Tep)XaTb OJIOBY

www.optica4all.ru
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Ta6nuua 1. CpefHee 3HaueHMe (CTaHAAPTHOE OTKNOHEHMe) cdepuyeckoro skBmBaneHTa (M) nepudepryeckont pedpakumm B rpynnax DIMS n

ofHodOKanbHbIX (SV) Ha NpoTsXeHUn 2 neT

lpynna 10T 20T 30T 10N 20N 30N

McxopHbii ypoBeHb
DIMS —3.00 (1.02) -2.71(1.23) —1.60 (1.58) —2.81 (0.99) -2.10(1.22) —1.07 (1.33)
N —2.78 (0.98) —2.68 (1.23) —2.09 (1.74) —2.62 (0.93) —-1.99 (1.06) —0.93 (1.28)
pt 0.16 0.86 0.14 0.21 0.55 0.49

6 mec.
DIMS —3.16 (0.99) —2.81(1.15) -1.91 (1.24) —2.94 (1.26) —-2.21(1.29) —1.30 (1.41)
N —-3.16 (1.01) —2.99 (1.16) —2.16 (1.56) —2.95 (1.01) -1.87 (1.19) —0.79 (1.38)
pf 0.98 0.32 0.40 0.96 0.08 0.02

12 mec.
DIMS —3.19 (0.98) —2.98 (1.05) —1.81 (1.15) —3.09 (1.15) —2.29 (1.38) —1.28 (1.50)
N —-3.37 (1.07) —3.10 (1.09) -2.11 (1.66) -3.03 (1.12) -1.97 (1.27) -0.76 (1.39)
pf 0.26 0.85 0.32 0.74 0.12 0.003*

18 mec.
DIMS —3.28 (1.02) -3.15(1.12) —2.27 (1.16) —3.20 (1.13) —2.40 (1.24) —1.47 (1.54)
N -3.62 (1.11) —3.46 (1.16) —2.47 (1.63) -3.18 (1.16) —2.00 (1.28) —0.70 (1.53)
pf 0.05 0.08 0.45 0.94 0.05 0.003*

24 mec.
DIMS —-3.34(1.10) —-3.14 (1.20) -2.19 (1.35) —3.32(1.26) —2.57 (1.41) -1.73 (1.68)
SV —3.69 (1.20) —3.50 (1.16) —2.74 (1.56) -3.21 (1.37) —2.08 (1.43) —0.79 (1.60)
pf 0.06 0.06 0.03 0.59 0.03 <0.0001*

T 3HaueHme P cuntanoch 3HauMMbIM, eCv Nocne nonpasku BoHpeppoHi 6bino <0,008
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Puc.1. (A) 3meHeHne nepudepuryeckoit peppakLyn no ropusoHTanbHOMY ceueHuto ceTuaTku Yepes 2 roga B rpynne DIMS. (B) M3ameHeHve nepudepurueckon
pedpaKkLmm Mo ropusoHTaIbHOMY CEUYEHIIIO CETUATKI Yepes 2 rofa B rpynne SV. BepTiKanbHble OTpe3Ki MOKa3blBaloT CTaHAAPTHYIO OLWNGKY cpefHero (SEM).
3HaueHue P cunTanoch 3HauMMbIM, €Civ nocsie NonpaBKu boHdeppoHu 6bino <0,008.

3Be3p0uKol (¥) oTMeUeHbl 3MepeHNs, A KOTOPbIX pasHULa MeXy 6a30BbiM 3HAUEHVEM 1 Pe3yNbTaToM Yepes 24 mecsLa BHYTPY rpynnbl CTaTUCTUYECKN

3HaumMa (P<0,008; napHbIN t-KpuTEpUi).

HEMOJBIDKHO, a BpainaThb rnasa.” [lepudepudeckyio ped-
PaKILMIO M3MepsIIN [/ IIPABOTO I71a3a, TaK KaK MMeeTcs
XOpOIIIas KOPPeALA 3PUTETbHBIX XapaKTePUCTUK MEXY
obonmu rmasamn.*! B nccnenyemoit rpyiie geteit Koad-
GbuLVeHT KOppenALnuy MeX/y MPaBbIM U JIEBBIM I71a30M
6b11 0,91 7151 meHTpanbHoi pedpakiuu (M), 0,97 pnst AL,
0,94 /1 KpUBUSHBI POTOBMIIBI TI0 KPYTOMY MEPUMAHY 1
0,97 1yt KpUBU3HBI POTOBUIIBI 110 TIIOCKOMY MepUMaHy.”
Axcranpuyto gauny (AL) msMepsinu 5 pas ¢ MOMOLIbIO

www.optica4all.ru
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IOL Master (Carl Zeiss, Oberkochen, Germany) n motom
HOy4Yasn CpefHee 3HadeHue. [/ aHanMM3a M3MepeHHbIe
3HaveHus cubl cdepsl (S), cunel numnuppa (C) n ocu (O)
[epeBOAWIN B [IAPaMeTPbl BEKTOPA OITUYECKO CUIIBI C
IIOMOIIBIO OOBIYHBIX POPMYIL:

M=S+C/2

J, = -(C/2) cos(20)
J,s = -(C/2) sin(20)
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[TonoxxuTenbHble 3HAYEHNUA ] | COOTBETCTBYIOT aCTUTMA-
TU3MY IIPSMOTO THUIIA, OTPUIATENbHbIE — OOPATHOTO TUIIA.
3HayeHus J,, COOTBETCTBYIOT aCTUTMATU3MY C KOCBIMU
ocamu. RPR paccuntepiBany BbIYMTAHMEM U3 IIEHTPab-
Holt pedpakiyy nepudepudeckort. IlonoxmnrenpHble 3Ha-
yenusa RPR coorBercTByr0T runepmerponmndeckoin RPR,
OTpULATE/IbHbIE — MUONIMYECKOI. B Haei npepbipyleit
nyOnMKanuy coobIanoch, YTO B Hayase MCCIeNOBAHMA
Mexay rpynnamu DIMS u SV He 6bIIO cTaTUCTHYECKN
3HAYMMBbIX Pas3IN4Mil B BO3pACTe, M07Ie, LIeHTpanbHOi M 1
AL (p>0,005).

AHanu3 faHHbIX

Bech cTaTucTIYecKmit aHaIN3 OBl IPOBEeH C TOMOIIBIO
makera IBM SPSS v.16.0 (IBM Corporation, Armonk, NY,
USA). [Ins aHanusa JaHHBIX MICIIONb30BA/IM JAHHBIE /IS
IIpaBOTO 17133, BCe JAHHbIe MIMeNN HOpMalbHOe pacIpese-
nenue. JInsa oneHky BausHusA Houenus DIMS u SV nmun3
Ha M3MEeHEHMsI CO BpeMeHeM repudepnieckort peppakium
1 RPR nmpumenanu meron ANOVA fi/14 MOBTOPHBIX 13-
Mepenuit. A cpaBHeHns pasnmuunii B RPR Mexpy npyms
IpynImaMy MCIonb3oBanu t-Kkpurepuit. Pasauny mexay
Ha3aJbHBIMIU ¥ TEMIIOPA/TbHBIMM 3HaYeHUsAMHU pedpak-
L[MOHHOJ OIIMOKM OLeHMBAIN C NPUMEHEHMEM IIapHOTo
t-xpurepus. Cunras M3sMeHeHU IleHTpanbHOro M u nsme-
HeHM:A AL 3aBucHMbBIMY, TPUMEHSIN IMHEITHYIO perpeccuio
IJIS aHa/mM3a 3aBUCUMOCTM MeXAY (1) 6asoBbIM 3Haue-
uneM RPR M (B Havaze McCIeNoOBaHMA) Y MUOIIMYECKUM
ciBuroM, (2) 6asosbim 3HaueHueM RPR M 1 akcuanbHbIM
yanuHeHueM, (3) nsmeHenreM PRP M u muonmdeckum
coBuroM u (4) nsmenennem PRP M u akcuaipHbIM yIMHe-
HIeM, C KOppeKIl/ell Ha PasHUIY B T10/Ie U BO3pacTe MeXTY
rpynnamu. CTaTUCTUYECKY 3HAYMMBIM CUMTA/IN 3HAUYEHUA

Ta6nuua 2. CpegHuie 3HadeHns RPR M B rpynnax DIMS un SV uepes 2 ropa

P < 0,05; mpy HEOOXOAMMOCTHU IPUMEHSNINCH ITONPABKA
Boudepponn. CKOppeKTUPOBAHHBIN YPOBEHb 3HAUMMO-
ctu 6511 onpepneneH Kak 0,008, IOCKOIBKY pedpaKiinio
U3MepsIN B 6 30HAX CETYATKY IIPABOTO I71a3a I/ KaXK/I0To
y4YacTHMKA.

Pe3ynbratbl

Nepudepuueckan pedppakuus (M, ), J,)

ITonyyeHHble B MCCIEfOBAHMUN YePe3 KaXK[ble 6 MecAlleB
3HavyeHns nepudepndeckoit M B rpynmax DIMS u SV mpep-
cTaB/ieHbl B Tab/.1 1 Ha puc.1l. PagHuia Mexxay 6a3oBbIMM
3HaveHMsAMM M mepudepndeckoit pedpakumy s TPy
DIMS u SV He 6bl1a CTAaTUCTUYECKN 3HAYMMOIT (HE3aBUCHK-
Mblii t-KpuTepuit, P > 0,05). Yepes 2 roga 06e rpymniisl mpo-
I€MOHCTPUPOBA/IN YCTONYMBOE YBeTNYeH/ € MUOIIIYECKOTO
CIBUTa KaK B IIEHTpe, TaK U Ha mepudepnn, HO XapakTep
cABUTa OBUT Pa3IMIHBIM.

B rpynme DIMS nabnopancs MUONMYECKUIT CABUT
¢ nepucdepnyeckoit M B gmamasone ot -0,34 D nmo
-0,60 D BO BcexX TOPM3OHTAIBHbIX 00/IACTSIX I3MEPEHIsI CeT-
vyaTKy (mapHblit t-kputepuit, P<0,0001); mpuyem xapakrep
CBUTA B HA3a/IbHBIX ¥ TEMIIOPA/bHBIX 00/IACTAX CeTYATKN
6b11 cuMMeTpuyaHbIM (puc.1). IIpy cpaBHeHNMM HasaIbHBIX
¥ TEMIIOPA/IbHBIX 06/1acTell CeTYaTKy BUJHO, YTO PasHUIIA
CIBUTa B COOTBETCTBYIOLIMX 00/ACTAX OblTa KIMHIYECKN
HeCyI[eCTBEHHOIT; CpeiHee 3HaYeHNMe pasHuI[bI Ha 10° 66110
0,17 + 0,49 D (P = 0,003), a 20° 0,04 + 0,71 D (P = 0,65) n
Ha 30°0,23 + 1,71 D (P = 0,37).

B rpynme SV B Tex >xe 0671acTAX HaOMIORAICS 3aMeTHBII
MMONNYECKIIT CIBUT Yepes 2 TOfja C IIMPOKUM Pasdpocom
sHayeHuit ot -0,59 D 1o -0,91 D (P < 0,0001); mpuyem xa-
paKTep CABUIa B Ha3aJIbHBIX M TEMIIOPATbHBIX 00/IACTAX

lpynna 10T 20T 30T 10N 20N 30N
McxopHbin ypoBeHb
DIMS —0.03 (0.47) 0.26 (0.91) 1.39 (1.49) 0.16 (0.41) 0.88 (0.89) 1.89 (1.20)
SV —-0.01 (0.35) 0.09 (0.93) 0.66 (1.64) 0.15 (0.38) 0.78 (0.72) 1.84 (1.15)
pt 0.77 0.25 0.02 0.84 0.46 0.80
6 mec.
DIMS —0.05 (0.41) 0.29 (0.75) 1.15 (0.97) 0.16 (0.82) 0.89 (0.94) 1.80 (1.07)
N —0.04 (0.34) 0.13 (0.72) 0.97 (1.40) 0.18 (0.44) 1.25 (0.86) 2.33 (1.19)
pt 0.77 0.17 0.46 0.90 0.01 0.003*
12 mec.
DIMS —-0.01 (0.42) 0.19 (0.70) 1.21 (1.05) 0.08 (0.46) 0.88 (0.87) 1.90 (1.18)
SV —0.06 (0.34) 0.21 (0.67) 1.15 (1.45) 0.28 (0.60) 1.35 (0.92) 2.55 (1.26)
pt 0.44 0.86 0.81 0.02 0.001* 0.001*
18 mec.
DIMS 0.00 (0.45) 0.14 (0.80) 1.05 (0.99) 0.09 (0.78) 0.88 (1.00) 1.84 (1.35)
Y —-0.13 (0.35) 0.03 (0.70) 0.96 (1.23) 0.31 (0.55) 1.48 (0.90) 2.70 (1.31)
pt 0.04 0.34 0.67 0.04 <0.0001* <0.0001*
24 mec.
DIMS 0.01 (0.47) 0.21 (0.78) 1.15 (1.31) 0.03 (0.56) 0.80 (0.89) 1.63 (1.42)
NY 0.01 (0.68) 0.20 (0.80) 1.00 (1.39) 0.49 (0.86) 1.62 (1.10) 2.88 (1.42)
pt 0.98 0.97 0.52 <0.0001* <0.0001* <0.0001*

T 3HaueHme P cuntanock 3HauMMbIM, €Civ nocne nonpasku BoHdeppoHn 6biro <0,008.
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Puc.2. (A) ViameHeHrie neprdepryeckoil J, B ropysoHTaIbHOM CeYeHumn ceTuaTku yepes 2 roaa B rpynne DIMS. (B) NsmeHeHue nepudepuyeckon J;
B FOPU30HTANIbHOM CEYeHMM CeTyaTKm yepes 2 roga B rpynne SV. (C) MismeHeHvie nepudepnyeckoit J,, B ropn3oHTaIbHOM CEUEHNN CETYATKN Yepes 2
roaa g rpynne DIMS. (D) MsmeHeHvie nepndepryeckoi J,, B ropusoHTanbHOM CEUeHNI CeTHaTKK yepes 2 rofia B rpynne SV. BepTrkanbHble oTpesku

NMOKa3blBalOT CTaHAAPTHYI0 OLINGKY cpeaHero (SEM).

ceTyarky ObUT acuMMeTpraHbIM (puc.l). B TemmopanpHoit
obmacTu B oT/IM4YMe OT HAa3aJIbHOI HAOGMIOAICS 3aMeT-
HBIII MUONIMYECKNIT cABUT: Ha 10° cpegHAA pasHUIIA CO-
craButa -0,32 + 0,62 D (P < 0,0001), ma 20° -0,69 + 0,95 D
(P <0.0001) 1 Ha 30°-0,85 + 1,52 D (P = 0,001).

Taxyum o6pasom, rpynna DIMS npogeMoHCTpupoOBaa
6071ee OJHOPOAHBIN MMOIMYECKUII CBUT BO BCeX 0Oa-
CTAX CETYATKY, B TO BpeMs KaK B rpymie SV MUOIMYeCKIIA
caBur ObUT acuMMeTpudHbIM. CpaBHEHVE JBYX IPYIII IO-
KasbIBaeT, 4To B rpymne DIMS Habmogancsa 3HaYNTEIbHO
60BN MVOIIMYeCK It CABUT nepridepudeckoit M Ha 30N
(cpenmsia pasanua -0,70 = 0,18 D) u 20N (cpepHsis pasHuia
-0,38 + 0,14 D) n smaumurenbHo 6onmee cmabpit Ha 10T

www.opticadall.ru

(0,57 £ 0,12 D) 1o cpaBHeHMIO ¢ rpymoi SV.

He 65110 BBISBIIEHO CTATUCTUYECKY 3HAYMMOIT PA3HUIIBI
B repudepudecknx J u J,, MeX/y AByMs TPyIIIaMy Ha MO-
MEHT Hadajia uccnegoBanns (Bo Bcex obmactax, P > 0,05).
B rpynne DIMS 4epes siga rofa nepudepuyeckas J, mpo-
TEMOHCTPMPOBAJIa 3HAYMTE/IbHBIN IIO/IOKUTENIbHBIN CABUT
Ha 10T u 20T ¢ usmenennem Ha 0,25 + 0,33 D (P<0,0001)
n 0,25 + 0,47 D (P<0,0001), coorBeTcTBeHHO. B rpynme SV
3HAYNUTEIbHBIN IIOJMOXKUTE/IbHBI CABUT HAOMIONAJICA Ha
10T (cpenusis pasuuua 0,29 £ 0,28 D, P < 0,0001), na 20T
(cpemusist pasauua 0,54 + 0,50 D, P<0,0001), Ha 20N (cpen-
Hsist pasaua 0,17 + 0,38 D, P < 0,0001) u Ha 30N (cpepuss
pasuuia 0,16 £ 0,47 D, P = 0,004). Viamenenuit nepudepu-
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Puc.3. (A) ameHeHne RPR M B ropusoHTanbHOM ceyeHnn ceTyaTky Yepes 2 roga B rpynne DIMS. (B) MameHeHre RPR M B ropr3oHTaibHOM ceueHnm
ceTyaTkm yepes 2 roga B rpynne SV. BepTrKanbHble OTPe3KM NMoKasbiBaloT CTaHAAPTHYI0 oWwn6OKy cpegHero (SEM). 3HaueHme P cumTanoch 3HaunMblm,
ecnn nocsie nonpasku boHpeppoHn 6bio <0,008. *3HaueHre P<0,008 yKa3biBaeT, UTO pasHuLia MeXay NCXOAHbIM 3HaYeHNeM 1 yepes 24 mecAla

CTaTUCTUYECKN 3HAYMMa.

geckoit |, B rpynmax DIMS u SV He 6b110 BbIsAIBNIEHO (BO
Bcex obmacTax, P> 0,05). He 65110 3HAUNTENBHO PA3HULIBI
B iepudepnyecknx J 1 J,, MEXY IByMs TPyTIaMu yepes 2
roga ¢ monpaBkamu boadepponn (P> 0,008; puc.2).

OTHocuTenbHas nepudepuyeckan peppakumsa (cpepuyeckuin

3KBUBANEHT)

B ta6m.2. n Ha puc.3 npencrasnens 3HaveHnss RPR M (cde-
PUUECKNIT 9KBUBAIEHT OTHOCUTEIbHON HepudepndecKoin
pedpaximn) B rpymax DIMS u SV uepes 2 roga. Ha Hagamo
UCCTIe{OBAaHNA He ObUIO CYI[eCTBEHHON PasHUIIBI MEXIY
rpynmamu B Benmmarie RPR M nocre koppexuun bordep-
ponu (mpym Beex yrmax, st Bcex P> 0,008).

Yepes 2 roga MUOIMYECKUIT CABUT i Beex mepude-
pryecKMx pedpaKunil YBeIUIN/ICS MPOMOPINOHATBLHO
M3MEHEHMIO LIEHTPANbHOI pedpakuum, 1 HOITOMY IS
rpynmsl DIMS Habnofanach JOCTaATOYHO MOCTOSIHHAS Be-
mmynHa RPR M. HecMoTps Ha 3HauMTe/IbHOE YMEHbILEHNE
runepmerpormdeckoro RPR M na 10N (cpepnss pasHuna
-0,13 £ 0,43 D, P < 0,0001) B rpyme DIMS, Bce n3meHeHus
ObUIM ITPUSHAHBI He MMEIOLYMY KIIMHNYECKOTO 3HAYeHSL.

B rpymnme SV cymecTBeHHBIe TUIEpMeTpPONNYECKUE
couru B RPR Habmomanich B Ha3anbHON 00/1acTU ceT-
4yaTKu co cpegHnMmu usMeHenusamu 0,27 + 0,45 D, 0,75 +
0,72 D 1 0,98 £ 0,76 D Ha 10N, 20N u 30N (P<0,0001), HO
B TEMIIOPAIbHOI 00TACTU CeTYATKM HUKAKMX 3aMETHBIX
M3MEHeHMI He Habmonanock. Vismenenus RPR nmenn nHe-
CUMMETPUYHBI XapaKTep.

CpaBHeHUe [IBYX IPYII ITOKa3ano, uTo B SV rpymnme
o cpaBHeHUIo ¢ rpynmnoit DIMS nmeeTcs 3HaUUTETbHO
6ompinit runepmerponndeckuit RPR M Ha 10N (cpenHss
pasunua 0,46 £ 0,11 D, P < 0,0001), 20N (cpenusist pasHuiia
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0,82 + 0,16 D, P < 0,0001) 30N (cpenHss pasHuna 1,25 +
0,23 D, P < 0,0001), HO pasHMIIa OTCYTCTBOBAJIa B TEMIIO-
pabHOIT 06macTu

Koppenauua RPR M c apyrumu pakropamu

B rpynme SV He 6bUTO BBIABIEHO 3aMETHOIT CBS3U MEXY
6a3oBbIM 3HadeHeM RPR M u mporpeccupoBanmem mMimo-
MM, A TAK)Ke He ObUIO CBSI3Y MeX[y 6a30BbIM 3HaUCHUEM
RPR M »u akcuanbHBIM yAJIMHEHNMEM BO BCeX 00MacTiAX
(nmnueitnas perpeccus, P > 0,05). Onnako nsmenenust RPR
M Ha 10N npopeMOHCTpUPOBaIM 3HAYUTEIbHYIO CBA3D C
IIporpeccupoBaHyeM Muonuu (CTaHAapTU30BAHHBIN KO-
s unment: 0,84, P = 0,003) u akcuaabHBIM YINHEHIEM
(cranmaptusoBaHHbI K03 duumeHt: -0,79, P = 0,004) mo-
cJle KOPPEKTMPOBKY Ha PasHUILY B I10JIe ¥ BO3pacTe.

Anckycena

Ilenpi0 IPOBEREHHOI PAOOTHI OBIIO U3YUeHMEe U3MEHEHNUS
(HOpMBI CeTYaTKM TIOC/Ie TIPMMEHEHNSI MIOINYECKOTO Je-
(hoKyca [/t KOHTPOJIs MUOIINY. MBI M3MepsI/IN U3MEHEHNe
nepudepnyeckoir pebpaxuuu 1 RPR B rpymnnax gereii,
HOCKBIINX 04KOBbIe mnH3bI DIMS 11 ogHodokanbHsie (SV)
B KOHTPO/IMPYEMOM PaHIOMUSMPOBAHHOM UCCIELOBAHNIN
Ha IPOTsDKEHNUM 2-X JIET.

Yepes 2 roga y4acTHMKY IPYIIIb SV moKasany 6osee 3Ha-
JyTe/IbHbIE aCUMMETPIYHbIE 3MeHeHs neprdepideckoit M
B TEMIOPAJIbHOI 00/1acTy ceTIaTKy (Ha3aIbHOM 3PUTEIBHOM
I1071e) TI0 CPAaBHEHUIO C Ha3a/IbHOI (TEMIIOPATbHBIM 3pH-
TE/IbHBIM IOJIeM), 1 9Ta ACUMMETPYsI YBEIMIMBA/IACh C IIPO-
rpeccpoBaHNEM MUOIIMH, YTO COITIACYETCS C Pe3y/IbTaTaMi
[IPeABIAYIIVX MCCIenoBanmit. > B psme paboT 65010 BbICKa-
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3aHO HPEIIOIOXKEHNE, YTO 3T ACUMMETPIS MOYKET OBITH 00~
sICHEHA JIeICTBIIEM HECKO/IbKVX (paKTOPOB, BKTI0YAst PASHULLY
B yIJIe MEK/Iy ONTIYECKOI OChIO M 3pPUTEIBHON OCBIO (YTon
anmbga),** acuMMeTpuI0 ITyOMHBI KaMepbl CTEKIOBUHOTO
Te/Ia* 1 KpuBM3HY poroButibl.”’ Ilonararor, 4To BbIpayKeHHBII
ACUMMeTPUYHBLIT TTeprdepraecKuit TpoduIb MOXeT ObITh
BBI3BaH Pa3HOI CKOPOCTDIO PACTSDKEHIIs I/Ta3a BO/Ib OCHU 11 B
9KBATOPMAJILHON 06/IACTI TIPYU IIPOTPECCUPOBAHNY MUOIINIL,
1, B 0COOEHHOCTH, B I71a3ax ¢ 6ormee OBICTPBIM IIPOrPeCCUPO-
BaHyeM Myorn.’ Hanpotus, mocre Bospeiictsyst a3 DIMS
JleTIt TTOKA3a/I/ 3HAYUTe/IbHbIE I3MeHeHs1 neprdepuaeckort
M Bo Bcex 00/1aCTsIX CeTYATKIA, YTO YKa3bIBaeT Ha OXHOPOHBII
MUOITITIECKIII CBUT [0 TOPU3OHTAIPHOMY CEIEHIIO CeTUATKIA.
MoyKHO IIPefIIONOXKUTD, YTO y feTelt B rpyme DIMS mponc-
XO[JUT OTHOCUTE/IBHO 00Jlee MefJICHHbIIT 1 OfYHAKOBBIII II0
BCeM HaIIpaBJIeHIsIM POCT I7Ia3a, TOTAA KaK y fieTell B IPyIIIie
SV npoucxonut 6oree 6bICTpOe pacTsDKEHNE BIOMb OCH, YeM
B 9KBATOPMATILHOI 0OIACTH.

Vsmenennst RPR Taxoke pasimnyaiorcsi B 06eux rpymmax. B
rpyme SV depes 2 rozia 6bUIO BbIABICHO 3HAYUTEILHOE yBe-
ygenne runepmetporndeckoro RPR M B HasanpHOI 06mactit
ceTyaTKy (B gmamasone npumepHo ot 0,27 go 0,98 D), Torma
KaK B rpynmne DIMS nabmozani HeOo/bIIIoe CTaTUCTIYeCKOoe
nsMmeneHne RPR M, koropoe He uMeNno KIMHNYECKOTO 3Hade-
Hs1. HacKo/IbKO HaM M3BECTHO, TaKue Pe3y/IbTaThl BIIepBbIe
HOJTy4eHbl B MCCIEHOBAHMY Ha JIIOAAX. B mccmenoBanmsax
Ha MOPCKIUX CBMHKAX OBUIN IIOTy4eHbI IIPOTHBOIOIOXKHBIE
pe3ynprathi;*® 6bIIO MOKAa3aHO 3HAYUTEILHOE YBeTNYeHNe
runepmerponndeckoro RPR M nocne mHpynuposanus Ha
nepugepun MUOIINIECKoro fedokyca. BoaMoxHo, 4To nMe-
eTcst 00/IaCTh CeTYAaTKM, KOTOPask MOXKeT Paclo3HATh 3HAK
medoKyca 1 BbI3bIBATH M3MEHEHVS B IOKATbHOI 06/1acTu
ceruatku.” Takas CIIOCOGHOCTD K PACIIO3HABAHWIO 3aBUCUT OT
MECTOIOJIOKeHs 00/1acTy Wn opora fiehoKyca, KOTopble y
JeI0BeKa MOTYT OT/INYATHCA OT )KMBOTHBIX. ™

Xortst HabOmiofaemble B rpymme SV depes 2 rofa 1sMe-
HeHya RPR M Ha 10N [eMOHCTpUPYIOT CMIBHYIO CBA3b
C LIEHTPAJbHBIM MUONNYECKUM CABUTOM ¥ aKCUAIbHBIM
yIIMHEHMeM, ucxofiHoe 3HadeHre RPR M He mosBosnser
IpecKas3aTh IPOrpecCHpOBaHe MIONINY VN aKCHATbHOe
YIMHEHNe, ITO COINIACYEeTCsI ¢ BHIBOAMMU IIPEIbIAYIINX
nccnenoBanmit.*” Mutti et al.* HabmoKaNM N3MeHeHMe TTepH-
depuueckoit pedpakunu Ha 30° Ha3aIPHOTO 3PUTENHLHOTO
o/ ¥ OOHAPYXXIIH, 4TO Iepudepndeckas pedpaxuns
OKaspIBaeT Claboe BIUsHME HA MpefcKasaHue BO3HUKHO-
BEHISI MUOIUY 1 ee TIporpeccuposanus. [unepmerponu-
qeckuil gedokyc 60mee BepOSTHO SIBMISETCS CIENCTBIEM
aKCUAIBbHOTO YIIMHEHMs, 2 He MPUYNHOI IIPOrpPeccupo-
BaHyA Muonuu.” OH BOSHUKAET IIOTOMY, YTO IIPK YI/INHE-
HUM I7Ia3HOTO sI67I0Ka aKCMa/IbHAs IIMHA YBEIMINBACTCS
CH/IbHee, YeM 9KBAaTOPUAIbHBII AMaMeTp, YTO IPUBOANT K
OTHOCHUTENIBHO 6071ee BBITAHYTOM popMe r1asa,"** 4To Mox-
HO HaboAaTh Kak 6omee cmabyo MUOINIO Ha nepudepun
CeTYaTKy, 4eM B IIeHTPAIbHOI (oBea.
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brino BrickasaHo npepnonoxenue, 4To RPR moxer
OBITh MCIIO/NB30BAHA [/ HENMPSIMOTO OMMCAHUS (OPMBI
ceruatku.'>? Bonee runepmerponnueckass RPR npepro-
jlaraeT, 4YTO KpMBM3HA 0OOMOUKM IIOCKOCTH M300paske-
HUII MeHblIle KPUBMU3HBI CETYATKM,* ¥ IMPU MOCTOSHHBIX
KpUBU3HE POTOBUIIBI M AKCUAJIBHOIL [ITMHe 60/1ee BHICOKAs
runepmeTporndeckass RPR ykaspiBaeT Ha 607mee KPyTyIo
¢dopmy ceruatkn.” [ToaToMy MeHbIIIas KPUBU3HA ITIOCKO-
CTV M300paKeHNUI 0 CpaBHEHMIO C GOPMOIL CETIATKN B
rpymnite SV ykasbiBaeT Ha 60j1ee KPyTyio GOpMY CeTUaTKu,
torfa Kak B rpymnme DIMS ¢opma cerdatkn 6bi1a 6oree
TIJIOCKOJA.

OTHOCHUTETBHO ACUMMETPUYHOTO Ipous B rpynie SV
3aMeTHUM, YTO MEXaHNU3M 3aMeJIeHHOrO Iepudepuieckoro
pacTsDKeHMs B rpymie SV 0CTaeTcsl HesICHBIM, U Pas/INIHble
HOTEHIMa/IbHbIe MEXaHU3MbI 00CYKIAIICh B TIPEbIAYILIeil
pabote Mutti et al.® ABTOpBI BbICKa3amu IIPEFIOIOKEHNE,
4TO HEJOCTATOYHOCTh MaTepuaja XPyCcTaluKa MOXeT TIpe-
ILITCTBOBATb 9KBATOPMAIBHOMY PACTSDKEHUIO I7Iasa, KOrja
OH pacTtert."®

MBI IpeANOoNoXIIN, YTO PABHOMEPHBIIL XapaKTep pocTa
I71a3a, KOTOPBI CTUMYIUpPyeT 60/IbIINil HepudepudecKuit
POCT I/1a3a, MO>KET OBITh MEXaHM3MOM HOPMa/IbHOTO POCTa
I7la3a WK mpolecca aMmerponusannu. O6HapyxeHHOe
B HallleM MCCIeJOBAHNN 3aMefjjleHue IIPOrpecCUpOBaHMs
MMONNM 1 AKCUATIBHOTO Y/IMHEHNUS] MOXXHO MHTEpPIIPETHU-
POBaTh KaK MepeK/IodeHe Hasa ], K CKOOPAMHIPOBAHHOMY
pocry rasa. B rpynne SV akcuanbHoOe yiIMHeHMe IIPOC-
XOZUT ObICTpee IO CPABHEHNIO C 9KBATOPHAIbHBIM POCTOM
U MOXKET YKa3bIBaTh Ha HECKOOPAMHMPOBAHHBII POCT I71a3a.
ITpenmnonoxkenne 06 OrpaHUUEHHOCTI 9KBATOPUAIBHOTO
pacTsDKeHNUsI PAacTyIIero I7asa 0O3HayaeT BO3MOXKHOCTD
Ype3MepPHOTo aKCHaAbHOTO yIMHEeHNA.

Hepmasro Pan® coo61y1, 4T0 peakijuio raHI/IMOHAPHBIX
knetok cerdyatku ON-OFF tuma (RGCs) y Mbliieit MO>XHO
U3MEHATb Je(hOKYCUPOBAHHBIM 1300 pasKeHIEM, I ITOKa3aJl
pasnMYHble OTK/IMKY Ha PasHYIO ONTUYECKYI0 CUTy fedo-
Kyca 1306pakeHNs.* MBI MPefIONIOXIIN, YTO PeaKuns
RGCs MoxeT OBITH I3BMEHEHA ONITIIECKOIT CIIOlt Hedokyca,
cospaBaemoro nuH3oli DIMS, 1 3To MoXeT IpUBOAUTD K
PaBHOMEPHOMY U CMMETPUIHOMY XapaKTepy M3MeHeHNI1
nepudepudeckoit pedpaxuun. OgHako Tpeb6YIOTCsS Halb-
HellIIIe MCCTeSOBAaHNsI Ha XXBOTHBIX.

OpHMM U3 OTpaHMYEHUIT IPOBEJEHHON PaboTHI SB-
JsIeTCs TO, YTO B Hell He m3Mepsiin HepudepudecKkyio
IIMHY I71a3a; U3MepeHue nepudeprdecKoil JINHBI ITas3a
MOIJIO 6BI IO3BO/IUTD PEATbHO OLIEHNUTD, YTO IIPOUCXOFUT
¢ nepudeputeckuM pocToM rmasa. CTOUT OTMETHUTD, 4TO
WMPOKUI [Malla30H CTAaHAAPTHBIX OTKIOHEHUI OTHO-
CUTENbHO cpefHuX 3HaYeHuI RPR MoXKeT yKasbiBaTh Ha
TO, UTO peanbHas GopMa CeTIATKM MOXeT OBITh Bapua-
6enpHOIL.>"

Vmeercst Maso paboT, B KOTOPBIX UCCIE[OBANU U3-
MeHeHMe nepudepudeckon peppakuun nain RPR mpn
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IpUMEHEHNY MEeTO/I0B KOHTPO/ISA MMOINM; ¥ NaHHAA
paboTa sABIAETCA MEePBLIM UCCIEOBAHUEM, B KOTOPOM
[I0Ka3aHO, YTO KOHTPOJIb MMONMUMU C MCIIONb30BAHNEM
MMOINYecKoro feoKyca ¢ OHOBpeMeHHbIM obecreye-
HIEeM YeTKOTO 3peHM IPUBOAUT K U3MEHEHMAM CpefiHe-
nepudepndeckoit peppakuun 1 RPR mo cpaBHeHUIO
¢ SV nuusamu. Hame onmucanme Gopmsl ceTyaTKu B
[IBYX I'PYINAxX ABJACTCA MUIIb YaCTbI0 00OIIeil KapTUHBI;
Heo6XOIMMO MpOBefeHNe AaNbHeIINX MCCIeOBaHNI
(hOpMBI ceTYaTKH U I71asa ¢ IpUMeHeHIeM TaKIUX MeTOfIOB
U3y4eHUs M300pakeHUil, KaK MarHUTHO-Pe30HaHCHas
tToMorpadus MM ynbTpasByKoBoe B-ckaHupoBaHNe.
TpebyioTcsa ganpHellIINe MCCIe[OBAHNUA /1A TOHUMaHUA
MeXaHM3Ma XapaKTepa M3MeHeHMI Nepudepudeckoit
pedpakiuy npu KOHTPOJIe MUOIUYU C UCTIOTb3OBAHUEM
MMOINYECKOTO leoKyca.
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Purrose. To compare changes in relative peripheral refraction (RPR) associated with
myopia progression in myopic children wearing Defocus Incorporated Multiple Segments
(DIMS) lenses and single vision (SV) spectacle lenses over 2 years.

MEeTHODS. A 2-year double-blind, randomized controlled trial was conducted on 183
myopic children. Subjects were allocated to either wearing DIMS (n = 93) or SV spectacle
lenses (n = 90). Peripheral refraction at 10°, 20°, and 30° of the nasal (10N, 20N, 30N)
and temporal (10T, 20T, 30T) retinal eccentricities, central refraction, and axial length
after cycloplegia were monitored every 6 months.

Resurrs. DIMS group showed symmetrical peripheral myopic shifts between the nasal
and temporal retina (comparing myopic shifts between the nasal and temporal retina,
the difference between the corresponding eccentricities were nonclinically significance).
SV group showed asymmetrical peripheral myopic shifts between the nasal and temporal
retina, with more myopic shifts (all P < 0.001) at 10T (—0.32 + 0.62 diopters [D]), at 20T
(—0.69 £ 0.95 D), and 30T (—0.85 + 1.52 D). No significant changes in RPR spherical
equivalent (M) were noted in the DIMS group, whereas significant increases (all P <
0.0001) in hyperopic RPR M were observed at 10N (0.27 £ 0.45 D), 20N (0.75 + 0.72 D),
and 30N (0.98 £ 0.76 D) in the SV group.

Concrusions. Wearing DIMS lenses resulted in a significantly different peripheral refrac-
tion profile and RPR changes, as well as significant myopia control effects when compared
with SV lenses. Myopia control adopting myopic defocus in the midperiphery influenced
peripheral refraction and slowed central myopia progression, most likely through alter-
ation of overall retinal shape.

Keywords: myopia control, myopic defocus, relative peripheral refraction, retinal shape

ypically, myopes display hyperopic relative peripheral

refraction (RPR), whereas emmetropes and hyperopes
display myopic RPR.}? Previous studies on the relation-
ship between RPR and myopia onset, and between RPR
and myopia progression remains controversial.>~® Hooger-
heide et al.> measured refraction along 120° of the horizon-
tal visual field in young adults (hyperopes and emmetropes)
who were undertaking pilot training. They found 65% of
emmetropes and hyperopes who developed myopia after-
ward showed hyperopic RPR, however, it was not clear
whether the RPR was measured at the beginning or at
the end of the study.’ This was the first longitudinal
study to report the relationship between RPR and myopia
development.

Mutti et al.® found that more hyperopic RPR within 2
to 4 years before myopia onset may be one of the factors
predicting the onset of myopia; however, RPR was stable
from the year of onset to 5 years following myopia onset.
In a later report, Mutti et al. investigated children from
different ethnicities, including Asians, African-Americans,

Copyright 2020 The Authors
iovs.arvojournals.org | ISSN: 1552-5783

and Caucasians, and reported that RPR showed a weak
consistent influence on the risk of myopia onset and devel-
opment or axial elongation. Sng et al.” monitored changes in
central and peripheral refraction in Singapore Chinese chil-
dren over 1 year and found that peripheral refraction did not
predict myopia onset or influence myopia progression.

It has been well documented among animal studies that
more hyperopic defocus leds to greater myopia progres-
sion,'®!! while inducing myopic defocus retarded myopia
progression.'®!'?='* Findings in infant monkeys'?'> and
chicks'®'* suggested that spatial resolution at the anatomic
level of the optical pathway could modulate overall eye
growth.!> Animal studies using contact lenses with embed-
ded myopic defocus found that myopia progression could
be slowed by 20% to 60%.'°71°

In our previous clinical trial, using the Defocus Incor-
porated Soft Contact lenses, which incorporated a myopic
defocus of +2.50 diopters (D) for myopic children, signif-
icant retardation of myopia progression of approximately
60% over 2 years was seen for those who wore these lenses

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. @. BY _NC__ND

Downloaded from iovs.arvojournals.org on 06/10/2020



Investigative Ophthalmology & Visual Science

DIMS Lenses Changed RPR

for more than 7 hours per day.'” In another study using the
MiSight soft contact lenses (Cooper Vision, Inc., Pleasanton,
CA, USA) or single vision (SV) contact lenses in a randomized
clinical trial, there was significantly less myopia progres-
sion by 59% and less axial elongation by 52% in children
who wore MiSight lenses for 3 years compared with chil-
dren who wore SV contact lenses.”” This suggested that
myopic defocus could slow myopia progression in myopic
children.'”-"?

When correcting myopia using traditional spectacle
lenses, on-axis light will focus on the fovea, whereas off-
axis light will lead to peripheral hyperopic defocus®’:?!; this
has been hypothesized to be a possible trigger for myopia
progression. Sankaridurg et al.”? found there were no statis-
tically significant effects in myopia retardation after wear-
ing spectacle lenses with incorporated myopic defocus in
the periphery over 1 year compared with SV lenses.'® This
differed from the results of our recent Defocus Incorpo-
rated Multiple Segments (DIMS) spectacles clinical trial. The
DIMS lens comprises a central correction zone surrounded
by multiple segments of constant myopic defocus (+3.50 D)
at the midperiphery, which can simultaneously provide clear
central vision and peripheral myopic defocus.”> We previ-
ously reported that wearing the DIMS lenses over 2 years
resulted in significant retardation of myopia progression of
up to 59% and slowing of axial elongation by up to 60%
when compared with wearing SV spectacle lenses.?

The majority of previous studies of investigating myopic
defocus have reported myopia control effects as changes in
ocular refraction and axial length (AL), with few reporting
the changes in retinal shape. Some studies have reported
that retinal shape might be a determinant for the develop-
ment of myopia through biomechanical factors, such as the
thinning of the sclera and localized ectasia of the posterior
sclera during myopia development.??> Significant correla-
tions between peripheral eye length and peripheral refrac-
tion have been found.?~?® Therefore peripheral refraction
or RPR, which can be easily measured and monitored by
clinicians, have been used to indirectly describe the retinal
shape.!>? To date, few studies have reported changes of
RPR after myopia control using myopic defocus in humans.
In the DIMS project,” the effects of DIMS spectacle lens
wear on RPR was investigated. The changes in RPR and reti-
nal shape between the DIMS and SV groups were reported in
the current article. The data from the DIMS project®® were
used in the current article to investigate the influence of
DIMS and SV spectacle lens wear on RPR.

METHODS

A randomized and double-blind clinical trial was conducted

at the Centre for Myopia Research, School of Optometry, the

Hong Kong Polytechnic University between August 2014 and

July 2017.% The children were randomly assigned to wear

either the DIMS lens (treatment group) or SV spectacle lens

(control group). The recruitment criteria are listed as follows.
Inclusion criteria were:

. Hong Kong Chinese children ages 8-13 years

. Central spherical equivalent (A): —1.00 to —5.00 D

. Astigmatism and anisometropia of 1.50 D or less

. Monocular best-corrected visual acuity of 0.00
logMAR (6/6) or better

5. Acceptance of random group allocation and the

masked study design

YN SN I
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Exclusion criteria were:

1. Strabismus and binocular vision abnormalities
2. Ocular and systemic abnormalities
3. Prior experience of myopia control

The study was approved by the Human Subjects Ethics
Subcommittee of The Hong Kong Polytechnic Univer-
sity and adhered to the tenets of the Declaration of
Helsinki. Informed consent was obtained from the parents
or guardians of all participants. The procedure of random-
ization has been described previously.”> The children and
their parents were masked to group allocation. The masking
procedures fulfilled the Consolidated Standards of Reporting
Trials Requirements for a double-blinded trial.

A standardized eye examination was performed every
6 months over the 2-year trial period. Corneal power was
measured by Shin-Nippon NVision-K 5001 (Ajinomoto Trad-
ing Inc., Tokyo, Japan) autorefractor without cycloplegia.
One drop of proparacaine 0.4% followed by 1 to 2 drops
of cyclopentolate HCL 1% were used to induce cyclople-
gia. Central and peripheral refraction across the horizontal
retinal eccentricities were measured five times by using a
Shin-Nippon NVision-K 5001 autorefractor with the Maltese
cross-target placed at the straight-ahead position (center)
and 10°, 20°, and 30° at nasal (10N, 20N, 30N) and temporal
(10T, 20T, 30T) retinal eccentricity. Subjects were asked to
keep their head stationary and turn their eyes to fixate on
the different targets.’® Peripheral refraction was measured
in the right eye because the ocular biometry between the
two eyes was highly correlated.?>*! In this group of chil-
dren, the correlation coefficient between right and left eye
was 0.91 for the central M, 0.97 for AL, 0.94 for the steep
corneal curvature, and 0.97 for flat corneal curvature.> AL
was measured five times by using the IOL Master (Carl Zeiss,
Oberkochen, Germany) and then averaged. Spherocylindri-
cal refraction measurements regarding spherical power (S),
cylindrical power (C), and axis (f) were converted into a
power vector by a conventional formula for analysis.>?

M=5+C/2
Jo = —(C/2)cos(260)
Jis = —(C/2)sin(26)

Positive J, represents with-the-rule astigmatism, whereas
negative results represent against-the-rule astigmatism. The
Ju4s stands for oblique astigmatism. RPR is calculated as
central refraction subtracted from peripheral refraction. A
positive RPR is considered hyperopic RPR, whereas nega-
tive RPR is considered myopic RPR. Our previous article
reported that there were no statistically significant differ-
ences in age, sex proportion, central M, or AL between the
DIMS and SV groups (P > 0.05) at baseline.??

Data Analyses

All statistical analyses were performed using IBM SPSS
v.16.0 (IBM Corporation, Armonk, NY, USA). The right eye
was used for data analyses, and all data were normally
distributed. Repeated measures ANOVA was used to assess
the impact of DIMS and SV lenses wear on the changes of
peripheral refraction and RPR over time. Independent #-tests
were used to compare differences in RPR between the two
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TaBLe 1. Mean (SD) of Peripheral Refraction M in the DIMS and SV Group Over 2 Years
Group 10T 20T 30T 10N 20N 30N
Baseline
DIMS —3.00 (1.02) —2.71 (1.23) —1.60 (1.58) —2.81 (0.99) —2.10 (1.22) —1.07 (1.33)
SV —2.78 (0.98) —2.68 (1.23) —2.09 (1.749) —2.62 (0.93) —1.99 (1.06) —0.93 (1.28)
P 0.16 0.86 0.14 0.21 0.55 0.49
6-Month
DIMS —3.16 (0.99) —2.81 (1.15) —1.91 (1.24) —2.94 (1.26) —2.21 (1.29) —1.30 (1.41)
N\% —3.16 (1.01D) —2.99 (1.16) —2.16 (1.56) —2.95 (1.0 —1.87 (1.19) —0.79 (1.38)
P 0.98 0.32 0.40 0.96 0.08 0.02
12-Month
DIMS —3.19 (0.98) —2.98 (1.05) —1.81 (1.15) —3.09 (1.15) —2.29 (1.38) —1.28 (1.50)
SV —3.37 (1.07) —3.10 (1.09) —2.11 (1.66) —3.03 (1.12) —1.97 (1.27) —0.76 (1.39)
Pf 0.26 0.85 0.32 0.74 0.12 0.003*
18-Month
DIMS —3.28 (1.02) —3.15 (1.12) —2.27 (1.16) —3.20 (1.13) —2.40 (1.24) —1.47 (1.54)
SV —-3.62 (1.11D) —3.46 (1.16) —2.47 (1.63) —3.18 (1.16) —2.00 (1.28) —0.70 (1.53)
Pf 0.05 0.08 0.45 0.94 0.05 0.003*
24-Month
DIMS —3.34 (1.10) —3.14 (1.20) —2.19 (1.35) —3.32 (1.26) —2.57 (1.41D) —1.73 (1.68)
SV —3.69 (1.20) —3.50 (1.16) —2.74 (1.56) —3.21 (1.37) —2.08 (1.43) —0.79 (1.60)
P 0.06 0.06 0.03 0.59 0.03 <0.0001*
T The P value was considered as significant if <0.008 after Bonferroni adjustment.
A. B.
0.0 0.0
-0.5 -0.5
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Ficure 1. (A) Peripheral refraction changes across the horizontal retina over 2 years in the DIMS group. (B) Peripheral refraction changes
across the horizontal retina over 2 years in the SV group. Error bars denote the SEM. The significance of the P value was considered as
<0.008 after Bonferroni adjustment. *P <0.008 indicates the significant difference between baseline and 24 months within the group (paired
t-test).
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groups. The difference in refractive error between the nasal
retina and temporal retina was compared by a paired #-test.
With changes in central M and changes in AL as the depen-
dent variable, linear regressions were performed to analyze
the relationship between (1) baseline RPR M and myopic
shifts, (2) baseline RPR M and axial elongation, (3) changes
in RPR M and myopic shifts, and (4) changes in RPR M and
axial elongation, adjusting for sex and age in the SV group.
A P value of <0.05 was considered statistically significant;
Bonferroni adjustment was applied when applicable. The
adjusted significance level was set to 0.008 as refraction was
measured at six retinal eccentricities in the right eye of each
subject.

Downloaded from iovs.arvojournals.org on 06/10/2020

REsuLTs
Peripheral Refraction (M, Jo, J45)

Table 1 and Figure 1 show the results of peripheral M in the
DIMS and SV groups at 6-month intervals. There were no
significant differences in peripheral refraction M across the
horizontal retina between the two groups at the baseline
(independent #-test, P > 0.05). After 2 years, both groups
have shown a steady increase in myopic shift centrally and
peripherally, but the patterns of the shift were different.

All the horizontal retinal eccentricities in the DIMS
showed myopic shifts in peripheral M with a range from
—0.34 to —0.60 D (paired #-test, P < 0.0001), and presenting
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Group 10T 20T 30T 10N 20N 30N
Baseline

DIMS —0.03 (0.47) 0.26 (0.91) 1.39 (1.49) 0.16 (0.41) 0.88 (0.89) 1.89 (1.20)

SV —0.01 (0.35) 0.09 (0.93) 0.66 (1.64) 0.15 (0.38) 0.78 (0.72) 1.84 (1.15)

P 0.77 0.25 0.02 0.84 0.46 0.80
6-Month

DIMS —0.05 (0.41) 0.29 (0.75) 1.15 (0.97) 0.16 (0.82) 0.89 (0.94) 1.80 (1.07)

SV —0.04 (0.34) 0.13 (0.72) 0.97 (1.40) 0.18 (0.44) 1.25 (0.86) 2.33 (1.19)

pf 0.77 0.17 0.46 0.90 0.01 0.003*
12-Month

DIMS —0.01 (0.42) 0.19 (0.70) 1.21 (1.05) 0.08 (0.46) 0.88 (0.87) 1.90 (1.18)

SV —0.06 (0.34) 0.21 (0.67) 1.15 (1.45) 0.28 (0.60) 1.35 (0.92) 2.55 (1.26)

pf 0.44 0.86 0.81 0.02 0.001* 0.001*
18-Month

DIMS 0.00 (0.45) 0.14 (0.80) 1.05 (0.99) 0.09 (0.78) 0.88 (1.00) 1.84 (1.35)

SV —0.13 (0.35) 0.03 (0.70) 0.96 (1.23) 0.31 (0.55) 1.48 (0.90) 2.70 (1.31D

pf 0.04 0.34 0.67 0.04 <0.0001* <0.0001*
24-Month

DIMS 0.01 (0.47) 0.21 (0.78) 1.15 (1.31) 0.03 (0.56) 0.80 (0.89) 1.63 (1.42)

SV 0.01 (0.68) 0.20 (0.80) 1.00 (1.39) 0.49 (0.86) 1.62 (1.10) 2.88 (1.42)

pf 0.98 0.97 0.52 <0.0001* <0.0001* <0.0001*

TThe P value was considered as significant if <0.008 after Bonferroni adjustment.

a symmetrical pattern of myopic shifts between the nasal and
temporal retina (Fig. 1). When comparing between the nasal
and temporal retina, the difference between the correspond-
ing eccentricities were all clinically not significant, with the
mean difference at 10° was 0.17 £ 0.49 D (P = 0.003), at 20°
was 0.04 + 0.71 D (P = 0.65), and at 30° was 0.23 = 1.71 D
P =0.37).

The SV group showed significant myopic shifts at certain
eccentricities, with a larger range from —0.59 to —0.91 D
(P < 0.0001) over 2 years, and presenting an asymmetri-
cal pattern of myopic shifts between the nasal and temporal
retina (Fig. 1). There were more myopic shifts at the tempo-
ral retina compared with the nasal retina over 2 years; mean
difference at 10° was —0.32 4+ 0.62 D (P < 0.0001), at 20°
was —0.69 4+ 0.95 D (P < 0.0001), and at 30° was —0.85 +
1.52 D (P = 0.001).

In fact, the DIMS group showed a more uniform myopic
shift at all eccentricities, whereas the SV group presented an
asymmetrical myopic shift. Comparison of the two groups
revealed that the DIMS group had significantly more myopic
shifts in peripheral M at 30N (mean difference —0.70 £ 0.18
D, P < 0.0001) and 20N (mean difference —0.38 + 0.14 D,
P = 0.006) but significantly less myopic shifts at 10T (mean
difference 0.57 + 0.12 D, P < 0.0001) compared with the SV
group over the 2-year observation period.

There were no statistically significant differences in
peripheral J, and /45 between the two groups at baseline
(at all eccentricities, P > 0.05). After 2 years, peripheral J,
showed significant positive shifts at 10T and 20T, with the
changes of 0.25 £+ 0.33 D (P < 0.0001) and 0.25 + 0.47
D (P < 0.0001), respectively, in the DIMS group. In the
SV group, significant positive shifts were observed at 10T
(mean difference: 0.29 £+ 0.28 D, P < 0.0001), 20T (mean
difference: 0.54 = 0.50 D, P < 0.0001), 20N (mean differ-
ence: 0.17 £+ 0.38, P < 0.0001), and 30N (mean difference:
0.16 + 0.47, P = 0.004). There were no changes in periph-
eral J;s within the DIMS or SV groups (at all eccentricities,
P > 0.05). There was no significant difference of periph-
eral J, between two groups after 2 years nor in periph-
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eral J;5 over 2 years after Bonferroni correction (P > 0.008;
Fig. 2).

Relative Peripheral Refraction M

Table 2 and Figure 3 describe the RPR M in the DIMS and
SV groups over 2 years. There was no significant difference
in RPR M between the DIMS and SV groups at baseline after
Bonferroni correction (at all eccentricities, all P > 0.008).

After 2 years, the myopic shifts in all the peripheral refrac-
tions increased proportionally with the central refraction,
and therefore maintained a rather constant RPR M in the
DIMS group. Despite a significant decrease of hyperopic RPR
M at 10N (mean difference —0.13 + 0.43 D, P < 0.0001) in
the DIMS group, all the changes were regarded to be clini-
cally negligible.

In the SV group, significant hyperopic shifts in RPR were
seen at the nasal retina, with mean changes of 0.27 + 0.45
D, 0.75 £ 0.72 D, and 0.98 £ 0.76 D at 10N, 20N, and 30N
(P < 0.0001) but no significant changes were shown in the
temporal retina. The RPR presented a skewed pattern.

Comparison of the two groups revealed that the SV group
had significantly greater hyperopic RPR M at 10N (mean
difference 0.46 + 0.11 D, P < 0.0001), 20N (mean differ-
ence 0.82 £ 0.16 D, P < 0.0001), and 30N (mean difference
1.25 + 0.23 D, P < 0.0001) but not in the temporal retina
when compared with the DIMS group.

Correlation of RPR M and Other Factors

In the SV group, there was no significant association
between either baseline RPR M and myopic progression
nor baseline RPR M and axial elongation at all eccentrici-
ties (linear regression, P > 0.05). However, the changes in
RPR M at 10N showed a significant association with myopia
progression (standardized coefficient: 0.84, P = 0.003), and
axial elongation (standardized coefficient: —0.79, P = 0.004)
after adjusting for sex and age.
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Ficure 2. (A) Peripheral Jy changes across the horizontal retina over 2 years in the DIMS group. (B) Peripheral J, changes across the
horizontal retina over 2 years in the SV group. (C) Peripheral /45 changes across the horizontal retina over 2 years in the DIMS group.
(D) Peripheral J45 changes across the horizontal retina over 2 years in the SV group. Error bars denote SEM.

DIiScUSSION

The current study aimed to provide insight into the change
of the retinal shape following the use of myopic defocus
for myopia control. We measured the peripheral refraction
and RPR changes between children wearing SV and DIMS
spectacles in a randomized controlled trial over 2 years.
Over the 2 years, subjects in the SV group were found to
have greater changes in peripheral M in the temporal retina
(nasal visual field) compared with the nasal retina (temporal
visual field), presenting as an asymmetric change, and this
asymmetry increased during myopia progression, which is
consistent with previous reports.>? Some studies suggested
that this asymmetry can be explained by a combination of
a few factors, including the difference in angle between the
optical axis and visual axis (angle alpha),>**> asymmetries
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in vitreous chamber depth,>® and corneal curvature.’” The
increased asymmetric peripheral profile has been suggested
to be caused by the different rates of ocular expansion along
the axial and equatorial region during myopia progression,
and particularly in eyes with faster myopia progression.’ In
contrast, after the myopia treatment of DIMS lenses, chil-
dren showed significant changes in peripheral M at all reti-
nal eccentricities, which indicated a uniform myopic shift
along the horizontal retina. It could be speculated that chil-
dren in the DIMS group experienced a relatively slower
and uniform eye growth, whereas in the SV group, there
was a relatively faster axial expansion than the equatorial
region.

RPR changes were also different between the two groups.
In the SV group, a significant increase in hyperopic RPR M at
the nasal retina (ranging from approximately 0.27-0.98 D)
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Ficure 3. (A) RPR changes across horizontal retina over 2 years in the DIMS group. (B) RPR changes across horizontal retina over 2 years
in the SV group. Error bars denote SEM. The significance of the P value was considered as <0.008 after Bonferroni adjustment. *P <0.008
indicates the significant difference between baseline and 24 months within the group (paired #-test).

was found over 2 years, whereas PRP M showed a slightly
statistical change in the DIMS group, but it was not clinically
significant. To the best of our knowledge, this is the first
human study to report this result. Among animal studies,
contradictory findings have been reported from a guinea pig
study?®®; there was a significant increase in hyperopic RPR M
after superimposing myopic defocus in the periphery. It is
supposed that there may be an area of retina that can decode
signs of defocus and result in local retinal area changes.’”
Such an ability to decode depends on the area or threshold
of the defocus, which may be different in humans compared
with other animals.*®

Although the changes in RPR M at 10N showed a signifi-
cant association with central myopic shift and axial elonga-
tion over 2 years in the SV group, the baseline RPR M could
not predict myopia progression or axial elongation, which
is consistent with previous studies.’~” Mutti et al.* observed
the changes in peripheral refraction at 30° nasal visual field
and found peripheral refraction exerted a weak influence on
predicting myopia onset or progression. Hyperopic RPR was
more likely to be a consequence of axial elongation rather
than a cause of the myopia progression.”> This is because
the AL increased to a larger extent than the equatorial diam-
eter when eyeball elongation, resulting in a relatively more
prolate ocular shape,’*® which can be seen as less myopia
in the peripheral retina than the central fovea.

It has been suggested that RPR could be used to indi-
rectly describe the retinal shape.'>? A higher hyperopic
RPR suggested a less curved image shell compared with
the retinal shape,’ and when corneal curvature and AL are
constant, a higher hyperopic RPR indicated a steeper retinal
shape.?” This suggested the image shell with a reduced curve
compared with the retinal shape of the SV group indicated
a steeper retinal shape, whereas there was a flatter retinal
shape in the DIMS group.

Regarding the asymmetrical profile in the SV group, the
mechanism of the inhibited peripheral expansion in the
SV group remained unclear, and various potential mecha-
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nisms have been discussed in a previous study by Mutti
et al.® The authors indicated that insufficient lens material
might prevent the eye from stretching equatorially as the
eye grows.!®

We proposed that the uniform pattern of eye growth that
stimulated more peripheral eye growth might be a mecha-
nism of normal eye growth or emmetropization process. In
this study, retardation of myopia progression and axial elon-
gation in the DIMS group may be interpreted as switching
back to a coordinated eye growth. In the SV group, the axial
elongation increased faster than the equatorial region and
may indicate a noncoordinated eye growth. A suggestion of
equatorial restriction of the growing eye has the potential to
accentuate axial elongation.*?

Recently, Pan®® reported that the signaling of ON-OFF
retinal ganglion cells (RGCs) in the mouse retina could
be changed by a defocused image, and showed different
responses to varied powers of defocus image.** We assumed
the signaling of RGCs might be altered by the defocus power
in the DIMS lens and resulting in a uniform and symmetri-
cal pattern change in the peripheral refraction. Nevertheless,
further animal studies will be needed.

One of the limitations of this study was that the periph-
eral eye length was not measured; measuring peripheral eye
length could enable determination of the actual peripheral
eye growth situation. It is worth noting that the wide range
of the standard deviations relative to the mean RPR values
could indicate that the actual retinal shape may be vari-
able.>"

Few studies have investigated the changes of periph-
eral refraction or RPR during myopia control, and to our
knowlegde this is the first study that demonstrated myopia
control using myopic defocus with simultaneous clear
vision results in changes in the midperipheral refraction
and RPR compared with SV lenses. Our current description
of retinal shape in two groups may only be part of the wider
picture; further study on investigating the retinal or eye
shape need to be conducted by using imaging examination,
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such as magnetic resonance imaging or B-ultrasonography.
More work on the understanding of the mechanism on the
pattern of peripheral refraction changes in myopia control
utilizing myopic defocus are required.

CONCLUSIONS

To our knowledge, this is the first study to demonstrate
myopia control using myopic defocus with simultaneous
clear vision results in changes in the peripheral refraction.
Myopia control using myopic defocus in the midperiph-
ery influenced changes in peripheral refraction and slowed
central myopia progression, most likely through alteration of
overall retinal shape. Further studies to elucidate the mech-
anism of this intervention are warranted.
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