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Cone Photoreceptor Distribution Observed by Adaptive Optics Retinal Camera

TSUTOMU SEKI, NAO NAKAJIMAY, HIROAKI SHINTAKE?, MINORU FURUTA? and TETSUJU SEKIRYU?

YUndergraduate School of Medicine, Fukushima Medical University
? Department of Ophthalmology, Fukushima Medical University
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Abstract : [Purpose] To investigate the relationship between axial length, refractive error, and cone
density measured with Adaptive Optics retinal camera rtx1.

[Methods]  Subjects were 13 eyes of 12 healthy volunteers with refractive error ranging from —9.5 to
+1 D (mean+SD: 26.22*+1.86), axial length ranging from 23.87 to 30.28 mm (mean*SD: —4.64*
3.38). We measured cone density in the area of 8 degrees by 4 degrees strips of fundus images along the
four primary meridians. Number of cone photoreceptor cells was counted by auto cone-counting software
(AO detect) and by manual method.

[Results] At the eccentricity of 1, 1.5, 2 mm in the superior and temporal retina, there was significant
negative correlation between cone density and axial length. Cone density of the eyes with long axial
length was lower than that of eyes with normal axial length at each sampling point. Decrease of cone
density depending on axial length was remarkable in the superior retina when compared to that in the
other regions.

[Conclusion] ~ Cone density is lower in the eye with long axial length, but it is not uniformly lower.

Key words : Cone cell density, distribution, myopia, axial length, adaptive optics
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IRED A TRERL - —HIEH (scanning
laser ophthalmoscope : SLO) - & T #Wi@EE (opti-
cal coherence tomography: OCT) 7 & DHEED
REEA X =2 v 7T, REOBAR, 850
& ARERICHFRET 2 EA EROIE) ORE
T HNT, AERCTHMREBISE TS L1
RURETH o 720 TAE, HifE L~ (adaptive
optics: AQ) [RJEA X — 2 » FHEMAB L, =
DEADFZENEEIEN, HRRRIESREZSES 2
ENTEL LN o720 AO ¥V A7 A TIEH
F#9 2.0 nm O SFHEREDR B, AEEIRTESE
SR R BT 2 ENRRE o2V 29
L7z AO IREFIZE S A 7 2121 AO-SLO % rtx1™
(Imagine Eyes ¥, Fvt—, 75 2) H3H b,
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1. W&

WHIE, FEEES NIRRT DA O RE O
w126 130 (3R 1), fFElslL 25+3.7 % (22~
327%) BR§NE 1L IOL master™ (H—Vy 7 A A
ATAT v, Ax—F, FA4Y)IZL > TEHI,
SFIMEIL 26.22+1.86 mm (23.87~30.28 mm) T
Holze JRITEIZ —4.64+3.38D (-95~+1.0D)
THo72,

2. WWEDAHE

rtx1 & H W IEHE T IR & 3 L 720 rtxl T
1D 22X OWEPREONDL, T
0 LLT 22TOLRETELGIIBEHLLZNS,
ULE 2 S B, S0 8°, BTN 6° o T
L7 (K1),

3. BiDAE
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detect ™ (Imagine Eyes ¥, # Vvt —, 75 X)
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L 72§D % 220 & —#55 % BIR L CTHT 2179
TLIZEoT, HULER L O T AU U7
JAOBEEDOHEZ 5 Z LN TE S,

AO detect 12 & % #EfMifamt OREEX, B
12X BEHINC & o THI L -8 MRSE (@) &
AO detect IZ £ 2 (b) &1, HKHERIZBITS
a/bERDLZILIZEIVHEI LA (KM3). 2D
Bat X H Al 1.6°~4° O#iPH CIT 5720

4. HOE#H

FEATICYEAL G, HLED D O E A /RS HAL %
J£ (deg: °) %5 micron (um) ~& &ML 72,
rtx] T, FOELS O (deg: °) THEED
W MEDV TR E NS, WEOWIE L OO H
BT deg — um DHN DL 21T o 720 ZHI22Y
2o, L HoF—4Y X, HBEREE
B L, 1° A4 2 HiEE (micron) % £2% RMF
(Retinal Magnification Factor) & L CHRRE DR
&2 o L CoEE 2 5 L7 (RMF=16.83x
-114.6 x: [H#E) K1),
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#z1. WHgET—4
Rl AR A/K IREE (mm) JEdE (D) IR (mmHg)  fAFEMEE (mm) RMF (um/deg)
o & 22 +H 23.87 -0.25 13.0 7.51/7.40 287.17
@ B 25 H 24.18 —-2.75 18.3 7.50/7.43 292.39
® & 22 H 24.19 -0.25 16.3 8.11/8.02 292.55
@ % 31 H 24.35 1.00 11.0 8.12/7.68 295.25
® BB 23 I 24.78 —-2.50 14.7 7.63/7.44 302.49
© % 31 pia 25.82 -3.25 10.7 8.06/7.81 319.99
@ & 22 pia 26.48 -7.75 11.7 7.59/7.52 331.10
® % 24 P 26.52 -5.75 15.7 7.79/7.66 331.78
® =& 26 Vs 26.88 -9.00 20.7 7.86/7.36 337.84
% 22 I 27.39 -7.00 17.0 8.34/7.83 346.42
@ 5 23 i 28.06 —-7.50 15.7 8.14/7.93 357.70
@ 5 22 bl 28.12 —-5.80 12.7 8.67/8.33 358.71
® 5 32 V& 30.28 -9.50 14.0 8.12/8.01 395.07
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2. BITEES JUBRMICEAT 215
AO detect |2 X ZFHIOKEEE &2 5T L 720 AR

EDIEFE LV 2 A\odgE (N5, @) o
HH 1.6~4° O#FIZ BT, AO detect 12 & A&
W=7 VEHHOMELZILEL L2 A, 2.8°
(1,000 pm fF37) X D HMNZ BTl 95% FEEED
—HE A LN LA, LY FL T A0
detect |2 X D MileE EIX A L, HEFH &~
a7 VRO FIERE S Ro72 (M3),
FHREDICBWT, F—HE (NN) 25, rtxl
THIB O % 3 HM#sE%, AO detect THM
SEM T O EE 2RI L% b 212, [
—ME COMAFHEMEE SPSS™ (IBM, ¥4 T,
T AU HERE) TR LA, ICC (1,1)
=0.996 TH 1, FHHUEIE N LR TE 72,
(ICC (1,1) EFE—HHETORBEEEZEL, 0~1
D% & 5705, —f%120.7 LETHNITHE EH
s b EINTVD,)

3. EBiTE L IRE#MR DR

FUOEEE M 1 mm OALE CHRERR & T E 1L 5H
WHEOMBEN»D o 72 (y=—0.478x+24.008,
R*=0.7571, p=0.0001) (X 4), HRilhE OHBAS X
Y 5R7Ao 7- D THIUB B EE 5 A & IRl & DB %
Er L7z,

4. HEFHERBEESH

JREFR IS A 72 o THENTIT BE 722 B S AME C & 72
S wfﬁ%ﬁ@@‘ﬁ%@ﬁttoﬁ%
AR 2 26 mm Kiff & EF L, TN L% ER
HEEL L7oe O~@ PIEFIREE, ®, O1E
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M E I3 E2BOME DL 2 L bhro
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SEOFHNORERTIX, HEAMIuEE & IRiE
WA ELRZAOMEND Y, KRR CIZIERIR
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TEZY), FHHEBETORTATHFLY) HRE
No7z,

IEEER#ER CO#EFMBEIHICDNT

A EHI L 7 SRR B A 1L, i
Curcio 5 2 & 2 EIHHR T OFHAME, Song 5
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L2L, ZO0MEEEOME L) 2725002
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fEL Y b o T 72, Muthiah 5% o rtxl
w7z SIRO A A EOFHITY, Mk
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# 2. FEE S TCOHRMBMIBEE (/mm?)
pm s s T S RER i} Ty SD

3° IEEIREhEE 860~880 16,601 17,434 21,146 22,119 19,348 2,326

AR e 1,000~1,080 11,282 14,329 17,206 17,451 15,067 2,506
R 0.68 0.82 0.81 0.79 0.78
Chui 5 D" 0.73 0.78 1.12 0.78 0.84

6°  IEHTREE: 1,720~1,760 13,955 12,755 15,467 15,784 14,490 1,217

FEAREH 2,000~2,150 10,723 11,608 12,812 12,492 11,909 814
R 0.768 0.910 0.828 0.791 0.822
Chui 5 D HE" 0.83 0.76 0.74 0.76 0.78

HERIT RN (n=2) Off /LW 1=3) OHELZRT.
Frt [Chui 5D LA 139 S OFHIMEIZEDS SR L2 TH 5o (Chui 5O KET -5 IEHEE (=5,

JE AT E : +0.5~0D, [R #l & : 23.24+0.53 mm)

M n=2, Y fE: -6~-75D,

AR i =

26.98+0.7 mm) )
EH1imm EFH1.5mm L+t H2mm
15000 | .“-. [
\\“\ Ly y=-981.1x+ 37692 $ ¥ = -808.2x + 35855
e e ft=0.866, p = 0.00231 R?=0.959, p =0.0203
T I & o ’ =
¥ ~ “\-\H - n=7 n=4
£ 10000 ——— ¢ e
& y=-1004x+ 81458 e ~—
% R?=0583, p=00166 e 0 T
& n=9
#® so00 f
#
0
Hfimm Hfl1.5mm HEf2mm
25000 |
‘s y=-1930.x+ 67321
_ 20000 % R 0EL p=0.00451 y=.1328 x4 47906
T \ * =11 R*=0.525, p = 0.00765 ¥ =-1052.%+ 39752
é 15000 . .L., n=12 o R?=0.459, p = 0.0154
B a e u* T es n=12
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—H LT,
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fEC L) R 2 REMAVRIZ S LD,

S5 IR RIER 2 O #EARHIIR % 55 A D%
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X, SRELRLMHADVPLETH L,
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505, rixl EEFHEREHI G E 5721300 T
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T EDHFITED L ) IZHARHITL AR T 3
LN H 5 E R TE LW EEERH D, 514
DOFAPLETH L EBb s,

& &

RiGEZHED D IZHT2), BB LP DT E %
CHREZI ) T L 78 R AREL R HE O A1 Bk
HIZI O L D EH O RLET. 4, i
SIEPRIRIL 2 KUCHNT, BURCHE2THE £
L7 MBI 213 Lo, 18RRI 7R
DFFFEET G D EHP L LT £/, &’
HRREH 2 B CHEIC S DTES £ L7240
I EH OGS D L Z B L 72 <, #i
R SETHEET,

X [y

1. REHKRES. ®ELs I L a2 8MlBo i, &
TRV HERR, MEASREMAT A to Z HMED 200
REZH 2 4D 7 74 14, WILFEE, BT,
p 260-263, 2012.

2. Garnier MB, Flores M, Debellemaniere G, et al.
Reliability of cone counts using an adaptive optics
retinal camera. ] Clin Exp Ophthalmol, 42 : 833-
840, 2014.

3. LA, M. bAENI BT L HERE OB,
JE A 57 ) B G A A IR TE S 3 AR IR A%
M- AR MR\ BT 2 R HE PR 17 AR
eSS, 2006.

4. Curtin B]. The myopias basic science, Harper &
Row Publishers, Philadelphia, p 359-358, 1985.



10.

11.

Bl 4 % - SHEASHILIL B L 5340 D MRS 169

Lombardo M, Serrano S, Ducoli P Variations in
image optical quality of the eye and the sampling
limit of resolution of the cone mosaic with axial
length in young adults. J Cataract Refract Surg,
38: 1147-1155, 2012.

Lombardo M, Lombardo G, Lomoriello DS.
Interocular symmetry of parafoveal photoreceptor
cone density distribution. Retina, 33 : 1640-1649,
2013.

Chui TYP, Song H, Burns SA. Individual variations
in human cone photoreceptor packing density :
variations with refractive error. Invest Ophthalmol
Vis Sci, 49 : 4679-4687, 2008.

Li KY, Tiruveedhula P, Roorda A. Intersubject
Variability of Foveal Cone Photoreceptor Density in
Relation to Axial length. Invest Ophthalmol Vis
Sci, 51 : 6858-6866, 2010.

Kitaguchi Y, Bessho K, Yamaguchi T, et al. In Vivo
Measurements of Cone Photoreceptor Spacing in
Myopic Eyes from Images Obtained by an Adaptic
Optics Fundus Camera. Jpn ] Ophthalmol, 51:
456-461, 2007.

Curcio CA, Sloan KR, Kalina RE, et al. Human
Photoreceptor Topography. ] Comp Neurol, 292 :
497-523, 1990.

Song H, Chui TYP, Zhong Z, et al. Variation of

12.

13.

14.

15.

16.

17.

Cone Photoreceptor Packing Density with Retinal
Eccentricity and Age. Invest Ophthalmol Vis Sci,
52: 7376-7384, 2011.

Muthiah MN, Gias C, Chen FK, et al. Cone photo-
receptor definition on adaptive optics retinal
imaging. Br J Ophthalmol, 98 : 1073-1079, 2014.
Curcio CA, Sloan KR, Packer O, et al. Distribution
of Cones in Human and Monkey Retina : Individual
Variability and Radial Asymmetry. Science, 236 :
579-882, 1987.

Ohno-Matsui K, Akiba M, Modegi T, et al.  Associ-
ation Between Shape of Sclera and Myopic Retino-
choroidal Lesions in Patients with Pathologic
Myopia. Invest Ophthalmol Vis Sci, 53: 6046-
6061, 2012.

RGBT, HAKAH, WIHRZ, M SuT
JEFHC & 2w pE R IE— R 4, R E R o 28
—. »7=5 LA, 27: 270-273, 2010.

Song AP, Wu XY, Wang JR, et al. Measurement of
retinal thickness in macular region of high myopic
eyes using spectral domain OCT. Int J Ophthal-
mol, 7: 122-127, 2014.

Hendrickson AE, Yuodelis C. The Morphological
Development of the Human Fovea. Ophthalmol-
ogy, 6 : 603-612, 1984.



