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Relationship between Age and Thickness of the Retinal Nerve
Fiber Layer in Normal Subjects

Shigeo Funaki, Motohiro Shirakashi and Haruki Abe
Department of Ophthalmology, Niigata University School of Medicine

Abstract

We measured the thickness of retinal never fiber
layer (RNFLT) in the peripapillary area in 120 eyes
of 60 normal subjects. We used a scanning laser po-
larimeter, or Never Fiver Analyzer (NFA) by Laser
Diagnostic Technologies, USA. Measurements were
made along the peripapillary ring with the diameter
of 1.75 dise diameter (DD) and another one 0.8 mm
away from the disc margin. The RNFLT was not
significantly correlated with age along The two
rings. The RNFLT ratio of total/nasal area signifi-

cantly decreased with increase in age. There was an
increase in the difference of RNFLT between both
eves with increase in age in spite of considerable in-
terindividual variations. The RNFLT values along
both rings thus showed age-related changes in
nomal subjects. (J Jpn Ophthalmol Soc 102 : 383388,
1998)

Key words: Scanning laser polarimeter, Retinal
nerve fiber layer, Age, Normal eyes

1 # =

T, AF =7 L —HF—HKF1) A —4% (Nerve Fi-
ber Analyzer, NFA) OfERIZ L D, AEERIRIZE U 5l
P FRERMERE I (L F, RNFLT) % & 809, & A2 sE 3
HZEAMREL DY ZoMEFRBMEIERFTHS S
&P T WS, A, REEEH VoM
AT, BRSNS e LT R, T o 4 e e FL S (FL
9 BB RNFLT 25 2L 6 o figis#ii 2 3 &
ZFOEIPRAT L% L, BRI bR M1 =R
ARG L ARRDOFE RSB O TV H201979,

1995 4, Chi 5MEINFA # v T, HAR AR @ 1.5 4L
EOFLHEHEAY » 7 LT RNFLT Z il L, It
WRNFLT 28 EICIE# b2 & 28 L2 8H,
NFA 2 & A% Ti 1.5,1.75,2. 0 FLEAEE &= &%, 2L
Sl & LMo EEOLEED ) ¥ 7 EIZBWT
RNFLT 25l SN 5%, ZOHE, FLBHO K Z SRk
LIEBIR T OB OB, JLEBI 5D Y 7 ETO
FEBEAER L IR B 2 LI A .RNFLT 1%, K& %
L AATAIRTRAEIL L )RRV THIEZINLRE
AV KERAED NS LAED BB, S —E
OB DAL THE SN EREPIIOVTIEimA D

BURIGE R © 951-8122  FrBRHE T URT G 1757  #ril KFDA PR Ak 3 AR Sk

CER9 49 A 25 HZA, FH 10 4 1 H 23 HoET=8)
Reprint requests to: Shigeo Funaki, M.D.

Department of Ophthalmology, Niigata University School of Medicine.

1-757 Asahimachi-dori, Niigata-shi, Niigata-ken 951-8122. Japan
(Received September 25, 1997 and accepted in revised form January 23, 1998)



384

el Fe 413 1. 75 FLEHAOILHB M) » 7 (1.75 2L
PR > o) b, B X UM N ) & Ak ) o FLUARE D &
DHHEAEEH LT 0.8 mm OFLEE B 1) > 7 (0.8 mm
V7)) Lo2o0 8 % 5 5 TRNFLT 2l & L,
RNFLT &AE#D MBI o, WAL £ 22 RI2wT
M L 7.

I &b L0k

A G IR 60 1 120 WET, BE 31 B 62 ML, Ltk 29 H1
58 Cd . 4F i I 23~75 3%, - Y 4E Wi (X 48.4+16.2
(R IR A7) WK T, 20~70 fCE THAEMC L & 101 20 R
TOTHL HREITRXTHEET, MAEOHM & ZHIC
DOWTA Y T74+—ALF -0y 2 B-BIIRES
T‘:"o Al 1 (/2T O -4 & i 1 Pl SV I"O)EfﬁF iz LCw
. BEIRA, R 7 & 04 R & 3o 3, IR IS
hﬁ.m&“«éu Bid % < BRE#E 0.8 BLE. JEHEMY
MRIERF(CT - 50, b 772 »30) % v TllE L 22 IRE A%
21 mmHg ELF. 2y > 7 ) — L8 & (Humphrey Instru-
ments, KENIZ X 2 A& (R0 24-28H 201330270
7T L) FZ T, BAEA LAY 20% BLT, 5 6Pk, (B At
Vgt e b 25% LLIA T, glaucoma hemifield test 7% out-
side normal limits T7% <, mean deviation, pattern stan-
dard deviation 2%\ b p=5%. 491 o i A7l (A5 Ek
T BE 2D @ 413 —0. 85+ 1. 58 (—4. 75~2.25) D, IRIE 13
}1915.4%2.4(11~21) mmHg. mean deviation (&)
—0.07%x1.50(—3.22~2.50) dB, corrected pattern
standard deviation (& *F* ¥ 1.010. 74(0. 00~3. 48) dB
Thol:.

RNFLT ®ills£x NFA (version 2.1.15 alpha, Laser
Diagnostic Technologies I, K[E) & Hl v THr - 7z, A%
O AN 2 AL A O FEMIE B IC s STy
IS PNFL B2 A L TEB O WL —
B — DN A 3 S BRI D R e B 2 S O RS
L 5.2 20 ol B @ s v (3 RNFLT & #
Pl4 52 A6, NFA TIEEHMEO@BHED@E I X
Lm0 ZE LA T2 Z 125 H,RNFLT % il
ES A NFA X, WG, G4 g, /B CICER,
et 2 A7+ 2 BT L —F— LA R MRIE T d
SHOERELTHETSOm DEHRN T A+ —FL —
P—% v, i e TEM S Mz mE L — = e
BREICHEE Sh, AFr=rya=y b TEESLS. R
BEA S DORSIRE — A AT v & — CHREHE L 58 =
L, i RS R &, DGR B & ORI )
BERTVIMLENLER N F N a Vo —F—

A SR R OHT ISV S5, B X B GO
SERHE AU AR IS X D Rgs 2 5.

FEBEOWE TIPS 2 R TBO R IZ M 5 &, it T
[T & [ 22 5. #ife & OBEfLEHP Ye Iz L — —
T HER A AT = ¥ — THERR L At g L,

FIE .Llul. 102 % 65‘;'

74— A A& UG % s U2, e 2479 . 77—
Z WAE S, 256 % 256 WA THEW S 112 KRBBLTHib
W, bRTT7 49 7 5Wige LTHEREND. BREHIL
I IZE BT AN & e Ltk BRI PEO — %
DEDOFEMNE EO RNFLT 232 ¥ Ea—%—2k-TH
BMICRIE S D, A Wi L7z NFA T2, dual detec-
tion system Z #3452 & (2 X 0 WREEGREE AT E B

LR, LidoT, THEUFID/N—Y a YO NFA &
AT, HEMoOBREE XD lbsg5Z LA TE LI
HEPED B

0 NFA IZ X ZWAEE, §XTH-RET, I
W e, FLB A L& Lzmifg 15 BETHr - 72, &l &
b3mF2MEL, HEONZ3OOMEEH WTIERL
7z baseline image % AT IZ v 72, Baseline image 125
175 RNFLT %o deviation average 1Z42%T 8 um
DFT® 5. 1.7 ALBEOFLIEMA Y >~ 7 (1. 75 FLERE
V7)), B IO T & KT )5 O FLEER A © OB
P LT 0.8 mm OFLFHMY) » 7 (0.8 mm ) ¥ ¥)
D2ODRAEB) Y7 EIZBTAEEE LM, FMW, T
fl, S AUFERAIEY (% 90 KE) @ RNFLT O F-#fifi & % 4 ll5E
LMW Y ZiH: wdFhd 10FK).T4H5,0.8mm
) ¥ 7 O L KPR PR, FLE o T
FEEARPLEEOTFHELD 0.8 mm KE3 W kiZh b
Ph b oo el 4% & R 2R 0 5 12, Bengtsson 570
AAMH L, IRERAC & 0 R5Ea0E L2 1047 - 72 LI
Wllfga 60 » 7Tl 2MIECRSRETD L,
Hi ) 15 BEOME MR LA 6 ) v YAkl Bl fEtE %
ZREL, 50 0.8 mm &9 e S R ’iﬁif\’Lt.
il 5= @ Jll % (21X Echo Scan US-1600(= 7 » 7 #1)

Wiz, et o[ Eh o i 23,9141, 02(21. 54~27.
17)mm T - 7.

F 9, K560 Bl FIEBI A5 | IR% MEFEA (2RI L 7
60 I v T, 25, A, 54, 7|l & o> RNFLT
EEIME & AE e & OB BEAR % feid L 72. KIS, IERIRIC B
T A/ S, R A v o 2 B SR A SR L
72 RNFLT @A 2 v ik 4 L 72 & @ Tjon-Fo-
Sang 5"D i EEE L L, W, B4+ 520
RNFLT @O ¥ (AP, RNFLT k) 258 L, 2ol
LA & OMIBIZ oW T B L7z 612, [W-Eflic
BT, M#HIZ & 5 RNFLT O Pl Ebo %%
a3 5 72012, A AT RNFLT O FX{l 0 7% O #i
i/ /e il RNFLT O o b (LLF, RNFLT &% fH
/TR EAERORBII O WT L BET L AL Rk
fillto> RNFLT Ko7 o fixHifi/ A4l o> RNFLT o
T O (BUF, RNFLT e i 4 2/ ¥) L 4w L o
MBZ>WT H R L 72,

FH B AR 2L S (R T K 0 % H v, p<0. 05 %%
EHEIAEE L, p<0.1 2 mdhh) & L1,



ERC104E6 H 10 [

1) B = o+

175 FLEATE ) > &7 & FLEi A & oo Bk (il e )y |n) &
A ) B @ ) 1% ¥ 0.62410.08 mm T, — 4,0.8
mm Y ¥ 73 LTS 12 WIEOKE ST
o7 .75 FLEEE Y 7 Lo RNFLT @ F¥1ii i, 4
J8C 62.512.5 um, - T 78.3+17. 8 um, H ] T 39.
9£8.4um, F Ml T 80.0%16.4 um, & #ll T51.6+12.7
um TdH-72.0.8mm ") ¥ 7 |-® RNFLT O FHfix 4
J§ T 46.7+9.8 pm, Ll T 58.5=13. 9 um, H 1l T 29.8
+6.4 um, F0T59.4512.4 um, H fll T38.4+9.8 um
THhot.

HIL il B & 425 0 RNFLT o F ¥4 & o H B 4R 50,
1.75 FLEE) » 7 Ti2 0.138(p=0.293),0.8mm V) >
Tl 0.162(p=0.216) TdH Y, MPidl CEMERIER) & 4
J& @ RNFLT O ¥t & oM IR & 1. 75 FLE R ) »
7 T i2—0.147 (p=0.262),0.8 mm ") ¥ ¥ Tix—0. 152
(p=0.246) L WTFh LA HLHIMZED LD - 72,

4 11242 o RNFLT o ¥l & 4R L o HIE B4R =
AT MBI R BT 1,75 AU Y 7 Tld—0. 103 (p=0.
434),0.8 mm ') ¥ 7 Ti3—0. 106 (p=0.420) T, W §Fh d
AEGHREASN2d -7 B, H0, T, 5o
RNFLT O E¥E & E R OB BAR L £ 11257
1.75 $L¥E ) » 7 £ 0.8 mm V) ¥ ¥ O # T, RNFLT
O ITOF DI BT HER & A TICHIB L
o,

¥l 2 (= RNFLT e & fFs & oM % 774, 1. 75 L%
V7 E0.8mm ) ¥ FOMi#EIZH VT RNFLT o
WM 1.2320.12 THh - 7o MRS EE 1. 75 2L TR )
¥ 7 TlE—0.333(p=0.009),0.8 mm Y > # TiZ—0. 370
(p=0.004) &390 S G AE ) 475 72 RNFLT kb ook

A
100 =
m]
90 ]
—_ (m] a
g g O u] o
= Oo o o
]
04 A
2 ° 3.8
(5]
LES @40 o
H a o u]
0 o EP (m =]
50 e
a o =S o
El DD
0 T T T T T 1
20 30 40 50 60 70 80
M (7%)

I oD AN A FE RHE RIS - A A 385

£ FR(X) & LB, B, TR, S0 0BEmEES
£ EZ (RNFLT) (Y) & O4EBIRAE

1.75 3LEAEY » 7
(n = 60)

Ml R =-0.078(P = 0.554) = 0.055(P = 0.676)
Y = - 0.085X + 82.382 Y =— 0.047X + 60.762

0.8 mm ') ¥ ¥
(n = 60)

Hfl R=-0.152(P = 0.247) R =— 0.154(P = 0. 240)
Y =-0.078X + 43.655 Y = - 0.061X + 32.708
Ffl R =-0.207(P =0.113) R =- 0.210(P = 0.108)
Y =-0.210X + 90.203 Y =— 0.161X + 67.166
S R = 0.053(P = 0.688) R == 0.061(P = 0.643)

Y = 0.041X + 49.632 Y =—0.037X + 36.633

e B o MR B O, 1. 75 FLEEEY 7 0.8
mm ') ¥ 7 ORI TAH E#EZA SR d - 72 (p=0.818).

[ 3 (2 RNFLT @A/ V) & i & O BFRICo W
TRd.1.75 FLUTE Y > 7 o4 RNFLT O F¥ED
Fidi A3 ¥4 8.0+5. 7 pum, RNFLT @A 42/ T3 °F
¥70.14+0.10 T,0.8 mm V) ¥ ¥ 1. RNFLT o ‘F-X{i
DIEAZER T 6.544. 2 um, RNFLT DA 4%/ F¥ik
FH10.1520.10 Th - 72 AHEREUE 1,75 FLEEY ~
Y Tix 0.247(p=0.057),0.8 mm ') > 7 T3 0.234(p=
0.072) L WFh b IIEsIZHEV, RNFLT @ kL4752 TH 0
Bt & R 7. M BIAR B oMl I, 1. 75 FLEATE Y » &
E0.8mm ) Y OB THEEEIALGN LD - 72 (p=
0.944) .

[4 4 1= RNFLT o424/ F L Ewh & oMM %2R
F.1.75FLUE ) > 7 L O RNFLT Lo A A2
0.1370. 09, RNFLT o /i 4372/ F413 78 0. 1020, 07
T,0.8mm ') ¥ ¥ @ RNFLT ka4 213 F0.13
+0. 10, RNFLT I o A 45 2/ F 3413 F 3 0. 11£0.08 T
Hol HMFEEE L7 FLEEY ¥ 7 T2 0.135(p=

B
80 —
[m]
70 a
m]
—_ a
£ 60— % ] EI:I.'I
S o o o
[,
= s04 Uy 4 Op = &
Z Wu_ﬁ__
o,
a
Jic) g oo
'Q'H -l-()—‘ o ﬁ (m] o o o
O = u}
30 =~ o DI:I
20 T T T T T 1
20 30 40 50 60 70 80
i (%)

1 55 (X) E £ROWRERRMESR (RNFLT) (Y) & OHBIRAE.
A:1L75FLBHE ) ¥ ¥.R=—0.103,P=0.434, Y = —0.079 X+66.383,n=60.B: 0.8 mm ') > #.R=—0.

106, P=0. 420, Y = —0. 064 X +49. 770, n=60.



386

A

1.6 W
1.5 = =]
m} ]

1.4 oo

m] 33 u]

éf 1.3 g O = "
o B == ol g
5 124 g O m 4 o
q:E O m
1< 0O o o @ %
m]
= o
09 T T T T T

T (%)

HIRZRE 102% 6%

B
567
15 o O
(o]
14 2
‘ o s .
a (e O a
]

RNFLTH
g m]
&
o)/ o
a
o
5 g

20 30 40 50 60 70 80

i (%)

2 EEB(X) & RNFLT Ee(Y) & DAARIBSFR.
A:1.75 1LE#E ) ¥ 7. R=—0.333,P=0.009, Y = —0. 002 X+1. 350, n=60. B: 0.8 mm ") > ¥.R=—0.370,

P=0.004, Y = —0. 003 X+ 1. 365, n=60.

A
05 =
(m]
P 04 o
H. m]
N o
H.]E' 03 . fia
ol 0 po % 1}
S 024 o O
= o o
= a m]
= oo
2 - o
0.1 - EF] =] W] %D
a g e e - = O
= U= e Bl ~ W O o
0 T T T T T 1
20 3 40 S0 60 70 80
IEES (%)

B
05+
O
ﬁ., 0.4 - O =
< @
E (m]
Hld 03 o
10 B O
1o o
g - EU[DD oo (m]
O
5 = oo o o
]
5 0.1 - m] O o o
o .B o O
o m O
og pg 0 ©
0 T T T T T 1
20 30 40 50 60 70 80
i (%)

3 FB(X) &, RNFLT OEHE/FH(Y) & O1EMEER.
.75 JLEAEE Y > & R=0. 247, P=0. 057, Y=0. 002 X+0. 063, n=60. B: 0.8 mm "} > #. R=0. 234, P=0. 072,

Al
Y=0.001 X-+0. 080, n=60.

0.304),0.8mm Y > 7 Tl20.143(p=0.276) L T
HELHMEZRD Do 7.

IV #

SR OME T, L7 SLEEY » 7L 0.8mm ) ¥ ¥
DWTHROEFEOWEIZB TS, B, T TRNFLT
O FEHEHRIE H W, B TH & v kol
gRomwnl H5 o ERBE oML 50, RER
B & Ol & 48 o RNFLT OB & oM, 1.75
ALY » 7,0.8mm Y ¥ FOWTF RO IO W E 2
BWTHARLMHBEZ RO Lo 7228, THiX Chi 5'D
WMEHRLAHT S,

B RE e 1, FLER A1 12, 4E R 4, 000~6. 723 At %

T5EWME 280, 72, NFA & w2 R RBGETHC
£ U, RNFLT O F#H T nimcfEvIE# L35 2 L8
W22 Twab. LA L, Repka 5213 8k 52 19 B i
24TV, G T b BLANEUE B 2R =D 2 (, Fil
& BUARRRARAME R O 2 13 R A PR A H 7o
2 HE L Twa, 40, RNFLT Ol & R e of
BICOWTHF LA EZ A, LLTBHEEY » 7L 0.8
mm Y ¥ OWTFROEMOMEICBWT L HERHE
MR il o7z L L, Chi 5NIIEE 75 1z
g E LTNFA # MW, 1.5 JLEHEOILHEEMY >~ 7 1
TRNFLT %% L, #2954 &% RNFLT O JE#
b EDEWME LTS, Chi b'"OWERHREHRLD
Bt o HEO EHIZH S 2 TR v, 5 ok



Ful 10 4 6 H 10 H 1 N 0 M RSPl et M B L - i A 387
A B
0.3 4 04 4
(=]

o o =] &
rdy n] X
i\ﬁ- o & 03 — El
Np2d4 O
# @ g i = o o
N P " h ;

(u] o 02 - ]
S 2 o O % g |H o o o
Ho14 OO B o o O
| o = o =]

[m] a o o ™
E i = oBo o 5 " O o "o o .
m® g o © oo = %%D 0 o
Om I:F‘ | o ﬁ o
o A O fa| ] [m] O o pe
0 T T T T T 1 0 T T T T + 1
20 30 40 50 60 70 80 20 30 10 50 60 70 80
EH (%) R ()

4 ZFE(X) &, RNFLT LeOEAZE/FH(Y) & OIERERE.
A 175 JLEHER Y » . R=0. 135, P=0. 304, Y=0.001 X+0.075,n=60. B: 0.8 mm Y ¥ % .R=0. 143, P=0. 276,

Y=0. 001 X+0. 076, n=60.

TIMEBI B D e h o DI HE R S v
PofzuHEEL H Y, S5HS SITEREE BN S &, R
HETI) TFETHS. Lo L, #50 NFA & vzt
TbMARBICH17 5 RNFLT OB X ZRIEHD & A
RENTWBHAPN L OFRTIE, FENRTHEES
§ 5% RNFLT OMER DI 52 XA HBIA X iz,
M= & 5 RNFLT OF EAIER AR Sl 220l
AEPEAD D & . BLAEERLMER L, B 2E 16~17 HI2# 3 1 70
HARDYE — 7 %k L, Z O, RN oA 12 fE
v, 2O, K 29 MEZIZTE 10 TARICE TRYT
LA, Z O i A ] 00 08 N A5 T e 0 R A o A1 44 %,
% OBARRMEROBAER OIZ > X D KIN & LT
EXRTWE™

], & 512, Tjon-Fo-Sang 6O # & T, IEWIRIZE
W /B, F /S E v o 72 RNFLT o Sl R
I L LS mmictbvesb L Tna Z LB
1L, 5l % 3# L L 7: RNFLT % 8 L, RNFLT ke
LA E OBRICOW TG L7 £ 0450, 1. 75 FLEI
B 7L 0.8mm ") ¥ ZOWTFHROEMOWEIZE
TH, EscPEv, IS RNFLT A5 L Twa 2 k
AR SN TR, BANIHT 24 o RNFLT t
FHITHIEICE D, ERAT S RNFLT O fk%EH
HHREEAE S/, 2tk 5 RNFLT oA &%
FHPRENLZLDOTHLEMEL TS, SO
A TIEIECLE ) SR O RNFLT O P54 54
AT A B Nl Ao 7%, T ISR, 560 o> RNFLT
LIMEIZ X WIEMALT B L OWMEDEH D, LId- T,
WM % JL#E X 4 5 RNFLT OO0 RIEIZoWTIR, 5
RS OICHRHPLETSH L. T2, RNFLT Ik & FEROH
PoOBEICHLT, .75 EE) 7L 0.8mm ) ¥ 7
D7 B AL O E BTG B R h o7z

AL, LBAEEY ¥ E08mmY) ¥ T,
RNFLT o2 b m o &+ eEz shi.

LR RNFLT (&, [/ E#I T H AL ENA B R,
Schuman S=FIEFIRIZ BT 2 AR o RNFLT o#]
K, AT 0.59 (p=0.003), BT 0.31 (p=0.15),
T 0.52(p=0.01), %l T 0.05(p=0.80) TH - 7= &
W L, Tjon-Fo-Sang 571 Efl/HM, 3 5 wid FH/
Gl © RNFLT @ F o A2 4 IR o # B AR B, & #
0.40,0.45 L T EEOHM L R S e d o7 L AL,
b AN oMEAERMEOMbOEICLE b0k
HEELTW5B, 40, &4 IX RNFLT 044 #%/FH L4
BZ 2V T OB bIT- 7225 1. 75 JLEE ) » 77 £ 0.8
mm Y ¥ FOVTIOFBMOMWMEIZB T D, IF i
9 RNFLT O /A7 O BRI A5520 Hh7z, Z o R
(&, IS PE ) RNFLT OFE#ELA AL TEL T L b FAE
THRVIREMEZ R T 545 L.75 JLHEY » 7 L 0.8
mmY ¥ ZOWTFROBEOBWEIIZE VT, RNFLT
ROEAZE/TFHEERHEDOMICIZAELZHMIZRED &
ol Ed b, S & 5 RNFLT ok 20%{ki
HEPTRLR L, FHRELIRAPLETHS.

HMigm& LT, HEMTORES2ERRHBHAEVLD
@, RNFLT (3 hnisi2 w3k b LTs 0, 1. 75 FLEHE )
»7,0.8mm ) ¥ ¥ O E R 2 5% 5 b RNFLT
12, ShGIEWIRICE T 2Lz RIZRFICERT &
Ezbhi.

X #
1) Weinreb RN, Dreher AW, Coleman A, Quigley
H, Shaw B, Reiter K : Histopathologic validation of
Fourier - ellipsometry measurements of retinal

nerve fiber layer thickness. Arch Ophthalmol 108 :
557—>560, 1990.



3)

5)

7)

9)

10)

11)

Weinreb RN, Shakiba S, Zangwill L : Scanning la-
ser polarimetry to measure the nerve fiber layer
of normal and glaucomatous eyes. Am ] Ophthal-
mol 119: 627—636, 1995.

Weinreb RN, Shakiba S, Sample PA, Shahrokni
S, van Horn S, Garden VS, et al: Association be-
tween quantitative nerve fiber layer measurement
and visual field loss in glaucoma. Am ] Ophthalmol
120:732—738, 1995.

Chi Q-M, Tomita G, Inazumi K, Hayakawa T,
Ido T, Kitazawa Y : Evaluation of the effect of ag-
ing on the retinal nerve fiber layer thickness using
scanning laser polarimetry. | Glaucoma 4:406—
413, 1995.

BAEE, P&, ROB— @ SR B0 28
FREFR R A R I & BT O BIR. H7: 5 LW IRE
13: 597599, 1996.

Niessen AGJE, van den Berg T]JTP, Langerhorst
CT, Greve EL:Retinal nerve fiber laver assess-
ment by scanning laser polarimetry and standard-
ized photography. Am ] Ophthalmol 121 : 484—493,
1996.

Tjon-Fo-Sang M], de Vries J, Lemij HG : Meas-
urement by nerve fiber analyzer of retinal nerve
fiber laver thickness in normal subjects and pa-
tients with ocular hypertension. Am ] Ophthalmol
122 : 220—227, 1996.

Junghardt A, Schmid MK, Schipper 1, Wild-
berger H, Seifert B:Reproducibility of the data
determined by scanning laser polarimetry. Graefes
Arch Clin Exp Ophthalmol 234 : 628—632, 1996.
Anton A, Zangwill L, Emdadi A, Weinreb RN:
Nerve fiber layer measurements with scanning la-
ser polarimetry in ocular hypertension. Arch Oph-
thalmol 115: 331—334, 1997.

Poinoosawmy D, Fontana L, Wu JX, Fitzke FW,
Hitchings RA : Variation of nerve fibre layer thick-
ness measurements with age and ethnicity by
scanning laser polarimetry. Br ] Ophthalmol 81:
350—354, 1997.

BHER, FHEL, ROB— | AREIRIC BT 58
B L Y I e A AE R L BRI 500 269—272,
1996.

BRER, FEREH, IROB—, AR | Gk
B1TF % high-pass resolution perimetry@®neural ca-
pacity & MR AR R I D B FR. Bz 5 LwHE
14 :423—425, 1997,

13)

15)

16)

17)

18)

24)

25)

HiRZEE 102% 6%
BHER FHES, ROB—, AT | N1
(2411 S high - pass resolution perimetry@neural ca-
pacity & #3155 #HE R I R 51:335—338,
1997.

Radius RL: Thickness of the retinal nerve fiber
layer in primate eyes. Arch Ophthalmol 98 : 1625—
1629, 1980.

Quigley HA, Addicks EM : Quantitative studies of
retinal nerve fiber laver defects. Arch Ophthalmol
100 : 807814, 1982.

Varma R, Skaf M, Barron E : Retinal nerve fiber
layer thickness in normal human eves. Ophthal-
mology 103:2114—2119, 1996.

Bengtsson B, Krakau CE: Correction of optic disc
measurements on fundus photographs. Graefes
Arch Clin Exp Ophthalmol 230 : 24—28, 1992.
Jonas JB, Schmidt AM, Muller-Bergh JA,
Schlotzer-Schrehardt UM, Naumann GOH:Hu-
man optic nerve fiber count and optic disc size. In-
vest Ophthalmol Vis Sci 33:2012—2018, 1992.
Mikelberg FS, Drance SM, Schulzer M, Yide-
giligne HM, Weis MM : The normal human optic
nerve. Axon count and axon diameter distribution.
Ophthalmology 96 : 1325—1328, 1989.

Balazsi AG, Rootman J, Drance SM, Shulzer M,
Douglas GR : The effect of age on the nerve fiber
population of the human optic nerve. Am ] Oph-
thalmol 97 : 760—766, 1984.

Johnson BM, Miao M, Sadun AA :Age-related
decline of human optic nerve axon populations.
Age 10:5—9, 1987.

Jonas JB, Muller-Bergh JA, Schlotzer-Schre-
hardt UM, Naumann GOI : Histomorphometry of
the human optic nerve. Invest Ophthalmol Vis Sci
31:736—744, 1990.

Repka MX, Quigley HA : The effect of age on nor-
mal human optic nerve fiber number and diame-
ter. Ophthalmology 96 : 26—32, 1989.

Provis JM, van Driel D, Billson FA, Russell P:
Human fetal optic nerve: Overproduction and eli-
mination of retinal axons during development. ]
Comp Neurol 238 : 92—100, 1985.

Schuman JS, Hee MR, Puliafito CA, Wong C,
Pedut-Kloizman T, Lin CP, et al:Quantification
of nerve fiber layer thickness in normal and glau-
comatous eyes using optical coherence tomogra-
phy. Arch Ophthalmol 113 : 586—596, 1995.




