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Optic Nerve Disorders
—The Experimental Models and The Clinical Findings—

Hiroshi Matsuzaki
Department of Ophthalmology, The Jikei University School of Medicine
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Abstract

The optic nerves in mammals do not regenerate, however, the optic nerves in bullfrogs (Rana
catesheiana) were able to regenerate even though the nerve was transected. Prior to this regenerat-
ing process, a rapid and transient increase of tubulin messenger RNA was observed in the retina. This
initial response of retinal ganglion cells to axotomy was very interesting as tubulin itself is related to
nerve proliferation and regeneration. Uric acid is thought to be an indicator of superoxide production
in the condition of ischemia. In animal experiments on ischemia, uric acid showed significant increases
in the optic nerve, but did not change in the retina. The optic nerve in mammals is considered to be
more susceptible to ischemia than the retina. Therefore, the difficulty in optic nerve regeneration was
suspected. Demyelination of the optic nerve can be produced experimentallly, but the etiology of
human retrobulbar neuritis (RBN) is still obscure. Ischemic optic neuropathy (ION) was caused by
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cytotoxic edema in combination with vasogenic edema and involving capillary damage in the optic
nerve. Therefore, this disorder should be considered to be a problem with various clinical signs and
symptoms. Traumatic optic neuropathy (TON) has been thought to be caused by optic canal fracture.
However, the main cause of TON must be the interstitial vasogenic edema in the intracanalicular
portion of the optic nerve due to contre-coup mechanisms by the indirect force. Pattern reversal VEP
in human optic neuropathy revealed that both the ION and TON groups indicated a low amplitude of
VEP compared with the RBN group. The RBN group showed a tendency towards prolonged latency
on VEP. The spectral sensitivities in optic nerve diseases were measured in order to examine the
opponent color processing. Although the spectral sensitivities for both the blue cone system and for
the red and green cone system were decreased, blue cone system was much more vulnerable in most
optic nerve diseases. With the visual field defects in optic neuropathy, central scotoma was most
frequent in RBN, and ION and TON showed quite high incidences of lower and upper defects
respectively. Since RBN included multiple sclerosis, prognosis of visual acuity for patients with RBN
showed a wide variation. Recovery from ION in the early stage was possible when the lesion was
limited to the secondary edematous area. However, prognosis was quite poor in the later stages. TON
showed quite good response in the early stages to therapy using steroids and hyperosmotic agents
obtaining excellent recovery of visual acuity. The steroid therapy was the main choice for optic nerve
disorders. Initial dose was quite high but the dosage was decreased rapidly with the total dose
amounting to between 1,500 and 3,000mg. This treatment is not recommended as long term therapy.
Optic neuropathy, especially TON, showed various recovery time courses for visual acuity. Therefore,
it is necessary to have at least a one year follow up program. (Acta Soc Ophthalmol Jpn 92: 27—56,
1988) :

Key words: optic nerve regeneration, experimental optic neuropathy, VEP, spectral sensitivity,
prognosis of optic neuropathy
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x1 YO MEMHEERICKTS VEP ol
HEk LEghtk
VEP METHOD
Stimulus
distance : 30cm
xenon discharge tube : 1.0 J
temporal frequency : 0.5 Hz
Record
time constant : 0.3 msec

band pass filter : 0~ 25 Hz
band reject filter : 50 Hz
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10 W mps, 3%

BApREREN D (10-a, —) A& bh, SRRSO THTEEN LR

BOFHEAFREXE L T35, CORENOEROE (LEEH Tk, WEKEOR

Echs (K0-b, —), ZhdEmtkHEMRECED TEMMOREGLELLID,

a: H-E#f, x20 b: H-E %5, X100
BI11-1 bR mpss, 1M
BREShAHEENTICRELAZLRS (R11-1a, *), HWEPNCIEIZL L cmEE s
V7, U vesERERGE LREMRE, BEIhCHRYEA LEWENE LTEA
TWh=27e7r -S4 bh (K11-1b, *), BEEICA S5 BEEIE O3k

BLs-TRD, RmOERMAFEOERMMEELORS,

VEP % HuTHiEH L 722929, RER A 6 (240 v R D WEEERAT R

KEAT, KEHE305, 604, 2 BRHED VEP ##lIE L (1) LPC E AR — itk B = 5 1

fo. BIMCAER L UGEHETEERLICRLE, #Bbh LPC # A% 1 AE# O Kliiver-Barrera 2 A ¢
72 VEP O ERBHENE Proo DIRIG & PR A R L 72, O, BE R A SR & LR A b e (]

2. REHR 9-13,



REFI635E 1 H108

a: H-E ¥vfa, x200

BLARREREE - 1R

3b—(35)
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Pioo latency(msec) Pioo amplitude (uV)

before 100.4 5.30
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12, Proo ERE X RERTT100. dmsec TH » 1o 43, EEEIZ
12135.8msec &£ AESR L, 2 R (R R R R K988
msec & EERFI & (3FF CRGEFCEITE L,

HEIMLC & b A U 7R RO BR R T 58 & e R i
Tidig\ 7o, 2 EHEBORRICIAE B (LE2ES
fedote, Lo L—Rmicid VEP O & 5
B0 50 o o By

3. E®

SEloEmREERERs T AFRCHLTES2ED
e b, LPCRRBAEAT A Z L1z X b et
CHRER A2 D2 EIRHES A, ARTORERE
BWELARHTH S, eBREHEELE L USRI
MALAE & DBE, Wb B B RS LiconT
bEDIERE LTHFLS EH 2B LIHETHE
DFEEFICOWTIMKARE L THBT5ICRELT
Moz,

MMEREEE LY 2 7 iy, MEMESRL, 7))
7THREAFIEL, MAE LRI CBEZRRE TR D, N
O, < BB, i LA Y E T D H R

BERTV A2 §f - €, fMEEEINAHOSS
&R FRRE L B LT B 2 LIXE S
CHEIRD,

Klatzo®® (3 477 [ 7 1 i fd B 1 oo i e 1o & & i
SiFIET H 5 vasogenic edema & MK D B - X
AHHAlEAEFECH 5 cytotoxic edema L5 E L 7z,
FHEMERTEIE L Z @ vasogenic edema (2414 L, JEIM
PERIERECE R UL eytotoxic  edema DFRHET, &ic
vasogenic edema 23 Ik I B L E L BTV, £
ToMEEEICH LT AT v A F F o 805 i 4 B
f# L b 4 vasogenic edema T# % H{EM: B IE = H
BTH B EvR T B339,

HER&EE 92% 1%

— before

—— 30 min.

—— B0 min.

——— 2 weeks

Hs<<s

S5uV

T T T T
100 200 300 400 (msec)

13 #r o HRERHBEREIC ST S VEP ©
J5E T

vasogenic edema I F{%3HE | MBI A |

extracellular edema

SR b T B “ischemic edema
BBB MRz L5 i cytotoxic edema
EMm A K +

M3 EE (miES) 2
cytotoxic edema iR T

intracellular edema
HanEE

vasogenic edema
HERORKIZLD
ERREESR

i 1 40 AR R AE
HEEROKFEF DL

BA14  Redidid & 8 Rl oo B

SEOEMRESE FAL TR, RMZERTSHL5
CAME R R B 55 1 B MR I o 5 TR
LR, MRAEFEAYE L T h, it s g
F4 T Ve o P e R & R BRI RN A T A -
e,

S EE LT v oETLREETS
O TERKRINICIE S - £ SN0 55 RS LE L b
ha, MMEHENEREIASRETEIVERTSH S
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EEhTELR, BRHOFEBRE < MEESN DD
7= ¥ ¥ 4% ¥ % contre-coup mechanism iz X %
vasogenic edema AERTH B EELbhl, Zhb
ORI TH ECEELBEXE LTV
BEz 5,

(HEEAMRE  kHER, A8—F, KAKFKE, X%H
=, #a—it, MEHIE, EFHX, RKPhE, FENE,
ERER, SHEET, BARD XHH—, #EAF, B
BB, MESRF, RlIig— =€t SRET, =5
#F)

IV B SRR & OBk

RAFEEBOBEKIERS X X ORFEIC W TIE
BHTEFETHAH, SERLTORENRERTH HERE
BAESk, BOMEGGEE ASERMERED 3>
EELTE D B,

205 bAMEN R EREEIENE, ik L URK
fl, BEDRELEBBLIEZRYE oo B
B8l MR MEERREREbhic L 5 P
BRERBDROMAZEDC LT LTEDTEHEMELDH A
ZEMTE S hic, BRERMERCOVTIREL 1D
B, W8k Lm0 TH L OENSH 55999, LJ|
TE5LEBHBEIC L B ETH LD Je AT HR
t_ltﬁ,ftﬁ k @Eggml)*loﬁ)’ %tﬂt &1—6 i_) g)]D?)—-]lD)' ﬁe
BB T ET LD URBITFLRE, &
hETcrolEE>WTEENRFRTLATETY
5, TITRETOABPIBAPEERXITH ZLILH
BCikicw, $ERGEAEA L hbokEED VEP
DE(L, BREAEONRE X UHEER, R0k
BlibPIERic >0 THUTOX It E LT,

L LEEEEEROE KA L LT LORBOE
Pk B HTIIRE S Tuviey, 2h SR,
BRECREROFEL TR, BETTICRER
EHw Lo0ob b REFENT 7o —F, TFEHFED
HERIGH, BRET LESEET O X 5 REBO RS,
EHREREOHEL, RETFHRERESHECLERD
Hi 5,

VSRR B OB SR

HAREBORAEFREME (VEP) ko Ti&<
@ﬁ%:;j’,;* 2 ) 114:-130.
SEEHMREED 5 bo Fieh i) 2 HRER R
(RBN), mHMmPEMERE (JON) & L OSHEH R
BHRMERE (TON) KGO VEP BIL, E

MR - Lk

39—(39

3 HEFIZITH VEP ORIk & &
VEP METHOD

Stimulus
TV pattern stimulator (Creact TPS-7300)
visual angle : 10 degree
spatial frequency :0.5, 1.0, 2.0, cycles/degree
mean luminance : 100 cd/m*
contrast : 50 %
temporal frequency : 0.5 Hz

Record
time constant : 0.3 sec
band pass filter : 0~ 25 Hz
bond reject filter : 50 Hz
Averager (Sanef signal processor 7T17)
recording duration : 204.8 msec
averaging : 32 times

EHT ST 28R L UEAFOE IO TDR
5.

VEP BIZDBERERELY b e h =4 FITTHE
#, Bf4mm o A nELE v, TV EE L b 74cm @
PREE i CHEmEmR R o B E A R B St BMSEES
I URSHEFER 3 wRT, HEHEE TV EEEo
I EEF AR R L, BRI R
TRELR, BRE0-205EcES2HERY Oz
L, THEEAER I, BWEBYHREFL, =
AR #120.5, 1.0, 2.0c/d » 3EETRZEIOME %
T otc, 18507 Transient VEP D P, HEHs
LiRiE A R L7,

1. BREF#HEL (RBN), RMmMRSEE (ION),
SHBMER1GIZIEE (TON) 0B EHICH(175 VEP &
{3

1) RBN ElEfio VEP flEfE%R15-1 1R, k£
EoRIE, THSCERYRT. Ei, aicERE
OFH LERFERLRL, OEM, @R EMTHS,
bz BRI SR A B\l 4 DEEERRT, 20
HMo a)lcEEh s EAE BT, Rigs L OHEET
I EEOEHAER L EROER Lo, BO
PR LEEAZ TR, RBCRWTTRTOERA
BEHRTHEBEZR A LI, BRICR\ - T0.5¢/d T
l4msec, 1.0&2.0c/d THi8msec DEND A BT,

2) ION REEfio VEP MIEExK15-2 iwmd, &
RAEFAIEEALTH A, Mo a)icmdh s EHE
E\T, RIECIX0.5¢/d CE T2 & 6h, 1.0c/d T
ETFTT5EAADD, 2.0c/d TRERZRZ LRI
fo, WRHTROCThOTFHRAER CLHEEOERLD
hich o, O bcRLicERDLE TR, RIBIZ
F$\T0.5L1.0c/d DZERAER TENLF5VIE
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TLTEh, BRIk TE, FhboZlERic
AREZRXL BRI o7, 2.0c/d ek 255G ER
ERRETH -7,

3) TON EE#fio VEP BIEExH15- 3 wrd, &
THEIHRERA L TH S, RO a)iciEh b EHE
CEWT, RIECE3EEOZEE BN L L BANME
TTaEEIFELEVEEOELMHE I -
o, BRFCRWThoZRARNCLEEDEIRE
Lich iz, BobicrLicERLE TR, EiEicks
WTTRTOEMAER TEMUI HTVETLTE
h, MERFICELVTIR0.5¢/d THI12msec DEFLA KL
NBOHT, MOEHBAEE CREEDERXLLRE
iEECY ol

Tl bEHIEI VT TON ©BAlOREIME
THaER AR BRI, VEP O AZDRD EEb
hAHRETHBELEMIFELh-R, LL, B
2 HEAOZEZ STk RBN TEEOE R 5
#m L, ION & TON CiRIEQOE T+ 5@EAEXRL
fe. ¥f:, TON @I\ -TH#REA0.5¢/d DATERET
B % St

2. RBN & TON 251 5 VEP 0#i8

RBN 3 R0 B A o VEP @ iR i & k% X
16- 11z, TON 4 [EoEI{E:EED VEP ORIE & Bk
#R16-2 iR T, 16-1, 2 & FRICER/BECE
WRtb%, TRica#ERzE (BR—EBR 251, 73
7 ORI R L b O A ER L7, RBN 0iRiEH
(BIR/EER) Tl (RE HETETH -
= VEP #RiE s S22 A 38 (0.25~0.5¢/d) X b ies
TE5X51cieh, BWEFRIICIIRIERL).5~0.84
th, LB DI SN TEBEBLEAE s
faE %51, RBN 0%k < 4 Aftic, 2ihciys
THETH » - VEP BRI RHE T & b (K2R EE
#1(0.25~0.5¢/d)® VEP #5348 X h, 10msec~40
msec DEFHENZDH LI, ELEEENDED
hT VEP O#EREZ o kb @E% = L, TON
TIREHICIHETRETSH -7 VEP B3ZEER K
B CEZEM AR (0.25~0.5¢/d) TR\BTEHLD
iz ote, WRBLEE 25 LRI DIC2h TIRIEE
OERZTRTH, 1IREYOL FIRELA0.5TFTH -
T, BERFER L5 & RBIFH30~50msec O B E AR
LTwicdh o, Rt oh THRERNE L
LB AE R LI,

T 75 RBN, TON @ ¥ 54 Az VEP
PHIEARRETH - 7o b DHFERE I » A CIEME

BlE&EE 2% 15

(RBN)
5 (O unaffected @ affected) ( ® affected — unaffected) -
s ]
{' Ty 4 b YRR
0 -15
200 30
E 150 i
E wl @ ¢ 5 % ¢ {ii: 0
L 10 20 05 10 20 -
a) b)

spatial frequency (cycles/degree)

E15-1 RBN @ VEP. E¥ 4 [ {RIE, TEo: %
By, Ml RREFH, OM &#E, O BRE
H B EEA0ZE (ER—EAD

(1oN)

(O unaffected @ affected) (@ affected — unaffected)

I T

~
=
en

amplitude (/A
=

| O [ e T
=)

200 30
3 i
£ 1501 = 4
g 5 0O i " %{- 0
=100 B
1 1 1 1 1 1 -
i T 10 20 05 10 20 -
a)

b)
spatial frequency (cycles/degree)
(15-2 ION @ VEP. #RAEEEIS- 1z L

(TON)

(O unaffected @ affected) (® affected — unaffected)

g :15
o h {h % P { ________ - .,_w
EFUARSTS:

0.5 10 20 0.5 1.1; 20
) b
.:palial frequency (cycles/degree)
®15-3 TON @ VEP. ZRAEIEMI5- 1 2F T
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RBN TON

1.0 Amplitude(A): Alaffecte Amplitude(A): Alaffected eye) / Alunaffected eye)

S 1,07
E.M ©0.5 cycles/degree
S.8 WM ©1.0 cycles/degree
5.5 i ®2.0 cycles/degree
8.5
Kk
K.K

0.5 K.K 0.57

S.N o‘__i__‘i
E.M. T.K.o /
M.A.
T T T T T —
T T T | T 1 1 z 3 i 5 6 (month)
1 2 5 4 5 & (menth)
Amiec) Latency(L): L(offected eve) - L{unaff
(msec) Latency{L}: Llaffected eye) - L(unoffected eye) 50 - WM. e mOfieEid ee)
= E.M,

% E.M, ©0.,5 cycles/degree
©0.5 cycles/degree ©1.0 cycles/degree
©1.0 cycles/degree 40 1 Tk, © 2.0 cycles/dearee

47 EM * 2.0 cycles/degree

5.5, 30 - S M.A,
30 1 8.5, \
0 4
88 2
20
10
ol Gill 7
55 T T T T 1
o 1 2 3 4 5 & (month)
T v T T T 1 N = .
1 2 3 4 5 6 (month) [16-2 TON @ VEP #::8K, R E%EIRX16-1 &
E16-1 RBN © VEP @@, LB : ik (BER/ mL

BEAR), TR #EiFE (BR—EE), HEaRRL
h o AR

HIVEEUEL A L3FERAEELTECLD
LT 2 1o, IRIBOFER S 5 RBN 0RIGH130.514
EeHsoreR L, TON TIREZHEH6» H2EBL
TH0.5LLFThbh, bz ko TON oEiE: RBN
W LT/ EL b EEE R L, BRIk LTIk
RBN, TON 0 &¥H 608 EICE W THERN -2
DR THEHROENDERE L T L AEAEXED L,

3. R

1 BEE#o VEP

EHEIC I\ Tk TON CEMDORIBIME T 5
mhmbh B, VEP DEAZED-» L BEbh biEE
THERERAIZA LR o7, Bl EAoZECR
RBN T#EROEh AfHA %7 L, ION & TON CiE
EOE T3 5 EEZxR L.

2) #:@o VEP Z{L

RBN, TON @ &% 5 & @tE#iciz VEP 23 E A
BEThofc b OXFHRER» B oEEHEREKL b
BOTEE L 72 B & LERAEEBRETH D L0 L HM

T¥i, #RIEICHSVTIE RBN ORIEL 2 HEHIE -
fHmTHsorenl, TON TERZEE6 » AxHEAR
LTHEVERR L HR, X5z TON #EEi: RBN
hE L ThEWEEERLLE BRIV TR
RBN, TON @ &% 5088 T &R 21
SN TERFOELRNOE T AEEAZRL 2.
(FAWFRE  AE—E, NIH=, XF {, FEMNE,
|ERTHAE, Kursh)

VI SfEREOBE

—RiICERAEAEERE IEHRTIBEEIC I A LR
HEERHEO A2 - IZE LT, FRRYE I FERE
L KBl E R, b3 Koellner (1912)'39' > Efl 3
X U Verriest O P98z 5%, BEEBTRE
HAE, SiNREECRARRAEYETALEATL
5,

Lo Liedib, BREAERECSVW TR 1EED
$EED LR, HAHEVCRBEIIIEETHLFER L UK
FrvArAD5b—RBIRCEEERS L5 X
DL LAZhLARAMCEEILL Z LA HZ S
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%, &L IR ARERIZEWTIE Koellner RN
LTEEREOMSFIRET HC L0, Sifick
WTH L1200 2 Pl HFERE N L bhicZ &1, £ &
LCEEHcEREELAbh - W Y okE
BREIRATVE, ELAMERBECEVTIL
Farnsworth-Munsell 100 hue test (F-M 100 hue test)
OBEOESIMEL, £BEMHCH Y BRT 5 MHEENIC
HH, rORREBOXTSVIEEEELE2RFOF
S5 L5 kEMRFEOTHEEH L YOHE D
BB, CoLHCHMHEERCK T BRIk
REDA A2 —vEBETHLARLL W EEHEA
THkbh, KEIUOIEHREEE CRXHoCERYE
FEHAFKGEEHICERSBEL, DNUICERRERGRE
WHBLbhBERRLTVS, LicdisT, HAHE
BEZHCTHREF v v 2 ADNTURMICEE SR 5 b
LR D HEERM A TH S,

F TS BT MEE BRI B ARG EOEE
BEcowTHETLAIEXEMLEL, FELTAEE
HFRECET 2 0XBENEC L > TR OIS HH#RE
FORIG & R AT RE OB EREIC VTR L
fe,

1. EBHE

HEAEERTFEH 20 0RE  BEXCHALE
T, ERFEM%200msec & L, A8 ETHS XN
1,000 photopic trolands @ [ &R B o h R 2
RE R (FLT), B EKR2E10nm R THE400
nm 2 5700nm ¥ TE L, EFERCOWTSET M
ERZExMTL, TOFHEZREEE L.

R R IR DB B £ O Goldmann L EFEHiIc X b &
HEFrAlET s L& bic, BHETIRELLT
panel D-15 test, desaturated panel D-15 test 7z & O°
i~ F-M 100 hue test i 2\ T#ZFE L7z, F-M 100 hue
test DRERILBRZE SR & &S CHERAWRE OILE O
FrEonc & b, EARRRS S Bk B ounw TR
L,

E B E G U T Nagel 12! anomaloscope
(Schmidt Haensch #) 1= X » Rayleigh 5% % #IE L
1e.

2. mEHR

1) E¥®E

¥, AK. IO TO 0241201, @ERL
e b e DALz oW, BREERTFICE
FHORBRERELXRBT LA, RIBOER K L UHR
BNERFhOERTH 5, B (wave-number)

HIR&EE R2% 15

——

BREXDN) HRAE
E&400nm~700nm
SRR 200msec

ERH( #RAE
HE
1000 photopic trolands
M7 $£8BAE% . AeFRFCET 5 SERECHE
S

em T, T BURE (log test sensitivity) #
photons-1 sec deg 2 THRR L7z, WHRE L b ITHL
W oRE (O HESoREREIc—FHI
DAL 5 B (@ED), 108 (O kX U15E (@
) ofREFhEhD,») 2T 5 La$Esr
TOTHEBEERTRLE, ROt RE
WIEEEE L L IEEREE430nm 7 5 012530nm
E6lnm ey — 27 %845 3D 2 —-vE
2L, kot E—HTrER3 BT, Hbo
55213 Thornton & Pugh"®ic X - THRIE & hicardk
SIE £ 7 A | P590(A)-kP570(A) | iwk\ T k=
14k Lict 2oBERMBTHS, 22 TP %
U P570 (1) i E hEhidsklhis b O iRsfEE o 5
SREERETH D, Smith & Pokorny 1= X 2 {E %
Lic, MEREORAME L $cBRMR L 145
N, FEE»LRERORESE G R#ERS L OR#
kb OBXMNIIGE DB THAMETH - 2. —7A,
HERA LB TSI Lichy, ELLTR
BEREROREVMETL, FERIZIEECHYTS 2
DDREEOIAER A AR b, ROAAI15E
EEWTRELICHEHAL, FER»BRERER TR
1D 2 — B b Lic, LasLichih, Fk
FORIGTH HEHERMORE O IR LARIZ S
WT b BRI ERD B,
HUEDHERNSHLEAOTSHFOLATEEL TV
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=
-

=~
T

|
T

On”ono /o’w\onm ?'
0,0 I
2 .e e‘
%%y )y
.

7 It % 7
s : . "...-.“'.-'- \55 Fovea ]
o 3 T 8
g o ﬂa oo 000 woOﬂnq%n -. g
2Nf ° Lece, v 2 T}
:- * .n -.......'- & :
= 1k b = 17k
% 12 . Y QD 10 E 12
5 ), © <
- L2 ez
2 &) o g g 13
2 AK. s g
= 14} & — 14

5} sk

1 1 il L 1 L
25000 20000 15000 25000 20000 15000
Wave-number (cm™'] Wave-number (cm™']

18 E#¥#EAK (ER) IUTO. (BXR) oBtERTFIcks) s 5ERE. M
FHERE L b Ich LT OME (O ARtho RERE ) ic—F 28, FoA5E (@
B, 108 (OHD) 3 X 715K (@H) oER2ZThTh | EELTOTHICBE
2RCRELE. BdhoEE ARG IGE € 74 | P540 (1) -kP570 (1) | (Thor-
nton & Pugh, 1983) 2k \T, k=1.4¢& Lict BRI TH S,

ER E. M. 27® Xi

RAER

Diagnosis

i3as
oy Vaso ¥R G B
Relat intens, b /num.wm.
Wda 32 1 / bda 32 v
Bt 0
i 225 318 i
U, i i
S _{w]
FA] v
H H
8Lv 8 VF

V.S.=1.5 (n.c.) V.D.=1.2 (n.c.)

B19-1 fEF 1 (EM) | AREEERC BT HHE, GRFROR /21y 72 —
kYR RED,
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RIGHT EYE LEFT EYE
PANEL D-15 TEST

DESATURATED
PANEL D-15 TEST .

100-HUE TEST

TOTAL ERROR SCORE : 364
DRIENTATION RAX1S i 404 ORIENTATION RAXIS i 40.4
DEGREE OF POLARITY : .393 OEGREE OF POLARITY : 374

TOTAL ERROR SCORE : BO

H19-2 fEM] (EM) o A FI#RE, 4R
(#HE) @ panel D-15 test (LB 23\ T minor
error, desaturated panel D-15 test (FhB:) Ttk
il b FE#ORASEET IEERH I
£ —v%&EL, F-M 100 hue test (FE) 11T
VERIRZE 5364, BMEOES120.399, AEER
4.04THbh, FHEEFEORR LHE S R,

LM RIS VT b H RO RIT OB LT e
ThHZ EXHERLL.

2) HAEREER

SE, SEREEICOVTHEE LRaRES 6 flo
5 BARES 2 flicon Tk~ B,

EEFIL P EM., 27k, ok, GRS

SXERERCETAE DR V.D.=1.2 (nc), V.
S.=1.5(n.c) & BRFEFHECEEL T 7o, BEF
BETRARER ORI RBIR2A Y T E—ITL D
RE s A Shts (319-1),

X19- 2 BMEfEFIEEOKETH S, HHlIcFE L1
BT EAERTIBE L bcEE R bRE
WA, FEMlcFER LI AR T, panel D-15 test (-
B) 123s\~T, minor error, desaturated panel D-15
test (FREY) TlLifd s b I FHEORR 2 EE T

HIR&E 92% 15

E.M.

s Tk
HW
L3
= -
4 B+ o % e ...l.
j w0 L _—
e o ° oe
c ‘= o
o 9F ° .
2= ]
£ o
| oe

10
e o
=
= 1r
1%
z
L
7
- IZ2F oRIGHT EYE
0
= ®LEFT EYE
8 13
3

1 it 1
25000 20000 15000

WAVE-NUMBER (cm™)

B919-3 fEF 1 (EM.) o B EaEFRTFICT 5 56

E. Gk (OM) RER (@) LhKLT2EE
B VREEMETL, L CEERHABTE
Behbh, FHEEROFIGERIML T,

E. M.
= Tk
-‘D
-
—— . .
2 B o o * ;03.88
“ a o e . ° .
- o 8 .
S
- L]
£
‘3__ .
10
e
=
=
= 1k
w
=
w
m_
w 2P o RIGHT EYE
1%
= ¢ LEFT EYE
s T13F
P2 ;
1 1 1
25000 20000 15000

WAVE-NUMBER (cm-!)

F19-4 fEF1 (EM) ©kWTHAIH1.5 (ne) 1o
EELE E05ERE, R (OH) Kiabhl
BEE T, ER (@H) LiERVv2AcEEL
TwaH, tkEERERIC SV TBEORE/RT
EL T,
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BIEER A2 —v B L, $2FM 100 hue
test (TR ks TIBREZS364, BHEOESIT
0.399 L BfETLH S4B >4 L, CHERE04.04
D bEEEEEORR & HE S,

X19- 3 A E A REFIC S 5 K REE HIE O F5 R
THD, OHNTRLIEERTIE, RIEEED A% —v
¥E2L7, OMoGR (BR) ©)k, ERLEELT
RERTFTRESBRBER b s TALRLA, L1
HERBEBTELL, FHERORIETHLIREDIL
PHEEL T,

B19- 4 EDAER & $i1cl.5 (ne) cEEL, #
AT bR A A L RS B3 4R
EREDCKRETHS, GRECALIBERTIER
EHESTRERE BERVRALCEENRZ LR TV
P, EEEEBCECTRERSAERELEL T, BE
THHDVREETEEL T/,

fEF2 D T.H, 218, B, LEoMHEEGHEIEE

A V.D.=1.20.2), V.5.=0.600.8) LEHE
EPEIELTCELENTHS, HFRE220-10 X 5%
WA TR ERAEREEE L1,

20~ 2 o7 L - B HECF B fE 1 5\~ T, panel D-15
test TR & 4= no error TH 54, desaturated
panel D-15 test i35\ TR (EIR) iwHFREE

218 B
SMB IR R IA

EF T, H.

e | | i
V.S.=0.6 (0.8)

LA RERE T - fLe)

45— (45)

HFoREA SNt £, F-M 100 hue test T34
BofBRZES0200x L TARTI128 & fukH i 5IE
EHTRER, BHEOESIX0.1T8 LKL, &b
LR & HE S i,

20- 3 kX REdRRTH 52 FHIRTH A ER
(@HD DB T & RFEEHIChl > T8, &
QIEEEEETERTH Y, REMckThEL
L THHERORIGOEE I RI AL,

3. BRbIUER

FAMBEEBCRCTRE L ICHEBEERRTORER
THERTH -0, 2EREBCEERTAAbA,
FEF+ VAARLUWHREF v+ v R A L HIEEZ
DT LRI, ThbbHEMEERICE VT
T+ Y AADEEEN IR EIN Lo, FTAE
Fllok 5B RFEFCERELCRACEWT
bBETHD DA B ENIEECEE N ERF LT
L ERmENRE,

PlEo@HM@EERSZS-TRARS I OFES v+ v
At BICEEIRATGEZ Lih, EFEEAERY
DA - VIZELTERER LARER LT ETS
Zliit iR EET S LD LELD,

BMRRERIC KT 5 BN E 2B T 5 HWT,
HESERHCRT 20 EREAZCL > THOALE

T " X
~/ \ . ‘ ) ]
/ % \ - 4 i
N a2 W M
20 55 77 a5 ‘y 3 WE
2
To 8Ly

V.D.=1.2 (1.2)

B20-1 fEf 2 (T.HD | EAHEMRMERGORE, ML T ERAE Ry

B,
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RIGHT EYE LEFT EYE

PANEL D-15 TEST

DESATURATED
PANEL D-15 TEST

TOTAL ERROR SCORE : 20
ORIENTRTION AXIS i 32,9
DEGREE OF POLARITY @ .419

F20-2 iEf 2 (T.HO s 5 BHEEFI##E. panel
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