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Spontaneous, Gaze and Positional Nystagmus

Sayong Chae, M. D.

Department of Otorhi;

Ahtot Rl (Spontaneous Nystagmus)

W (Nystagmus, EFHE)o]& 2 SUA 2
Fo] utHE AF EFoh 1 EFE D B
&l whet ¥l A ¥ (erk type) & ™A ¥ (pen-
dular type) 22, 2) S A 7o) wa HAA
FAQoR, 3) FTEFO Yok W
2 FHAAY SN2 4) 4 P ue}
WAL AR A Aoz AaA Yred,
3 FellA zPUbA (BB, Spontaneous
nystagmus : SN, AEZ EBE)o|&d v}
Adzd A 2 53t d(lateral semicir-
cular canal, ¥¥tLE W)L EFse FWo)
AdT 4@ AN, £ Hui2 G F
o) (primary position) TH& A+3gle] vheht
€ g e

I. RYII™

AR 71 ¥ (Vestibular organ, ¥W'371#)¢] 7]
T FAAA wes B(E, BF, AR
AL W AR KA £ AA A7 9
g FAFL Fo ANE A FAT &
AES B 4HA 223 (compensatory move-
ment) & WAHHOE dose Holg, o
22zt AR5 WA (vestibulo-ocular reflex
* VOR, ¥igt7utab) ok A A 3 A} (vesti-

laryngology, Catholic Uni

Medical College

bulospinal reflex : VSR, ¥'¢ 5 F R E 3
dojue VORY ¢ #ast £3dy by
= 3 dd ez NAY gFolA ©r
AAR7IBAAN A7e VL jerk typel 2 @
#1’3(slow phase, =¥ %)% F&4(fast
phase, & £F)o] dolojx WzZo} et
o, &AL wF@e] VORI 93 ¥A4ech

1 #%ENM 24 (slow phase)o] Yol
& 7 & (horizontal VOR : HVOR)

a) B¥A 72 (excitatory pathway): 4%
WtE-12 AN E>ARANE->NE AR
217 % (Medial Vestibular Nucleus : MVN, <F
% 32173 8)—>Medial Longitudinal Fascicu-
lus(MLF)>®th % 9] 417 8 (Abducens Nu-
cleus) > 9] 2 2 (Lateral Rectus muscle :
LRm)2 & o]FojArt <) A2 (Medial
Rectus muscle : MRm)©ol ol2& FE£4 Z=
£ MVNOI3E LRmel o2& Z=2¢ g3
TEY FH @b MLFHA 2 o) 9
A ¥ Ascending Tract of Deiter(ATD) & %3l
(e, 31Fo]) L = Oculomotor Neuron
(OMN)& #AH MRm® 4%¢ dozigh o
2 ¢He) £¢ 7Hd 58 (frontal eyes) oA
E LRm3 MRmo] M2 473& B9 (recipro-
cal innervation)9l 1o AFUL AXNE A2
219l Abducence Nucleus®l %7 ¥ (internuc-

-903-




HEIRHA 311, 1992

lear neuron) & AXE ¥ o& A7 Ao

b) A4 7 Z(inhibitory pathway)t ¥
A vALE 9o MaE FH T end-
olymph7} ampulla®lA] ¥ % S 2 (ampullofu-
ga) & 9 A4 AFo] & AFAAY
(Superior Vestibular Nucleus : SVN, 1% uj
FARY)E AH TR A9 AL we
¥ % MRm¥ LRmol| o228 2]& o|&A]
Ak,

olgte Az vrt AN FHo
2 249 W 9% F9 Wud @9 endoly-
mpht WZES 2 & X ampullaZ o2 s}
Al =3 hair cell®) stereociliag utricleZ o 2
HAst FEH AFE dosn o AFo]
W% LRm#* Z2ZE MRmg F%A712 4t
% MRm# Z2% LRmE ©|gAA dFE
Hezt FHA wdFoz A FHA
|

2. AN F&44(fast phase)ol Uoi
e 4=

©] #<742 Paramedian Pontine Reticular
Formation(PPRF) ¢ burst neuron®] &3 &
¥4 230l &% Abducens nucleus$} e
% Oculomotor nucleusZ HEH o] dojuini
©etA saccader] YEHGE ATEEH F 2
& #REa F2E weoh ¢ o)shEe
FE3L A7 At BHE T3] A%
FFAAAY 8% £ dheE AotFoz
foveaE ¥3tel€ WHAH<Q saccadeZ 9 AH
< (voluntary) saccade®] AGA 7soz A

ZFeAg A Rus} o RA FHAE
YerlenE ¥¥A ¥
3 #AWlN @Agel dolde A=

(Vertical VOR : VVOR)

a) ¥&8A Z2Ze dukt (anterior canal,
9 W32 @)—>Brachium Conjunctivum(BC),
MLF, Ventral Tegmental Decussation(VTD)
—>4AANZY(SVN)>HZE  Oculomotor
Nucleus>2&% <+ 42 Z(Superior Rec-
tus muscle : SRm)# ¥FthZ <78}AFZ (Infe-

rior Oblique muscle(IOm)ol =¥ Z&&
A7t} o] Oculomotor Nucleuso| Al %t
W% SRm& 4170 7}7] W&o I0m¥ oo
Zo] o},

Fig. 1.

Vestibular nystagmus in horizontal
plane.
MR : medial rectus muscle, LR :

lateral rectus muscle, Il I oculomo-
tor nucleus, IV :abducens nucleus,
PPRV . paramedian pontine reticu-
lar formation, MLF : median longitu-
dinal fasciculus, VN ! vestibular nuc-
leus, * @ fast phase of eye move-
ment(saccade), # :slow phase of
eye movement

midline
Inf. Rectus

Med.Rectus

Inf. Oblique
Sup. Rectus <

nucleus

@VLaL Rectus

Innervation of extraocular muscles.

Sup.Oblique <

Fig. 2.

-24-




Clin. Otol. 3: 1, 1992

F5F B (posterior canal, ¥ ¥iE@)—>
MVN->MLF->®tZ  Trochlear Nucleus$}
Nucleus># &% b7 FAlS
(Superior Oblique muscle : SOm), Wi
IRmel =2k old Trochlear Nucleusol A
A7 W% SOmz o2 IRmFe ¥y
Zo] gt

b) JAAY A=2E AWNFA->SVNS>MLF->
#L% Trochlear Nucleus, Oculomotor Nuc-
leus>¥Hi % SOm, 2L% IRmol ol2n o
Wha e @& SVN->MLF—Oculomotor Nucleus
—2Z&Z% [Rm% W% SRmol o]t}

¥ AF ARFEL WgE Fwgde
&g Wo) 983, hair cell® stereoci-
lia7b % WHF @A BF utricledt WjZo
Y FRH=E, F% AWt do] FEA A
& oW A Fukitdol A€ A
A B AE B HIAE Solv A I=
At de]l AR50l ¥% SRm# I0mel
¢t SRme £¢ 92 £83 S0 4&
22 &2 L(intorsion), [Ome £<& &Yz
A £& wRF o2 EUh(extorsion). T
2HA torsione MZ AAEHT o] L&sHA
g o9t FAlo antagonistZ5<¢ IRm¥
SOme Ao} olghhr}, ® o]s} A Fut
TES #Fo] A=Y SOmF Rmol oA
S¥ SRm¥ I0me] €F& AN Hoj}
(disinhibition) Z7}€th

4. FAH”ANN F&go] dojue A=

S Wl A F&AH(fast phase, saccade)©]
dolvte 2 obd B 9o a8y
midbrain® thalamus7t AZHE £99] 9%
@ rostral interstitial nucleus of MLF(riMLF)
o olBrh FF o] X7 interstitial nucleus
of Cajal(iC) % PPRF7} 38§ FxEgo|th
riMLFE Z&% iC, lll, NV nucleuss} 925
i iCE posterior commissure® AU wo)E
I, ¥ nucleusell AZ€ch $A9 iCe VNS
riMLFI X A58 Wt & o E iC, riMLF
€ MLFE 53 Waizte 472448 2

Oculomotor

WHFEY saccaders €58 £ EE $39
o} Tl old ¥ XFm gon ¥y
o A% AFZAS ¥ PPRF7L FHmwa
o2t 2@ saccadel iC, riMLFS &%
22 #AseRes B,

5. ¥Fol| DA &0l #Ar] AW o
Zo] ARNZY AHME] 24 (spon-
taneous, resting discharge)©] &4 E& Za
30 BAAE AFUARY ABAES] wHe
F7hch o] BA F7he ARARY Ajoo)
2y 92 (commissural connection)& F3 ¥
W& ABAE) WS N2 A (commissu-
ral inhibition) 38 A& E4E Zo] Y=
ABMEN FAG ©f ol g dAlsA F&A
(disinhibition) ¥ojue Aoz m<lth uheh
A Aol F7te BAZNAN VORZZ 9
& ATE AEHoz &Y Bow HHI
+H gAdel A& Vehd o] g ge)
HEZ g8 Fr1Hoz dso] Fazo
2 B3 jerk typed] o] Az},

ol AdWA vt w&o] YrE sta-
tic imbalance® B/39H3(c ion) el 9
3 el AEEE SN AlAA ®o
meba] o] AW dolue 4 (chronic
process) € SN& #HE & ¢t = FZo]
S A7 AETt WK A dolud SN
vehtA] g

I 243 gy

ol ekobM AAxd me AR oA Eo)
¢ ZuE & 9 FFPL ojme WE
(unaided eyes)22 #&3}Au}, Frenzelgt?
EE  A71¢3 A (electronystagmograph : ENG)
& AHgEH BEP.

1 #E #F

el NGE setstn FEFE R oA
EolA o g5em kol Al &rtge A
EA AA go] &€& 2 w2 29 (primary
position) @I 1= 4719 ¢+ (Alexan-
der £7)& <A77t ek wgoz gsim
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VERTICAL VOR
—— Direct upward
e iniitect upward

wnne=Difect downward

Fig. 3. Vertical VOR in man.

BC : brachium conjunctivum, MLF :
medial longitudinal fasciculus, PC:
posterior commissure, riMLF : rost-
ral interstitial nucleus of MLF, INC
! interstitial nucleus of Cajal, lln :
oculomotor nucleus O : inferior obli-
que subnucleus, I inferior rectus
subnucleus, S : superior rectus sub-
nucleus, M : medial rectus subnuc-
leus, IV :trochlear nucleus, SVN,
MVN ! superior and medial vestibu-
lar nucleus(from Ranalli PJ, Sharpe
JA, Flecher WA)

2E W vehdEz 3y Addde #Ad
2 FA]HA (gaze nystagmus) S TEFY o
o} e Wgoz 8% AF 9, olYFo
2 30% ARl ¥ &g wieEAG}
FREY FHANN vdeue A ZH
BAY. ol HEe A WAL
F7b AURA E8dd vdehde 493 ¢
A<l @A kA (end-point nystagmus)E I3t

e &>

midline

connection of interstial nucleus Cajal
and ri MLF.

ri MLF ; rostral interstial nucleus of
MLF, iC : interstial nucleus of Cajal,
PC ; posterior commissure, VN : ve-
stibular nucleus(from Buettner)

Fig. 4.

71918 30= B o ¢ EIUA XA F9
ot

2. FrenzeldtZ & ©] &8 &%

Frenzel$t 7 & 205 EXVIZ F4A ok &
22 gl FAArY A #UA 2
A AL ol FolA B webA A
Zte] o@ EAmFol dHo AAI|BAA
A7E gRlo] AAHA ¥ F veht 5@
AT BAY F ok L el =3H o
3o gHol Utk 299 YWrE =W F
Qe Fehrt Foh

3. ENGE °|§% ¥%

wute) YaZeld EAsE Age ¢
& SAg Zete AUAY FAGE vebd
o o] Agte) A7k ¢t &Fol whet s
e AL M58k RN e WY
& a anst g 8ojeE W #FEA
ik wekd xRo] W e wWele d-zet
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Clin. Otol. 3: 1, 1992

Aol AtABs W Aol Wasth FFH
ENG715¢ 913t ohg3 2e 2o "a
stk 1) b4 3 el (alertness) & #FA @tk 2)
ENGE AFoe F 35Hz0 T filter(low
pass)E AHEETh 3) A AT AAE
DCZ 7]S3losltn o]g electrode®] A& o]
T3 4) hFelA P APE Fu A
S HEH kg 5) AAF FAZ gt
TEEE SU¢o AWEr 6) FHHY
& 27 4% BE9 71Zchannelo] ¥
ook &t} 7) ENGZIEE A"she 7)A7h
& gastth 4G HE fASE B &
Aol Wol 2o gon =2d EL o &
e PEE o A A¥H e Ba
Aol o3t V1ZSAAM AT gEE Ure
Aol 713 HAstn Eo. Gage Aol
sl wet AdE W 53 N <t
A9 3 A(blinking) & o} o€ A
EE o] 83tE B AEY Yol RS
e £ugol A Agdct

ENG7IS& HAg zdold
(Eyes Open : EO), &% #i(Eyes Closed :
EC), 233 Z#d XM £& E(Eyes
Open in Darkness : EOD) Al7}A] A 7]
S¢o. old 2o wE ke Wi} A
o Fa3tch

2 e

e =3

. &% ol9f

1 A4AelA SN

34919 13~22%7F $HWANN, 30~40%
7t #F Wl SNo| Yehdtie Hugo] g
o

°JE& BT ¥¢ i ENGE 7IS% o
Hebtth a8y £ Zow 47E FPY
AM BAEh E Frenzel 73 € AHg3dtq
BAYAME FAE BFE F e Fren-
zel®] B3} glen], VORAAM7} open loop
systemS.2 7)ol BAAFHEE FHME
gPe] vErY o3 sheAdel At 1y
A& Fate]A SNo| vtehtd W Holn

FLE A8 A% Ao

2. SN# Gaze Evoked Nystagmus(GEN) %
A

Alexander’t 7% Aol A7lel wzw
A ok 1%(grade DE FEF%S vt
2 & W(gaze) W JEbdTh £33 AT
ol &€ F HEAFA kA 77 7
250l 127} HE e &3 #3Y 5 Aok
E AAFUAE BPANNE GENo|UEHE 4
At wekA 1% SN GENOl &8tz ¥ 5
. 22t ENG7]EolA GENS 2 A4
(slow phase)®] #3t7} 2432 (linear) 2T}

S 344 A (exponential) Ro] eow Fzp
€ gaze paretic nystagmusgt ¥k Aelsw
o&2 2ok GENY linear forme 1% SNo
2 olE WHo|u Aol m2E ENGYIE
©] F8%¥ch exponential forme ZwWo}z) A
YetE ¥ 3 (gaze paretic) o) I, e ol
A APANME =7t integratord] BHAA
g debd & Qo

3. A3 (visual fixation)o A #}

ol =AM B 94X wa} SN thg
o] WsIoH(E 1.

4. B2AF} FF4 SN9 53

E 2% Ze 5 3w AAE 7Hsey
=&E o

5. SN W¥3 #=

SN2 static compensation®] 7 2ol ua}
ol e 4= ev(el, recovery nystagmus)
EE &89 4A(), Meniere's diseaset} se-
rous labyrinthitis®] Z7])ol watA o wrako]
i & glemz SNe| wWife] g4 &4®
g gEiFEe AL ohvn,

FA2tEl(Gaze Nystagmus)
FAGDEBRIR, gaze nystagmus : GN,

BE 2 Y ERE)W BEES B3 YL
Bue e we.
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Table 1. Effect of removal of fixation in different location of lesion
Lesion Effect of removal of fixation
peripheral enhanced

vestibular nerve and nucleus
low brainstem
high brainstem
angular gyrus

enhanced amplitude, diminished frequency
direction is reversed

inhibited

inhibited or reversed

Table 2. Differences of spontaneous nystagmus between peripheral and centeral lesions

Peripheral

Central

Direction
Alexander’s law

some rotatory component
enhanced by moving the eyes

purely horizontal or vertical
law is not followed

in the direction of fast phase.

1st degree is greater than 2
nd and 3rd in amplitude &

velocity
Effect of optic fixation

Vestibular sensation severe vertigo

enhanced ; EOD>EC, EO

may be abolished or reversed
in EC.
enhanced amplitude in EOD.
mild vertigo

reduced  velocity,

I. #¢ 7™

Tz AFBLe HYe £EURCIEE)
2 endolymph7t £33 1 FHele =7}t
Az AFNZEE T8 APARYe) AR
o gty FEA A oulz A R (RS,
integration)©] TxolA doldth Y A
A7NEY AT 2T 7Y HAE wEA
Hez #2457 4452 e FdA
Aol T AAANA o|FjAL} o] T
A A¥ol olFoAe AUZF L7 (neural cir-
cuit)€ integratorgt 39 1 A& FHLF
& WEAANZY(MVN)F Nucleus Preposi-
tus Hypoglossi(NPH) 2 €&1A 1oy £3¢
& $ARAYT iC NPHo 2 FZFddh
£203E AN AFHMEE ANFMEQ
neurons arc) ¥ ldiE(disynaptic) °FF
@& 2 2(direct VOR)E 8ol ¢7& &3
ol £FAZY =gt &Y o] YA
e o ABAEE AAE 93 A (poly-

synaptic) 7 & (indirect VOR) & ¥to} &% 4l
e =gt gt go] #%¢ B 3l
o # W (gaze) WA SEAF} AANNEI} B
AR B2 LFY) BAA I AAAA
T7F F Aol (pulse), 77 A A=
Eotee @ BN JANAE7 AL §A
(step) = oo} @},

AX N 5E =L integratore HZhel 93]
e FRUoEE B3 E89(leaky integra-
tor) &3] Qe AALA7} 2 v HE 5
Asted oW AY - 23 dd(flocculusE T
) F A7 — 24 A A (inferior olive$} pontine
nucleus& AXE)e] 1 T ¥ ot
E AY-4H-HFAAe T AFAAY
€ dAdte B2 FaT AR HAG

I zha gy
A2 @A %A (end point nystagmus)
ol dojuA e WHAN & 2EF, 97,
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Clin. Otol.

A, ot Sle EHL HARDG W oz
B30 ENGE 7158tk £ S =g
7b FAO &HolA oA Felsn 27 ol
A #@sa 715,

m Yaty oj9|

BAANE oJF& RolME GNol e
th. 2 9 WA o|: Gaze Paretic Nystagmus
(GPN) BT REd. 94X AW Az o)
ENGE 71539 2 €449 S8} ex-
ponential FBZ Bt} AL FF ¥S &
Y W¥goz F3oh WS integrator’t UE
pons, integratorg& A Y& &, I 9o ¢
T £Fl Fse FAAE, SLAA
(myasthenia gravis) 42 4= it} $HHN
FFo2 Yehds GPNE F3:4olgn A9
B3 & gtk d¥Ho 2 by £ GPNS
<+ A (sedative) W+ 37 & Al (anticonvulsant)
T k8 FHoA et ponsth &3 W
A¥E FHHe 08 4L Fzsor wo

Bruns}tF & A - @z (angle)o] £ o)
ded vdehdo 2 SYe HuEzge 2 g

A7) (amplitude) 7t AA 2 $44E expone-
nstial ¥ Bl E 2ol GPNolm wWijZg 2u)
3 377 Fasn 2 ML linearYHE
Bole A4 dol vehdrh oL W
Zo| AFAZ ¥ Hzte integrator, 2%
27} ghhwtol el RoE Beld,

F2|2+El (Positional Nystagmus)

AU (BHPIRHR, positional nystagmus :
PN, ME¥2 E0x)old mae JA7 2
Adz e ANAN "ol HFF AN
g Yehte ez gE Y= vy
TR E) Arle R FAWELA (posi-
tioning nystagmus, Ml ¥ole £I}E), e
A vA 2 93 Qe Yrle R
Hel¥ & E9E(positional nystagmus)2 T

311, 1992

Fig. 5.

Integration of velocity signal.

Ha : head acceleration, Hv : head
velocity, mf : Mossy fiber, cf . clim-
bing fiber, Pc : Purkinje cell, IO : In-

ferior Olive, @ integrater, AOT : Ac-
cesory Optic Tract, OMN : ocular
motor neuron, Gc : granular cell, VN

* vestibular nucleus, MLF: med.
longitudinal fasciculus, ##——
neural discharge, __1__ I signal

(from Robinson and Ito)

37 E Foh

I. ! 71H

PNE do7lE 7123 711 e of7 £y
33 @ BN B A} FRAYS
T @elR ®AX Apde obgst 7Y 1)
Bx WA AV REHA &3 QY
A& PNE don 2) Mo &goz
27t ARNAYE AASD GFo] s
WA ABAZ Y] FH) v Josm B
AFSAHA PNol et 3) MYVNY &
el A& W B2 proprioceptor”t B B A H 9
WHALE 4o PNol Yehdth 4) slge 9
A7b vpATE WR7)@e) 237t PNS Do
Z1ed "asth 5 cupulast endolymphel
A HA Roly WEst Y71W PNel
Ehd (e, Paroxysmal typeoll Al cupulolithia-
sis theory, Positional alcoholic nystagmus).

. 2ha gy
FrenzeltZ o] W4 o]v] EODY ECol M
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ENGE o8t ol e 1) Ad2d 7
X 2) FFog Y 0 3) o Y
o 4) goz Lol HE Y o AFYr}
FHNE D §¢ du Fug v 94 2)
FHoz £d 9 3) HHE A2 WE o 9)
slgg FFow W ¢ FAFG. gt
+$-¥ A Dix-Hallpike(Nylen-Barany) &2&
AY W dkohrk F9HA StengerE FHE
AE o 7129 BE L adE Fu oo
b FH AT o] A WYL v F&
SHAE §HAA E9 Proprioceptordl %
73 b HEALCHIRER SIS, cervico-ocular reflex
ICOR)Y F#E A ¢A e Ao Frh
E RS B 4 glew HHE vy
ANE WNAN A A&z AFHA
3 FANEtNe we WA iz
YA AEErt o] AFHA e o] Fo
et

22 94X AFE NEG 9 v Fgo)
Y bzle] & vebhE A (reproducibility), Al
& VEYFE A By Fo] Fad
£ A (habituation) & £t} & XA ko]
JEE 2 94X E AL fAE 9 FeAE
A (adaptation), & %10} A=A (fatigability)
€ ¥ E paroxysmal positional nystagmus
(PPN) 9] 7% Dix-Hallpike AFA|ol A thAl o
< AR T W A B BHEA (re-
bound)& &t #HEE FANA ¥ AFH
ol Yehvbs Al (latency) & A& EE 7
e Fasic ¢ FHHe oA A
== #Esor g

W elaE ole]
PNe 2 530l weh e 2ol v

Table 3. Classification of positional

(& 3).

Azre] 9jde WA PNol Exxoz A7
£ (primary) %&£ SNo| 1 ZA#ZFo] SNo|
o)A A PNo] vebb= A (secondary) 8
e Rol dasdinn £ o] FAE Py
7] A BHE A3 doterstn 3
FHA7E otk &3] JAdelA SNels A el
wet 4719 2ol M3 (modulation) HE A
< #FY 4 3 SNE BV FH3E PN
o2 W3te Z9E FF HJ] fRe|d 1
g @Az 2 5Re) me FRae Aol
Bgsian Eo PNaAE BANE &8
#31 ENGZ15E 3 uehdthe Bago)
Atk 28y Frenzelt 3 & 24U Wz
#2=E PN ¥AHQ el PNo 5o
el e typeE & EF FHAolY TxA
A uebd = gle] azle] W X &
BFEAe R@¥ch £ A%HA PN(Aschan
type I, II, Harrison type I)& 2 wh=olA
€ 1 948 ¢ F doe Buvt BeER
94E 22e Z$7 go gutgoz A4
< 23Y WE YedE PN I& FF4
%7 ¥ ANE 13Y 9 JehdE PN
ne 2249 2$7 4o @ Bad osd
PNe| o 87%7} PN Mol Um A& PN I3
PN IIgtx @& PN 7 53" A
2 TEA O 2 benign paroxysmal postio-
nal nystagmus(BPPN)7} tiEH ot} a1}
2FdA F58M vebd & 2o benign
olg 8ol AP Rach E M HFHA 5
A& Ad YA PN e FF44 &
4 Utk PN9 Q& head injury, intoxica-
tion, degeneration, tumor, vascular, infection
Solth 224, 34 PN dvdd 532

Type Nylen(1950) Aschan(1956) Harrison(1972)

PN I direction changing persitent,direction changing persistent

PN II  direction fixed persitent, direction fixed transient, benign type

PN Il irregular transitional transitory transient, other type
-30-



Clin. Otol. 3: 1, 1992

Tabel 4. Differences of positional nystagmus between peripheral and centeral lesions

Features Peripheral Central
latency yes no
vertigo severe mild
direction towards dependent ear any
adaptation yes no
fatigability yes no
rebound yes no
habituation yes no
reproducibility poor good

o3 2ol FREHE 4).

# F3oke] 2T gojv A Aol @

-
jol

=

2

3

<

4

<

5)

[

<

2.
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