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Brodsky's Visuo-Vestibular theory

MICHAEL C. BRODSKY

« Our ancestral environment is characterized by 2 physical constants: light from the
sky above and gravity from the earth below.

« Primitive visual reflexes rely on a dissociated form of binocular vision between the
2 laterally placed eyes, which has been superseded by cortical binocular vision in
humans.

» Humans experience frontal binocular vision with forfeiture of peripheral vision in
exchange for cortical fusion and stereopsis.

(Brodsky MC. Visuo-vestibular eye movements: infantile strabismus in 3 dimensions. Arch Ophthalmol 2005;123:837-42)
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Paroxysmal ocular downward deviation (Yokochi)

Yokochi K. Paroxysmal ocular downward deviation in neurologically impaired infants. Pediatr Neurol
1991;7:426-8.
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Sirsi D, Armstrong D. Paroxysmal Tonic Downgaze: A Pseudo Sunsetting Sign. J Pediatr 2021;230:263-264.
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Rodan LH, et al. Clinical reasoning: a case of abnormal eye movements in an infant: more than meets the eye.
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Allen NM, et al. Images in neonatal medicine. Benign tonic downgaze of infancy. Arch Dis Fetal Neonatal ED
2010;95:F372.
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Robert MP, et al. Benign intermittent upbeat nystagmus in infancy: a new clinical entity. Eur J Paediatr Neurol
2015;19:262-5.
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Brodsky MC. Dissociated Vertical Divergence. A Righting Reflex Gone Wrong. Arch Ophthalmol 1999;117:1216-
1222.
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C : Pathologic leftward ocular tilt reaction.
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A : Physiologic leftward ocular tilt reaction. Table 2. Complementary Ocular Tilt Reactions in Humans
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A righting reflex gone wrong
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Ocular torsion

Pathophysiology

Neurologic lesion

Subjective awareness of
visual tilt

Head tilt

Perceived visual vertical

Diplopia
Nystagmus

Extorsion of higher eye,
intorsion of lower eye
Binocular visual imbalance

None

Undetermined

Variable
Undetermined

None
Latent nystagmus

Intorsion of higher eye,
extorsion of lower eye

Utricular imbalance (central or
peripheral)

Unilateral utricular, brainstem,
or cerebellar lesion

Variable

Toward side of lower eye

Rotated in direction of ocular
torsion

Vertical

Seesaw or hemi-seesaw



Brodsky MC. Dissociated vertical divergence: perceptual correlates of the human dorsal light reflex. Arch

Ophthalmol 2002;120:1174-8.
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Brodsky MC, Donahue SP. Primary oblique
\ muscle overaction: the brain throws a wild
pitch. Arch Ophthalmol 2001;119:1307-14.

- M B -mEtbalance organs

« visual & graviceptive inputiZ BRI T O hih
postual orientation# @1t 3 %

Dorsal light reflex :
FAEdorsalhHZIT B LD TR LT

: pitch-down T FRIEF 1 THIET S
: pitch-up T ERIBE T THREET D
BIH DYl pitch-down

:féﬁaﬁ{: IEpitch-up
T HEENIARTIE,
Mﬁff%
F:imsni-aTid,
AhEd %

FHDOUJZD

KAFICBNE. TR T T

KhgICBNIE, EREp T T

IRBROEEN R & BIRER DIEAIFA

c VHFOMIR - BEIDAERAOREZERY 5, AREFRANEL. ERIIEANES 5. €595

oo ERBEIEPEGLL Y ETICH

Y. AIR\BEEHELCIVRICHDZEICHD

« Z LT, TremL@FiApitch) EBIZIE, EZRITTY 2), ERGEHMIIGREFEML Y TICAHET 2 &I

B5, MIRIIEMLEIZEDITTAZDY
—INERET D70,

BEO&ICMY>7REIE. ZIETHY. BlELs 5,
AIBERIRR ICERD LR EARDOTBEOtonus A EE N2, £7-. FBEEEIT IS

(body pitch) (Zxf L Tld, MR & HARIER AL £ D (primary inferior oblique muscle overaction)
v #%ApitchTlaic@ <
s NERIOERBEHITISAE RD DT, Tifdtonush'@<, SEGRIOARKRIIZELLLZDT, £EIFD

tonusHME <,

Vestibular innervation

J-fﬁ;\ .
/ I

Vestibular+fixational innervation

o B
wl@
=

=,
w\_!-" | , \.._.!-

S A

= (; « Lateral alternating skew deviation

N

Al D BTE 4% (anterior semicircular canals, AC) IZ¥ /59 % BA % (otolithic
pathway) DIZRIM DEE TR Z %
o ThITL Y. #BEIRE (posterior semicircular canals, PC)AEMEL T 5,
£-oT, MBOTER - LRHZEEIE S, RIRTEGREANEEZLI T
*SMAIBR BN D phylogenically old otolith-mediated righting reflex®reversion($cf8IE V)
THb
c BT, FEHETRIHNEC &, MEL THRERE A B (Com)Ib0REsY)o
R, NEROBE L Tis% 4 laterally alternating skew deviation& 7 %

-

@Jt

®‘-

{:a\} u@;‘

.

*"'Cf:i\a\‘f 1@

18

L ]

@ e

[\




Midline

Direct Vestibulo-Ocular Projecions
BE k]

AW LER AN TER
BERE o Ta A LA
e FEERE EE TRV
BERE  yp TEn  uR LB
R ORI R SMEIE S
KERRE g ospEs e AEIES

* pitch-up (5E% EIF3%) THIERELREKL. RAIERE
EXHATEHERESES (—RERTI)

o XI5 B EEE Lpush-pull(yoke) DESHE A H B DT, =
D& ZHFEBEORE LERH & TR (REZES) %
mHl2

s FIEABICEENHNIL, BFREVER LAY, REKT
AR B

Semicircular Canals

A

Posterior

Top View

+ semicircular canalsldAANRE I &IG L. vestibuloocular
movements%#2 2§

—phasic ocular deviation = nystagmus

- otolithic system|ZERRINRE & B IEFEMN OTIRICR LT 5

—Z DOEENEREICERET SN D LstrabismusiZh b

o BTHIRE TR ST & 1 B otolithic system#aE % anterior canal
system& 4%, [A L < posterior canal system& 4%,

19

BIEARE I3/ A EE (flocculus) b SINEIXEE A= 1T 5
CEPEREBEERA FEH AR TRBZEES TS (RERE)
- COFEZERFHPORTERICLS
C INDBITNILEFHREER LA D
BEREICIFZNHL AW
CBRAREBLRIRT
c NMAERE T, BIFEAEORMGI LAY, REREER LS
—TRIFEEES THIEE &Y. V-pattern nystagmus& 72 %
« ventral tegmental tract or brachium conjunctivum(superior cerebellar
peduncle) DEEZE (F % HIFE@AI L 42 Y tonic downgaze & & %

He
« PVLT, A-pattern esotropia & ERIE:@EE) tonic downgaze & 72 %
defective upgazelZl & 2% FHE R Doveractivityn

20



ANTERIOR CANAL-EXCITATORY POSTERIOR CANAL -EXCITATORY HORIZONTAL CANAL-EXCITATORY
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SR s ‘ The Neurology of
T : Eye Movements
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Summary of probable direct connections of vestibulo-ocular reflexes (VOR), based on findings from a number of species. Excitatory neurons are indicated by open circles, inhibitory
neurons by filled circles. lll, oculomotor nuclear complex; IV, trochlear nucleus; VI, abducens nucleus; XlI, hypoglossal nucleus; AC, anterior semiciricular canal (SCC); ATD, ascending
tract of Deiters; BC, brachium conjunctivum; HC, “horizontal” or lateral SCC; IC, interstitial nucleus of Cajal; 10, inferior oblique muscle; IR, inferior rectus muscle; LR, lateral rectus
muscle; LV, lateral vestibular nucleus; MLF, medial longitudinal fasciculus; MR, medial rectus muscle; MV, medial vestibular nucleus; PC, posterior SCC; PH, prepositus nucleus; SV,
superior vestibular nucleus; SO, superior oblique muscle; SR, superior rectus muscle; V, inferior vestibular nucleus; VTT, ventral tegmental pathway.

21
ANTERIO% Rc’gyEAC%'lg?\l«S:‘TATORY S5 15 (pitch) -
—REK_EB5- ke
SR . /‘ ‘\
|
l . BRI (pitch down) IS RIS 3
I BT EIED LI BBSTED S ) EE, ZHItETFIFICHIET B
! o BUARE A EFEM B & TR D BRERZEE T 126 <
i . *Uflﬁﬁmﬁjj@*/ FT7—2IEBFEREENLY Z W
BIARE (LA Eflocculush S IR A= 1T 5 (BEREICIEARW)
> BEEFIISEARGTZZE L. RANTIEZOBEIZIMFIEND
o /B A EEflocculush S OHNEIRET, BIHEREEEE TRIRZE S (upgaze) 1072
v RERES (3 ETERIIC T
vV Ry T =T E TltupgazelZ Y 9L
s FIEREDNSHD LIME R Y b7 — 7 BETIE. BEEERBORKTS
(downgaze)lZ7 %
> BEEFOSELARGEENTERITNIE. RBERTIF» B8 A2
AC v RIS EEIE DK T D, FDOTLD%L. REET IS 259887 3
RIGHT * BRI PVL
EAR @ « Optokinetic nystagmus (OKN) Tlx E@ & A LT
HC > FEEBE~DERIE., TEELYEBLELH D  Up-down asymmetry

Summary of probable direct connections of vestibulo-ocular reflexes (VOR), based on findings from a number of species. Excitatory neurons are indicated by open circles, inhibitory
neurons by filled circles. I, oculomotor nuclear complex; IV, trochlear nucleus; VI, abducens nucleus; Xll, hypoglossal nucleus; AC, anterior semiciricular canal (SCC); ATD, ascending
tract of Deiters; BC, brachium conjunctivum (=superior cerebellar peduncle); HC, “horizontal” or lateral SCC; IC, interstitial nucleus of Cajal; |0, inferior oblique muscle; IR, inferior
rectus muscle; LR, lateral rectus muscle; LV, lateral vestibular nucleus; MLF, medial longitudinal fasciculus; MR, medial rectus muscle; MV, medial vestibular nucleus; PC, posterior
SCC; PH, prepositus nucleus; SV, superior vestibular nucleus; SO, superior oblique muscle; SR, superior rectus muscle; V, inferior vestibular nucleus; VTT, ventral tegmental pathway.
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Brodsky MC. Visuo-vestibular eye movements: infantile strabismus in 3 dimensions. Arch
Ophthalmol 2005;123:837-42.

1. The problem is gravity.
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2. Bilateral symmetrical organs function as balance organs.

3. Lateral eyes are sensory balance organs.
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Figure 11-19 Latent nystagmus (foveal maldevelopment syndrome, Video 5-2). The records are from a 56-year-old adult woman ...
The Neurology of Eye Movements (5 edn)

Latent Nystagmus (Foveal Maldevelopment Sydrome)
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ERRTIE. 20,

Latent nystagmus (foveal maldevelopment syndrome, Video 5-2). The records are from a 56-year-old adult woman with exotropia and
amblyopia since childhood. When the patient is asked to view a visual target with both eyes (left panel), she chooses to fixate with her left eye
and manifests left-beating nystagmus with some saccadic intrusions. When her left eye is covered (center panel), she fixates the target with

her right eye and she develops an exotropia with right-beating latent nystagmus. When her right eye is covered (right panel), she fixates the
target with her left eye and develops an exotropia and left-beating latent nystagmus. Upward deflections indicate rightward eye rotations.
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5. Ocular motor incursions operate as visual balancing reflexes in lateral-eyed animals
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6. Primitive visual reflexes are evoked by a physiologic imbalance in binocular visual input
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7.
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Latent nystagmus (LS), primary oblique overaction, and dissociated vertical divergence (DVD) are visuo-

vestibular eye movements.
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8. Visuo-vestibular eye movements are generated by subcortical central vestibular pathways.
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9. Visuo-vestibular eye movements arise from a central vestibular imbalance that dissociates clinically into
3 distinct planes.

10.

« Vestibular eye movementsityaw - pitch - roll®3@E TEH <,
« LSliyawmE . POMO(Zpitch@m . DVDIiLrollmT@E<,

Visual reflexes are stereoisomers of vestibular reflexes.
Vestibular Counterpart Vestibular
Plane Visuo-Vestibular Imbalance (Peripheral vs Central) Ocular Reflex
Yaw Latent nystagmus Horizontal vestibular nystagmus Dynamic
(peripheral)
Pitch Primary inferior oblique Bilateral alternating of skew Tonic
overaction deviation (central)
Roll Dissociated vertical divergence Skew deviation {central) Tonic
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