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Plate 1

Mivakida 1

Introduction

() Man maintains his erect position, walks and achie-
ves minute, coordinative and harmonic movements by
the ability to balance. Balance is the combination (1) of
the reflective control of the head and body in respect
to the environment, (2) of the reflective control of the
muscular coordination in respect to the movement of
the environment, and (3) of the brain’s readiness,
which is necessary for the voluntary regulation of the
body’s stance.

(i) Maintenance of balance and spatial orientation in
space depends upon the coordinated, harmonic co-
operation of vision, proprioception and of the vesti-
bular function. Man maintains his spatial orientation by
integrating afferent impulses from the vestibular,
ocular, and proprioceptive system. The central nervous
system integrates these impulses and send messages to
the peripheral system such that the balance of the
body is achieved.

(iii) These messages are transmitted through the
medial longitudinal fasciculus to (1) the nuclei of the
three oculomotor nerves (vestibulo-ocular reflex), and
to (2) the anterior part of the motor regions of the
spinal cord and subsequently to the skeletal muscles of
the neck, the trunk and the extremities (vestibulo-
spinal reflex).

The aim of this complex system is to effect
appropriate righting reflexes of the eyes and the
skeletal muscles so that balance of the body is
achieved when man stands and walks.
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Eicaywyn

(i) O AvBpwnog, yia va oTabei 6pBIog, va NEPNATN-
O€l, va KAVEl AENTEG, OUVTOVIOUEVEG KAl APMOVIKEG Ki-
VAOEIC, MPENEI VO EXEl TNV IKAVOTNTA TNC 100000MIac.
QC 100pponNia xapaktnpidetalr o ouvouaouog (1) tou
AVTavakAAoTIKOU EAEYXOU TNG BEONG TNC KEDAANG KAl
TOU OWUATOC WC NPOC TO nNEPIBANAoy, (2) Tou avta-
VAKAQOTIKOU EAEYXOU TNC JUIKNG CUVEPYAOIAC OE OXE-
on PE TNV Kivnon Tou nepIBAnnovtoc kar (3) tng eAol-
KNG €TOIMOTNTAG, NOU Eival anapaitntn yia thv EKou-
0la pUBJIoch TG 0Tdong TOU OWUATOC.

(i) H dilatNnPNoN TNG 100PEOMNIAC TOU OWMATOC Kal
TOU MPOCAvVATOAIOUOU OTOV XWPEO €EaPTATal and tn
OuvOUAOUEVN, APUOVIKA CUVEPYAOIa TNG 0paonc, TNG
I6I00EKTIKNG QI0BNTIKOTNTAC KAl TNG AABUPIVBIKNG AEI-
toupyiac. Ta gpebiouata and thv 6pacn, tnv 16100€-
KTIKN a108nTIkOTNTA Kal KUpiwg and tov AapUpIveo Je-
TadiG0oVTal OTO KEVIPIKO VEUPIKO cuotnua, Onou &ni-
TeAetal N KATtAAANAN eng&epyacia kal 0AOKANPWON
TOUG.

(i) To anotéNeoua autnhg TNG enegepyaoiag sival
N anootonn odnylwv and Tov ykEGANO NPog tnv ne-
PIOEPEIN, TETOIWY, NOU €EQ0GANICOUV TNV I00PPOMNIT
TOU OWMPATOC. AUTEG Ol 08NYIEC, MEOW TNG E0W EMIUN-
Kou¢ Oeouidag, Katannyouv (1) OTOUG MUPNVEG TwV
TPIOV 0POAAUOKIVNTIKWY VEUPWV KAI, KOT' EMNEKTAON,
OTOUC 09BAAUOKIVNTIKOUC UUEC, SNUIOUPYWVTAC TO
a1BouU00-0BaAUIKO avtavakAaoTIKO TOEO, Kal (2) OTIG
KIVNTIKEG MNEPIOXEC TWV NPOOBIWY KEPATWY TOU VW TIAI-
OU MUgAOU Kal, KAT' €NEKTACN, OTOUC OKENAETIKOUC
UUEC TOU TPAXNAOU, TOU KOPUOU Kal TwV AKPWY, dNni-
OUPYWVTAG TO QIB0UCO-VWTIAIO avTavakAaoTIKO TOEO.

0 okonodc autou Tou NOAUNAOKOU CUCTAUATOC OU-
viotatal otnv ENITEUEN Twv KATAAANAwWY avtavakia-
OTIKOV TWV JATIOV KAl TWV OKEAETIKWV MUWVY, WOTE Va
dlatnpeital n 1I00pponia katd th otdon kal th Badion.






Plate 2

Mivakida 2

Introduction

(i) The result of the messages transmission from the
central nervous system to the peripheral, which is con-
stantly monitored by the brain’s readiness is the control
(1) of the eye movements, (2) of the stance of the body,
and (3) of the body’s movement.

(ii) When a conflict does exist between the external
stimuli and the internal points of reference, as these are
developed through the every day experience or when a
lesion exists at the transmission mechanisms of the im-
pulses from the peripheral system to the central nervous
system and from there to the eyes and the skeletal
muscles the result is that the brain comprehends an illu-
sion of false movement of the environment such that
nystagmus and balance disorder are finally developed.
Other symptoms and signs from the autonomous ner-
vous system are also being developed .
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Eicaywyn

(i) "Etol, kKdtw and th dAoIKA ETOIMOTNTA NOU anal-
TETal yia TV ekoUlaola pUBUIoN tNG OTAoNG TOU OWa-
TOC, TO ANOTENEOHA TWV 0dNYIWY and TO KEVIPO NMPOC
TNV NEPIDEPEIT Eival (1) 0 EAEYXOC TV OPBAAUIKDV Ki-
VACEWYV, (2) 0 EAEYXOC TNC OTAONC TOU OWMATOC KAl (3)
0 ENEYXOC TWV KIVACEWV TOU OWMATOC.

(i) ‘Otav undpxel aouuBaToTNTA PETAEU TWV EEWTE-
PIKWV €PEBICUATWVY KAl TWV E0WTEPIKWYV ONUEIWY ava-
®0opdg, €101 ONWC AUTA EXOUV AvanTuxeel and Tnv Ka-
BnuepIvA epneIpia, N av undpxel oroiadnnote BAGLN Ka-
TG TNV anootonn epebioudtwy and Tnv nepIGEPEIa
MPOC TO KEVTPIKO VEUPIKO OUOTNUA N and TO KEVTPIKO
VEUPIKO oUOTNUA MPOC TNV NEPIPEPEIN, TO ANOTENEDHA
gival 0t 0 gykEdanog avunauBavetal Yeudwe Nwe to
nepIBANAoV KIveital kal TENIKA avantUoosTal VUoTayuog
Kal &1atapaxn the 1I00pEOMIAC TOU 0WUAToc. Me diado-
PETIKA &vTaon ekONAWVOVTAI Kal AAAa cunntouata and
TO QUTIKO VEUPIKO OUOTNUA.



o
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Plate 3

Mivakida 3

Bony labyrinth

(i) Coronal section of the head in which the two
bony labyrinths are shown from the front. (1) external
ear, (2) middle ear, (3) labyrinth or internal ear, (4) pe-
trous part of the temporal bone, (5) bony cochlea, (6)
bony semicircular canals, (7) bony vestibule.

(ii) Enlargement of picture i. (1) posterior vertical
canal, (2) horizontal canal, (3) anterior vertical canal, (4)
common crus, (5) ampulla of the horizontal canal, (6) VIII
herve, (7) cochlea, (8) round window, (9) oval window,
(10) vestibule.

(iii) Diagram of the labyrinth in which the mem-
branous labyrinth is shown (blue) lying into the bone
labyrinth. (1) posterior vertical canal, (2) common crus,
(3) anterior vertical canal, (4) horizontal canal, (5) mem-
branous vestibule, (6) bony and membranous cochlea,
(7) round window, (8) oval window with the stapes.

The bony labyrinth constitutes a system of cavities
and ducts, which are hollowed within the petrous part
of the temporal bone. It lies between the medial wall
of the tympanic cavity (laterally) and the fundus of the
internal acoustic meatus (medially). There are three
incopletely divided regions: the cochlea, the vestibule
and the three semicircular canals.

The cochlea which has the shape of a snail shell is a
spiral tube comprising nearly two and three-quarters
turns around a central axis, the modiolus.

The vestibule is the middle portion of the labyrinth
lying behind and superiorly to the cochlea and in front
of the semicircular canals. Anterioinferiorly the vestibule
is connected to the cochlea, whereas posteriosuperiorly
it receives the ends of the semicircular canals.

The bony semicircular canals at one end are dilated
into the bony ampuilla. The canals open into the vestibule
with five apertures instead of six because one of the crus
of each of the two vertical canals fuse into the common
Crus.

Within the bony labyrinth lies the membranous
labyrinth which is filled with endolymph. The space
between the bony and the membranous labyrinth is
filled with perilymph.
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Ootéivoc Aafupivlog

(i) Ztedaviaia TopnN Tou kpaviou, dnou daivovtal and
EUNPAGC o1 6U0 AaBUPIVBOI: (1) EEWTEPIKO AUTI, (2) YECO
auti, (3) AaBUPIVEOC N €0WTEPIKO auTi, (4) AIBOEIGNC
Hoipa Tou kpotadikoU ootouy, (5) 0OTEIVOG KOXAIag, (6)
OOTEIVOI NUIKUKAIOI OwANVEG, (7) 00TéIvn aibouoa.

(i) MeyéBuvon tng eikdvag (): (1) oniobiog KABETOC
NUIKUKAIKOG owAnvag, (2) opiddvtiog owinvag, (3) npod-
0010¢ KABeToC ownnvag, (4) koivod okénog, (5) ANKUBOG
opIZovTiou owAnva, (6) VIl veupo, (7) koxAiag, (8) otpoy-
yuAn Bupida, (9) woeldng Bupida, (10) aibouoa.

(i) AlGypauua tou AaBupivBou, GNou aneikoviZe-
TAl 0 UPEVWOANE AaBUPIVEOC (UNAE) Nou BpiokeTal UE-
00 OTOV OOTEIVO: (1) onioBIog KABETOG NUIKUKAIOG OW-
Anvag, (2) koivd okéNog, (3) NPOoBIoG KABETOC OWAN-
vag, (4) opizdvtiog ownnvag, (5) uuevwong aibouaoa,
(6) 0OTEIVOC KAl UMEVWOONG KOXAIag, (7) oTpoyyuAn Bu-
pida, (8) woeIdNC Bupida Ue TOV avaBOAE&a.

0 ootéivoc AaBuUpiveoc ival éva oUoTnUa KOIAOTN-
TWV Kal OwAAVWY, Nou &ival okaupéva péoa otn Ai-
BoEIdN UOoipa TOU KpotagikoU ootod. Eival Tonodetn-
MEVOG UETAEU TOU €0 TOIXWMATOC TNG TUMPMNAVIKNG
KOIROTNTAG (NPOC TA EEW) KAl TOU NUBPEVA TOU E0W
aKouoTIKoU Nopou (NPog ta €0w). Anotensital and
TPIa aTeENWC SIoXWPIoMEVA TUAPOTA: TOV KoxAia, Tnv
QiBouoa Kal TouG TPEIC NUIKUKAIOUC OWANVEC.

0 koxAiag, 0 onoiog €xel To oxNUa keAUdoug oani-
yKapioy, €ivar évag owAnvag nou SIOTPEXEI NEPIMOU
SU0 Kal TPIO TETAPTA OTPODEC YUPW and Evav KEVTPI-
KO G&ova, TNV dTPAaKTO.

H aiBouoa anotenel To Peoaio TuAua Ttou NaBupiveou
Kal Bpioketal Niow kal Ndvw and tov koxAia. Mpog Ta
EUNPOC Kal KATW OUVOEETAI UE TOV KOXAI, EVA and Niow
Kal NAvw OEXETAI TIC EKBOAEC TWV NUIKUKATWV CWwANV®YV.

Ol nuIKUKAIOI 0wANVEC OTO €va AKPO Toug SIEUPUVO-
VIOl KAl OXNUATiCouv TNV 00TEIVN ANkubo. OI OWANVEQ
Katannyouv otnv aibouoa ue névie otouia avti €81, yia-
Ti €va ano ta okEAN TOU ONioBiou kal Tou nNpoodiou Ka-
BeToU OWNNVa OUYXWVEUOVTAl OTO KOIVO OKEAOC.

MEoa OTov OOTEIVO BPIOKETAI O UuEVWONE AaBU-
0IvBo¢, 0 onoiog sival yeUATog uE evOOAEUPO. O XW-
POC WETAEU TOU UMEVWOOUG Kal TOU OOTEIVOU AaBU-
piveou eival yeudtog Ue rnepiAgUPO.
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Plate 4

Mivakida 4

Membranous labyrinth

(1) cochlear duct, (2) saccule, (3) utricle, (4) ampulla of
the posterior semicircular canal, (5) posterior vertical
canal, (6) ampulla of the horizontal semicircular canal (7)
common limb of the posterior and anterior semicircular
canals, (8) horizontal semicircular canal, (9) anterior ver-
tical canal, (10) endolymphatic duct, (11) endolymphatic
sac, (12) ampulla of the anterior vertical canal, (13) saccu-
lar duct, (14) end of the cochlear duct, (15) utricular duct.

The membranous labyrinth lies within the bony
labyrinth. Its overall shape is almost identical to that of
the bony labyrinth and the general arrangement of its
various parts correspond to those of the bony laby-
rinth. It consists of a number of vesicles and ducts
which are interconnected. Their walls are very thin and
almost transparent and are made of connective tissue
which is internally lined by epithelium. There are two
dinstict interconnected parts: the cochlear duct (i) in
which the hearing sensory apparatus is found and the
vestibular labyrinth (i) which constitutes the peri-
pheral apparatus of balance.

The vestibular labyrinth is made of two intercon-
nected vesicles the utricle and the saccule and the
three membranous semicircular canals. The utricle has
an oval slightly flattened shape and occupies the su-
perior portion of the bony vestibule. In the lateral utri-
cular wall there is an oval bulging of the epithelium,
the utricular macula. The saccule is almost spherical in
shape and occupies the inferior part of the bony
vestibule. Its medial wall has a similar epithelial bulg-
ing, the saccular macula.

Each one of the three membranous semicircular
canals has two ends, one which is dilated into the am-
pulla and a non-dilated one. The non-dilated ends of
the posterior and anterior vertical canals fuse into the
common crus. Into each of the three ampullae there
exists an enlogated epithelium bulging, which protru-
des from the floor of the ampulla, the acoustic crest.

Two very thin ducts, the utricular and the saccular
ducts, emanate from the utricle and the saccule
respectively and fuse into the endolymphatic duct,
which ends at the endolymphatic sac at the posterior
superior surface of the petrous pyramid under the dura.
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MepBpavwdng Aafupivlog

(1) koxAlakoe Népog, (2) odaipikd KuoTidlo, (3) eAREl-
ntko KUoTidIo, (4) ANKUBOC Tou oniobiou KABETOU NpI-
KUKAIoU owAnva, (5) onioBiog¢ KGBETOC NUIKUKAIOG Ow-
ANvag, (6) ANKUBOC Tou OPIZOVTIOU NUIKUKAIOU OwAnva,
(7) kOIVO OKEAOC onioBiou kal KABETOU NUIKUKAIOU Ow-
Anva, (8) opIZovVTIOG NUIKUKAIOG owAnvag, (9) npdobiog
KABeToC ownnvag, (10) evooNeudIKOC Ndpog, (11) evdo-
AEUPIKOG OAKKOG, (12) ANKUBOC Tou NPOCBIou KABETOU
owAnva, (13) odaipikdS nopoc, (14) TudAd GKPOo ToU KO-
xA1IakoU ndpou, (15) eAREINTIKOS NOPOC.

0 uuevwdne AaBUpIvBoC BRICKETAI UECA OTOV OOTEIVO.
TO YEVIKO OXNa Tou gival oxedOV iBI0 JE EKEIVO TOU OOTEI-
vou. Anoteneital and pia ogipd aokidinv kal CwANVIoKwV,
Mou ENIKOIVWVOUV UETAEU Toug. Ta Aentd, oxedov diada-
VA TOIXWMATA TOUG anoteAoUvTal and CUVOETIKO I0TO EMNa-
AEIPOUEVO E0WTEPIKG and MIBAAID. ZTOV UMEVWON AaBU-
pIVBO undpxouv SUO AIadOPETIKA TUNUATA NOU EMNIKOIV®-
voUV: 0 KOXAIOKOC nopog (i), 0 onoiog NEPIEXEI TO OPYAVO
NG AKONG, Kal 0 aiboucaio¢ AaBupiveoc (i), 0 onoiog ne-
PIEXEI TO NEPIDEPIKO OPYAVO TNE I00PPONIAC.

0 aiBoucaiog AaBUPIVBOC anoteneital and to &n-
AEINTIKO KAl TO 0¢aIpIKO KUOTIOI0, TA ONoia ENIKOIVW-
voUV JETAEU TOUG, KAl and ToUG TPEIC NUIKUKAIOUC Ow-
Anvec. To €ANEINTIKO KUOTIOIO EXEl WOEIBEC Kal ne-
NAATUOUEVO OXNUA KAl KATtanauBAvel TO AVWTEPO
TUAPAO TNG OOTEIVNG aiBouoag. To €EW TOIXWUA TOU
eARgINTIkoU KuoTidiou PEPEI pia woeIdh naxuvon, TNV
aKoUOTIKA KNAiGa Ttou EAAsINTIKOU KuoTidiou. To ogal-
PIKO KUOTISIO €XEl OPAIPIKO OXNua Kal KatanaupBavel
TO KATWTIEPO TUNPA TNG OCTEIVNG aiBouoag. To €0w
TOIXWUA TOU PEPEI pia MAxXuvon, TNV aKOUOTIKA KNAI-
50 ToU 0PaIpIKoU KUOTIOIOU.

K&6e évag and toug TPEIC NUIKUKAIOUC OWANVEG
€xel 6UO AKPa, €K TWV ONoiwv TO &va gival SIOYKWUE-
VO, N ANKUBOC, KAl TO AAN0 uN SIOYKWUEVO. Ta un d1o-
YKWUEVA AKPA TOU 0onicBiou Kal Tou Avw NUIKUKAIOU
OWANVA CUYXWVEUOVTAI KAl OXNUATICOUV TO KOIVO OKE-
Ao¢. Ze KGBs ANKUBO UNAPXEl pia €MUNKNG €napon
TOU BAgvvoyodvou, nou NpoRAnnel and To €6adog TNG
ANKUBOU, KAl KAAETal akouoTikn akpoAodia.

Ano6 To eAREINTIKO Kal TO 0daIpIkO KUOTIBIO GpxovTal
SUo Aentol cwAnviokol, 0 EAREINTIKOC KAl O 0QaIpIKOC
M6OOC AVTIOTOIXA, Ol OMOI0I EVWVOVTAI OTOV EVOOAEUDI-
KO mopo. AUTOC KATAANYEI OTOV EVOOAEUPIKO OGKKO
otnv onioBia Avw enidaveia Tou AIBoEIGOUC 00ToU, KA-
TW and Tn pNviyya.
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Plate b5

Mivakida 5

Orientation of the semicircular canals

(i) Schematic view from above of the two laby-
rinths (1) anterior vertical semicircular canal, (2) hori-
zontal semicircular canal (3) posterior vertical semicir-
cular canal (the arrow points forwards).

(ii, iii, iv) Computerized axial tomography of the
petrous bones, in which the three semiscircular canals
and their spatial relations are shown. (ii) The left and
the right anterior semicircular canals (dotted rectan-
gle) are almost orthogonal, (iii) The left and the right
posterior vertical canals (bold box) are almost ortho-
gonal. The left anterior vertical and the right posterior
vertical canals lie in parallel planes. (iv) The left and the
right horizontal semicircular canals lie on the same
more or less horizontal plane.

The semicircular canals in each labyrinth are spa-
tially sited in such a way that the level of each canal is
perpendicular to the levels of the other two. This
orientation of the canals functionally serves the per-
ception of the head’s movements in multiple planes.

Besides the interrelated orientation of the three
canals in each one of the labyrinths their spatial re-
lation with the canals of the opposite side is signifi-
cant. The complex of the canals of each labyrinth is
oriented laterally, such that the anterior vertical canal
forms an angle of approximately 45°with the anterior-
posterior axis of the head. This orientation results in
the formation of three functional semicircular canals
pairs. The first functional pair is formed by the two
horizontal canals. When the head is in its natural
upright position both horizontal canals lie on the same
plane, which slopes inferiorly and posteriorly at an
angle of approximately 30° to the horizontal plane.
The second functional pair is formed by the right
anterior and the left posterior vertical canals, because
they both lie in vertical pararell planes. Finally, the
third pair is formed by the right posterior and the left
anterior vertical canals which also lie on vertical parallel
planes.
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MpooavatoAiopo¢ twWV NHIKUKAIWV OWARVWYV

(i) Zxnuatikn katown Twv 6Uo AaBuUpivBwy (apioTepd
AMEIKOVIZETAI O APIOTEPOG Kal O&I 0 BEEI6C NABUPIV-
B0Q): (1) NPAOBIOG KABETOC NMIKUKAIOC cwAnvag, (2)
0pPIZOVTIOC NUIKUKAIOG ownnvag, (3) onioBiog KABEToq
NUIKUKAIOC 0wANvac (to BENOC Seixvel eunpog).

(ii, Tii, iv) AZovikn Topoypadia Twv NIBogIdwy, Onou
daivovtal o1 TPEIC NUIKUKAIOL OWANVES KAl O OXEOEIC
METAEU TouC: (i) 0 apIoTEPOC Kal 0 SEEIOG NPOOBIOG KA-
BETOC NUIKUKAIOG 0wANvag (0€ oTIKTO NAaioIo) ival ne-
piNou KABETOI PETAEU Toug, (i) 0 aploTEPOC Kal O O¢-
E16¢ onioBI0¢ KABETOC NUIKUKAIOG owAnvag (0€ ouuna-
VEC nnaiolo) sival nepINou KABETOI UETAEU TOUG. Eni-
NAEOV, 0 APICTEROG NPOCBIOG KABETOC Kal 0 SEEIOC oni-
0B810¢ KABETOC NUIKUKAIOG 0WwANvVAC gival METAEU TOUG
napdnAnAol, (iv). O aploTEPOC Kal 0 OEEIOG 0PIZOVTIOL
NUIKUKAIOG owANvag Bpiokovtal oto id1o eninedo.

LTOV XWPO, Ol NUIKUKAIOI OWANVEC TNEG WA NAEUPAC
€ival €101 TONOBETNUEVOI, WOTE TO €NMESO TOU KAB'
€vOC and autoug va ival KABETO JUE TO eNnNedO TWV
AnAwV BUO NUIKUKAIWV 0wANVWY. AUTH N TONOBETNON
TOV OWANVWV €EUNNPETEI ASITOUPYIKA TNV avTinnwn
OTPOdWV TNC KEGAANG o€ noANannd enineda.

EKTOC and T OXEon NoU EXOUV JETAEU TOUC OI TPEIG
NUIKUKAIOI CWANVEG TNG pIag NAgUpdg, 181aitepn onuaoia
EXEI KAl N OXEON TOUG [E TOUG AANOUC TPEIC CWANVES TNG
avtibeTng NAgUPAG. To CUUNAEYUA TWV NUIKUKAIWV Ow-
ANVWV TNG KABE NNEUPAC Eival OTPAUMEVO MPOG TA EEW,
€10l WOTE 0 NPOCBIOG KABETOC NUIKUKAIOG OWwANVAS va
OXNUATIZel yovia 45° ue tov npoodioniofio d&ova Tng
KEPAANG. AUTOC O NPOCAVATONICHOG OTOV XWPO EXEl WG
QANOTEAEOUA TN SNUIOUPYIA TPIWV AEITOUPYIKWY ZEUYWOV
NIKUKAIOV OwANRV®Y. TO NPWTO AEITOUPYIKO ZEUYOC ano-
TeNeital and toug dU0 OpIZOVTIOUC NIKUKAIOUG OWANVEG,
Ol onoiol Bpiokovtal oto iBI0 eninedo, TO onoio, Atav n
KedaN BIOKETAI oTn GUCIONOYIKA OPBIa BEON TNC, OXN-
uaTiZel yovia 30° pe To opiZévtio eninedo. To SeUTEPO
Astoupyikd Zeuyog anoteneitar and tov 6g&0 NPodobIo
KABETO KAl TOV apIOTEPOG ONIOBIO KABETO NIKUKAIO OwAN-
V@, VIaTi Bpiokovtal o€ enineda nou ival napdAANNa ue-
TAEU TOUC. TO TPITO AEIToUpyIKG ZeUyOg, TENOG, anotensi-
Tal anod tov Oe&I6 oniobIo KABETO CwNNVA Kal TOV APIOTE-
PO NPAOOBIO KABETO NUIKUKAIO CwAnva, ol onoiol Bpioko-
VTal o€ KABETa enineda, Ta onoia avtiotoxa eival KABeTa
METAEU TOUG.






Plate 6

Mivakida 6

Orientation of the horizontal semicircular
canal

Due to the arrangement of the semicircular canals
and the general position of the whole labyrinth in the
cranium the horizontal semicircular canals subtend at
an angle of 30° to the horizontal when the head is in
its normal upright position (i). Thirty degrees flexion
of the head brings these canals to the true horizontal
plane (i), while extension of the head for 60° brings
the horizontal canals to the vertical plane (iii).

The three dimensional orientation and the
positioning of the semicircular canals is significant in
various labyrinthine tests. The horizontal canals must
be on a vertical plane during the caloric stimulation
and horizontal (head flexed 30°) during rotational
tests.
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MpooavatoAIGHOC Tou 0pPIZOVTIIOU NUIKUKAI-
oU owAnva

AOY® AUTNAC TNG BEONC TWV NUIKUKAIWV OWANVW®Y,
anAd kal TNG YEVIKNG BE0NC ToU NABUPIVBOU OTOV XW-
p0, Otav To KedANI gival oTn GUCIONOYIKN OPBIa BEoN
TOU, Ol OPIZOVTIOl NIKUKAIOI OwANVEG BpioKovtal og
ENMESO, MOU OXNUATIZEl Yywvia 30° UE TO OPIZOVTIO
enmnedo (). H kduyPn t™g KEDANNG Katd 30° dEpel
TOUG OPIZOVTIOUG NUIKUKAIOUG OWANVEG OTO 0PIZOVTIO
enimnedo (i), evdd n éktaon tng kedaAng katd 60°
TOUG dEPEI Og KABETO eninedo (iii).

0 TPIoAIA0TATOC NPOCAVATONIOMOC Kal N BE0N TwV
NUIKUKATWV owAnvov €xel 1I81aitepn onuacia otn Ole-
VEPYEIQ OPICUEVWYV EEETACEWV TNG NEITOUPYIAC TOU Aa-
BupivBou. Katd tn didpkela Tou Bgppuikou diakAucuoy,
via napddeyua, NpEnEl va €PEBIOTEI 0 OPIZOVTIOC NWI-
KUKAIOC owANvag. MNa va ENITEUXOET 0 BEATIOTOC EPEDI-
OMOC TOU, MPENEI VA BPIOKETAI OE KABETO eNNed0. AvTi-
Beta, Otav ekteAoUvVTal OTPOPIKEG OOKIUATIES, Of OpI-
ZovTiol NIKUKAION OwANVEG NPENEI va BPIOKETAI OE OpI-
Zévtio eninedo (kapwn NS KePanng 30°).
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Plate 7

Mivakida 7

Sensory epithelium of the labyrinth

In certain areas within the membranous labyrinth
the connective tissue which forms the labyrinthine
walls thickens into specialized sensory epithelium. The-
re are six such sensory areas which are sited (i) along
the whole length of the cochlear duct and form the
organ of Corti, (ii, iii, iv) at the ampullari crests of the
three semicircular canals, (v) at the utricular macula,
and (vi) at the saccular macula.

The six sensory areas found within each of the
labyrinths can be grouped in respect to the special
exogenous stimulus by which they are excitated. The
organ of Corti is stimulated by sound. The three sen-
sory areas found at each of the ampullary crests of the
semicircular canals form a homogeneous Sensory
group which responds to changes of the head’s
angular velocity (angular acceleration and deselera-
tion). Finally, the sensory epithelium at the utricular
and saccular maculae are sensitive to changes of the
head’s linear velocity (linear acceleration and deselera-
tion).
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AiocOntnpiakdé AaBupivOiké emOnAio

0O OUVOETIKOG 10TOC, and Tov Ornoio oxnuaticovtal
TO TOIXWUATA TOU UMEVWOOUC AaBupivBou, o opl-
OMEVEC MEPIOXEC NMAXUVETAI KAl JETANIMTEl OE QI06N-
TNPEIOKO €MBANI0. YNAPXOUV EEI TETOIEC AI0BNTNPIAKEG
NEPIOXEC Nou Bpiokovtatl: (i) katd PhKog OAOU TOU KO-
xA1aKoU NOpou Kal OXNUAticouv To Opyavo tou Corti,
(iii, iii, iv) OTIC OKOUOTIKEG AKPOAODIEC TWV TPIWV NWI-
KUKAIOV OwANVWY, (V) oTnv aKkouoTIKA KNAIGa Tou eR-
AsintikoU kuoTidiou kar (vi) otnv akouoTikh knAida
TOU 0daIpIKoU KUOTISIoU.

O1 €& aI0BNTNPICKEC MEPIOXEC, MOU Bpiokovtal
OTOV KaBgva anod toug dUo AaBUpivBoug, unopouv va
opadonoinBouv avanoya pe To EIBIKO EEWTEPIKO EPE-
Bioua and to onoio digyeipovtal. To Opyavo tou Corti
gpebicetal and tov Nxo. O NUIKUKAION OWANVEG ANOTE-
Aouv Evav ouoegIdn unodoxea nou dieysipetal anod T
anAayEG TNC YwVIAKNG TaxUTNTAg TNG KEQAANG (YW-
vVIoKA enitdxuvon kar enigpaduvon). TEAOCG, TO aiobn-
TNPIoKO EMBAAIO TWV AKOUOTIK®WY KNAIdwv avtidpd
0TI aNAAYEC TN EUBUYPAUUNG TAXUTNTAG TNG KEdA-
ANG (euBUypauun enitdxuvon kal enipaduvon).






Plate 8

Mivakida 8

Structure of the vestibular end organs

In the five sensory areas of the vestibular mem-
branous labyrinth, the connective membrane is thic-
ker and the epithelium consists of sensory and sup-
porting cells, which are similar in the cristae ampul-
lares and in the maculae. The sensory cells are the sites
of transformation of mechanical energy of the sti-
mulus into bioelectrical energy which finally leads to
the initiation of nerve impulses.

() Two types of hair cells can clearly be identified.
The type | hair cell has the shape of a bottle (1) and is,
with the exception of the apical part, surrounded by a
nerve chalice (2). The type Il hair cell has an irregular
cylindrical shape (3) and is in contact with several small
nerve endings (4).

(ii) Both cell types are found over the entire
surface of the maculae and the cristae. From the
apical part of each sensory cell one kinocilium (1) and
a large number of stereocilia protrude (2). The length
of the stereocilia increases from one side of the cell
surface to the other. The kinocilium is the longest of
the sensory hairs and it always lies next to the longest
of the stereocilia.

(iii) In each of the two cristae the sensory epi-
thelium is covered by the cupula (1), a gelatinous like
structure which fits like a cap over the entire surface
of the crista ampullaris and extends from the crista to
the roof of the ampulla.

(iv) In the two maculae the sensory epithelium is
covered by the otolithic membrane (1), a gelatinous
mass which contains in its upper part a large number
of crystaline particles, the otoliths (2) which mainly
consist of calcium carbonate. The otoliths have a
density of 2.71-2.93, which is much higher than that
of the cupulae and twice as high as that of the endo-
lymph.
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Aopn twV TEAIKWV UMOBEKIIKWVYV 0pydavwyv
tng aibouoag

YTC NEVIE QIOBNTNPIOKEC MEPIOXEC TOU MUEUBPAVQ-
S0uUC aIBoucaiou AABUPIVEOU, O CUVOETIKOG I0TOC NaxXU-
VETAI KAl TO ENIBNAI0 anoteneital and aiobnTnpIakd Kal
OTNPEIKTIKA KUTTAPA, Ta onoia gival 6uoia TO00 OTIC AKOU-
OTIKEG aKPONODIEG GO0 KAl OTIG AKOUOTIKEC KNAIGES. Ta al-
oBNTNPIaKG KUTTOPA Eival Ta OnuEia, Onou N PNXavikA
EVEPVYEIQ, Nou Npokaneital anod ta edappoloueva EpEDI-
OMOTA, PUETATPENETAI OE BIONAEKTPIKA EVEPYEID, N Onoia
TENIKG 0ONVYEN OTNV NAPAYWYN VEUPIKWY WOEWV.

(i) XTIC a10ONTNPIAKEC NEPIOXEC undpxouv dUO Eidn
TPIXWTWV VEUPOAICBNTNPIAKWY KUTTAPWVY. TO TPIXWTO
KUTTAPO TUNOU | EXel anIOgIBEC oxnua (1) Kal, e €&ai-
PECN TO KOPUGAio Tou TUhua, NepIBANAETal and pia
VEUPIKA KAAUKA (2). TO TPIXWTO KUTTAPO TUMOU Il EXEl
AvPaNo KUAIVOPIKO oxnua (3) Kal EPXETal 0€ enagn
HE BIADOPEC UIKPEC VEUPIKEC ANOANEEIC (4).

(i) Ta dUo autd €idn Twv KUTTAPWV aveupiokovtal
o€ 6AN tnv €NIGAVEIO TWV AKOUOTIKWV AKPOAODIWV
Kal kNAiIdwv. AnO To Kopudaio TuNUa KABs aiobntn-
pIaKOU KUTTApou npoBRAAAEsl uia kivnth teixa (1) kal
Evag PEYANOC apIBUOC akivNTwV TPIXWV (2). TO JMAKOG
TWV KIVNTWV TPIXWOV otadiakd augdvetal and tn yia
npo¢ TNV AAAN NAgUPd TNG MIGAVEIAC TOU TPIXWTOU
Kuttdpou. H Kivnth tpixa gival n pakputepn and ONeg
TIC QI0ONTNPIAKEG TPIXEC KAl MAVTA €iVal TONOOETNUE-
vn napd tn pakputepn akivntn Teixa.

(i) e KG6e pia anod TIC TPEIC AKOUCTIKEG AKPONO-
®ieg TO AI0BNTNPIOKO EMBNNIO KAAUNTETAl ano To Te-
AIKO KUNEANIO (1), Eva ZeAQTIVWOOEC OPYAVO, TO Oroio
EDAPPOZEl WC KWOWVAC NAVWw O OAOKANPN TNV M-
®AVEIA TNC AKOUOTIKNG akpoNodiag kal ekteivetal anod
TNV ENIPAVEID TNG AKOUOTIKNAG aKPOAodIag wg tnv
0pOodN TNG ANKUBOU.

(iv) ZTic U0 QOKOUOTIKEG KNAIGEC TO QIOBNTNPIOKO €M
BnAIo kaAunteTal and TNV WToNIBodOPO UEUBPAVN (1), Wi
ZeNativadn Pada, n onoia OTto AVWTENO TUNWA TNG NEPIE-
XEl évav PeyYAano apiBud KpUOTaAAIKWY OwuaTISiwy, TOUG
WTONIBOUC (2), Nou anoteNoUvVTal KUPIWG and avepakiko
aoBéotio. O1 wtdAIBoI Exouv nukvoTtnta and 2.71 wg 2.93,
n onoia sival noAu uPnAdtepn and ekeivn Tou TEAIKOU KU-
nenniou kar dinAdoia and ekeivn TG evoonéudou.
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Lorente de No R. (1926). Trab. Lab. Invest. biol.
Univ. Madr. 24, 53-153
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Plate 9

Mivakida 9

Innervation of the labyrinth

() The vestibular ganglion is situated within the
internal auditory meatus (1) and it is double, being di-
vided into an upper (2) and lower (3) part. The central
processes of the superior vestibular ganglionic cells
form the upper division of the vestibular nerve (4)
while those of the inferior vestibular ganglion form
the lower division of the vestibular nerve (5).

(ii) The peripheral branches of the superior ve-
stibular ganglion run to the ampullae of the superior
and lateral semicircular ducts, to the macula of the
utricle and to the anterior-superior part of macula of
the saccule. The inferior vestibular ganglion gives off
the main nerve to the posterior ampulla (singular
nerve) and to the main part of the saccule.

The spiral or cochlear ganglion occupies the spiral
canal of the modiolus. Its central processes join those
of the inferior vestibular ganglion to form the inferior
division of the auditory nerve (VIII). Lorente de No
(1926) demonstrated a facio-cochlear anastomosis
which he believed carried sympathetic fibres to the
cochlea from the internal carotid plexus via the petro-
sal nerves and the tympanic plexus. The vestibulo-co-
chlear anastomosis, described by Oort (1918), runs
from the inferior vestibular ganglion to join the co-
chlear nerve in the region of the basal coil of the
cochlea.
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Nevpwon tou Aaffupivlou

(i) To ailBouoaio yayydio BRIOKETAl UECA OTOV E0W
aKouoTIKO nopo (1), ival SINAG Kal XWPIZETal 08 Avw
(2) kal kdTw (3) TUNUA. O KEVTIPIKEC anoduddeC TwV
yayyRIoKwV KUTTApwV Tou dvw aiBoucdaiou yayyniou
OXNPatidouv tov dvew KAGdo Tou aIBoucaiou veUpou
(4), eved ekeiveG TOU KATW aIBoucaiou yayyAiou oxn-
MATiCouv Tov KATw KRGS0 Tou aiboucaiou veupou (5).

(ii) O1 nepidepIKoi KAGSOI TOU Avw aIBoucaiou yay-
yAiou nopevovtal OTIC AKOUOTIKEC aKPONOGIEC TOU
NPOCBIoOU KABETOU Kal TOU OPIZOVTIOU NUIKUKAIOU OWw-
ANva, OTNV akouoTIKA KNAIGa Tou eANEINTIKOU KUOTIOI-
OU Kal 0To NpoobIo-Avw TUAUA TNG AKOUOTIKAG KNAi-
6a¢ Tou odalpikoU kuotidiou. To KATw aibouoaio yay-
YAIO NAPEXEI TO KUPIO VEUPO TNC AKOUOTIKNG AKPONO-
®iog tou oniobiou KABETOU NUIKUKAIOU OwANva (Uo-
VAPEC VEUPO) KAl TOU KUPIWE TUNAPATOC TNG AKOUOTI-
KNG KNAIGAC Tou 0dalpikou KuoTISiou.

To oneIPoeIdEC N koxAIakd yayyAio BpIoKETal oTNV
ATPAKTO TOou KoxAia. O KEVIPIKEG anoduddeC Tou
EVWOVOVTAI JE TIC KEVIPIKEC anoduddeC Tou KATW al-
Boucaiou yayyAiou kal oxnuaticouv Tov KATw KAAS0o
Tou akouotikoU veupou (VIII). O Lorente de No (1926)
anédelEs tnv UNapén MIAC KOXAIO-NPOoWnIKAG ava-
OTOMWONG, NOU BEWPNBNKE OTI HETADEPEI CUPNABNTI-
KEG IVEC anO TO €0w KAPWTISIKO NAEYUA OTOV KOXAIa
MEOW TV NIBOEIBWY VEUPWYV KAl TOU Tuunavikou niE-
YMOTOG. H QiBouco-KoXAIaKN avaotouwon nepypd-
®nke and tov Oort (1918). Auth nopeguetal and to Ka-
Tw aIBoucaio yayyAio Kal EVWOVETAl JE TO KOXAIAKO
VEUPO OTNV NEPIOXN TNG BACIKAG EAIKAC TOU KOXAIQ.
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Plate 10

Mivakida 10

Vascular supply of the labyrinth

The first description of the labyrinth’s basic vascu-
lar supply came from Siebenmann, in 1890.

The membranous labyrinth, and its nerves are sup-
plied by the internal labyrinthine artery. The internal
auditory arteries are branches of the anterior inferior
cerebellar artery, which also supplies the pons and the
cerebellum, but sometimes they come directly from
the basilar artery.

The labyrinthine arteries have two main branches:
the common cochlear artery and the anterior vesti-
bular artery. The former divides in the internal audi-
tory canal into the vestibulocochlear artery and the
spiral modiolar or cochlear artery. The vestibuloco-
chlear artery divides into the posterior vestibular arte-
ry and the cochlear branch. The anterior vestibular
artery supplies the utricle, the ampullae of the ante-
rior and horizontal semicircular canals and a small
portion of the saccule. The posterior vestibular artery
supplies the inferior part of the saccule, the ampulla
of the posterior semicircular canal and the lower part
of the basal turn of the cochlea while the cochlear
branch runs in the opposite direction toward the
apex. The spiral modiolar artery enters the modiolus
about half a turn from the basal end of the cochlea
and runs towards the apex giving off the external and
internal radiating arterioles. These are anastomoses
between the cochlear branch and the spiral modiolar
artery.
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Aipdtwon tou AafupivOou

0 Siebenmann (1890) ATav 0 NPWTOC NoU E6WOE
TN BACIKN NEPIYPADN TNC AINATWONCE TOU E0WTEPIKOU
autiou.

OAOKANPOC O PEPBPAVWANG NaBUPIVBOC Kal TO
QKOUOTIKO Kal mpoownikd veUpo algatwvovtal anod
TNV AABUPIVOIKN aptnpia. O1 0w AKOUOTIKEC APTNPIEG
eival kAadol NG Npdobiag KATW nNapeykePanidIKNG
apTNEIag, N onoia AlAtwvel TN YEGUPA Kal TV NAPE-
YKEDANIDA, PHEPIKEC DOPEC OUWC EKPUOVTAl an’ EUBEI-
ag anod Tt Bacikh aptnpia.

O1 AABUPIVBIKEG apTnpieg Sidouv dUO kUpIoug KAG-
S0OUC: TNV KOIVA KOXAIOKA apTnpia kar tny npdosia al-
poucaia aptnpia. H KoIvA KOXAIAOKN apTnpia XwpIZeTal
MECQ OTOV €0W AKOUOTIKO NOPO OTNV AIBOUCOKOXAIQ-
KN apTNEIia Kal oTtny €NIKOEION apTtnpia TNG atpdKTou
N koxAlakh aptnpia. H aiBoucokoxniakn aptnpia dial-
QEITaI oTNV OMNioBia aIBoucaia apTNEIa Kal 0 Evav KO-
xAlokd kAGdo. H npdobia ailBouoaia aptnpia eival
KAGSOC TG AQBUPIVBIKAG APTNEIAC KAl MAPEXEl aiua
01O €NNEINTIKO KUOTidI0, OTIC ANKUBOUC Tou Npodobiou
KGOETOU KAl TOU 0pIZOVTIOU NUIKUKAIOU OwANVA Kal O
€va PIKPO TUNUa Ttou odalpikou kuotidiou. H onioBia
aiboucaia aptnpia NApEXE! Aina OTo NPOCHBIo TNUA
TOoU odalpikou KuoTidiou, otn ANKUBO Tou oniobiou
KABETOU NUIKUKAIOU OWwANVA KAl OTO KATWTEPO TUNUA
TNG BAOIKAG EAIKAC TOU KOXAIa, eV 0 KOXAIAKOC KAG-
60C OTPEDETAl OTNV AVTIBETN KATEUBUVON MPOG TNV
Kopudn Tou KoxAia. H eNIKOEIBNC apTnpia tng atpd-
KTOU EICEPXETAI OTNV ATPAKTO TOU KOXAIa O CNEIo
MIONG €AIKac and TO NEPAC TNG BACIKNG EAIKAG TOU KO-
XA Kal NopeUETal MPOC TNV KOPUDN TOU KOXAIa XO-
PNYWVTAC TA E0W KAl EEW AKTIVWTA aptnpidnia. Autd
€ival aVOOTOPWOEIC UETAEU TOU KOXAIaKoU KAABOU Kal
NG €AIKOEIGOUC aPTNPIAC TNG ATPAKTOU.



