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LIST OF ABBREVIATIONS

2D : Two-dimensional

3D : three-dimensional

AICA . anterior inferior cerebellar artery

AT - apical turn of the cochlea

BCNC : bony cochlear nerve canal

bFFE : balanced fast field echo techniques

BT : basal turn of the cochlea

CA : cochlear aqueduct

CHARGE : coloboma, heart disease, atresia choanae, retarded growth

and development, genital abnormalities, and ear anomalies

Cl : cochlear implant

CISS . constructive interference in the steady state techniques
CLA : complete labrynthine aplasia
CMV . Cytomegalovirus

CN VII : facial nerve

CN VIII : vestibulo-cochlear nerve
CND : Cochlear Nerve Deficiency
CO : Cochlear otosclerosis

Co : cochlea

CPA : cerebellopontine angle

CT . computed tomography
DRIVE : Driven equilibrium techniques
ELD : endolymphatic duct

ELST : Endolymphatic sac tumor

EVA : Enlarged vestibular aqueduct



FASE
FGRE
FIESTA
fMRI
FN
FO
FRFSE
FSE-MRI
Ha
He
HRCT
IAC
IP-I

IP-I1
ISS

LO
Lscc
Mo
MRI
MT

NI
OSL

oW
PET

Pscc

: fast asymmetrical spin-echo techniques

: fast gradient echo techniques

: fast imaging employing steady-state acquisition techniques
: Functional MRI

: facial nerve canal

. Fenestral otosclerosis

: Fast Recovery Fast Spin Echo techniques
- Fast spin-echo MRI

: hamulus
- helicotrema
-high resolution computed tomography

- internal auditory canal

- incomplete partition types |

- incomplete partition types Il ( (Mondini deformity)

. interscalar septum

- Labyrinthine ossificans

- lateral SCC

: modiolus

. magnetic resonance imaging
: middle turn of the cochlea

: nervus intermedius,
- 0sseous spiral lamina

: oval window

: Positron emission tomography

: posterior SCC


http://radiopaedia.org/articles/nervus-intermedius

RW : round window
S/NDb - signal to noise ratio

SIMCAST : segment interleaved motion compensated acquisition in the
steady state techniques

SNHL : Sensorineural hearing loss

SSC : semicircular canals

Sscc : superior (anterior) SCC

SSFP . steady-state free precession techniques

ST - scala tympani

SV - scala vestibuli

TE : time to echo

TORCH : toxoplasmosis, rubella, cytomegalovirus, herpes simplex virus,

and congenital syphilis

TR - time to return

trueFISP - true free induction with steady precession techniques
VA - vestibular aqueduct

Ve - vestibule

VII - facial nerve,

Vilic : cochlear nerve,

VIillvi - inferior division of vestibular nerve

VIillvs - superior division of vestibular nerve,

VR : volume-rendered


http://radiopaedia.org/articles/facial-nerve
http://radiopaedia.org/articles/cochlear-nerve
http://radiopaedia.org/articles/vestibular-nerve
http://radiopaedia.org/articles/vestibular-nerve

LIST OF CONTENTS

Page No

[ o) T~ U = i
LISt Of TaDIES oo e e e e e e eans vi
List Of ABBreviations ..o e vii
Introduction and aimofthework...........cccocovvvviiviinvinnann.. iX

Review of Literature

- Development of theinnerear.......ccceeeeeeeeeeeeenennnn. 1
- Anatomy of theinnerear .....cccoooevviviviiieieeeriiieeeeeenne, 5
- Radiological CT and MR anatomy.......cccceceevvveeeecveennn. 18
- Physiology of hearing.......cccevveeeveeeiiecceieiiciee e 27

- Pathology of child sensori-neural hearing loss..............29
- Physical principles and Technique of CT and MRI........34
- Role Of Multidetector CT Scan and MR imaging In The

Assessment Of child SNHL..........ccoceeveininininieieeees 45
Patients and Methods...................uuvviiiiiiiiiiiiiiiiiiiiiiiiiii, 71
RESUILS ... 76
DiSCUSSION........uuuiiiiiiiiiiiiiiiiiibiiiiiiiiebe bbb 84
Summary and Conclusion..............cccooovvviiiiiiiiiiiieeeeeeen, 88
HluStrative Cases ..............uuvveviviiuiiiiiiiiiiiiiiiieiiiireeeeeeaaeeeeann 90
References........ccccoooviiiiiiiiiiiieee e 101
Arabic SUMMArY.......coooooiiiiicccceee e 1-2



List of figures

Fig. 1|The stages in the development of the membranous| Page 1
A-B labyrinth from the otocyst,
Fig. 1|The stages in the development of the membranous| Page 2
C,D labyrinth from the otocyst,
Fig. 1| The stages in the development of the membranous| Page 3
A-F labyrinth from the otocyst,
Fig. 2 | Drawing of the developing membranous labyrinth Page 4
Fig. 3 | The left bony labyrinth: a, lateral aspect, b, interior. Page 6
Fig.4 | Detailed anatomy of the cochlea. Page 8
Fig.5b | The cochlea uncoiled. Page 9
Fig.6 | The membranous labyrinth projected onto the bony | Page 11
labyrinth.
Fig.7 | Endolymphatic sac and duct. Page 12
Fig.8 | colored diagram of right membranous labyrinth Page 12
Fig.9 |The cochlea. a, Horizontal section through the left| Page 13
temporal bone showing the position of the cochlea with
respect to the tympanic cavity. b, Section through the
second turn of the cochlea seen in a. The modiolus is to
the left. a and b are drawn from histological sections.
Fig.10 | The fundus of the left internal acoustic meatus, exposed | Page 14
by a section through the petrous part of the left temporal
bone nearly parallel to the line of its superior border.
Fig.11 | Vestibulo-cochlear nerve inside the internal auditory | Page 15
canal.
Fig.12 | piagram of relationship of nerves in the internal acoustic | Page 16
meatus.(Bill’s Bar)
Fig.13 | pistribution of facial nerve in the temporal bone. Page 16
Fig.14 | Axial 1images of the temporal bone by | Page 18
multidetector CT scan.
Fig.15 | Axial 1images of the temporal bone by | Page 18
multidetector CT scan
Fig.16 | Axial 1images of the temporal bone by | Page 19
multidetector CT scan
Fig.17 | Axial 1mages of the temporal bone by | Page 19

multidetector CT scan



http://radiopaedia.org/articles/internal-acoustic-meatus-old
http://radiopaedia.org/articles/internal-acoustic-meatus-old

Fig.18 | Axial 1mages of the temporal bone by | Page 20
multidetector CT scan

Fig.19 | Axial 1images of the temporal bone by | Page 20
multidetector CT scan

Fig.20 | Axial 1mages of the temporal bone by | Page 21
multidetector CT scan

Fig.21 | Axial 1mages of the temporal bone by | Page 21
multidetector CT scan

Fig.22 | Axial 1images of the temporal bone by | Page 22
multidetector CT scan

Fig.23 | Coronal images of the temporal bone by | Page 22
multidetector CT scan

Fig.24 | Coronal images of the temporal bone by |Page 23
multidetector CT scan

Fig.25 | Coronal images of the temporal bone by | Page 23
multidetector CT scan

Fig.26 | Coronal images of the temporal bone by | Page 24
multidetector CT scan

Fig.27 | Coronal images of the temporal bone by | Page 24
multidetector CT scan

Fig.28 | Normal conventional enhanced MRI. Axial (A) and | Page 25
coronal (B, C) T1-weighted MRI of the temporal bone,
gadolinium enhanced

Fig.29 | Normal  acoustic  high-resolution T2 MR | Pege 26
imaging.Axial (A), coronal (B), and oblique sagittal (C)
T2 FSE MR images of the temporal bone.

Fig.30 | The principal activities of the peripheral auditory | Page 27
apparatus. For clarity, the cochlea is depicted as though
it had been uncoiled.

Fig.31 | Stenvers and Poschl projections Page 35

Fig.32 | Double-Oblique coronal short axis view of the | Page 36
cochlea.

Fig.33 | Sagittal oblique long axis view of cochlea. Page 37

Fig.34 | 3D normal anatomy of bony labyrinth. Page 38

Fig.35 | 3D normal anatomy of cochlea. Page 38

Fig.36 | Different shapes of head coils. Page 40

Fig.37 | Comparison of 3D driven equilibrium and 3D balanced | Page 41
fast field echo sequences for visualization of basal turn
of cochlea

Fig.38 | Comparison of 3D driven equilibrium and 3D balanced | Page 42




fast field echo sequences for visualization of vestibule
and lateral semicircular canal

Fig.39 | Comparison of 3D driven equilibrium and 3D balanced | Page 43
fast field echo sequences for visualization of posterior
semicircular canal
Fig.40 | Labyrinthine aplasia Page 48
Fig.41 | Labyrinthine aplasia. Axial (A) and coronal (B) right | Page 49
temporal bone CT images
Fig.42 | Labyrinthitis ossificans Page 49
Fig.43 | Common cavity deformity Page 50
Fig.44 | Common cavity deformity Page 51
Fig.45 | IP-1 Axial view Page 51
Fig.46 | IP-11.(Mondini) Axial CT Page 52
Fig.47 | Mondini dysplasia Page 52
Fig.48 | Mondini dysplasia Page 53
Fig.49 | Bilateral enlarged vestibular aqueduct Page 53
Fig.50 | Mild inner ear dysplasia. Axial T2 FSE MR image Page 54
Fig.51 | Cochlear hypoplasia. Axial CT Page 54
Fig.52 | Cochlear aplasia Page 55
Fig.53 | Cochlear aplasia Page 55
Fig.54 | SCC dysplasia Page 56
Fig.55 | widening and shortening of the lateral semicircular canal | Page 57
Fig.56 | Dysplasia of the lateral semicircular canal Page 57
Fig.57 | Dehiscence of the superior semicircular canal. Axial T2- | Page 58
weighted turbo spin-echo MR and axial CT image
Fig.58 | Stenosis of the IAC Page 59
Fig.59 | Bony cochlear nerve canal( BCNC )atresia Page 60
Fig.60 | Cochlear nerve aplasia Page 60
Fig. 61 | large vestibular aqueduct Page 61
Fig.62 | large vestibular aqueduct Page 62
Fig.63 | large vestibular aqueduct Page 62
Fig.64 | large vestibular aqueduct Page 63
Fig.65 | CT appearance of normal cochlear aqueduct Page 64
Fig.66 | CT appearance of enlarged cochlear aqueduct Page 64
Fig.67 | Viral labyrinthitis Page 65
Fig.68 | Labyrinthitis ossificans Page 66
Fig.69 | Labyrinthitis ossificans Page 67
Fig.70 | Fenestral otosclerosis Page 68
Fig.71 | Retrofenestral otosclerosis Page 69

| IV




Fig.72 | fracture through the posterior semicircular canal (PSCC) | Page 70

Fig.73 | Pie chart showing sex distribution of patients involved in | Page 76
the study.

Fig.74 | Pie chart showing cochlear nerve MRI findings of the | Page 78
involved patients

Fig.75 | Pie chart showing internal auditory canal CT findings of | Page 79
involved patients.

Fig.76 | A graph summarizing and comparing MRI and CT | Page 80
findings of involved patients regarding the cochlea.

Fig.77 | A graph summarizing and comparing MRI and CT | Page 80
findings of involved patients regarding the vestibule.

Fig.78 | A graph summarizing and comparing MRI and CT | Page 81
findings of involved patients regarding the semicircular
canals.

Fig.79 |Pie chart showing distinction of diagnoses into| Page 82

congenital or acquired diseases

| v




List Of Tables

Table 1 | Classification of inner ear malformations according to Page 31
Sennaroglu et al.

Table 2 | Classification of congenital inner ear malformations Page 46
according to Jackler et al.

Table 3 | The relative incidence of cochlear malformations reported | Page 46
by Jackler et al.

Table 4 | Range of age of patients involved by the study. Page 76

Table 5 | Sex distribution of patients involved in the study. Page 76

Table 6 | Summary of cochlear nerve MRI findings of involved Page 77
ears.

Table 7 | Summary of internal auditory canal CT findings of | Page 79
involved ears.

Table 8 | Showing distinction of diagnoses into congenital or | Page 81
acquired diseases.

Table 9 | Summarizing and correlating various conditions of | Page 82

cochlear nerve (by MRI) and IAC(by CT).

| VI




LIST OF ABBREVIATIONS

2D : Two-dimensional

3D : three-dimensional

AICA - anterior inferior cerebellar artery

AT - apical turn of the cochlea

BCNC : bony cochlear nerve canal

bFFE - balanced fast field echo techniques

BT - basal turn of the cochlea

CA : cochlear aqueduct

CHARGE : coloboma, heart disease, atresia choanae, retarded growth

and development, genital abnormalities, and ear anomalies

Cl : cochlear implant

CISS . constructive interference in the steady state techniques
CLA : complete labrynthine aplasia

CMV : Cytomegalovirus

CN VII : facial nerve

CN VIII : vestibulo-cochlear nerve

CND : Cochlear Nerve Deficiency

CO - Cochlear otosclerosis

Co : cochlea

CPA . cerebellopontine angle

CT . computed tomography

DRIVE : Driven equilibrium techniques

ELD - endolymphatic duct

ELST : Endolymphatic sac tumor

EVA : Enlarged vestibular aqueduct

FASE - fast asymmetrical spin-echo techniques
FGRE : fast gradient echo techniques

FIESTA - fast imaging employing steady-state acquisition techniques
fMRI : Functional MRI

FN : facial nerve canal

FO . Fenestral otosclerosis

FRFSE : Fast Recovery Fast Spin Echo techniques
FSE-MRI . Fast spin-echo MRI

Ha : hamulus

He - helicotrema

HRCT -high resolution computed tomography
IAC . internal auditory canal

IP-1 - incomplete partition types |

| Vi



IP-11 : incomplete partition types Il ( (Mondini deformity)

ISS : interscalar septum

LO - Labyrinthine ossificans
Lscc - lateral SCC

Mo : modiolus

MRI : magnetic resonance imaging
MT : middle turn of the cochlea
NI > nervus intermedius,

OSL - 0sseous spiral lamina

ow - oval window

PET : Positron emission tomography
Pscc . posterior SCC

RW : round window

S/NDb - signal to noise ratio

SIMCAST : segment interleaved motion compensated acquisition in the
steady state techniques

SNHL : Sensorineural hearing loss

SSC : semicircular canals

Sscc : superior (anterior) SCC

SSFP . steady-state free precession techniques

ST - scala tympani

SV - scala vestibuli

TE : time to echo

TORCH : toxoplasmosis, rubella, cytomegalovirus, herpes simplex virus,
and congenital syphilis

TR - time to return

trueFISP . true free induction with steady precession techniques
VA - vestibular aqueduct

Ve - vestibule

VIl - facial nerve,

Vllic : cochlear nerve,

VIllvi - inferior division of vestibular nerve

VIllvs - superior division of vestibular nerve,

VR : volume-rendered

| Vil


http://radiopaedia.org/articles/nervus-intermedius
http://radiopaedia.org/articles/facial-nerve
http://radiopaedia.org/articles/cochlear-nerve
http://radiopaedia.org/articles/vestibular-nerve
http://radiopaedia.org/articles/vestibular-nerve

