el
D a1 il

(Y 5ila die G
OIS 1,7 o
51,71 K 35405
I3 padly xal

adaall ) (3ua

(36 :\-JS“ ¢l a3
5 )



Dedication

To my parents and the belovedfamily
My husband
My children
My teachers
And friends

For giving me never-ending gifts of encouragement, love and patience



Acknowledeemen

Heartily thankful to my supervisor, Pro .Caroline E Ayad, whose
encouragement, guidance and support from the initial idea to the final level
enabled me to develop an understanding of the subject, | wishes to express
gratitude also to the co supervisor Assistance pro.Hussein AhmedHassanwho
was abundantly helpful and offered invaluable assistance, support and
guidace. Deepest gratitude also toPro. Mohamed Elfadil Mohamed,without
whose knowledge and assistance by analysis of the data this study would
notbeen successful.
| offer my regards and blessings Pro.Moh.O.M.Y oussefwhosupported me in

all the respect during the completion of the thesis.

Thanks also extended to AlaaAldeen.M, AfraaSidigeandGafar Abdeen for

their supports.

I would also like to convey thanks to DAADfor providing the financial
means , also for the staff of Diagnostic departments in Alamal National
Hospital, Royal care Hospital , Military hospital Omdurman and Aldoha
Hospital .



List of Tables

Table number Table content Page
4.1.1 Gender distribution frequency and percentage 65
412 Age distribution frequency and percentage 66
4.1.3 Normal cochlea measurements for both gender, means and 67

standard deviation
4.1.4 T test for equality of means between male and female 68
4.1.5 Measurements between Lt and RT cochlea means and 69
Standard deviation
4.1.6 Comparative normal Lt and RT Sudanese cochlea 69
measurements
4.1.7 Cochlea measurements (mm) and cranium transverse 70
diameter according to the age center
4.1.8 T test for the differences between It and Rt 73
measurements
4.1.9 The Co efficient value of age as dependent variable- 73
predictors
4.1.10 ANOVA test for the entered variables (Transverse cranium 74
width- Rt cochlea width — Rt mean cochlea nerve CT
number)
421 Gender distribution frequency and percentage 77
4.2.2 Age - gender descriptive statistics 77
4.2.3 Cranium Transverse Width descriptive statistics 77
4.2.4 Left cochlea measurements descriptive statistics 78
4.2.5 Right cochlea measurements descriptive statistics 78
4.2.6 Comparative Lt and RT SNHL cochlea measurements 79
4.2.7 Compare Left cochlea width and Right cochlea width 79
4.2.8 Left and Right cochlea height 79




4.2.9

4.2.10

4.2.11

4.2.12
4.2.13

4.2.14

Left cochlea nerve canal width and Right cochlea nerve
canal width

Paired Samples Correlations Left basal turn width and
Right basal turn width

Paired Samples Correlations of Left mean of cochlear
nerve CT number and Right mean of cochlear nerve CT
number

Paired Samples Correlations Age & Cranium Width

Compare Means (Left & Right Sides With Age)

Cochlea’s measurements for both hearing loss (deaf) and
normal hearing subjects, means and standard deviation.

80

80

80

81
81

84




List of Figures

No of figure Figure Repression Page

2.1 Diagrammatic representation of a cross- 13
section through the ear

2.2 The pinna (auricle) and the external auditory 15
meatus of an adult male

2.3 Diagram of the middle ear showing the 17
ossicles, muscles and Eustachian tube

2.4 The three ossicles of the middle ear. 18

2.5.1 cross-section of the cochlea showing the organ 24
of Corti and the striavascularis

2.5.2 A diagram illustrating the movements of 25

the fluid in the inner ear as a result of the
inward movement of the stapes

2.6 The cochlear fluids movements 27
2.7 High-resolution ultrasound b-scan image of 44
the cochlea
2.8 (HRCT) Axial scan through the internal 47
auditory canal
2.9 Magnetic Resonance3D Image 49
2.10 CT machine 51
2.11 spiral CT principle 53
2.12 Patient in CT Imaging System 54
2.13 lateral scout determination of start and end 55
scan level
2.14 Axial images Temporal Bone 56
2.15 Axial scan for evaluating the auditory ossicles 56
3.1 Axial CT of the right ear 61
3.2 Transverse Cranial Width TCW 62
3.3 Basal turn with in sagittal view 63
4.1.1 Gender distribution 65
4.1.2 Diagram of age distribution in percentage 66

VI



4.1.3

4.1.4

4.1.5

4.1.6

4.1.7

4.1.8

4.1.9
4.2.1

4.2.2

4.2.3

4.2.4

Age group center relation to Rt and It CW
measurements(mm)
Age group center relation to Rt and It CH
measurements(mm)
Age group center relation to Rt and Lt Rt and
Lt cochlea nerve canal width CN CW
measurements(mm)
Age group center relation to Rt and It Basal
turn width measurements (mm)
Rt Cochlea Nerve canal width to Age
correlation
Rt Cochlea Nerve CT number to Age
correlation
Cranium transverse width- Age correlation
Left cochlea width and Right cochlea width
correlation
Left cochlea nerve canal width and Right
cochlea nerve canal width correlation
Left basal turn width and Right basal turn
width correlation
Left Mean CN CT number and Right Mean
CN CT number correlation

71

71

72

72

75

75

76
82

82

83

83

VIl



List of Abbreviations

CH Cochlea height

CwW Cochlea width

WCN Width of the bony canal for cochlear nerve
CNCW Cochlear nerve canal width

BTW Basal turn width

CN Cochlear nerve

TCW Transverse cranium width

CT Computed Tomography

HRCT High Resolution Computed Tomography
MPR Multiplanner Reformation

EMI L England Medical Imaging Laboratories
SNHL Sensoral hearing loss

ANOVA An analysis of variances

MRI Magnetic Resonance Imaging

WHO World Health Organization

3D Three dimensional

Sd Standard deviation

mA Milli Ampere

mm Milli meter

CDs Compact disk

SPSS Statistical package of social sciences

VIl



Abstract

The study was carried out to establish normal Sudanese cochlear
measurements using High ResolutionComputerized Tomography.

The study was done in Alamal DiagnosticCenter, Military Hospital,
Royal Care Hospital and Royal Scan Diagnostic Departments, during the
period from 2011 up to 2014

A total of 460 Cochlear images were obtained from the scans ofthe
normal hearing group comprised 200 subjects (137 Males and 63 Females),
aged 1- 84 vyears. A control group (n = 30) comprised adult with
congenitalhearing loss(12 Males and 18 Females),theirages were in arrange
between 10- 30 years.

Using high resolution computed tomography volumetric acquisition
was obtained of brain scan with slice thickness of 0.5 mm and a
reconstruction increment of 0.5 mm, 0.85 pitch, FOV of 70mm. The
reconstruction slice was 2 mm. A reference plane was determined parallel to
the lateral semicircular canal containing the cochlear modiolus, and the canal
for the cochlear nerve, the oval window along with the footplate, and the
posterior semicircular canal. Reference slice was computed for each patient
and all the measurements were performed exclusively on this plane.

cochlea width, height, cochlea nerve canal width and cochlear nerve
CT number, basal turn width, transverse cranial dimension, were all been
evaluated. The study showed that for the normal subjects, Themean of the
left and right cochlear width measured5.56+0.58 mm, 5.61+0.40 mm, height
were 3.56£0.36 mm, 3.54+0.36 mm, the basal turn width 1.87+0.19 mm, 1.88
+0.18 mm, cochlea nerve canal width were 2.02+1.23, 1.93+0.20, cochlea
nerve CT number were 279.41+159.02, 306.84+336.9Hounsfieldrespectively

IX



as well as the transverse cranialdimensions mean were also been evaluated
as 123mm

The measurement forthe of hearing loss patients group showed that
themean of the left and right cochlear width were 5.34+0.30mm,
5.38£0.46mm and  theheight were 3.53+0.25mm, 3.49+0.28mm, the
basalturn width were found to be 1.76+0.13mm, 1.79+0.13mm, cochlea nerve
canal width werel.75+0.18mm, 1.73+0.18mm, and cochlea nerve signal
intensity (CT number) were 232.84+316.82, 196.58+230.05Hounsfield
respectively.
New equations were established to characterize the cochlea for Sudanese
subjects whose ages were known.

The study revealed no significant differences were noted in both sides’
measurements and between genders, while the age wasfound to have an
impact on the transverse cranial dimension, right Cochlea nerve canal width
and rightcochlea nerve CT number significantly at p< 0.05.

When comparing normal hearing subjects with the Hearing loss group,The
study showed a significant difference in cochlea’s measurementit was smaller
in deafness subjectsat p< 0.05.

The study concluded that the Cochlea nerve canalwidth and CT number can
be predicted for the Sudanese subjects whose ages were known andhigh
resolutions computed tomography of temporal bone imaging is the modality
of choice in the investigation of cochlear normal anatomy, guided the
clinician’s management of the hearing loss conditions if abnormalities are

acknowledged.
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