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ABSTRACT

Cervical compressive myelopathy represents a clinico-
radiological challenge due to the mismatch between the
patients’ presentations and the conventional MR findings
caused by its lack of detection of detailed cervical cord

microstructural changes.

Although conventional MRI is the gold standard for
radiographic evaluation, it has a limited application for

determining prognosis and recovery.

In the last decade, Diffusion tensor imaging (DTI)
parameters which are based on the preferential diffusion of
water molecules, provide a promising imaging technique in the
detection and evaluation of early spondylotic myelopathy
changes before its establishment in conventional T2 images of
MRI. In our study we correlated the FA values of the cervical
cord opposite normal disc, affected disc and below affected

disc levels.

Key words: MR diffusion tensor imaging; Fractional anisotropy;
European myelopathy score; Cervical spondylotic myelopathy




List of “Contents

Title Page No.

List of Abbreviations...............ccocociiiiiiiiniie e i
List of Figures ... iii
List of Tables ... vi
Introduction and Aim of The Work .............ccccccoeviniiiiinnnnn, 1
Review of Literature

Chapter (1): Anatomy of the Cervical Spinal Cord............... 4

Chapter (2): Pathophysiology of Cervical

Spondylotic Myelopathy..........cccccooiiiiiiiiiiiiiis 10

Chapter (3): Diagnosis of Cervical Spondylosis &

Related Myelopathy .........ccccoooiiiiiiniiiiiie e 25

Chapter (4): DTI Physical Principles and

TeCRNIQUE ..ot s 46

Chapter (5): Normal DTI Findings of the Cervical

SPINal Cord ......cooiiiiiiieeee s 70

Chapter (6): DTI Findings in Cervical Spondylotic

Myelopathy ..o 75
Patients and Methods..................ccocooiiiiiiiiiicie 81
ReSULLS ... 88
Iustrative Cases...........cccocoviiiiiiiiiiiee e 100
DISCUSSION ..o s 121
ConCIUSION ..........ocooiice s 127
References ............cccooiiiiiiiie s 128

ArabiC SUMMATY ..eeeeeeieecccsscsssnsssssnecccsssssssssssssssssssssssssssssssssssssss \




List of Abdneviations

Abb. Full term
ADC................... Apparent diffusion coefficient
Al......cuueevunnnnnne. Anisotropy index
ALS.......ouuueenee. Amyelotropic lateral sclerosis
BSCB................. Blood spinal cord barrier
CNS...cucvvvveeeenan. Central nervous system
CSF.........ccuuueeuee.. Cerebrospinal fluid
CSM..........c........ Cervical spondylotic myelopathy
CSS...ouuevvrvnnnnane. Congenital canal stenosis
CTM................... Computed tomography myelography
DTI.................... Diffusion tensor imaging
DWI................... Diffusion weighted imaging
EMG.................. Electromyography
EMS................... European myelopathy score
FA.....vveervneenee Fractional anisotropy
GM.........cccuuueueens Gray matter
TAR.......ccceuueeeunes Instantaneous axis of rotation
JOA..........auuuu... Japanese orthopedic association
IADC.................. Longitudinal apparent diffusion coefficient
MD............ccuuee... Mean diffusivity
MEP................... Motor evoked potential
mJOA................ Modified Chile’s Japanese orthopedic
association

MRA. .........cuuuee... Magnetic resonance angiography



FKist 0% Albdreviations (@oat...)

Abb. Full term

MRI................... Magnetic resonance imaging

NCS....cuuevvueeennee Nerve conduction study

OLF ................... Ossification of ligamentum flavum

OPLL................. Ossification of the posterior longitudinal
ligament

RD..................... Radial diffusivity

ROLI.................... Region of interest

SCl.ennevvneerannnns Spinal cord

SCI........cuuueeuuuees Spinal cord injury

SEP ......ccuueeeunenn Somatosensory evoked potential

tADC ................. Transverse apparent diffusion coefficient

TMS.......ccovuueneens Transcranial magnetic stimulation

|/ . White matter



Fig. No. Title Page No.

Figure (1): Overview of the cervical spine and bones ............. 5
Figure (2): Spinal ligaments.........cccocoiiviniiiiiiie 6
Figure (3): Anatomy of spinal cord..............ccoovvvivvinniiinininnnn, 8
Figure (4): Blood supply of the spinal cord .............ccccvenennnn. 9

Figure (5):

Figure (6):
Figure (7):

Figure (8):

Figure (9):

Figure (10):
Figure (11):
Figure (12):
Figure (13):

Figure (14):
Figure (15):

Figure (16):

Figure (17):

Degenerative changes that contribute to
extrinsic compression of the spinal cord in
cervical myelopathy .........cccoooviiiiiiniiniii 13

Foramen magnum stenosis in a child with
achondroplasia ........ccccocoeiiiniiiiiii 16
Atlantoaxial instability in  Morquio’s
SYNATOINE ... s 17

Cervical spine postural changes related to
the degenerative process will lead to the

spondylotic SPIne .........cccoevniiiiiinee 18
Pathophysiological and biochemical pathway

of cervical spondylosis. .......cccccoovviiiriiniiiiiiic 22
Romberg’s test ..o 26
Grip and release test ..o 27
Hoffman’s test ........ccooevviiiiiiee 28
Lateral plain radiograph of the cervical spine

demonstrating spondylotic changes ...................... 37
Torg-Pavlov ratio.......cccceovviviviiveiicese e 38

Lateral plain radiograph of the cervical spine
demonstrating focal kyphosis .........ccccorvirernnnnnne 39

Reformatted Sagittal CT image showing
osteophytosis & segmental OPLL behind 4th
cervical vertebra ..........ccccccovviiiii i 40

The routine MR T2WI image demonstrating
C5/6 intervertebral disc herniation and
thickness of the posterior longitudinal
ligament........ccooiiiiiiiii e 42



Fig. No.

FKist a% C?ngaw (Cout...)

Title Page No.

Figure (18):

Figure (19):

Figure (20):
Figure (21):
Figure (22):
Figure (23):

Figure (24):

Figure (25):

Figure (26):

Figure (27)

Figure (28):

Figure (29):

Figure (30):

Sagittal T2 MRI image in neutral, Flexion
and EXtension.........ccccocoveriiiiininiiceeese s 44
Sagittal T2-weighted magnetic resonance
image demonstrating disk osteophyte
complex with impingement on the spinal
cord and associated hyperintense signal.............. 45
Pictorial diagram of isotropic and anisotropic
diffuSION ..o 51

D matrix for DTI (I) and diffusion imaging

(ID) oo 51
The number of parameters required in order
to describe the ellipsoid in space...........cccccccvruennee. 53

The diffusion-driven random trajectory of a
single water molecule during diffusion ................ 54
IMlustration of the diffusion random walk for
a single water molecule from the green

location to the red location ..........ccocoovieiiiinnnnnn. 55
Schematic representations of diffusion
displacement distributions for the diffusion
1723 0 1T ) P PERRPRI 56
Diagram shows the cellular elements that
contribute to diffusion anisotropy........c.ccccoeevnene. 57
Diagram shows the 3D diffusion probability
density function ..o 58

Graphical display of water molecules moving
at different rates through the gray matter and

cerebrospinal fluid (CSF)..........cccocvvvviviiiiiecne, 60
Sample of an axial DWI, ADC, FA and color-
coded (cFA) image of the brain.................cccccue.e.. 62
Schematic representation of diffusion tensor
images (DTI)-derived metrics..........cccocevvrivennnnnnns 64

iv



FKist a% C?ngaw (Cout...)

Fig. No. Title Page No.
Figure (31): Graphical display of the range of isotropic
towards anisotropic diffusion as can be
observed in the various regions of the brain.......... 65
Figure (32): The principal direction of diffusion and
principles of tractography. ........c..cccocvvviviiiiinenns 66
Figure (33): Abstract representation of tensors ............ccccecveuneen. 68
Figure (34): Sagittal T2 MR image of the cervical spine in a
normal subject with the corresponding axial
T2 images at each cervical level...................cccce. 71
Figure (35): Scatter plots showing the relationship
between FA and age...........ccocovvvviiiinniiiniic, 72
Figure (36): Sagittal color-coded FA and ADC maps in a
healthy subject ..., 74

Figure (37):

Figure (38):
Figure (39):
Figure (40):
Figure (41):
Figure (42):

Figure (43):

Figure (44):

Diffusion MRI and detection of cervical cord
changes in patients with narrow cervical
canals despite normal T1 and T2 weighted

IINAZES .ot ettt 76
Sagittal T2-weighted image of the cervical

spine with FA map of the spinal cord ..................... 78
Spinal INJUIies ... 79
Sensitivity and specificity of FA. ............ccccoov 96
Sensitivity and specificity of ADC. ..............c......... 96

A 30-year-old male presented with symptoms
correlating with grade 1 according to EMS...... 100
A 59-year-old female presented with clinical
symptoms corresponding to grade 2
according to EMS.........cccccoooiiiiiiiic e 102
A 55-year-old female presented with symptoms
correlating with grade 3 according to EMS. ......... 105



FKist a% C?ngaw (Cout...)

Fig. No. Title Page No.

Figure (45): A 52-year-old female presented with clinical
picture correlating with grade 3 according to

Figure (46): A 55-year-old female presented with clinical
symptoms correlating with grade 1 according

Figure (47): A 61-year-old female presented with clinical
symptoms correlating with grade 2 according

Figure (48): A 37-year-old female presented with clinical
symptoms correlating with grade 1 according
10 EMS ..o, 113
Figure (49): A 42-year-old male presented with clinical
picture correlating with grade 1 according to
EMS ..o 115
Figure (50): A 55-year-old male presented with clinical
symptoms correlating with grade 3 according
0 EMS ..o, 117
Figure (51): A 54-year-old female presented with clinical
symptoms correlating with grade 2 according
£0 EMS. .o, 119

Vi



Table No.

List of Gables

Table (1):

Table (2):
Table (3):

Table (4):

Table (5):

Table (6):

Table (7):

Table (8):

Table (9):

Table (10):

Table (11):

Table (12):

Title Page No.
Pathophysiological factors involved in
cervical myelopathy..........ccccoovviiiiiiiiiiicc, 12
European myelopathy scoring system. ............... 31
Means & SDs for whole cord FA & ADC at
different cervical levels ...........cccccovviiiiiiiiicicennn, 73
Demographic data of the studied patients. ........ 88

Distribution of the studied patients
according to the European myelopathy

L6 0) i< T 89
Most affected disc distribution in the studied
PALIENTES. .o 90

Number of patients with FA values, ADC
values and T2WI representing negative and
positive myelopathic changes compared to

Mean FA and ADC values at stenotic and
non-stenotic segments of cervical spinal

COTA. oottt 94
The cutoff values of FA and ADC at each
cervical spinal cord segment. ............ccceevrinennnn, 95

The  sensitivity, specificity, positive
predictive value and negative predictive
value of FA and ADC in prediction of

myelopathy changes respectively...........cc.cc....... 95
Area under the curve of FA value from C2-C7
LEVELS. ... 97
Area under the curve of ADC value that
from C2-C7 levels.......ccoccovvveviiiiiiiiieceece e 97

vii



