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ABSTRACT
Background: Studies on morphometric dimensions of cervical spine pedicles showed that

differences are significant between races and gender. Among Rwandan population, there
were no available data. Our study was aiming to describe the anatomical morphology of the

cervical spine pedicles and give guidance to safe pedicle screws fixation.

Method: Retrospective cross-sectional study by using recorded Computed Tomography (CT)
scans images of normal cervical spines. Images were selected from Radiology department
electronic database of Rwanda Military Hospital. The total of 125 cervical CT-scans taken
from January 2017 to June 2019 were analysed by RadiAnt DICOM software. Linear and
angular measurements from the second to the seventh cervical spine were recorded and a total
of 9000 measurements was analysed. Descriptive analysis, student t-test and p-values were
done by using Microsoft Excel and SPSS.

Results and discussion: Pedicle Widths (PW) and Pedicle Heights (PH) were bigger on C2
(PW=6.38mm, PH=8.1mm) and C7 (PW=6.67mm, PH=7.99mm). Calculated percentage of
safe pedicle fixation with a screw of 4.5mm was 96% on C2 and 98.4% on C7. Smaller
values for PW and PH were on C3 and C4 with less percentage of pedicle fixation of 68% on
C3 and 67.2% on C4. Pedicle lengths (PL) and Pedicle Axis lengths (PAL) were gradually
increasing from C2-C7. In angular measurements, Pedicle Sagittal Angles were decreasing
from C2-C7 (43.43° on C2 and 38.61° on C7). The Pedicle sagittal angles are more variable
between persons and C2 angle was directing cephalic for some and caudal for others. There

was no generalizable gender or side dominance.

Conclusion: Based on our findings, despite more variations in Rwandan population, safe
pedicle fixation surgery can be done at the level of C2 and C7 and always the individual CT-

scan analysis is important prior to surgery for proper anatomical analysis.



CHAPTER ONE: INTRODUCTION

1.1. Introduction
The Cervical spine (C-spine) fixation is done worldwide by different ways depending on

indications. It becomes more challenging and difficult when posterior elements are affected
by tumor, infection or trauma, and requires a stable fixation. The morest stable fixation

construct is done by pedicle screws compared to lateral mass screws. (Aydogan, et al., 2012),

(2).3)

Although the lateral mass fixation is preferred in sub-axial C-spine from C3 to C6, it was
found to be less stable and the risks of nerve root injuries are higher compared to pedicle
screws fixation. (1), (4). The pull-out strength of lateral mass screws compared to the
pedicles screws fixation was shown to be less with low biomechanical stability. In a research
done in Atlanta in 2011, Zenya et all and found that energy required for lateral masses screw

pull-out was around 206 Newton compared to 643 Newton for pedicles screws. (5)

The C-spine anatomy that is made of bony structures, neural and vascular elements must be
the most required prerequisites for a surgeon as any surgical step requires meticulous
manupilation. In Japan, a series of 144 unstable c-spine cases of cervical pedicle screws
placement from 1995 up to 2008 were reported. The total number of placed screws was 620.
They found a pedicle perforation rate of 9.2%, one case the vertebral artery was injured, and
one case of spinal cord injury with persistent radiculopathy. (6) In the same country, a
multicentre study showed a malposition rate of 19.5% and complications related to the
pedicle screws: five patients had complications related to pedicle screws including 3 with
nerve root injury and 2 with vertebral artery injury. (6), (7)

The morphometry of pedicles has been found to be highly variable worldwide. A review of
12 articles included 5 Asian (3 Japanese, 1 Chinese, and 1 Malaysian) and 7
European/American populations (3 American, 2 German, 1 Turkish, and 1 England) found
that the pedicle width (PW) ranged from 4.7 to 7.4mm. Apart C1 which doesn’t have pedicle,
C4 was found to have the smallest pedicle. Asian males have the smallest mean PW of

5.1mm and European/American female have the mean of 4.1mm. (8)

The largest mean PW in males and females was found at the level of C7. It was 7.7 mm in
Asian males and 7.0mm in Asian female. The overall linear pedicle dimensions are higher in

European/American than in Asian with a ratio of 91.4-98.8 %. (8)



Comparable results were found in a study done in Asia for Indians, Malay and Chinese
people(9); they found that the smallest mean PW in males was at C4 with 5.4mm and at C3
in female with 4.75mm; they also found that the biggest mean PW is at C7 with 7.17mm, and
that the incidence of having a very small pedicle <4mm of mean PW was 12.5% in Indians,
10% in Chinese the 8.3% in Malay.

In Africa, the few available data about the morphometric values of pedicles are from Arab
countries. In Egyptian people, the mean PW were found larger compared to Europeans and
Asian; they ranged as follow: C3 has 6.2-6.8 mm, C4 has 6.2-6.9 mm, C5 has 6.5-7.5 mm,
C6 has 6.2- 7.0 mm, and C7 has 6.1-6.9 mm. (2)

Despite the long history of pedicle screws fixation by Roy-Camille and Judet in 1963, then by
American Harrington and Tullos in 1967, up to now, studies on different populations are still
being done for the safe placement of pedicle screws. (3), (10), (11), (12), (13), (14)

They found that the morphometry of c-spine pedicles for Egyptians was promising for

transpedicle fixation as the current small pedicle screws are 3.5mm.

The feasibility of pedicle screws fixation of c-spine, in our region and our country, is not
known as there are no studies done yet on this topic. Surgeries are done on c-spine and the
fixations are basing on prior imaging analysis for each individual but no available global

view on the vertebra sizes of the population.

1.2 Problem statement
Cervical spine surgery is done with many precautions as it may result in serious

complications including fatal ones. For this reason, since the introduction of pedicle screw
fixation, changes are always made on the implants for the safety of patients. (10) The
morphometric analysis of the spine by use of CT-scan was found to be the best way to predict
the safety of pedicle screws fixation because of variety in population. (2), (9), (15)

The availability of data on morphological anatomy of cervical spine in our population is of
great importance for the feasibility of posterior instrumentation surgery by using pedicle

screws safely in our population. This type of data is largely missing in our population.



1.3 Study justification
Anatomical variations of cervical spine vertebra, in terms of size and orientation are

significant from one population to another. They variations are also sex and age related. The
pathology is a key factor to decide the treatment, but the morphologic variations pose a big
challenge for surgeons during cervical spine surgery. The approach, type of fixation and
implants to be chosen may differ depending on surgeon experience or special anatomy of the

population.

To avoid surgery related complications, it is required to determine the appropriate vertebral
morphology, then the size and orientation of screws or other implants to be used safely. Spine
surgery in Rwanda is currently done in only one hospital, King Faisal. Up to now, no related
study has been done to show if our population may have special anatomical patterns of the

cervical spine vertebra.

This study will give much input in our daily academic and practical activities as it will show

features and important considerations for safe cervical spine surgery in Rwandan population.

1.4 Research question
What is the anatomical morphometry of cervical spine in Rwandan adults?

1.5 Objectives

1.5.1 General objective
To describe the morphometry of cervical spine pedicles and to analyse the feasibility of

cervical spine pedicle screws fixation in Rwandan adult population.

1.5.2 Specific objectives

e To describe the morphometry of cervical spine pedicles from C2 to C7 in our
population.

e To describe the factors influencing the cervical spine pedicle morphometry in our
population.

e To analyse the feasibility of cervical spine pedicle screws fixation in Rwandan

adult population



1.6 Conceptual framework

Gender
-Male

-Female

Pedicles morphometry
1. Pedicle Width (PW)
2. Pedicle Axis Length (PAL)
3. Pedicle length (PL)

4. Pedicle Transverse Angle
(PTA)

5. Pedicle Height (PH)

6. Pedicle Sagittal Angle (PSA)

Adult C-

A

spine

v

Age

Above 18 years




CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

The fixation of spine by pedicle screws was firstly described in 1963 by Roy-Camille and
Judet and then the American Harrington and Tullos did the first fixation in 1967. In the
beginning they were used in lumbar and, thoracic spine, but have now been extended to the
cervical. Biomechanical studies have confirmed adaquate stability of this fixation and good

clinical outcome and it is now widely used by spine surgeons (10).

Major advantages of transpedicle screws fixation on cervical spine are based on stable
fixations which give a good a biomechanical construct especially when doing posterior
decompression. In Germany, a biomechanical study done in 2004 on 8 cadaveric cervical
spines from C2 to C7 showed a more stable construct when using pedicle screws compared to
lateral mass screws fixation and there was a significant resistance on screws pullout (16). The

same results were found in a study done in China (17)

Due to anatomical limitations of the c-spine, with risk of injury to the vertebral artery, spinal
cord and nerve root; fixation by pedicle screws is still reserved on some cases of trauma and
tumors. The placement of pedicle screws requires a proper knowledge of anatomy. This is
why researchers are interested to know, through various populations and ethnic groups, the
morphometric anatomy of the spine.

The feasibility of transpedicle screws fixation in C-spine was proven by different researchers
in America, Europe, and Asia. In 2014, Mohamed M Mohi Eldin demonstrated through
Computerised Tomographic (CT) scan measurements that it’s possible to do the fixation in
Egyptian people by using pedicle screws of 3.5mm (2). In 2017, Al-Saeed found that Arabic
population have the size of pedicles that allows fixation by pedicle screws but their sizes

were smaller compaired to europeans and americans. (15)

The fixation with pedicle screws is now advised by safety on C2 and C7 because they have a
big pedicle sizes that can accommodate a 3.5mm pedicle screw without screw cutout for

causing injuries to other structures around. (18)

2.2 Types of cervical spine pedicles morphology analysis
The cervical spine anatomical analyses are done worldwide in different ways. With the

development of imaging modalities, the commonest method uses CT-scan images where



different measurements can be taken. This system of analysis gives linear and angular aspects

of the bones. (3), (19), (20), (21) Majority of studies were done retrospectively.

Other anatomical studies of cervical spine are done by using cadavers where bones are
harvested and analysed as fresh or dry bones. This system is more experimental and used for

analysing fixations technics, biomechanical studies and rate of screws cut-out. (16), (22), (23)

2.3 Methods of study

Measurements of the cervical spine are taken in different ways either from cadaver as fresh or
dry bone or they are analysed from CT-scan images. The analyses can be done
retrospectively or prospectively. Linear and angular measurements by CT-scan using a digital
ruler/ Digital Vernier calliper were proven to be more accurate in predicting a good size and

trajectory during surgery in order to avoid injuries. (11), (22), (24)

It requires appropriate tools to take these measurements. Standard metallic ruler and
goniometer were used in Nepal to determine the morphometry of cervical spine (20). This

analysis requires doing analysis on a print-out image.

Recent software which have proven to be more accurate with 0.01lmm of precision are;
Radiant DICOM software and MIMICS software (3), (21).

2.4 Description of measurements
The morphometric measurements of cervical spine by CT-scan images are of clinical
relevance in c-spine surgery. They are taken from axial sagittal and coronal cuts of CT-scan.

Linear measurements are expressed in millimetre and angular measurements in degree.

Different Authors have described different measurements, but the most important for
consideration for surgical predictions are six: (11), (13), (14), (19)

e Pedicle Longitudinal Axis (PLA) or Pedicle Axis Length (PAL): is a line parallel
to and in the middle of the lateral and medial border of the pedicle. The measurement
is taken from its junction to the anterior part of the vertebral body and its junction to
the posterior cortex of lateral mass.

e Pedicle Length (PL): is a linear measurement of pedicle axis length from the junction

of the pedicle and body, up to the posterior cortex of lateral mass.



Pedicle Width (PW): linear measurement perpendicular to the pedicle longitudinal
axis joining outer and inner cortex of pedicle. It defines the maximum pedicle screw
diameter.

Pedicle Height (PH): Linear measurement taken on sagittal CT-scan from outer
superior cortex to outer inferior cortex.

Pedicle Transverse Angle (PTA): Angular measurement made by pedicle
longitudinal axis and median line joining the spinous process to the anterior and
middle part of vertebra body.

Pedicle Sagittal Angle (PSA): is an angular measurement taken on sagittal CT-scan
image. It is made of the line parallel to the pedicle and the line parallel to the inferior

end-plate.






2.5 Factors affecting cervical pedicles morphometry

2.5.1 Sex
According to the studies done in different countries, cervical spine vertebras have different

sizes in males and females. In Thailand, females were found to have smaller pedicle height
and width compared to males (19). The same results were found in Indian population.
According to Banerjee, the means for all pedicle measurements had trends to be smaller in

females with no statistical significance (3).

Another statistical difference in pedicle size for men compared to women was seen in multi-
ethnic study in Singapore. Men were found to have bigger pedicles even in the same ethnic
group. (9). Leonard Westerman did an analysis in Caucasians, on 100 CT-scans, he found a
half of female and only a third of male had PW value less than 4.5mm from C3 to C7.(25)
These differences were not statistically significant and had no great impact on c-spine surgery
in terms of the size of used screw and its trajectory. (3), (26)

2.5.2 Age

Age related variations are reported by researchers to affect mainly the vertebral body, spinal
canal and facet joints rather than pedicles. In adults the canal declines as the age increases,
and this was due to osteophytes. (20), (27) More variations occur in paediatric population,
where notable increase in size of vertebra and its pedicles is directly proportional to the age

and stop growing in adulthood. (28)

In adults’ people, no significant difference of pedicles was noted in previous researches. One
detailed study was conducted in Mexico in 2018. On 170 dry c-spines vertebra, no significant
changes noted on pedicles. Changes were noted on spinal canal which becomes small by the
increase in age. (29)

2.5.3 Body mass index
Many researchers have put their effort in studying the association of body mass index and

spine injuries and disc degeneration.

The linear dimensions of cervical spine pedicles are highly influenced by the body mass
index (BMI)

In a study done in India, Smaller pedicle widths were found to be associated with low BMI.
People with BMI>28 were found to have PW>4.5mm from C3-C7. (21)



2.5.4 Ethnic variations

The size of vertebra may show differences within the population of same country depending
on their ethnic class, the race and geographical location. Smaller sizes of pedicles were
reported in Indian population compared Caucasians, Europeans and Americans. (3) In the
Eastern region of Nepal, the populations was found also to have almost the same size of

pedicles as Indians but smaller than Europeans. (20)

North and South Indian population are having smaller pedicles than western Indians. (21).
Saluja did a study in Indian population and compared his results with those found in other
population and noted that Americans have average of PW of 5.91mm, Egyptians have

5.18mm and Mexicans have 4.76mm whereas PW in Indians was 4.56mm.(11)

A multi-ethnic study for Asian population was done in Singapore in 2010-1013, in three
ethnic groups (Chinese, Malay and Indian). With statistically significant difference, Indian

ethnics were found to have the smallest pedicle width and Malays had the largest.(9)

10



CHAPTER THREE: METHODOLOGY
3.1 Study design
It is a retrospective cross-sectional study using available normal CT-scan images done for

cervical spine in adult people.

3.2 Study site

Rwanda Military Hospital is a military referral hospital located in Kigali City, Kicukiro
District. It has the capacity of 500 beds. Rwanda Military hospital has a new model CT-scan
machine type GE Optima CT660- 128 slice CT scan that was installed in 2017.

3.3 Study population

Adult Rwandan patients who underwent the cervical spine CT-scan imaging between January
2017 and June 2019 and whose cervical spine CT images are available in the electronic

database of Radiology departments of RMH since January 2017 up to June 2019.

3.4 Study duration
The study was done between April and June 2019.

3.5 Selection criteria

3.5.1 Inclusion criteria

-Cervical spine CT-scans done since January 2017 up to June 2019 in RMH
-Adults CT-scans (> 18 years old of age)

3.5.2 Exclusion criteria

-Pathologic bones of C-spine (tumors, fractures, infections, congenital abnormalities)
-Repeated exams for the same person.
-Previous C-spine surgeries

3.6 Sample size

This is a descriptive study and the sample size is determined by using Cochran formula

w72 P1=D)

~

e (30)

N: Sample size
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Z: Confidence level. For a confidence level of 95%, Z value is 1.96

P: Proportion of the population which has the problem. In our study we consider the
population who underwent cervical CT-scan. Here data we have from local researches show a
proportion of 3.7% of patients admitted for cervical spine injury in our referral hospitals.
(31), (32). This proportion is smaller compared to the one in neighbouring countries where
we have 8.8% in Mulago hospital Uganda. (33). We consider P=8.8%.

e: Level of precision or margin error. It is 5%

Sample size calculation is now

| og2 (0:088)(1 — 0.088)
n=1. =

(0.05)2 123

The sample size estimate is 123, and 123 CT-scans had to be analysed. For each CT-scan, six
vertebras, from C2-C7 were evaluated. Morphometric measurements were taken for two

pedicles for each vertebra giving a total of 1476 pedicles to evaluate.

3.7 Sampling and measuring procedure

CT-scan images that fit for our criteria were picked and measured for the following:

e Pedicle width

e Pedicle length

e Pedicle axis length

e Pedicle transverse angle
e Pedicle height

e Pedicle sagittal angle

3.8 Analysis procedure
Collected measurements were entered in SPSS 16.0 (IBM Corporations 2015). Mean
measurements and Linear regressions were calculated on all variables. We used t-test to

analyse comparative variables and their statistical significance.
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3.9 Data management

3.9.1 Data collection and entry

Images collected from radiology electronic database of RMH were copied on Digital External
Hard Disc, then analysed in the system of Digital Imaging and Communication in Medicine
(RadiAnt DICOM 4.6.9) software by the main investigator. Linea and angular measurements
were collected. Collected data were kept in Microsoft excel, Version 2016 spreadsheet.

3.9.2 Data storage
Data were stored in the computer of the Principal Investigator with back-up on external hard
disk.

3.10 Data analysis

Data analysis was done by using Microsoft SPSS, in which percentages and frequencies were
computed for categorical variables. Standard deviations and means were calculated for
continuous variables. The regression slop coefficient was used for the purpose of analysing
changes along the age. Gender differences in pedicle sizes and age related morphometry were

compared.

3.11 Quality control
The training of principal investigator and radiology technician was done prior to the data
collection procedure. Images were magnified between 200-400 times the normal sizes for

clear visualization and the double measuring done before recording the final values.

3.12 Ethical consideration

The study was focusing on cervical CT-scans done previously on patients and thus not
harmful to them. Patients’ identifiers were kept under strict confidentiality as they cannot
appear in the report and the hard disk containing their images is kept in a locked box held

only by the principle investigator.

Data collection was done after getting the approval from IRB of University of Rwanda and
ethics committee of hospital at the RMH. The IRB reference umber: No300/CMHS
IRB/2019.
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CHAPTER FOUR: RESULTS
4.1 Introduction

In our study, we analysed 125 cervical spines. The analysis was done on 6 vertebras from C2-
C7, the totals of 750 vertebras were measured on both sides, right and left. On each side of
vertebra, six measurements were taken on each pedicle giving a total of 72 measurements for

one C-spine/patient, the total measurements taken were 9000.

4.2 Demographic description

For a total of 125 analysed CT-scans, males were 66 and 59 were females, representing
respectively 53% and 47%. The median age of participants was 44.78 years which varied
from 18 to 91 years. The mean age for males and females are 42.53 [SD=14.09] and 47.30
[SD=16.92].

The majority of patients were aged 38 to 47 years with 24% (n=30). From the age of 58 years
old to the oldest we had 21.6

Figure 1: Gender distribution

Gender distribution of the population

B Female
47%

14



Figure 2: Age distribution

Age distribution of the population
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4.3 Comparison analysis of variables

4.3.1 Means

Linear and angular measurements means for each vertebra were calculated from the database
as the average of measurements of both sides (right and left) and for all participants at each
vertebra. (Table 1) The mean for the Pedicle Width (PW) was 6.38mm at C2. It decreased at
C3 with a mean of 5.03mm, and progressively increased from C4 to C7 with the mean of
5.22mm at C4, 5.57mm at C5, 5.72mm at C6 and 6.67mm at C7. The graph of PW, on Figure
3, is showing the progression curve from C2-C7. The mean PW in the whole population was
5.56mm.

Pedicle Axis Length (PAL) was shorter at C2 (27.99mm) and increased progressively with
31.03mm at C3, 31.43mm at C4, 32.98mm at C5, 34.18mm at C6 and 34.59mm at C7. The

progression curve is shown on Figure 4.

The Pedicle length (PL) was shorter at C2 (11.64mm) and longest at C6 (15.19mm). A
graphic design on the progression of PL is shown on Figure 5.

The Pedicle Height (PH) was biggest at C2 (8.10mm) followed by C7 (7.99mm).

The Pedicle Transverse angle (PTA) was biggest at C2 measuring 43.43degrees, it declines at
C3 (41.57 Degrees) but increased again at C4 (42.41 Degrees) and then declined again till
C7: C5 (42.22 Degrees); C6 had 41.62 Degrees and C7 had 38.61 Degrees.
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The PSA was 12.29 Degrees at C2 and at this level the orientation was cephalic with the rest
of angles at subaxial C-spine orienting caudally. It was 15.21 Degrees at C3 then became big
at C4 and C5 with 17.44 Degrees and 17.12 Degrees. The PSA of C6 was 14.03 Degrees and
C7 was 14.80 Degrees.

Figure 3: Graph of Pedicle width means
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Figure 4: Graph of Pedicle Axis length means
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Figure 5: Graph of Pedicle length means
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Figure 6: Graph of Pedicle Transverse Angle
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Figure 7: Graph of Pedicle Height means
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Figure 8: Graph of Pedicle Sagittal Angle means
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4.3.2 Minima and Maxima
The means for linear measurements on different C-spine vertebra and on both sides were
measured; smaller numbers are found to be on C3 for PW with 3.01mm, C2 for PAL, PL and

PH with 22.1mm, 8.2mm and 5.01mm respectively

Larger measurements were found on C2 for PW with 9.43mm, C3 for PAL with 47.6mm, C6
for PL with 22.0mm and C7 on PH with 12.1mm. Table 1.
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Angular measurements showed smaller PTA at C4 of 24.8 degrees and smaller PSA at C3 of
2.9 Degrees. Bigger PTA is at C5 with 56.4 Degrees and bigger PSA at C4 with 17.44
Degrees. Table 1.
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Table 1: Means, minima and maxima of variables

C2 C3 C4 C5 C6 C7

PW Minima | Right 4.05 3.01 3.20 3.71 3.49 4.16

Left 4.14 3.41 3.06 3.62 3.39 4.47

Maxima | Right 9.31 8.16 7.55 7.95 7.91 9.00

Left 9.43 7.27 8.33 7.55 7.92 8.98

Mean 6.38 5.03 5.22 5.57 5.71 6.67

PAL Minima | Right 22.1 24.2 26.9 25.5 27.0 24.8

Left 26.6 25.2 27.0 26.2 27.7 29.8

Maxima | Right 34.2 36.9 38.7 40.0 42.2 44.7

Left 34.5 47.6 38.2 44.2 43.7 44.1

Mean 27.99 31.03 31.43 32.98 34.18 34.59

PL Minima | Right 8.2 8.89 10.3 10.6 111 10.9

Left 7.52 9.96 10.1 11.0 11.6 12.3

Maxima | Right 16.8 21.2 18.2 19.2 20.7 21

Left 16.7 19.0 17.6 19.4 22.0 20.3

Mean 11.64 14.28 14.36 14.76 15.19 14.26

PTA Minima | Right 31.5 31.8 24.8 34.0 34.7 31.6

Left 35.6 32.1 30.0 30.6 25.6 30.9

Maxima | Right 53.6 50.3 51.8 54.8 50.3 49.2

Left 51.6 524 50.2 56.4 51.6 49.3

Mean 43.43 41.67 42.41 42.22 41.62 38.61
PH Minima | Right 5.01 3.36 3.96 3.77 4.03 5.4
Left 5.0 3.42 3.79 4.0 4.17 4.49
Maxima | Right 11.2 9.44 9.8 9.58 10.0 12.1
Left 11.3 9.64 10.1 9.6 9.74 10.3
Mean 8.10 6.86 7.18 7.02 7.15 7.99
PSA Minima | Right 4.8 2.9 7.0 6.0 4.5 6.8
Left 4.8 2.9 7.0 6.0 4.5 6.5

Maxima | Right 29.0 29.2 35.6 32.6 27.5 31.9

Left 29.0 29.2 35.6 32.1 27.5 31.9

Mean 12.29 15.21 17.44 17.12 14.03 14.80
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4.3.3 Variations with age

The calculation of regression slop from C2 to C7 for all linear and angular measurements
gives clear statistical explanation about possible variations with age. As seen on Table 2
below, the variations were significant for some measured variables. The statistical
significance for our measurements is defined as the deviation from Omm/year or
Odegree/year. Considering the variables trends along years, the linear measurements increase

and angular measurements decrease.

For C2, the PW increases by 0.001666 mm every year. This mean that when considering an
18year old person and a 90 years old, the age difference is 72 years but PW difference is not
above 0.12mm [0.001666x72]. The difference was still around zero then considered not

significant.

The biggest variation was seen on PTA of C5 where the slop was -0.1070 degrees per year,
and we expected the decrease of 7.704 degrees of transverse angle deviation between 18
years old person compared to a 90 years old. It was statistically significant as p-value is
<0.0001.
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Table 2: Regression slop of C-spine measurements for age

Variables PW PAL PL PTA PH mm/year | PSA
mm/yea | mm/yea | mm/year | degree/year degree/year
r r
C2 | value 0.001666 | 0.04081 | 0.01019 -0.03608 -0.002084 -0.03795
p-value | 0.7730 0.0021 | 0.2082 0.0363 0.7565 0.2000
C3 |value |0.006058 | 0.03445 |-0.003750 | 0.006058 -0.07422 -0.07375
p-value | 0.1538 0.0149 0.6592 0.1538 <0.0001 0.0241
C4 |value |0.01128 |0.04762 |0.009029 |-0.05894 -0.003446 -0.08536
p-value | 0.0210 0.0002 0.2716 0.0048 0.5761 0.0104
C5 | value 0.008783 | 0.06991 | 0.01010 -0.1070 -0.002076 -0.07831
p-value | 0.0783 <0.0001 | 0.2533 <0.0001 0.7226 0.0212
C6 | value 0.01386 | 0.09314 | 0.02479 -0.07407 -0.001625 -0.05501
p-value | 0.0080 <0.0001 | 0.0104 <0.0001 0.8013 0.0447
C7 |value |0.01138 |0.06757 |0.01896 -0.07494 0.01778 -0.08515
p-value | 0.0218 <0.0001 | 0.0467 <0.0001 0.0041 0.0008
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4.3.4 Comparison of sides and gender
Gender and sides differences on linear and angular variables on c-spine from C2-C7 were

reported on tables 3, and 4.

For C2, results were showing statistically significant difference on Pedicle Height on both
sides and gender. The left side of C2 was longer compared to the right with 8.069mm against
8.441mm [p-value<0001] and there was male predominance with 8.460mm against females
with 8.026mm of PH [p-value<0.05].

For C3, the differences were seen on PAL where the left side is bigger with 31.4008 mm
compared to 30.6552 mm of right [p-value<0.05]. For the same vertebra (C3), the right side
was bigger at PL with 14.458mm against 14.252mm of left side [p-value<0.05]. At this
variable of at C3, males were having long pedicles with 14.50mm whereas females have
14.19mm [p-value=0.05].

For C4, left sides were dominant on PAL and PTA and male predominance at PAL with
31.66mm and 30.95mm of females [p-value=0.023]. The same left side predominance was
found on C5 PAL with 31.546 mm against 31.16 mm of right [p-value=0.0003]. No gender

differences on C5.

The side difference on C6 was seen at PH where the left side was 14.822mm and right side
was 14.004mm [p-value<0.001]. The gender difference was the male predominance at PL
with 15.223mm on 15.15mm of females [p-value=0.0311]. No differences on gender and side
for C7.
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Table 3: Comparative analysis of linear measurements

PW PAL PL PH
Mean | SD | P- Mean | SD | P- Mean | SD | P- Mean | SD | P-
value value value value
C2|R 638 109 28.02 | 2.44 11.59 | 1.63 8.069 | 1.30
L [636 [112 |072 5797 1241 |98 [1160 [143 [014 [gasr [381 |00
M | 6.49 0.93 28.15 | 2.27 1156 | 1.44 8.460 | 2.74
F 623 [106 P 5783 242 |* [1173 | 137 068 |8026 |112 001
C3| R |507 0.80 30.65 |2.48 14.45 | 2.90 6.848 | 1.09
L (498 |o78 | 068 (3120 300 | [1425 116 001 |6.867 |1.01 0:39
M |500 [075 31.06 | 2.26 14.50 | 2.23 7.013 | 1.00
Flaos |o72 [073 [32000 272 | %% [14.19 [ 136 0oL | 6684 |0.94 062
C4 R |520 |0.96 31.11 | 3.47 14.38 | 1.58 7.09 1.18
L |523 |086 |~ |3154 |249 % 1233 | 153 726 | 1.09 034
0.89
M|519 |0.90 31.66 | 2.30 14.35 | 1.45 7.29 1.05
F 525 079|933 [3005[308]%02 [1437 [139]077 |7.04 |107 |08
C5|R [520 |0.96 31.11 | 3.47 14.38 | 1.58 6.99 1.06
L [523 |086]%% (3154 [249]003 [1433 153|074 |7.03 |108|098
M |557 |091 33.02 | 2.64 14.62 | 1.52 7.08 1.07
F 556 |081|93" 3203 |262]%%* |[1490 |153|g09s |6.94 |o0.94 031
C6|R |572 |001 33.72 | 3.96 15.17 | 1.78 7.12 1.15
L | 5.69 1.01 0.28 34.35 | 3.40 0.08 15.19 | 2.04 | 013 | 7.06 1.17 0.67
M |570 |0.97 34.12 | 3.10 15.22 | 1.90 7.29 1.15
F 571 |08a|%%" [3395 209|%"® [1515 |1.43|g03 | 698 |1.05 %%
C7 /R |672 |0.94 34.41 | 3.05 14.31 | 1.90 38.62 | 3.43|0.33
L (661 |087 23 [3477 [296|%7% [1420 | 1.75 | 035 | 38.60 | 3.63
M| 664 |0.78 35.01 | 2.49 14.36 | 1.55 38.86 | 3.61 | 0.16
F 1670 1095|913 [3212 [307]°%%0 [1414 177 | 928 | 3833 |3.02
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Table 4. Comparative analysis of angular measurements

PTA PSA

Mean SD P- Mean SD P-

value value

C2 R 43.21 3.38 0.64 12.23 5.19 0.89
L 43.65 3.24 12.35 5.13

M 43.49 3.09 0.68 12.32 5.15 1

F 43.36 2.93 12.26 5.15

C3 R 41.65 3.53 0.37 15.19 5.74 0.95
L 41.47 3.82 15.22 5.72

M 41.81 3.46 0.54 16.04 5.99 0.32
F 41.29 3.20 14.28 5.27

C4 R 42.14 4.44 0.01 17.40 5.93 0.82
L 42.67 3.56 17.48 5.81

M 4251 3.64 0.85 17.97 6.37 0.10
F 42.29 3.72 16.84 5.16

C5 R 42.28 4.33 0.28 17.11 5.99 0.92
L 42.16 4.78 17.12 5.94

M 42.45 4.60 0.40 17.66 6.25 0.35
F 41.96 4.13 16.51 5.55

Cé6 R 41.63 3.48 0.20 14.00 1.15 0.01
L 41.6 3.90 14.82 9.47

M 41.99 3.41 0.63 14.20 5.08 0.01
F 41.19 3.21 14.64 7.23

C7 R 38.62 3.43 0.53 14.80 4.48 0.96
L 38.60 3.63 14.788 4.5075

M 38.86 3.61 0.16 14.34 4.1817 0.30
F 38.33 3.02 15.31 4.771
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4.4 Feasibility of trans-pedicle screw

Current used pedicle screws have a diameter of 3.5mm and the safety for fixation requires at
least 4.5mm of both Pedicle Width and Pedicle Height. Likelihood of safe trans-pedicle
fixation in our study is highest at C7 with a percentage of 98%, followed by C2 (96%), C6
(86.4%), C5 (84.80%), C3 (68%) then C4 (67.20%).

Table 5: Percentages of PW and PH with >4.5mm

n Percentage
C2 Bilateral PW>4.5 120 96%
Bilateral PH> 4.5 125 100%
Combined bilateral PW and PH | 120 96%
C3 Bilateral PW>4.5 85 68%
Bilateral PH> 4.5 121 96.80%
Combined bilateral PW and PH | 85 68%
C4 Bilateral PW>4.5 84 67.20%
Bilateral PH> 4.5 122 97.60%
Combined bilateral PW and PH | 84 67.20%
C5 Bilateral PW>4.5 109 87.20%
Bilateral PH> 4.5 121 96.80%
Combined bilateral PW and PH | 106 84.80%
C6 Bilateral PW>4.5 109 87.20%
Bilateral PH> 4.5 124 99.20%
Combined bilateral PW and PH | 108 86.40%
C7 Bilateral PW>4.5 123 98.40%
Bilateral PH> 4.5 125 100%
Combined bilateral PW and PH | 123 98.40%
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Figure 9: Graph of safe feasibility of pedicle screws fixation by vertebra
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CHAPTER FIVE: DISCUSSION

5.1 Introduction

The knowledge of cervical spine anatomy and good interpretation of CT-scan images are
useful for spine surgeons and implants designers to avoid damage to regional vital structures.
Variability in vertebral dimensions exists amongst different populations and prevents the
standardization fixation. This has led many researchers to describe the morphological
characteristics of cervical column and study its dimensions via direct measurement by CT-

scans of bony structures harvested on cadavers.

Our sample was comparable to those reported in similar studies. Leonard Westermann used
100 CT-scan when he was doing a study in Germany (25), Singh used also 100 C-spines in
Nepal (20). Others used the sample sizes ranging from 51 to 100. (3), (11), (21), (22)

5.2 Description of values

5.2.1 Pedicle width

The pedicle width is an important variable to determine the safety of screw insertion. As
indicated by Table 2 and Figure3, the pedicle widths were bigger on C2, with the mean of
6.38mm. The mean declined to 5.03mm on C3 then gradually increased up to 6.67mm on C7.
The same trend from C3-C7 was also seen by other researchers (2), (11), (14), (34).

The mean of PW for all levels was 5.76mm and it was comparable to other populations. As
reported by Saluja in a review which was comparing Indians with other populations,
Americans had the mean PW of 5.98mm, Turkish have 5.58mm and Indians had 4.76mm for
(112).

Our values for C2 showing the mean of 6.38mm which is higher than that for Moroccans as
reported by Hilman in 100 cases study, the mean PW for C2 was 5.3mm (35). However, there
are researchers who found higher values compared to our findings. In New Orleans, USA,
Howington reported the mean PW for C2 of 7.9mm, (36), in Georgia the PW of the
population was found to be 8.0mm (37) and then one study in Turkey on dry bones, Naderi
found PW of C2 of 11.1mm (38).

The big PW of C2 provides safety for pedicle screw fixation but surgery becomes precarious
when going down to C3, C4 and C5. The width becomes gradually bigger from C3 to C7.

On table below, we can compare sub-axial C-spine of our population to others
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Table 6: Comparison of PW means of our study with others in millimetres (mm)

Study | State/country | Year of | C3 C4 C5 C6 Cc7
study

Present | Rwanda 2019 5.03 5.22 5.57 5.71 6.67
study

(14) China 2007 4.9 5.1 5.8 6.0 6.5
(2) Egypt 2014 |46 4.8 5.1 5.7 6.45
(39) India 2013 |750 [799 [7.85 |- |-
3) India 2012 4.71 4.76 4.96 5.34 6.03
(40) Japan 2008 54 55 5.7 5.9 6.7
(34) Austria 2007 5.7 5.6 6.2 6.7 7.9
(37) Georgia 1997 | 4.8 5.2 6.1 6.5 6.9
(19) Thailand 2014 5.17 5.46 5.69 5.89 6.49
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On the table above, considering the PW means, we can clearly see the position of our people.
Our values are larger compared to those of China, India and Egyptians but less to those of

Japanese, Thais and Austrians.

Different anatomical findings within the same population can be explained by the type of
measurement tool used but also their ethnicity and different locations within their country.
Good examples are reported in the article review by Chazono in which he detailed differences
in findings depending on ethnicity and the quality of CT-scan machine and tool of

measurement (8).

Pedicle widths at all levels were showing males predominance which are not statistically

significant, p-value>0.05). same findings were reported by researchers (3), (11), (25), (40).

5.2.2 Pedicle Axis Length
The pedicle Axis length is calculated as the length of the line passing along the pedicle from

the most posterior cortex up to the most anterior cortex.

Its surgical application is to determine the maximum length of the screw from posterior point
of screw entrance up to the most anterior cortex of the vertebral body. It helps the surgeon to
choose the appropriate screw length which cannot go beyond the length of the vertebra in

order to avoid further damages.

Findings showed a gradual increase from C2-C7. These results were comparable with those
found by Banerjee in Indian population who did the analysis of subaxial C-spine and had the
results as follow 28.72mm, 28.77mm, 30.51mm, 32.97mm and 34.79mm for C3, C4, C5, C6
and C7 (3). Mohi Eldin had almost the same results for Egyptians population, in radiological
measurements; he found the means of PAL of follow 32.3mm, 33.3mm, 36.6mm, 34.2mm
and 36.5mm at C3, C4, C5, C6 and C7.(2)

In our study, the left sided pedicle axis length (PAL) was found to be predominant with
statistical significance at C4, C5 and at C6. Female predominance was also seen at C3.The

left sided dominance was also reported by Banerjee at the level of C4, C5, C6 and C7 (3).
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5.2.3 Pedicle Length

It is the linear measurement from the most posterior cortex along the pedicle up to the most
posterior cortex of the vertebral body. Surgically it is the shortest screw size that can cross
the pedicle.

Findings from our study showed a progressive increase from C2, C3, C4, C5, C6 and C7. The
distribution with sides showed the right side dominance at C3. However, the left side had
bigger values compared to the right at C6. Almost same results were reported in China by Su,
with 14.9mm, 14.3mm, 14.9mm, 15.1mm and 15,4mm for C3, C4, C5, C6 and C7 (14). In
Thailand, results were almost similar but a bit higher than our population with 14.92mm,
14.84mm, 15.74mm, 15.76mm, and 15.10mm at C3, C4, C5, C6 and C7. (19)

This parameter was not studied by many researchers as it is not very sensitive in surgical

fixation of the spine.

5.2.4 Pedicle Height

It’s an important parameter to analyse because pedicle screw fixation is risky for patients
with values less than 4.5mm. The cut-out of the screw in the sagittal plane of the pedicle may
result in nerve root injury. In our study, it was found to be bigger compared to the pedicle
width. Its trend along the C-spine was the same as pedicle width as it was big at C2, and
smaller at C3. It was then increasing from C3 to C7.

In relation to other population, the sizes were comparable with the population of Thailand
where values are 9.37mm, 6.52mm, 6.96mm, 6.96mm and 7.47mm from C3, C4, C5, C6 and
C7 (19). In another Thailand study by Reinhold, the values of PH were almost similar but
with C3 which was bigger compared to the rest of subaxial spine. He found 7.5mm, 7.1mm,
6.8mm, 6.7mm and 7.2mm for C3, C4, C5, C6 and C7 (34). Our pedicle heights were also
comparable to Egyptians (2) and a bit bigger to Chinese (14).

However, our measurements were smaller to those found by Joses in Georgia especially at
the level of C2, C3 and C4. In his study, he had 9.4mm, 7.4mm, 8.0mm, 7.4mm, 6.7mm and
7.1mm for C2, C3, C4, C5, C6 and C7 (37).

The results of our study showed that males had big PH at all levels compared to female but
statistically significant at C2 where the mean for males was 8.4mm against 8.0 for female [p-

value<0.05]. The left sided pedicle length means in our study were also bigger than right al
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almost all levels and significant at C2. In his study from C3-C5, Liu didn’t find the difference

in sides (39) and it was also the same for saluja (11)

5.2.5 Angular measurements
Angular measurements were calculated from axial views for Pedicle Transverse angle (PTA)
and on Sagittal view for pedicle sagittal angle (PSA). Their surgical importance is the

orientation of the screw during the fixation through the pedicle.

Our values for PTA were showing a decrease in values from C2 to C7. Same trend and values
were found by Su in Chinese population with values in degrees of 48.0, 48.3, 47.3, 43.6 and
38.7 for C3, C4, C5, C6 and C7 (14). Bigger PTA were reported by Kanthika in Thailand
with 46.36°, 48.5°, 48.89°, 44.30°, 38.79° for C3, C4, C5, C6 and C7 (19). No clear
dominance in sides or gender was seen in our study and similar results were noted by other
researcher (19), (34), (40).

The values of PSA were smaller on C2, C6 and C7. The orientation was also not the same for
all vertebras. The orientation was cephalic on C2 and caudal on others. The change in
orientation was described by Chazono as C2 and C3 angles directing cephalic with transition

to C4 for caudal orientation (40), and same results also found by Reinholh (34).

The high variations in angles has led to researchers to the conclusion of not relying on known
gender, ethnic and sides dominance, but use individual analysis of CT-scan and the image

intensifier during spine fixation (8), (19), (34).

5.3 Age- related variations

The regression slop as seen on table 2, shows that the variations are significant for some
measured variables. Statistical significance for our measurements is defined as the deviation
from Omm/year or Odegree/year. Considering the variables trends along years, we had linear

measurements increase and angular measurements decrease.

For example, as seen on table2, we had the increase of PW on C2 of 0.001666 mm every
year. This mean that when considering 18 years old person and 90 years old, the age
difference is 72 years but PW difference is not above 0.12mm [0.001666x72]. The difference

was still around zero, and considered not significant.

Significant variations with age were noted on Pedicle axis length and on angular
measurement. The biggest variation was seen on PTA of C5 where the slop was -0.1070
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degrees per year, and we expect the decrease of 7.704 degrees of transverse angle deviation
between 18 years old person compared to a 90 years old. It waas statistically significant as p-
value is <0.0001.

The influence of aging in morphometric changes was reported in paediatric population but
not in adult people by Chazono (8), but bony spurs and compression load on vertebral end-

plates may change linear and angular measurements as reported by (41).

5.4 Safe surgery fixation with pedicle screws

The safety of pedicle fixation with current screw of 3.5mm is guaranteed when two of 6
measured variables, Pedicle Width (PW) and Pedicle Height values are equal or more than
4.5mm on both sides.

From our measurements, the percentage of safe fixation was higher on C2 and C7 with the
percentages 96% of and 98.4%. For other vertebras, the pedicle screws fixation was found
risky because the percentages of safety were 86.4%, 84.8%, 67.2% and 68% for C6, C5, C4
and C3. No significant gender difference seen in our values.

From other researchers, a French Ould analysed 100 CT-scan and found that surgery by
pedicle screws on C2 was safe for 92.5%, safer were males with 93.2% (42). Chazono, in his
study of Japanese, he defined unsafe pedicle fixation as those done for patients with
PW<4.0mm, and found the safety of surgery to be 91.5% at C3, 92.1% at C4, 98.4% at C5,
98.4% at C6 and 100% at C7 (40). Reinhold did a study in Austria on C-spine, he harvested
vertebra on cadavers and did manual instrumentation with pedicle screws then did a CT-scan

of them; he found more cortical injuries on C3 and C4 which is the same for our study (34).

Current literatures recommend transpedicle screws fixation on C2 and C7 and use lateral
masses fixation on other subaxal cervical spine (19). Yukawa did also CT-scan analysis on
144 operated patient from C2 up to T2 by using pedicle screws fixation and found 0% of
screw perforation on C7, 2% on C6, 5% on C5, 6% on C4, 4% on C3 and 7% on C2(6).

In the same study, done from 1995 up to 2008, the total placed screws were 620. They found
a high percentage of pedicle perforation of 9.2% and only in one case the vertebral artery was

injured and one case of spinal cord injury with persistent radiculopathy. (6)
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In the same country a multicentre study showed malposition rate of 19.5%. Five patients had
complications related to pedicle screws including 3 with nerve root injury and 2 with

vertebral artery injury. (7)

In some centres, they even tried to use EMG (electromyography) for pedicle screws fixation
to monitor injury to the neural elements. Robert Holdefer and colleagues of USA in 2013

showed that a proper preoperative CT-scan analysis is far better than EMG. (43)

At the end of all, the morphometric analysis of the spine by use of CT-scan was found the

best way to predict the safety of pedicle screws fixation because of variety in population. (2),

(9), (15)

5.5 Study limitations
The study was focusing on two parameters that affect the morphometry of cervical spine

pedicles, age and sex. The body mass index was not included in our study.
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CHAPTER SIX: CONCLUSION AND RECOMMENDATION
6.1 INTRODUCTION

Morphometric analysis of cervical spine, as anatomical study of the morphology, it is done in

different ways and variables may differ according to the aim of the researcher. Our study was

mainly focusing on surgical anatomy for the safety use of pedicle screws as a guaranteed

stable fixation in our population.

The results may be of great importance in our settings and may be used by other researchers

in our region and worldwide.

6.2 CONCLUSION

Our findings regarding Pedicle Widths and Pedicle Heights values, as major
determinants of safe surgery in cervical pedicle fixation reassured us at the level of C2
and C7. But many precautions have to be considered when the surgeon has to fix C3,
C4, C5 and C6.

We found Pedicle widths have non-significant side or gender predominance and then
not considerable in cervical spine surgery. It is then different from other studies which
reported significant predominance.

From our study, Pedicle Length and Pedicle Axis length as the linear measurements
which determine the maximum and minimum screw length gradually increasing from
C2 to C7 and no side or gender dominance. The important message is that, Screws to
be used have to be gradually longer from C2-C7.

Cervical spines of our population had Pedicle Transverse Angles which were
gradually decreasing from C2 to C7 with no side or gender dominance. Hence, the
coronal inclination of screws from lateral to medial must decrease as the surgeon
moves caudally during C-spine pedicle fixation.

Pedicle Sagittal angles were directed cephalic for C2 and caudal from C3 to C7, the
same pedicle screws orientations have to be applied in C-spine fixation.

Age related variations were mainly affecting angular measurements but more variable

from person to another. Individual analysis of CT-scan before surgery is indicated.
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6.3. RECOMMENDATIONS

e The use of pedicle screws of 3.5mm diameter for fixing C2 and C7 is safe in our
population. However, we recommend the use the lateral mass instrumentation on the
remaining subaxial cervical spine when the posterior fixation is required, because
complications may be rated at around 20% based on our pedicle values.

e Research on the safe use of 3mm pedicle screws fixation for subaxial cervical spine.

e We recommend considering individual analysis of cervical spine CT-scan prior to the
surgical fixation of cervical spine as we have seen significant variations in our
population.

e Cadaveric researches are encouraged to be done in coming days for the proper

anatomical knowledge.
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1. Time of research

ltem

Proposal writing

Proposal submission

February-April 2019 | May 2019

June 2019

Data collection

Data analysis

Submission of final
report

2. Budget
Item Quantity Unity cost Total cost
Research 1 100.000 Frw 100.000 frw
Assistant/Radiographer
Statistician 1 100.000 Frw 100.000 frw
Communication and 100.000 frw
transport
External Hard Disc 1 80.000 frw
Report writing, 3 books 30.000 frw 90.000 frw
printing and bundling
Total cost 470.000 frw

The total budget was from the principle investigator
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3. DATAEXTRACTION FORM

Age:
Sex:

Study ID:

Vertebral | Pedicle
level Width

Pedicle
AXis

Length

Pedicle
Length

Pedicle
Transverse

Angle

Pedicle

Height

Pedicle
Sagittal
Angle

R L

R L

R L

C2

C3

Cé

C5

C6

C7

R: Right side

L: Left side

4. Letter of IRB approval and clearance
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