To compare Radio-Stereometric Analysis
(RSA) and Computed Tomography (CT) for
the assessment of lumbar spinal fusion in

a sheep model

ALl H Humadi MB, ChB
FIBMS (Tr and Orth)

Thesis submitted to the University of Adelaide
for the degree of Master of Surgery (M Surg)
July 2012



Table of Contents

Title Page

Table of Contents
List of Figures
List of Tables
Abstract
Declaration

Acknowledgement

Chapter 1: Introduction

1.1 Background
1.2 Anterior Lumbar Interbody Fusion; history and literature review

Chapter 2: Radiological assessment of spinal fusion

2.1 Plain and dynamic Radiography
2.2 Computed Tomography (CT) Scans
2.2.1 Evidence of fusion using CT scan
2.2.2 Hazards and disadvantages of CT scan
2.3 Radio-Stereometric analysis (RSA)
2.3.1 Markers of RSA
2.3.2 Radiography technique
2.3.3 Calibration Cage
2.3.4  Clinical application of RSA in the Spine
2.3.5  Literatures review of RSA
2.3.6  The precision and accuracy of RSA in the Literatures
2.3.7 Disadvantages of RSA
2.4 Magnetic Resonance Imaging (MRI)

Chapter 3: Hypothesis
3.1 Hypothesis

3.2 Aims and objectives of the study
3.3 A suitable animal model to test the hypothesis

Xi

Xii

1-12

13-60

14
18
19
21
26
26
27
28
30
31
54
58
59

61-63
62

62
63



Chapter 4: Materials and Methods 64-86
4.1 Introduction 65
4.2 Study Subjects 65
4.3  Anterior Lumbar Inter-body Fusion (ALIF) 66
4.4 RSA assessment 76
4.5 Schedule of sacrifice 80
4.6 CT scan assessment 81
4.7 Histology 83
4.8 Statistical Analysis 86

Chapter 5: Results 87-105
5.1 RSA Results 88
5.2 CT scan Results 95
5.3 Histology Results 100
5.4 Summary of the results 102
5.5 Statistical analysis 104

Chapter 6: Discussion 106-113
6.1 Does CT scan provide an accurate and reliable assessment of spinal fusion? 107
6.2 Does RSA provide an accurate and reliable assessment of spinal fusion? 107
6.3 Histology as the Gold Standard? 108
6.4 Limitations of the study 109
6.5 Consideration of the radiation penalty when assessing fusion 110
6.6 Conclusions 113

References 114-122



List of Figures

Chapter 1
Figure 1.1
Figure 1.2

Chapter 2

Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

Figure 2.6

Figure 2.7

Figure 2.8

Figure 2.9

Figure 2.10

Figure 2.11

Figure 2.12
Figure 2.13

Radiological outcomes in form of fusion rate in both groups, Burkus 2002[33]. p8

The clinical outcome in form of Oswestry Disability Questionnaire in both groups,
Burkus 2002[33]. p8

The upper image is the immediate post operative lateral plain film of L4-L5. The lower
image is a lateral x-ray taken 1 year post surgery with clear subsidence of the cage in the
upper end plate of L5, Burkus 2001[47]. p16

Plain x-ray film showing new bone formation anterior to the cage (sentinel sign), McAfee
1999[50].p18

Evidence of new bone formation and bridging bone trabeculae within (black arrow) and
outside (white arrow) the cage, Williams et al 2005 [45].p21

Uniplanar technique with the film plates beside each other source ,Valstar [89] 2.4b
biplanar technique with film plates perpendicular to each other, Therbo [93]. p28

Biplanar calibration cage with roentgen cassettes are perpendicular to each other b)
Uniplanar calibration cage with roentgen cassettes in line with each other, Valstar[89].
p29

This figure showed the mean vertical 2.5a and sagittal 2.5b translations in the lower
three lumbar discs, Axelsson et al [107]. p42

Showed 6 beads in each vertebral body for RSA assessment, Krijnen et al [133]. p44

This bar chart showed that there gradual reduction in the range of motion as the fusion
advanced and there is no significant difference between bioresorbable and titanium cage,
Krijnen et al[128]. p44

The x-ray tubes are angulated 40 degree with each other and centered over the cervical
spine, Lind et al 2007[108]. p45

RSA assessments in different positions to try to elicit any rotation or translation in
deferent axis, Nabhan et al[109]. p47

Gradual reduction in range of motion in both groups worse in the control group, Nabhan
et al[109]. p48

Note RSA beads within the vertebral bodies in the fusion segment, Park et al [93]. p49
Showed numerous widely distributed beads in the sheep lumbar spine. p61



Chapter 4

Figure 4.1

Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12
Figure 4.13

Figure 4.14

Figure 4.15

Figure 4.16

The animal in the left lateral position (left side up). The operation site was shaved from
the 12" rib to iliac crest. p67

The operative field was prepared with povidone-iodine and drapes were applied. p67
Vertical skin incision from 12" rib down to the iliac crest. p68

External oblique muscle exposures. p69

Exposure of the peritoneum after splitting of transverses abdominius muscle. p69
Retroperitoneal exposure of psoas major and minor. p71

Elevation of the psoas sheet before splitting it with a dissection scissor. p70
Developing the space between psoas major and minor. p71

The lumbar spine is exposed by the inter-psoas approach.

Insertion of needle into L5-L6 disc space b) Intra-operative imaging confirmed L5-L6
needle insertion. . P72

Cornerstone PSR cage (Medtronic, Memphis, USA) which is used in this study.p73

a) Cornerstone PSR Cage packed with chancellors bone graft b) The loaded cage
connected to the inserter c) Intra-operative picture showing the cage in-situ. p74

The RSA table used in our study b) the RSA setup with the roentgen tubes. p78

RSA assessment with the sheep lumbar spine in maximum flexion with tied together after
flexion obtained. b) RSA assessment with sheep lumbar spine in extension with legs tied
to the operative table after full extension obtained. p79

CT scan of Lumbar spine a) Sagittal b) Coronal c) Axial. p82

Examples of Histology (left) and digital microradiography (right) (Faxitron LX60,
Faxitron, Lincolnshire, IL). p85



Chapter 5

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

This graph plots the 3D translation in mm versus time in months for each of the nine
sheep (depicted by a different color) for L1 relative to L2 during the flexion-extension
RSA (z axis translation). p90

This graph plots the 3D translation in mm versus time in months for each of the nine
sheep (depicted by a different color) for L3 relative to L4 during the flexion-extension
RSA (z axis translation). p90

This graph plots the 3D translation in mm versus time in months for each of the nine
sheep (depicted by a different color) for L5 relative to L6 during the flexion-extension
RSA (z axis translation). p91

This graph plots the 3D rotation in degree versus time in months for each of the nine
sheep (depicted by a different color) for L1 relative to L2 during the flexion-extension
RSA (z axis rotation). p91

This graph plots the 3D rotation in degree versus time in months for each of the nine
sheep (depicted by a different color) for L3 relative to L4 during the flexion-extension
RSA (z axis rotation). p92

This graph plots the 3D rotation in degree versus time in months for each of the nine
sheep (depicted by a different color) for L5 relative to L6 during the flexion-extension
RSA (z axis rotation). p92

Vi



List of Tables

Chapter 2

Table 2.1 Results of systematic search of major databases p32

Table 2.2 Summary of all the literatures included in this study. p51-53

Table 2.3 Summary of Reported Precision for Translation and Rotation in RSA. p55

Table 2.4 Summary of the reported Accuracy studies. p57

Chapter 5

Table 5.1 The mean rotation and translation of L1 relative to L2 at all time points (minus sign
indicate movement in the opposite direction to the applied force).p88

Table 5.2 The mean rotation and translation of L3 relative to L4 at all time points. p89

Table 5.3 The mean rotation and translation of L5 relative to L6 at all time points. p89

Table 5.4 Summary of the fusion assessed by RSA (F: FUSED 11/27 level, NF: NOT FUSED
16/27 level). p94

Table 5.5 First Reading describing each segment as FUSED (F) or NOT FUSED (NF) from
Radiologist (WM). p96

Table 5.6 Second Reading describing each segment as FUSED (F) or NOT FUSED (NF) from
Radiologist (WM). p96

Table 5.7 First Reading describing each segment as FUSED (F) or NOT FUSED (NF) from
Radiologist (PT). p97

Table 5.8 Second Reading describing each segment as FUSED (F) or NOT FUSED (NF) from
Radiologist (PT). p97

Table 5.9 The Final CT scan results with the third observer’s contribution to achieve a consensus
result.11/27 were FUSED and 16/27 were NOT FUSED.p98

Table 5.10 The Histopathology results of assessment of fusion. p99

Table 5.10 The Final CT scan results with the third observer’s contribution to achieve a consensus

result.11/27 were FUSED and 16/27 were NOT FUSED. p101

Table 5.11 Summary of the fusion assessed by the three different modalities. p103

Table 5.12 Results of intra-rater and inter-rater reliability tests. p104

Table 5.13 Results of Screening Analysis. p105

Vii



Chapter 6

Table 6.1 The effective exposure dose in mSv of single CT scan of different parts of the
body. Rehani 2006 [169]. p111

viii



Abstract

Study design: A comparison of Radio-Stereometric Analysis (RSA) and Computed Tomography

(CT) for the assessment spinal fusion in a large animal model.

Introduction and Aims: Anterior Lumbar Interbody Fusion (ALIF) is a surgical procedure that
is commonly performed for patients with chronic disabling low back pain that is unresponsive to
conservative treatments. CT is a standard technique to assess the completeness of fusion but has a
high radiation penalty to the patient. RSA is an alternative method to assess fusion with a much
lower radiation exposure for the patient and is reported to have high accuracy. The study
compares RSA to fine-cut CT scan using histology from necropsy specimens as the reference

standard.

Methods: Three non-adjacent ALIFs (L1-L2, L3-L4, and L5-L6) were carried out in 9 sheep. The
sheep were divided into three groups of 3 sheep. The first group had RSA immediately post-op, 3
and 6 months after surgery. The second group had RSA immediately post-op, 3, 6 and 9 months
after surgery. The third group had RSA immediately post-op, 3, 6, 9 and 12 months after surgery.
All the animals were humanly killed immediately after having the last scheduled RSA. The

lumbar spine was removed and invitro fine cut CT and histopathology were performed.

The RSA was carried out by an experienced scientist to determine the number of fused levels.
Post-mortem CT scans were performed and reviewed by up to three radiologists to assess the
number of fused levels. Histology sections were taken throught the ALIF segments and reviewed

by a senior research scientist with expertise in histology and a consultant pathologist.

Results: Using histological assessment as the gold standard for assessing fusion, RSA
demonstrated superior results (100% sensitivity and 66.7% specificity (PPV = 27.3%, NPV
=100.0%) when compared to CT (66.7% sensitivity and 60.0% specificity (PPV = 16.7%, NPV =
93.8%). The assessment of the inter-rater reliability of the first CT scan of the two radiologists

ix



indicated no agreement (k = 0.07, p-value = 0.353). As indicated in the methods section, when a
discrepancy occurred, a 3" independent radiologist assessed the CT scans, with this review
providing the final CT scan result. The Fleiss Kappa statistic indicated no agreement between the
1** and 3" radiologist (k = 0.10, p-value = 0.333) on the occasions where the results of the 3"
radiologist were known (n=12 of the 27 results). The Fleiss Kappa statistic between the 2™ and
3" radiologist also indicated no agreement (k = -0.13, p-value = 0.668). Significant inter-observer

error was observed amongst radiologists using CT Scans for the assessment of fusion.

Conclusion: Using histological assessment as the gold standard for the assessment of fusion in
this animal model, RSA demonstrated higher sensitivity and specificity when compared to CT.
Furthermore RSA has the advantage of much lower radiation exposure compared to fine cut CT.
Further studies are required to see if RSA remains superior to CT scan for the assessment spinal

fusion in the clinical setting.
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