
Adolescent Idiopathic Scoliosis: 

Classifying, Assessing, and Monitoring using Surface Topography Asymmetry 

Analysis 

 

by 

 

Amin Komeili 

  

  

 

 

 

 

A thesis submitted in partial fulfillment of the requirements for the degree of 

 

 

Doctor of Philosophy 

 

in 

Structural Engineering 

 

 

 

 

Department of Civil and Environmental Engineering 

University of Alberta 

 

 

 

 

 

 

 

  

 

 

© Amin Komeili, 2014 





http://www.ncbi.nlm.nih.gov/pubmed/24361358










 

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  



  

  

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  

  



  

  

  

  

  

  

 

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

  

  



  

  

  

  

  

  

 

  

  

  

  

  

  

  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

≥

 

 

 



 

 

 

 

 

 

≤

 

≤

 

≥

 

≥

 









̇

′̇

𝛼0, 𝛼1, 𝛼2, 𝛼3

(ρ, θ, z)

(ρ, θ, ϕ)

𝜅1

𝜅2

𝐴𝑖 , 𝐵𝑖 , 𝐶𝑖 , 𝐷𝑖

𝑎𝑖 , 𝑏𝑖 , 𝑐𝑖 , 𝑑𝑖

𝐶1

𝐻(𝑥)

𝐻𝑔𝑖𝑛𝑖(𝑥)

Psym



P1+ 

P+1 

P2+ 

P+2 

Pa 

Pe 

Pi  

Pi
′

q
i
′

R2  

S

S′

𝑆𝐶𝑜𝑚𝑏

𝑆𝑐𝑢𝑟𝑣𝑎𝑡𝑢𝑟𝑒

𝑆𝑢𝑛𝑖𝑓𝑜𝑟𝑚𝑖𝑡𝑦

[𝑡𝑚𝑖𝑛, 𝑡𝑚𝑎𝑥]



 

1.1 Motivation 



1.2 Literature Review 

1.2.1 Scoliosis 



1.2.2 Radiographs 





1.2.3 Surface Topography 





R2



𝜖 = √∫ [𝑋(𝑧) − 𝑥(𝑧)]2

𝑅2



ρ θ φ

r s

r × s

𝑠

R2 = 0.69



R2 

R2 



1.2.4 Classification 







1.2.5 Monitoring 







1.3 Thesis Contributions 
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1.4 Thesis Objectives 

 



 

 

 

1.5 Hypotheses  

 

 

 



1.6 Thesis Outline 
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2.1 Introduction 



2.2 Materials and Methods 

2.2.1 Clinical Data  



2.2.2 Data Pre-processing  



2.2.3 Best Plane of Symmetry 



Psym Psym

Psym

(n × 3)

Psym

ax + by + cz = d 

Pi = (xi, yi, zi) Psym Pi
′(a, b, c, d) =

(Xi, Yi, Zi), 

Psym S′

S′ = [Xi, Yi, Zi]n×3      (i = 1,… , n)  

Xi = Xi(a, b, c, d) 

Yi = Yi(a, b, c, d) 

Zi = Zi(a, b, c, d) 

Pi = (xi, yi, zi)

qi
′(a, b, c, d) = (Xi, Yi, Zi) 

Pi, qi
′

qi
′ Pi



SD(a, b, c, d) =∑|Dist(Pi, qi
′)|

n

i=1

 

Dist(Pi, qi
′) (Pi, qi

′)

Psym

Psym

SD

SD ≠ 0

Psym

SD



2.2.4 Deviation Colour Map 

√
∑(deviationi

2)

n
                                           i = 1,… , n 



2.3 Results 



2.4 Discussion 





 

3.1 Introduction 



3.2 Materials and Methods 

3.2.1 Clinical Data 

3.2.2 Classification 



3.2.3 Reliability 



 



 

 



𝑛11 𝑛12 𝑛1+ 

𝑛21 𝑛22 𝑛2+ 

𝑛+1 𝑛+2 𝑛 

𝑛

𝑛11 and 𝑛22 

𝑛11+𝑛22

𝑛 𝑛12+𝑛21

𝑃𝑎

𝑃𝑎 =
𝑛11+𝑛22

𝑛

𝑃𝑎 

𝑃𝑎 𝑃𝑒



𝑃1+ =
𝑛11+𝑛12

𝑛

𝑃+1 =
𝑛11+𝑛21

𝑛

𝑃1+ × 𝑃+1

𝑃2+ × 𝑃+2

𝑃2+ =
𝑛21+𝑛22

𝑛
,    𝑃+2 =

𝑛12+𝑛22
𝑛

𝑃𝑒

𝑃𝑒 = 𝑃1+𝑃+1 + 𝑃2+𝑃+2 = 𝑃1+𝑃+1 + (1 − 𝑃1+)(1 − 𝑃+1)

𝜅 =
𝑃a−𝑃e
1 − 𝑃𝑒



3.3 Results 

3.3.1 Classification 

±



 



3.3.2 Repeatability, Test-retest Reliability 



= 𝑃𝑎 ∗ 100



3.3.3 Intra-observer Reliability 



3.3.4 Inter-observer Reliability 



3.3.5 One year follow-up test-retest reliability 





3.4 Discussion 









3.5 Conclusion 



 

4.1 Introduction 



4.2 Materials and Methods 

4.2.1 Clinical Data  





4.2.2 Number, direction, and location of curves 



4.2.3  Height of the apical vertebra  



hst

hr

4.2.4 Curve magnitude  



4.2.5 Statistical analysis  

ℎ𝑟 = 𝐴ℎ𝑠𝑡 + 𝐵



𝑛 𝑝1, 𝑝2, … , 𝑝𝑛

𝐻(𝑥) = 𝐻(𝑝1, 𝑝2, … , 𝑝𝑛) =  − ∑𝑝𝑖 log2 𝑝𝑖

𝑛

𝑖=1

𝑝𝑖 𝑖

𝑝 = 1

Hgini(x)  =  ∑𝑝𝑖(1 − 𝑝𝑖)

𝑛

𝑖=1

 



IG =  Entropy(X) −  Entropy(X|Y) 

𝐻𝑔𝑖𝑛𝑖(𝑥)

 

 

 

 



𝑎

𝑏

4.3 Results 

4.3.1 Number, direction, and location of curves 



(hr) hST

hr = 0.90hst + 69.80 R2

hr = 0.80hst + 60.53 R2

R2 

hr = 1.05hst + 45.44

hr = 0.87hst + 50.37

hr 𝑅2 = 0.89 𝑅2 = 0.58

R2



 





4.3.2 Curve magnitude 



4.4 Discussion 





hr

R2

hst

hst





4.5 Conclusion 



ℎ𝑆𝑇
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5.1 Introduction 
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5.2 Materials and Methods 

5.2.1 Clinical Data  
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5.2.2 Surface topography 

≥

5.2.3 Radiograph analysis  



5.2.4 Statistical analysis 
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5.3 Results 
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5.4 Discussion 

R2 = 0.016
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5.5 Conclusion 



 

6.1  Introduction 



6.2 Material and Methods 

6.2.1 Surface Curvature Analysis 

𝜅1 𝜅2

[
𝐿 − 𝜅𝐸 𝑀 − 𝜅𝐹
𝑀 − 𝜅𝐹 𝑁 − 𝜅𝐺

]



(𝐸𝐺 − 𝐹2)𝜅2 − (𝐸𝑁 + 𝐺𝐿 − 2𝐹𝑀)𝜅 + (𝐿𝑁 −𝑀2) = 0

𝐾 = 𝜅1 × 𝜅2 

𝐻 =
𝜅1 + 𝜅2
2

𝑦 = 𝑔(𝑡) = 𝑎0 +∑𝑎𝑖 cos (
2𝜋

𝑇
𝑏𝑖𝑡)

𝑛

𝑖=1

+∑𝑐𝑖 sin (
2𝜋

𝑇
𝑑𝑖𝑡)

𝑛

𝑖=1

  

𝑥 = 𝑡                                                      𝑡 ∈ [𝑡𝑚𝑖𝑛, 𝑡𝑚𝑎𝑥]

𝑎𝑖 , 𝑏𝑖 , 𝑐𝑖 , 𝑑𝑖 𝑡



𝑌 = ℎ(𝑇) = 𝐴0 +∑𝐴𝑖 cos (
2𝜋

𝑇
𝐵𝑖𝑋)

𝑛

𝑖=1

+∑𝐶𝑖 sin (
2𝜋

𝑇
𝐷𝑖𝑋)

𝑛

𝑖=1

 

𝑋 = 𝑇                                                                  𝑇 ∈ [𝑇𝑚𝑖𝑛, 𝑇𝑚𝑎𝑥]

𝐴𝑖 , 𝐵𝑖 , 𝐶𝑖 , 𝐷𝑖 𝑖 = 1 → 𝑛 𝑇

6.2.2 Mapping Technique 

𝑇 = 𝛼0 + 𝛼1𝑡 + 𝛼2𝑡
2 + 𝛼3𝑡

3

𝛼0, 𝛼1, 𝛼2, 𝛼3

𝑦 (𝑡𝑚𝑖𝑛) = 𝑌(𝑇𝑚𝑖𝑛)  



𝑦(𝑡𝑚𝑎𝑥) = 𝑌(𝑇𝑀𝑎𝑥) 

𝑆𝑢𝑛𝑖𝑓𝑜𝑟𝑚𝑖𝑡𝑦

𝑆𝑢𝑛𝑖𝑓𝑜𝑟𝑚𝑖𝑡𝑦 = ∫ (𝑑𝑠 − 𝑑𝑆)2
𝑎𝑛

𝑎0

= ∫ (√𝑥′2 + 𝑦′2 −√�̇�2 + �̇�2
𝑑𝑇

𝑑𝑡
)

2

𝑑𝑡

𝑎𝑛

𝑎0

′ ̇ 𝑡 

𝑇 𝛼0, 𝛼1, 𝛼2, 𝛼3 𝑇 = 𝑓(𝑡)



𝜅 =
𝑥′𝑦′′ − 𝑦′𝑥′′

(𝑥′2 + 𝑦′2)3/2

′ t

𝑆𝑐𝑢𝑟𝑣𝑎𝑡𝑢𝑟𝑒 = ∫ (𝑑𝜅1 − 𝑑𝜅2)
2

𝑎𝑛

𝑎0

= ∫ (
𝑥′𝑦′′ − 𝑦′𝑥′′

(𝑥′2 + 𝑦′2)
3
2 
−

�̇��̈� − �̇��̈�

(𝑋2̇ + 𝑌2̇)
3
2

𝑑𝑇

𝑑𝑡
)

2

𝑑𝑡

𝑎𝑛

𝑎0



𝑆𝐶𝑜𝑚𝑏 = 𝐶1 × 𝑆𝑐𝑢𝑟𝑣𝑎𝑡𝑢𝑟𝑒 + (1 − 𝐶1) 𝑆𝑢𝑛𝑖𝑓𝑜𝑟𝑚𝑖𝑡𝑦                            0 ≤ 𝐶1 ≤ 1

𝐶1

𝑆𝐶𝑜𝑚𝑏

6.2.3 Monitoring the Worsening and Progression of Scoliosis 

Curve 





≤

≤

≥

≥

≥





6.3 Results 

6.3.1 Surface Curvature Analysis 



≥



≤ ≥ ≥

6.3.2 Validation of the Mapping Function 

{
𝑥 = 𝑡 +

𝜋

3
                                                       −

𝜋

3
≤ 𝑡 ≤

𝜋

3

𝑦 = 𝑐𝑜𝑠 2 (𝑡 +
𝜋

3
)                                                             

 



𝑇 = 𝑡𝑎𝑛(𝑡)                  −
𝜋

3
≤ 𝑡 ≤

𝜋

3

{
 

 
𝑋 =

𝑐𝑜𝑠𝜋
4
× (𝑡𝑎𝑛−1 𝑇 + 𝜋

3
) − 𝑠𝑖𝑛 𝜋

4
× 𝑐𝑜𝑠 2 (𝑡𝑎𝑛−1 𝑇 + 𝜋

3
)

2
       − 𝑡𝑎𝑛 (

𝜋

3
)≤ 𝑇 ≤ 𝑡𝑎𝑛 (

𝜋

3
)

𝑌 = 𝑠𝑖𝑛
𝜋

4
× (𝑡𝑎𝑛−1 𝑇 +

𝜋

3
) + 𝑐𝑜𝑠

𝜋

4
× 𝑐𝑜𝑠 2 (𝑡𝑎𝑛−1 𝑇 +

𝜋

3
)                                                        

𝑐1, 𝑐2, 𝑐3, 𝑐4



6.3.3 Predicting the Change of Cobb Angle  
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6.4 Discussion 
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6.5 Conclusion 





 

7.1 Conclusion 

7.1.1 3D Markerless Asymmetry Analysis 



7.1.2 Classification System 



7.1.3 Measurements  



ℎ𝑠𝑡

ℎ𝑟 𝑅2 = 0.78 𝑅2 = 0.51

𝑅2 = 0.83 𝑅2 =

0.61

𝑅2 = 0.89

𝑅2 = 0.58



≤ ≤

hST



7.1.4 Curve Monitoring 
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7.2 Future Work 











 

 

 

 

 

      
 

 

 

 

𝑆𝑒𝑐𝑡𝑖𝑜𝑛 1

𝑆𝑒𝑐𝑡𝑖𝑜𝑛 2

𝑆𝑒𝑐𝑡𝑖𝑜𝑛 3

𝐿 

𝐿
3⁄

2𝐿
3⁄



 

 

 

 



 

 

 

 

 



𝑝1, 𝑝2, … , 𝑝𝑛

𝐻(𝑥) = 𝐻(𝑝1, 𝑝2, … , 𝑝𝑛) =  − ∑𝑝𝑖 log2 p𝑖

𝑛

𝑖=1

𝑝𝑖 𝑖

Hgini(x)  =  ∑𝑝𝑖(1 − 𝑝𝑖)

𝑛

𝑖=1

 

∆𝑅𝑀𝑆 ∆𝑀𝑎𝑥𝐷𝑒𝑣

𝐻(𝑥) = 𝐻(𝑝1, 𝑝2) =  − ∑𝑝𝑖 log2 p𝑖

𝑛

𝑖=1

= 



−(
10

18
log2

10

18
+
8

18
log2

8

18
) = 0.99  𝑏𝑖𝑡𝑠

∆𝑅𝑀𝑆

∆𝑅𝑀𝑆 < 0.5

∆𝑅𝑀𝑆 ≥ 0.5

𝐻𝑠𝑢𝑏1(𝑥) = 𝐻(𝑝1, 𝑝2) =  − ∑𝑝𝑖 log2 p𝑖

2

𝑖=1

= 

−(
10

13
log2

10

13
+
3

13
log2

3

13
) = 0.78  𝑏𝑖𝑡𝑠

𝐻𝑠𝑢𝑏2(𝑥) = 𝐻( 𝑝2) =  − ∑𝑝𝑖 log2 p𝑖

1

𝑖=1

= 

−(
5

5
log2

5

5
) = 0  𝑏𝑖𝑡𝑠

𝐼𝐺 =
13

18
× (0.99 − 0.77) +

5

18
× (0.99 − 0) = 0.43  𝑏𝑖𝑡𝑠

𝐼𝐺 = 𝐻(𝑥) − 𝐻(𝑥, 𝑦) 



=∑𝑝(s, c) × log [
𝑝(𝑠, 𝑐)

𝑝(𝑠)
𝑝(𝑐)] = 𝐻(𝑥) −∑𝑝(s, c) × log

𝑝(𝑠)

𝑝(𝑐)
 

𝑠







http://www.mayfieldclinic.com/PE-AnatSpine.htm#.Uoe5KoY1N8k



























