
Infrared thermography for the assessment of lumbar sympathetic                              
blocks in patients with Complex Regional Pain Syndrome  

 

13 

CONTENTS 

Abstract ........................................................................................................... 7 

Resumen .......................................................................................................... 9 

Resum ............................................................................................................ 11 

Abbreviations ................................................................................................ 17 

Figures ........................................................................................................... 19 

Tables ............................................................................................................. 25 

1 MOTIVATION AND OBJECTIVES .............................................................. 29 

1.1 Motivation ........................................................................................ 29 

1.2 Objectives and hypotheses ............................................................. 29 

1.3 Thesis structure ............................................................................... 30 

2 COMPLEX REGIONAL PAIN SYNDROME ................................................ 35 

2.1 Chronic pain ..................................................................................... 35 

2.2 History .............................................................................................. 36 

2.3 Diagnosis and classification of the disease ................................... 37 

2.4 Pathophysiology .............................................................................. 41 

2.5 Epidemiology .................................................................................... 43 

2.6 Pain pathways .................................................................................. 44 

2.7 Pain assessment scales ................................................................... 45 

2.8 Treatment ......................................................................................... 46 

2.9 Lumbar sympathetic blocks ........................................................... 52 

2.9.1 The lumbar sympathetic chain and the nervous system ..................... 53 

2.9.2 Guidance and assessment of lumbar sympathetic blocks................... 57 

3 TEMPERATURE, HEAT TRANSFER AND INFRARED THERMOGRAPHY ... 63 

3.1 Temperature and heat transfer ..................................................... 63 

3.2 Thermoregulation ............................................................................ 66 

3.3 Feet vasculature .............................................................................. 70 

3.4 Skin temperature assessment using contact methods ............... 73 



Mar Cañada Soriano 
 

14 

3.5 Skin temperature assessment using non-contact methods ........ 75 

3.6 Infrared thermography ................................................................... 78 

3.6.1 Principles of IRT ........................................................................................... 79 

3.6.2 Thermal imaging characteristics ............................................................... 86 

3.6.3 Infrared camera performance characterization ..................................... 87 

3.6.4 Applications of IRT ..................................................................................... 100 

3.7 IRT in the biomedical field ............................................................ 104 

3.7.1 IRT in the assessment of feet temperatures ........................................... 113 

4 DATA ANALYSIS ..................................................................................... 119 

4.1 Qualitative approach ..................................................................... 119 

4.2 Quantitative approach .................................................................. 124 

4.2.1 Regions of interest definition ................................................................. 124 

4.2.2 Feature selection and assessment ........................................................ 130 

4.3 Machine learning analysis ............................................................ 131 

4.3.1 Definition and purpose ........................................................................... 131 

4.3.2 ML algorithms for classification ............................................................ 132 

4.3.3 Feature selection ...................................................................................... 138 

4.3.4 Model optimization ................................................................................. 138 

4.3.5 The model performance ......................................................................... 139 

5 MATERIALS AND METHODS .................................................................. 145 

5.1 Patients and protocol .................................................................... 145 

5.2 Experimental procedure in the clinical setting ........................... 150 

5.2.1 Lumbar Sympathetic Block procedure ................................................. 150 

5.2.2 Thermal data acquisition ....................................................................... 154 

5.3 Medical classification based on real time infrared images ....... 159 

5.4 Quantitative classification with statistical analysis .................. 164 

5.4.1 Regions of interest selection ................................................................... 164 

5.4.2 Thermal data extraction ......................................................................... 165 

5.5 Automatic classification with machine learning algorithms .... 167 



Infrared thermography for the assessment of lumbar sympathetic                              
blocks in patients with Complex Regional Pain Syndrome  

 

15 

6 RESULTS ................................................................................................. 173 

6.1 Medical classification based on real time infrared images ....... 173 

6.2 Quantitative classification with statistical analysis .................. 177 

6.3 Automatic classification with machine learning algorithms .... 192 

7 DISCUSSION .......................................................................................... 203 

7.1 Medical classification based on real time infrared images ....... 203 

7.2 Quantitative classification with statistical analysis .................. 207 

7.3 Automatic classification with machine learning algorithms .... 209 

7.4 ROIs definition and thermal data extraction .............................. 211 

7.5 Future studies ................................................................................ 216 

8 CONCLUSIONS ...................................................................................... 221 

PUBLICATIONS ............................................................................................ 223 

REFERENCES ................................................................................................. 225 

 

 

  




