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Figure 5.19: Bland-Altman plot for the 2D angle measurement and the internal rotation 

angle measurement during the foam soft and foam hard conditions.  

 

 

Figure 5.20: Bland-Altman plot for the 2D angle measurement and the plantarflexion 

angle during the foam soft and foam hard conditions at midstance.  
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Figure 5.21: Bland-Altman plot for the 2D angle measurement and the inversion angle 
during the foam soft and foam hard conditions at midstance. 

 

5.5 DISCUSSION 

 Common practice to date has been to determine the alignment of the foot bones 

using techniques such as goniometers, optical motion capture systems, MRI, and visually 

through on-site gait analysis. Goniometers and MRI devices have the disadvantage of 

only being able to measure accurately during static scenarios. The accuracy of a static 

measurements ability to mimic the real-world dynamic walking conditions has never 

been proven on the bone level prior to this study to the authors' knowledge. Figure 5.3, 

figure 5.4, and figure 5.5 compare the same individuals' hindfoot barefoot alignment 

measurements in quiet standing and during walking gait at midstance with the same 

three-dimensional analysis approach. Since the hindfoot experiences movement in three 

planes a comparison to the internal rotation, plantarflexion and inversion planes were 
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completed. To compare the degree of pronation measured when standing quietly the 

same volunteer was used during midstance. Using the three-dimensional bone model 

technique the static trial angle associated with each plane of motion was compared to 

the corresponding dynamic scenario. Figure 5.3 represents the internal rotation angle 

while barefoot during a static and dynamic condition. Figure 5.4 represents the 

plantarflexion angle while barefoot during a static and dynamic condition. Figure 5.5 

represents the inversion angle while barefoot during a static and dynamic condition. It 

appears that most subjects had static results relatively close to the corresponding 

dynamic barefoot condition for all three planes of motion. Visually appearing to 

represent the dynamic scenario does not necessarily mean that the results are going to 

correlate. 

 In clinical measurements comparison of a new measurement technique needs to 

be assessed for agreement with the established method of measurement. Bland-Altman 

plots are used to determine if the new approach agrees sufficiently to replace the old 

techniques (Bland and Altman, 1986). When the limit of agreement is small the new 

technique is considered to show good agreement with the established method of 

measurement. The Bland-Altman plots used to determine agreement between the static 

weight-bearing measurements in place of dynamic measurements during midstance are 

plotted in figure 5.6, figure 5.7, and figure 5.8 for internal rotation, plantarflexion, and 

inversion respectively. Based on the results from the Bland-Altman plots the limit of 

agreement has a large range for internal rotation (-19.114° to 19.875°), plantarflexion (-

23.798° to 24.206°), and inversion (-14.089° to 9.868°). This indicates that a static 
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weight-bearing measurement does not accurately mimic dynamic walking gait at 

midstance. 

 Another common approach used to simplify image analysis is evaluating data 

using a two-dimensional technique. Using a 2D technique can fail to describe complex 

multi-axial motion of the hindfoot (Mattingly et al., 2006). Several studies have proven 

radiographic measurements to be more reliable than goniometers (Lamm et al., 2005; 

Saltzman and El-Khoury, 1995). However, it is understood that the out-of-plane motion 

is still a challenge when using a 2D approach. It is quite difficult to ensure an individual 

walks in view of the fluoroscope perfectly to obtain a clinically relevant plane of motion. 

A comparison between the results of the 2D image analysis and the overall 3D angle for 

the foam soft and foam hard conditions were completed. A comparison between the 

results of the 2D image analysis to the 3D as represented by the three planes of motion 

for the foam soft and foam hard orthotic conditions were completed. 

 The effect on the hindfoot while wearing the foam soft orthotic was represented 

graphically in figure 5.9. Visually, it is quite apparent that the overall 3D angle does not 

measure the same degree of pronation change. However, this does not mean that there 

is a lack of agreement between the two techniques. A Bland-Altman plot was used to 

determine agreement between dynamic weight-bearing walking gait as measured in 3D 

compared to 2D during midstance (figure 5.10). The limit of agreement between the 

overall 3D calculation and the 2D angle is quite large (-8.25°-54.04°). This indicates that 

simplifying analysis into 2D does not accurately mimic the 3D motion the hindfoot 

experiences during walking gait while wearing a foam soft orthotic. Since the 2D 
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measurement can only truely represent a single plane of motion the 2D angle was also 

compared to each individual plane of motion to determine if the measurement was 

statistically different.  

 By visual inspection it appears as though there is a significant difference between 

the 2D measurement and the internal rotation plane of measurement (figure 5.11) when 

determining the amount of pronation the hindfoot is experiencing. The same conclusion 

would be drawn for the plantarflexion (figure 5.12) and inversion (figure 5.13) plane of 

motion. In some of the measurements the foam soft orthotic moved the foot by a large 

amount in individuals when measured across three planes of motion, however, in the 2D 

measurement technique much of this movement is not seen.  

 Similarly, by visual inspection it appears as though there is a significant difference 

in the 2D change in pronation and the individual planes of motion as represented in 

three-dimensions while wearing the foam hard orthotic by comparison to the barefoot 

baseline measurement value. It is noted that the change found in the calcaneal 

pronation angle measurement (figure 5.2) compared to the change in pronation 

detected through internal rotation (figure 5.9) planes measurement is relatively close in 

most individuals by a visual inspection. The plantarflexion (figure 5.10) and inversion 

(figure 5.11) planes of motion showed more drastic differences by comparison to the 2D 

calcaneal pronation angle.  

 Since a visual inspection is not a good method of comparison a repeated 

measures ANOVA was completed with a confidence interval of 95% to determine if the 

2D found a significant change in motion while wearing the foam soft and foam hard 
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orthotic. No significant change in alignment was found while wearing the foam soft 

(p=0.414) orthotic, and foam hard (p=.140) orthotic as measured using the 2D approach. 

To determine if the 2D approach resulted in a similar change in alignment the 2D change 

was compared to the change associated with the individual planes of motion (i.e. 2D 

compared to internal rotation).  

 Bland-Altman plots were created to determine the limit of agreement in the 

change in pronation between the 2D angle measurement and the individual planes of 

motion as measured using the 3D technique. The range of the limit of agreement 

indicates that the 2D measurement does not reflect the results from the more accurate 

3D motion for the internal rotation (-14.37° to33.18°), plantarflexion (-33.55° to 28.77°), 

and inversion (-20.42° to 26.19°) planes of motion.  

 The final test was to determine if the results show a significant change in 

conditions strictly for the 2D analysis technique. The change in calcaneal pronation as 

measured using the 2D technique did not find a statistical difference between the 

barefoot and foam soft orthotic condition.  The change in calcaneal pronation as 

measured using the 2D technique did not find a statistical difference between the 

barefoot and foam hard orthotic condition.   
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CHAPTER 6- GENERAL DISCUSSION AND 

CONCLUSION 
 

Overview: This chapter summarizes the findings of this research, outlines 

its strengths and limitations, and lists several recommendations. The 

potential for future research is addressed and the significance of this work 

is highlighted. 

 

6.1 SUMMARY 
 Markerless radiostereometric analysis (RSA), while not a new technology, has 

recently been incorporated with fluoroscopy to provide a means for measuring dynamic 

kinematics with high precision and accuracy without requiring the insertion of tantalum 

beads. Using the markerless RSA system previously validated by both Allen and Kedgley 

for dynamic kinematic studies the objective of this study was to develop a measurement 

system for the hindfoot. The system used consists of two 9 inch portable C-arm 

fluoroscopy units and a desktop computer used to store the information. Images are 

digitized using custom-written software that was created in MATLAB. Calibration of the 

system was completed using a custom-made calibration frame (Kedgley, 2009). The 

bone models were created using OsiriX DICOM viewer and the experimental setup was 

recreated in the virtual environment using a solid modelling program, Rhinoceros. The 

bony landmarks of interest were followed in the virtual environmental and the 

calculation of their locations in three-dimensions was conducted using another custom-
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written MATLAB program. Finally, another custom-written MATLAB program was used 

to determine the angle associated with each plane of motion for the bones with respect 

to each other (i.e. the navicular with respect to the calcaneus). The method of 

quantifying the kinematic measurements was outlined in Chapter 1. The effect of the 

foam casted orthotics, made from both soft and rigid materials were described in 

Chapter 2. The purpose was to quantify and compare the effect of foam casted orthotics 

on the hindfoot region of the foot when made from soft and rigid materials. It was 

hypothesized that both material types would reduce pronation in the foot. It was further 

hypothesized that the rigid material would result in a greater degree of reduced 

pronation. Five normal arched volunteers were tested to determine the measurable 

change in alignment caused by the different shoe conditions. Every individual was found 

to react different depending on the footwear condition being tested. Although the 

hypothesis was not proved to be statistically different it is believed that with more 

subjects the results may prove to have a statistically significant outcome.  

 The effect of plaster casted orthotics, made from both soft and rigid materials 

were described in Chapter 3. Once the foam casted orthotics were tested the orthotics 

molded using the plaster casting technique were measured for their effectiveness at 

altering pronation in the hindfoot. It was hypothesized that the plaster casting technique 

would reduce pronation and the rigid material type would have a greater effect at this 

reduction. The same five normal arched volunteers used in Chapter 2 were tested to 

determine the measurable change in alignment caused by the different shoe conditions. 

Every individual was found to react different depending on the footwear condition being 
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tested. Although the hypothesis was not proved to be statistically different it is believed 

that with more subjects the results may prove to have a statistically significant outcome.  

 The significance of Chapter 2 and Chapter 3 are in part to compare the results of 

the foam casted orthotic with the effectiveness of the plaster casted orthotic technique 

when designing an orthotic for a patient. Since one casting technique did not prove to 

be better at reducing pronation than the other the foam casted technique was used in 

subsequent chapters. The effect foam casted orthotics had on the pes cavus and pes 

planus populations were described in Chapter 4. The significance of this study was to 

quantify the variation in pronation on a pes cavus and pes planus population. It was 

hypothesized that the pes cavus group would experience little variation in their bone 

alignment while wearing any orthotic type by comparison to the pes planus group. It 

was further hypothesized that the pes planus group will experience a noticeable 

difference between the rigid and soft orthotics. Every individual was found to react 

different depending on the shoe condition being tested. It was found that the pes planus 

group experienced a greater degree of change while wearing an orthotic overall, 

although this change was not found to be significant in all planes of motion. It was found 

that the pes planus group experienced a significant change in bone alignment while 

wearing both the foam soft and foam hard orthotic in the plantarflexion plane of 

motion. The pes cavus group reacted as expected having little change in their bone 

alignment with orthotic use.  

 The effect on pronation while wearing a foam casted orthotic in the normal, pes 

planus and pes cavus foot types were compared using three different measurement 
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techniques. The significance of this study is to try and reduce the amount of time 

required in image analysis. Alternative measurement techniques are computationally 

less intensive then the three-dimensional dynamic technique used in the previous 

chapters. This study compared a foam orthotics effect on bone alignment while static 

weight-bearing to the corresponding dynamic condition while measured during walking 

gait at midstance. The second part of this study compared a two-dimensional 

measurement of the bone alignment to the overall 3D motion as measured by the three 

planes of motion in the previous studies. It was hypothesized that the dynamic study 

would provide a different angular change between conditions when compared to the 

corresponding static measurement. It was also hypothesized that the two-dimensional 

analysis would not provide similar results to any of the planes of motion or the overall 

3D angle when measuring pronation.  

 When measuring agreement of the static measurements to the corresponding 

dynamic measurements at midstance the internal rotation plane, plantarflexion and the 

inversion plane of motion did not result in an accurate agreement to represent the 

dynamic motion. Based on the results from the Bland-Altman plot it is not 

recommended to use a static image analysis approach where dynamic motions more 

accurately mimic the use of the product tested (i.e. walking in a shoe versus standing in 

a shoe). When comparing the two-dimensional (2D) images from an oblique, dorsal-

medial to plantar-lateral view to the internal rotation, plantarflexion and inversion 

planes of motion using a Bland-Altman agreement between the 2D and 3D 

measurement was not found. Upon completion of this study it is not recommended to 
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use a 2D analysis in place of a 3D one due to the fact that the motion in the other planes 

is not seen.  

6.2 STRENGTHS AND LIMITATIONS 
 The strengths and limitations of each study will have some overlap due to the 

nature of this type of analysis. The primary goal of this analysis was to develop a tool for 

measuring hindfoot kinematics accurately using the previously validated markerless RSA 

system developed by Allen (Allen, 2009). The biggest limitation of this technique is the 

exposure of the test subject to ionizing radiation. Radiation comes in the form of a CT 

scan in addition to fluoroscopy images for kinematic data acquisition. The second 

limitation is that all images are manually digitized in its current implementation. This 

places a restriction on how fast the results can be processed. Third, only bony structures 

are well enough defined in the fluoroscopy images to be digitized. This means that soft 

tissue structures such as tendons or ligaments cannot be examined in-vivo.  

 Additional potential limitations of the studies include that the capture volume is 

quite small on the fluoroscopes, limiting the visible region. The maximum capture rate of 

the fluoroscopy units limits the speed of motions that may be performed, as blurring can 

occur if motions are performed too quickly. Furthermore, a bi-planar RSA setup may 

limit the range of motion of subjects.  

 There are limitations in the accuracy of the 3D bone models created and the 

markerless RSA calibration process. The 3D bone models do not perfectly capture the 

bones geometry due to factors such as imperfect segmentation and smoothing 

techniques that occur when creating the triangular mesh. Calibration is limited due to 
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factors such as: the manufacturing accuracy of the calibration frame and the distortion 

grid, the digitization process and the distortion correction process. These errors have 

been quantified together previously as a standard error of measurement of 0.032mm 

for translations and 0.121° for rotations (Kedgley and Jenkyn, 2009). Performing 

markerless RSA is an operator intensive task. It requires an investigator who is 

comfortable deriving new calibration equations based on the experimental set-up, and 

running software in multiple programs (Maple, MATLAB, and Rhinoceros). These 

constraints limit the amount of investigators capable of performing markerless RSA. The 

task requires extensive training and this will limit immediate clinical application. 

 The matching procedure is also an operator intensive task. To determine the 

skeletal kinematics an operator manually matches the 3D bone models to the two 

fluoroscopic images. This process is constrained to the operator's ability to detect 

different pixel shades as the operator must detect the exact edge of a bone in each 

image analyzed (Allen, 2009). The matching process is also affected by the patience of 

the operator; it can take several hours to match one bone to both fluoroscopic images. 

While this process has been proven accurate it varies based on the operator's perfection 

of a 'matched' 3D model. This was demonstrated previously in Allen's thesis work to 

have an intra-operator reliability of 0.58mm and 0.74° and an inter-operator reliability 

of 0.49mm and 0.75° (Allen, 2009). 

 The final limitation of this study is the sample size. Five normal arched volunteers 

were used in chapter 2 and chapter 3. Three pes cavus and three pes planus volunteers 

were used in chapter 4 of this study. The subjects used in Chapter 2 to Chapter 4 were 
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used in chapter 5 of this study. An increase in the number of subjects used would 

improve the accuracy of any conclusions drawn throughout this thesis.   

 The major strength to this research is due to the combination of fluoroscopy with 

a markerless RSA system. Dynamic conditions can be studied when a conventional 

stereographic system would not have this capability. The implantation of tantalum 

beads is removed when conducting markerless RSA. This means that the normal subject 

population can be studied as ethically the risk of infection, and need for unnecessary 

surgery is removed. The full range of motion in the foot can be examined which is not 

possible using an MRI examination. Finally, and perhaps the greatest advantage is the 

elimination of skin motion artifact that is inevitable when using optical or 

electromagnetic surface marker systems.   

6.3 RECOMMENDATIONS AND FUTURE DIRECTIONS 
 Several recommendations can be made to improve the WOQIL fluoroscopic RSA 

system. These include: 

1) Equipment 

a. The acquisition of fluoroscopes with larger image intensifiers would increase the 

field of view of each fluoroscope and therefore also greatly increase the capture 

volume of the RSA system. This would increase the range of motion in which 

kinematics can be analyzed in additional to increase the number of joints that 

can be examined simultaneously.  

b. Flat-panel detectors would improve accuracy of analysis technique as this type of 

system does not suffer from pin-cushion distortion as the image intensifiers in 
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WOQIL do (Yaffe and Rowlands, 1997; Seibert, 2006; Davies et al., 2007; Kedgley, 

2009). Davies et al. stated that image quality does not improve with the use of a 

flat-panel detector (Davies et al., 2007). However Seibert stated that the image 

quality may be a function of operator experience and training on the new system 

type (Seibert, 2006).  

 

2) Markerless RSA program 

a. The RSA program should be made more user-friendly for those users that are not 

familiar and comfortable with MATLAB. This process has been started and the 

graphical user interface (GUI) has been created, however, there are still bugs in 

this and they need to be worked out. 

b. An automated bead detection scheme (Cho and Johnson, 1998) should be 

implemented in order to reduce the amount of manual digitization required. This 

implementation is quite feasible and would reduce a large amount processing 

time. This system would require validation once completed to ensure its working 

accurately. 

c. Edge detection should be incorporated to outline the bones on the images prior 

to matching. These outlines would reduce the subjectivity of the matching 

process created by the estimation of the edge required by the operator.  

d. It is recommended that further attempts be made to reduce the radiation 

exposure to subjects during the markerless RSA process. Using a general 3D 

computer bone model instead of the 3D computer models created from the 
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individuals CT scan would drastically reduce radiation exposure to subjects. It is 

suggested that a generic bone model be compared to the actual results in this 

thesis to determine if the differences found in the results warrant the extra 

radiation to the subjects.  

 

 This facility allows for what seems like an endless list of future work. Kinematics 

can not only be measured prior to surgery but also on a normal population to determine 

the differences between subject groups. This system can be used to study the effect of a 

wide range of interventions beyond what was studied in this thesis including joint 

arthroplasty and reconstructive surgeries. The markerless RSA system used in this thesis 

has the ability to answer a broad range of biomechanical questions and therefore 

significantly contribute to the field of biomechanics in the future. 
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APPENDICES 
 

APPENDIX A- ETHICS APPROVAL AND DOSAGE CALCULATION 

 

Figure A.1: Scanned copy of ethics approval obtained for this thesis. 
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Figure A.2: Scanned copy of the Critical Research Impact Committee (CRIC) approval. 

 

 
 



196 
 

 
 

Table A.1: The resulting dosage from the x-ray fluoroscopy machines during testing as 
well as the amount of time the fluoroscopes were on. 

Subject 

Fluoroscope A Fluoroscope B 

Exposure 
(mA) 

kVp 
Time 
(min) 

Exposure 
(mA) 

kVp 
Time 
(min) 

1 0.7 51 1.4 1.4 61 1.2 
2 0.3 48 1.8 1.6 61 2 
3 0.3 48 1.8 0.3 51 1.8 
4 0.3 48 1.6 0.3 50 1.7 

5 0.3 49 0.8 0.3 51 0.8 
6 0.3 49 1.1 0.3 51 1.1 
7 1.1 51 0.9 1.4 57 0.9 
8 0.3 51 0.9 0.3 49 1.1 
9 0.3 49 0.8 0.3 51 0.8 

10 0.3 48 0.9 0.3 51 0.9 
11 0.3 48 1 0.3 50 1 
13 0.3 48 0.9 0.3 50 0.9 
15 0.7 55 1.2 0.3 51 1.2 

16/18 0.3 49 0.9 0.3 51 0.9 
17 0.5 53 1.4 0.3 49 1.3 
19 0.3 49 0.9 0.3 51 1 
20 0.3 49 1.4 0.5 53 1.4 
21 0.3 49 2.1 0.5 53 2.1 
22 0.3 48 1 0.5 53 1 
23 0.6 53 1.3 2.4 60 1.2 
24 0.3 49 1.1 0.3 51 1 

AVERAGE 0.39 49.6 1.2 0.56 52.2 1.21 

SD 0.20 2.01 0.38 0.57 3.33 0.40 

*Note: Subject 16/18 are the same subject but their testing was spread out 

over two testing dates because of a manufacturing error in the orthotics. 

The exposure and kVp values were identical on the two testing dates so the 

time recorded is cumulative over both testing dates. 
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APPENDIX B- OSIRIX DIGITIZATION INFORMATION 
This appendix describes how to open the files generated by 

a CT scan in OsiriX, create models of the bones and digitize 

the locations of any bony landmarks. 

B.1 IMPORTING THE SCAN AND SEGMENTING THE BONE 

 

***Note: Do not hit save throughout the process until this guide advises the user to do so*** 

*** Hitting save will result in an error message during the process, and you may lose data *** 

 

1) Open OsiriX. Choose the CT file group of interest.  

2) An "important notice" will pop-up (figure B.1). Click "I agree".  

 

Figure B.1: Pop-up window in OsiriX occurs when program is opened.  

3) Select 3D Viewer from the menu bar-> 3D Volume Rendering. 

 

4) Change the level of detail to fine, then click the 3D presets menu (figure B.2). In the 

3D presets menu set the group to basic (should be default menu), chose low contrast. 

This should eliminate some of the noise in the image.  

 

 Figure B.2: 3D viewer setting changes. 
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5) Remove any bone you are not interested in leaving only one bone for segmentation 

purposes. Some of the useful tools (figure B.3):  

a. Scissors: will remove or keep what is selected. To remove what you have 

selected hit the delete key. To keep what is selected hit the return key.  

b. Poison: this will remove all bone that is touching the bone you are looking to 

remove. Useful for bones which have an obvious gap, but not a great feature for 

small bones. Use this feature first you can always undo anything if it deletes too 

much bone. 

c. Magnifying glass: this will allow you to zoom in and out. This will be good for 

tight spaces.  

d. ISO box: this wills all you to change your view.  

e. Target button: allows you to identify landmarks of interest as a mesh form for 

further analysis.  

 

 

 

 Figure B.3: The menu options for the 3D volume rendering section of bone 

 segmentation. 

 Note: The letters in the figure refer to the above descriptions.   

 

6) Once everything but the bone of interest has been removed enter the 3D presets 

menu (as done in step 4). Change the group type to Bone CT. From there pick the soft 

bone style. This will have the greatest success later for the segmentation task.  

 

7) In the menu bar: select 3D Viewer ->3D surface rendering. The "surface setting" menu 

pops up automatically (figure B.4). It should be noted that the preset menu options are 

  c.                   d.                              e.        a.       b. 
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not necessarily ideal for the bone of interest. It is not a bad idea to see how the default 

settings show the bone image. If the image is not desirable open the surface setting 

menu again (found on the main tool bar window). For the foot it was found that optimal 

bone settings were:  

 Change resolution to the highest point rather than the midpoint default 

setting.  

 Change the decimate to 0.1 from the 0.5 default setting 

 Pixel value: this will be dependent on the bone. Go to a point where the 

holes created in this process have disappeared; however, be careful that 

the shape and contours of the bone have not been affected. You cannot 

just set a value for the pixels that will automatically work each time as 

this will affect the bones shape and size. This could affect results later on.  

 You can change the colour of the bone if you wish, but Rhinoceros will 

just default it back to black mesh so not a crucial step. 

 

 

 Figure B.4: Surface Rendering Settings menu.  

 

8) The bone should be completely segmented and ready to be exported for further data 

analysis (figure B.5).  
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 Figure B.5: Complete segmented bone. Calcaneus segmented from the left foot.  

 

9) Export the bone as a stl or obj file type of file. The 3D-SR icon on the main menu 

(within surface rendering still) is where the stl and obj file type is available to export 

your image. Choose your folder to save to on the Macintosh computer. It proved to be 

important to save this file several times (with different names) and as both .stl and .obj 

file types. Loss of data can occur when transferring from a Macintosh to a PC, so several 

saves could avoid this situation. It will be necessary to type .stl or .obj (depending on the 

file type) on the end of the name once imported into the PC machine. Until this is done 

Rhinoceros will not recognize your file type.  

 

10) The file can then be imported into Rhinoceros. Note you will have to change the 

import default in Rhinoceros to 'all files' in order for the segmented bone to be visible.  
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APPENDIX C- PRONATION KINEMATICS 
This appendix contains the MATLAB script developed to 

calculate the alignment changes in the foot during gait and 

static fluoroscopy capture. This section also contains the 

code used for the two-dimensional study in chapter 5. 

 

C.1- MATLAB KINEMATICS OF THE FOOT 
% Program:          Calcaneuspronation_kinematics.m 
% Description:      Calculates the calcaneus pronation kinematics from 

the 
%                   3D Ct scan and the anatomical landmarks 
% Written by:        Kristen Bushey 
% Date Written:     October 18, 2011 
% Last Modified:    Jan 31, 2012 
% NOTE: make sure calcaneus, cuboid and navicular landmarks are located 

in 
% the correct rows in excel!!! 
%Modified (June 24, 2012) to convert to positive directions reflecting 

%the right-hand coordinate system rule for the body... There for lateral 

%is associated with lateral of the right foot. Therefore if using a left 

%foot lateral is actually point towards the center of the body. 
%----------------------------------------------------------------------- 

  
%Initialize Variables 
endline = [0 0 0 1]; 

  
%Obtain information about the data to be analyzed from the user 
%data_folder = input('Enter the name of the folder with the digitized 

points: ', 's'); 
data_dir = ['C:\Users\Kristen\Desktop\DATA (GOOD FOLDER)\Planus\Subject 

19\Static\']; 
%data_file1= input('Enter the name of the output file you wish to have: 

', 's'); 
num_files = input('Enter the number of files to be analyzed: '); 
start_file = input('Enter the value of the first file in the series: '); 

  
for z = start_file:(start_file + num_files - 1) 
    file_num = int2str(z); 
    if z < 10 
        data_file1 = strcat('Fluoro-000', file_num, '_analyzed.xls'); 
    elseif (z >= 10 && z < 100) 
        data_file1 = strcat('Fluoro-00', file_num, '_analyzed.xls');  
    elseif (z >= 100 && z < 1000) 
        data_file1 = strcat('Fluoro-0', file_num, '_analyzed.xls'); 
    else 
        data_file1 = strcat('Fluoro-', file_num, '_analyzed.xls'); 
    end 
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%Obtain calcaneus information from the user (code will generate where 

user is obtaining information) 
%Up to folder location (if different change the data file to another 

folder 
%here) 
anat_cal_landmarks_dir= data_dir; 
%Landmark locations from Rhinoceros Output File (Generated using 
%ExportPoints code) 
%anat_cal_landmarks_file = input('Enter the name of the file with the 

calcaneus anatomical landmarks from Rhino: ','s'); 
anat_cal_landmarks_filename=strcat('landmarks-fluoro-00',file_num,'cal', 

'.xls'); 
anat_cal_landmarks = xlsread([anat_cal_landmarks_dir, 

anat_cal_landmarks_filename], 1); 
anat_cal_landmarks= anat_cal_landmarks(:,1:3); 

  
%Calcaneus landmarks as located in excel. 
calA= anat_cal_landmarks (1, 1:3); 
calB= anat_cal_landmarks (2, 1:3); 
calC= anat_cal_landmarks (3, 1:3); 
calD= anat_cal_landmarks (4, 1:3); 

  
%Calcaneus Bead Coordinate System (points exported from Rhino using 
%exportpoints code) 
%Calcaneus landmarks:  
%ISB standard: upper ridge of calcaneus (def: calA) also origin for 

tmatrix 
%calB- medial process of the calcaneal tuberosity 
%calC- origin site of the extensor digitorum brevis 

  
%NOTE: Zcal_lab - Z direction vector for calcaneus in lab coordinate 

system 

  
calBA= calB-calA; 
midAB= (calA+calB)/2; 

  
%create lateral directing vector 
Z1cal_lab= calBA; 
Z1cal_lab_length= norm(Z1cal_lab); 
Z1cal_lab= Z1cal_lab/Z1cal_lab_length; 

  
%create anterior directed vector 
X1cal_lab= calC-midAB; 
X1cal_lab_length= norm(X1cal_lab); 
X1cal_lab= X1cal_lab/X1cal_lab_length; 

  
%Ensure everything is actually orthogonal (repeat cross products for 

%final coordinate system information 

  
Ycal_lab= cross(Z1cal_lab, X1cal_lab); 
Ycal_lab_length= norm(Ycal_lab); 
Ycal_lab= Ycal_lab/Ycal_lab_length;  

  
Zcal_lab= cross(X1cal_lab, Ycal_lab); 
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Zcal_lab_length= norm(Zcal_lab); 
Zcal_lab= Zcal_lab/Zcal_lab_length;  

  
Xcal_lab= cross(Ycal_lab, Zcal_lab); 
Xcal_lab_length= norm(Xcal_lab); 
Xcal_lab= Xcal_lab/Xcal_lab_length;  

  
%Origin of T-matrix will be calD (calA in thesis document) 
origin_cal=calD; 

  
%T-matrix calcaneus wrt lab 
Tlandmark_cal2lab= [Xcal_lab' Ycal_lab' Zcal_lab' origin_cal']; 
Tlandmark_cal2lab= cat(1, Tlandmark_cal2lab, endline); 
%create T-matrix lab wrt calcaneus 
Tlab2cal= inv(Tlandmark_cal2lab);  

  

  
%Cuboid Coordinate System 
%Obtain Landmark Location From User. Input location of cuboid 

%coordinate system 
anat_cub_landmarks_dir= data_dir; 
%landmarks as outputted from rhino  
%anat_cub_landmarks_file = input('Enter the name of the file with the 

cuboid anatomical landmarks from CT: ','s'); 
anat_cub_landmarks_filename=strcat('landmarks-fluoro-00',file_num,'cub', 

'.xls'); 
%anat_cub_landmarks_filename=strcat(anat_cub_landmarks_file, '.xls'); 
anat_cub_landmarks = xlsread([anat_cub_landmarks_dir, 

anat_cub_landmarks_filename], 1); 
anat_cub_landmarks= anat_cub_landmarks(:,1:3); 

  
%cubA lateral plantar tuberosity beside calcaneus facet 
cubA= anat_cub_landmarks (1, 1:3); 
%cubB medial plantar tuberosity beside calcaneus facet 
cubB= anat_cub_landmarks (2, 1:3); 
%cubC plantar tuberosity adjacent to 3rd cuniform 
cubC= anat_cub_landmarks (3, 1:3); 
%cubD triangular point located on the plantar side of the cuboid in 

between 
%the 4th and 5th metatarsal facets 
cubD= anat_cub_landmarks (4, 1:3); 

  
%create vectors originating from the origin location on the cuboid (A) 

  
cubDA= cubD-cubA; 

  
%create distal (anterior) directing vector (X) from A to D 
X1cub_lab= cubDA; 
X1cub_lab_length= norm(X1cub_lab); 
X1cub_lab= X1cub_lab/X1cub_lab_length; 

  
% create lateral directing vector (Z) 
Z1cub_lab= cubB-cubA; 
Z1cub_lab_length= norm(Z1cub_lab); 
Z1cub_lab= Z1cub_lab/Z1cub_lab_length; 
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 %create superior directed vector (Y) 
Y1cub_lab= cross (Z1cub_lab, X1cub_lab); 
Y1cub_lab_length= norm(Y1cub_lab); 
Y1cub_lab= Y1cub_lab/ Y1cub_lab_length;  

  
%Ensure all vectors are truly orthogonal redo cross products one more 
%time using newly created vectors... 

  
Zcub_lab= cross(X1cub_lab, Y1cub_lab); 
Zcub_lab_length= norm(Zcub_lab); 
Zcub_lab= Zcub_lab/Zcub_lab_length;   

  
Ycub_lab= cross(Zcub_lab, X1cub_lab); 
Ycub_lab_length= norm(Ycub_lab); 
Ycub_lab= Ycub_lab/Ycub_lab_length;  

  
Xcub_lab= cross(Ycub_lab, Zcub_lab); 
Xcub_lab_length= norm(Xcub_lab); 
Xcub_lab= Xcub_lab/Xcub_lab_length;  

  

  
%Origin of T-matrix will be cubA  
origin_cub= cubA; 

  
%Tmatrix cuboid wrt lab coordinate system 
Tlandmark_cub2lab= [Xcub_lab' Ycub_lab' Zcub_lab' origin_cub']; 
Tlandmark_cub2lab= cat(1, Tlandmark_cub2lab, endline); 
%Calculate inverse Tmatrix (lab wrt cuboid) 
Tlab2cub= inv(Tlandmark_cub2lab);  

  
%Navicular coordinate system 
%Obtain navicular landmark from user. Change navicular data base if this 

%is not in general bone landmark directory 
anat_nav_landmarks_dir= data_dir; 
%anat_nav_landmarks_file = input('Enter the name of the file with the 

navicular anatomical landmarks from Rhino: ','s'); 
anat_nav_landmarks_filename=strcat('landmarks-fluoro-00',file_num,'nav', 

'.xls'); 
anat_nav_landmarks = xlsread([anat_nav_landmarks_dir, 

anat_nav_landmarks_filename], 1); 
anat_nav_landmarks= anat_nav_landmarks(:,1:3); 

  

  
%navA- navicular tuberosity (medial landmark) 
navA= anat_nav_landmarks (1, 1:3); 
%navB- most superior part of the navicular (generally located near the 
%middle of the navicular but slightly to the lateral side) 
navB= anat_nav_landmarks (2, 1:3); 
%navC- triangular protrusion of navicular on the plantar side where the 
%talus interacts with the bone.  
navC= anat_nav_landmarks (3, 1:3); 

  
navBC= navB-navC;  
navCA= navC-navA; 
midBC= (navB+navC)/2; 
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%create superior directed vector (Y) 

  
Y1nav_lab= navBC; 
Y1nav_lab_length= norm(Y1nav_lab); 
Y1nav_lab= Y1nav_lab/Y1nav_lab_length;  

  
%create lateral directing vector (Z) 

  
Z1nav_lab= navA-midBC; 
Z1nav_lab_length= norm(Z1nav_lab);  
Z1nav_lab= Z1nav_lab/Z1nav_lab_length;  

  
%create proximal (or anterior) directed vector (X) 

  
X1nav_lab= cross (Y1nav_lab, Z1nav_lab); 
X1nav_lab_length= norm(X1nav_lab); 
X1nav_lab= X1nav_lab/X1nav_lab_length;  

  
%Enusre all vectors are truely orthogonal redo cross products one more 
%time using newly created vectors... 

  
Ynav_lab= cross(Z1nav_lab, X1nav_lab); 
Ynav_lab_length= norm(Ynav_lab); 
Ynav_lab= Ynav_lab/Ynav_lab_length;  

  
Znav_lab= cross(X1nav_lab, Ynav_lab); 
Znav_lab_length= norm(Znav_lab); 
Znav_lab= Znav_lab/Znav_lab_length;  

  
Xnav_lab= cross(Ynav_lab, Znav_lab); 
Xnav_lab_length= norm(Xnav_lab); 
Xnav_lab= Xnav_lab/Xnav_lab_length;  

  
%origin of navicular (navA) 
origin_nav= navA;  

  
%T-matrix navicular wrt lab coordinate system 
Tlandmark_nav2lab= [Xnav_lab' Ynav_lab' Znav_lab' origin_nav']; 
Tlandmark_nav2lab= cat(1, Tlandmark_nav2lab, endline); 

  

  
%Fibula/Tibia coordinate system 
%Obtain tibia/fibular landmark information from the user. If this is not 
%located in th3 directory 
anat_tibfib_landmarks_dir= data_dir; 
%anat_tibfib_landmarks_file = input('Enter the name of the file with the 

tibia/fibula anatomical landmarks from Rhino: ','s'); 
anat_tibfib_landmarks_filename=strcat('landmarks-fluoro-

00',file_num,'tibfib', '.xls'); 
anat_tibfib_landmarks = xlsread([anat_tibfib_landmarks_dir, 

anat_tibfib_landmarks_filename], 1); 
anat_tibfib_landmarks= anat_tibfib_landmarks(:,:); 
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%fibA- lateral malleolus on fibula 
fibA= anat_tibfib_landmarks (1, 1:3); 
%tibB- medial malleolus on tibia 
tibB= anat_tibfib_landmarks (2, 1:3); 
%tibC-  most medial portion of the top of the tibia 
tibC= anat_tibfib_landmarks (3, 1:3); 
%tibD- most lateral portion of the top of the tibia 
tibD= anat_tibfib_landmarks (4, 1:3); 
%%fibE- most medial portion of the top of the fibula 
fibE= anat_tibfib_landmarks (5, 1:3); 
%fibF- most lateral portion of the top of the fibula 
fibF= anat_tibfib_landmarks (6, 1:3); 
%midpoint between line drawn between fibA and tibB (not as accurate so 
%removed) 
%midAB1= anat_tibfib_landmarks (7, 1:3); 

  
%midpoint of fibA and tibB 
midAB= (fibA+tibB)/2; 
%midpoint betweeen fibC and fibf 
midCF= (tibC+fibF)/2; 

  
%create lateral directing vector (Z) 
Z1tibfib_lab= midAB-fibA;  
Z1tibfib_lab_length= norm(Z1tibfib_lab); 
Z1tibfib_lab= Z1tibfib_lab/Z1tibfib_lab_length; 

  
%create superior directing vector (Y) 
Y1tibfib_lab= midCF- midAB; 
Y1tibfib_lab_length= norm(Y1tibfib_lab); 
Y1tibfib_lab= Y1tibfib_lab/Y1tibfib_lab_length;  

  
%create anterior directing vector (X) 
X1tibfib_lab= cross(Y1tibfib_lab, Z1tibfib_lab); 
X1tibfib_lab_length= norm(X1tibfib_lab); 
X1tibfib_lab= X1tibfib_lab/X1tibfib_lab_length; 

  
%Ensure vectors are all normal to each other (complete cross products 

again 
%with previously created vectors above) 

  
%superior directing 
Ytibfib_lab= cross(X1tibfib_lab, Z1tibfib_lab); 
Ytibfib_lab_length= norm(Ytibfib_lab); 
Ytibfib_lab= Ytibfib_lab/Ytibfib_lab_length;  

  
%lateral directing 
Ztibfib_lab= cross(X1tibfib_lab, Ytibfib_lab); 
Ztibfib_lab_length= norm(Ztibfib_lab); 
Ztibfib_lab= Ztibfib_lab/Ztibfib_lab_length; 

  
%anterior directing 
Xtibfib_lab= cross(Ytibfib_lab, Ztibfib_lab); 
Xtibfib_lab_length= norm(Xtibfib_lab); 
Xtibfib_lab= Xtibfib_lab/Xtibfib_lab_length; 
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 %orgin tib fib, midpoint of AB 
origin_tibfib= midAB;  

  
%T-matrix navicular wrt lab coordinate system 
Tlandmark_tibfib2lab= [Xtibfib_lab' Ytibfib_lab' Ztibfib_lab' 

origin_tibfib']; 
Tlandmark_tibfib2lab= cat(1, Tlandmark_tibfib2lab, endline); 

  
%Inverse of T-matrix... lab wrt. tibfib 
Tlab2tibfib= inv(Tlandmark_tibfib2lab); 

  
%manipulate T-matrices to form correct angles:  

  
%Tmatrix cuboid wrt calcaneus 
Tcub2cal= Tlab2cal * Tlandmark_cub2lab;  
%Tmatrix navicular wrt calcaneus 
Tnav2cal= Tlab2cal * Tlandmark_nav2lab;  

  
%Tmatrix calcaneus wrt tibfib 
Tcal2tibfib= Tlab2tibfib*Tlandmark_cal2lab; 

  
%Tmatrix cuboid wrt tibfib 
Tcub2tibfib= Tlab2tibfib*Tlandmark_cub2lab; 

  
%Tmatrix navicular wrt tibfib 
Tnav2tibfib= Tlab2tibfib*Tlandmark_nav2lab; 

  
%EULER ANGLE ANALYSIS (cuboid wrt calcaneus)  
alpha1= atan2((-Tcub2cal(1,2)), Tcub2cal(2,2)); 
gamma1= atan2 (-Tcub2cal(1,3), Tcub2cal(3,3)); 
beta1= atan2(Tcub2cal(2,3), Tcub2cal(3,3)*cos(gamma1)); 

  
alpha1= alpha1*180/pi; 
beta1= beta1*180/pi; 
gamma1= gamma1*180/pi; 

  
%EULER ANGLE ANALYSIS ZXY analysis (navicular wrt calcaneus) 

  
alpha2= atan2((-Tnav2cal(1,2)), Tnav2cal(2,2)); 
gamma2= atan2 (-Tnav2cal(1,3), Tnav2cal(3,3)); 
beta2= atan2(Tnav2cal(2,3), Tnav2cal(3,3)*cos(gamma2)); 

  
alpha2= alpha2*180/pi; 
beta2= beta2*180/pi; 
gamma2= gamma2*180/pi; 

  
%EULER ANGLE ANALYSIS ZXY analysis (calcaneus wrt tibfib) 

  
alpha3= atan2((-Tcal2tibfib(1,2)), Tcal2tibfib(2,2)); 
gamma3= atan2 (-Tcal2tibfib(1,3), Tcal2tibfib(3,3)); 
beta3= atan2(Tcal2tibfib(2,3), Tcal2tibfib(3,3)*cos(gamma3)); 

  
alpha3= alpha3*180/pi; 
beta3= beta3*180/pi; 
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gamma3= gamma3*180/pi; 

  
%Euler Angle analysis ZXY (navicular wrt tibfib) 
alpha4= atan2((-Tnav2tibfib(1,2)), Tnav2tibfib(2,2)); 
gamma4= atan2 (-Tnav2tibfib(1,3), Tnav2tibfib(3,3)); 
beta4= atan2(Tnav2tibfib(2,3), Tnav2tibfib(3,3)*cos(gamma4)); 

  
alpha4= alpha4*180/pi; 
beta4= beta4*180/pi; 
gamma4= gamma4*180/pi; 

  
%Euler Angle analysis ZXY (cuboid wrt tibfib) 
alpha5= atan2((-Tcub2tibfib(1,2)), Tcub2tibfib(2,2)); 
gamma5= atan2 (-Tcub2tibfib(1,3), Tcub2tibfib(3,3)); 
beta5= atan2(Tcub2tibfib(2,3), Tcub2tibfib(3,3)*cos(gamma5)); 

  
alpha5= alpha5*180/pi; 
beta5= beta5*180/pi; 
gamma5= gamma5*180/pi; 

  
%OUTPUT ROWS Information (labelling the rows) 
%Inversion/eversion 
label_info1a={'Inversion/Eversion'}; 
output_write= fullfile(data_dir, data_file1); 
xlswrite(output_write, label_info1a, 1, 'A9'); 
label_info1={'cal wrt tibfib', 'nav wrt cal', 'cub wrt cal', 'nav 

wrt.tib','cub wrt tibfib'}; 
output_write= fullfile(data_dir, data_file1); 
xlswrite(output_write, label_info1, 1, 'A10'); 

  

  
%OUTPUT ROWS Information (labelling the rows) 
%Plantar Dorsi 
label_info2a={'Dorsi/Plantar Flextion'}; 
output_write= fullfile(data_dir, data_file1); 
xlswrite(output_write, label_info2a, 1, 'A5'); 
label_info2={'cal wrt tibfib', 'nav wrt cal', 'cub wrt cal', 'nav 

wrt.tib','cub wrt tibfib'}; 
output_write= fullfile(data_dir, data_file1); 
xlswrite(output_write, label_info2, 1, 'A6'); 

  
%OUTPUT ROWS Information (labelling the rows) 
%Internal/External 
label_info3a={'Internal/External Rotation'}; 
output_write= fullfile(data_dir, data_file1); 
xlswrite(output_write, label_info3a, 1, 'A1'); 
label_info3={'cal wrt tibfib', 'nav wrt cal', 'cub wrt cal', 'nav 

wrt.tib','cub wrt tibfib'}; 
output_write= fullfile(data_dir, data_file1); 
xlswrite(output_write, label_info3, 1, 'A2'); 

  
%OUTPUT INFORMATION CUBOID WRT CALCANEUS 
%beta1- inversion/eversion cub wrt cal 
Beta1_angle_info = {beta1}; 
output_write= fullfile(data_dir, data_file1); 
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xlswrite(output_write, Beta1_angle_info, 1, 'C3') 

  
%alpha1- plantar/dorsi cub wrt cal 
Alpha1_angle_info= { alpha1}; 
output_write=fullfile(data_dir, data_file1); 
xlswrite(output_write, Alpha1_angle_info, 1, 'C7') 

  
%gamma1- internal external rotation cub wrt cal 
Gamma1_angle_info= {gamma1}; 
output_write=fullfile(data_dir, data_file1); 
xlswrite(output_write, Gamma1_angle_info, 1, 'C11')   

  

  
%OUTPUT INFORMATION NAVICULAR WRT CALCANEUS 
%beta2- inversion/eversion nav wrt cal 
Beta2_angle_info = {beta2}; 
output_write= fullfile(data_dir, data_file1); 
xlswrite(output_write, Beta2_angle_info, 1, 'B3') 

  
%alpha2- plantar/dorsi nav wrt cal 
Alpha2_angle_info= {alpha2}; 
output_write=fullfile(data_dir, data_file1); 
xlswrite(output_write, Alpha2_angle_info, 1, 'B7') 

  
%gamma2- internal external rotation nav wrt cal 
Gamma2_angle_info= {gamma2}; 
output_write=fullfile(data_dir, data_file1); 
xlswrite(output_write, Gamma2_angle_info, 1, 'B11')   

  
%OUTPUT INFORMATION CALCANEUS WRT TIBIA/FIBULA   
%beta3- inversion/eversion cal wrt tibfib 
Beta3_angle_info = {beta3}; 
output_write= fullfile(data_dir, data_file1); 
xlswrite(output_write, Beta3_angle_info, 1, 'A3') 

  
%alpha3- plantar/dorsi cal wrt tibfib 
Alpha3_angle_info= {alpha3}; 
output_write=fullfile(data_dir, data_file1); 
xlswrite(output_write, Alpha3_angle_info, 1, 'A7') 

  
%gamma3- internal external rotation cal wrt tibfib 
Gamma3_angle_info= {gamma3}; 
output_write=fullfile(data_dir, data_file1); 
xlswrite(output_write, Gamma3_angle_info, 1, 'A11')     

  

  
%OUTPUT INFORMATION NAVICULAR WRT TIBIA/FIBULA 
%beta4- inversion/eversion nav wrt tibfib 
Beta4_angle_info = {beta4}; 
output_write= fullfile(data_dir, data_file1); 
xlswrite(output_write, Beta4_angle_info, 1, 'D3') 

  
%alpha4- plantar/dorsi nav wrt tibfib 
Alpha4_angle_info= {alpha4}; 
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output_write=fullfile(data_dir, data_file1); 
xlswrite(output_write, Alpha4_angle_info, 1, 'D7') 

  
%gamma4- internal external rotation nav wrt tibfib 
Gamma4_angle_info= {gamma4}; 
output_write=fullfile(data_dir, data_file1); 
xlswrite(output_write, Gamma4_angle_info, 1, 'D11')   

  

  
%OUTPUT INFORMATION CUBOID WRT TIBIA/FIBULA 
%beta5- inversion/eversion cub wrt tibfib 
Beta5_angle_info = {beta5}; 
output_write= fullfile(data_dir, data_file1); 
xlswrite(output_write, Beta5_angle_info, 1, 'E3') 

  
%alpha5- plantar/dorsi cub wrt tibfib 
Alpha5_angle_info= {alpha5}; 
output_write=fullfile(data_dir, data_file1); 
xlswrite(output_write, Alpha5_angle_info, 1, 'E7') 

  
%gamma5- internal external rotation cub wrt tibfib 
Gamma5_angle_info= {gamma5}; 
output_write=fullfile(data_dir, data_file1); 
xlswrite(output_write, Gamma5_angle_info, 1, 'E11')   
end 
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C.2-TWO-DIMENSIONAL ANALYSIS: ANGLE CALCULATION CODE 
%***********************************************************************

***** 
% Program: Angle_Calc.m 

% Measure angles from output of 'Find_points.m' 
% Created by: Kristen Bushey 
% Date Modified: June 15, 2011 
%-----------------------------------------------------------------------

----- 

  
%Obtain excel file name from user with output points from Find_Points.m 
data_folder = input('Enter the name of the folder that contains the 

points files: ','s'); 
data_dir = ['M:\IntraOp\' data_folder '\']; 

  
% Obtain information about a range of files if required 
num_files = input('Enter the number of files to be analyzed: '); 
start_file = input('Enter the value of the first file in the series: '); 
data_file1 = input('Enter the start of the name of the file which 

contains the object data: ','s'); 

  
i = 0; 

  
for z = start_file:(start_file + num_files - 1) 
    i = i + 1; 

     
    if z < 10 
        file_num = int2str(z); 
        points_filename = strcat(data_file1, '-000', file_num, 

'_points.xls'); 
    elseif (z >= 10 && z < 100) 
        file_num = int2str(z); 
        points_filename = strcat(data_file1, '-00', file_num, 

'_points.xls'); 
    elseif (z >= 100 && z < 1000) 
        file_num = int2str(z); 
        points_filename = strcat(data_file1, '-000', file_num, 

'_points.xls'); 
    elseif (z >= 1000 && z < 10000) 
        file_num = int2str(z); 
        points_filename = strcat(data_file1, '-000', file_num, 

'_points.xls'); 
    else 
        file_num = int2str(z); 
        points_filename = strcat(data_file1, '-00', file_num, 

'_points.xls'); 
    end 

  
    % Pixel coordinates of chosen points (x,y) 
    points2use = xlsread([data_dir,points_filename],1,'B1:C4'); 

  
    % Calculating angle between two lines created from four selected 

points 
    line_1_x = points2use(1,1)-points2use(2,1); 
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    line_1_y = points2use(1,2)-points2use(2,2); 
    line_2_x = points2use(3,1)-points2use(4,1); 
    line_2_y = points2use(3,2)-points2use(4,2); 
    line_1 = [line_1_x line_1_y]; 
    line_2 = [line_2_x line_2_y]; 
    line_1_2_product = dot(line_1, line_2); 
    line_1_length = norm(line_1); 
    line_2_length = norm(line_2); 
    line_1_2_L = line_1_2_product/(line_1_length*line_2_length); 
    line_1_u = line_1/line_1_length; 
    line_2_u = line_2/line_2_length; 

  
    if ((line_2_u(2)-line_1_u(2))<0)        

        angle = -acosd(line_1_2_L); 
    else 
        angle = acosd(line_1_2_L); 
    end 

  
    %output_filename = strrep(points_filename, 'points', 'analyzed'); 
    %output_write = fullfile(data_dir, output_filename); 
    output_write = fullfile(data_dir, [data_file1, '_analyzed.xls']); 
    points_analyzed = [line_1 line_2 angle]; 
    %xlswrite(output_write, points_analyzed, 1'); 
    range = ['A', int2str(i)]; 
    xlswrite(output_write, points_analyzed, 1, range); 

  
end 
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APPENDIX D- ADDITIONAL DATA FOR CHAPTER 2 
The standard deviations calculated for the normal population during barefoot, running 

shoe, foam soft orthotic and foam hard orthotic are summarized in this section.  

 

Table D.1: The average standard deviation for each subject is shown below for internal 

rotation. The average standard deviation was calculated across all normal subjects.  

Internal Rotation 

Condition Subject 
cal wrt 
tibfib 

nav wrt 
cal 

cub wrt 
cal 

nav wrt 
tibfib 

cub wrt 
tibfib 

Barefoot 

1 0.47 0.26 0.67 0.45 1.15 

2 0.58 0.59 0.15 1.65 0.64 

10 0.98 2.46 0.89 3.14 1.54 

11 1.96 1.33 9.27 1.24 4.75 

23 0.86 1.31 1.00 11.87 0.78 

Avg. SD 0.97 1.19 2.40 3.67 1.77 

 

Neutral 
Cushion 
Running 

Shoe 

1 1.53 0.94 1.37 1.51 0.54 

2 3.69 2.03 3.02 2.85 1.01 

10 0.92 1.41 1.59 1.77 0.52 

11 1.14 0.92 1.23 0.66 0.40 

23 2.63 2.39 2.39 3.66 1.62 

Avg. SD 1.98 1.54 1.92 2.09 0.82 

 

Foam 
Soft 

1 4.15 3.47 2.67 2.30 1.55 

2 0.74 2.69 1.06 0.98 0.93 

10 0.72 2.32 1.19 0.26 0.93 

11 2.38 0.12 0.00 3.25 0.67 

23 2.76 1.43 1.62 2.43 1.90 

Avg. SD 2.15 2.01 1.31 1.84 1.20 

 

Foam 
Hard 

1 1.94 2.41 3.33 0.29 1.59 

2 2.48 2.02 0.36 3.66 1.81 

10 4.71 0.33 10.04 7.42 10.12 

11 5.02 2.94 4.43 1.86 1.10 

23 4.19 2.30 0.21 3.56 2.01 

Avg. SD 3.67 2.00 3.67 3.36 3.33 
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Table D.2: The average standard deviation for each subject is shown below for 

plantarflexion. The average standard deviation was calculated across all normal subjects.  

Plantarflexion 

Condition Subject 
cal wrt 
tibfib 

nav wrt 
cal 

cub wrt 
cal 

nav wrt 
tibfib 

cub wrt 
tibfib 

Barefoot 

1 0.19 0.52 4.56 0.64 3.64 

2 0.84 1.38 0.93 1.45 0.86 

10 0.59 2.64 8.47 3.67 2.31 

11 1.11 0.65 6.26 1.30 4.74 

23 1.99 5.28 6.70 9.04 1.70 

Avg. SD 0.94 2.09 5.39 3.22 2.65 

 

Neutral 
Cushion 
Running 

Shoe 

1 0.96 4.83 2.55 6.39 1.52 

2 1.52 1.05 6.18 1.39 3.60 

10 1.84 2.61 5.69 2.20 1.59 

11 1.19 1.31 5.03 0.83 2.44 

23 0.35 0.23 0.82 2.12 3.12 

Avg. SD 1.17 2.01 4.05 2.59 2.45 

 

Foam 
Soft 

1 1.55 1.43 12.41 2.58 2.18 

2 1.35 1.91 2.55 0.78 0.44 

10 1.25 0.97 0.95 0.65 1.53 

11 1.26 0.22 0.00 0.95 0.87 

23 2.04 1.54 7.11 2.46 3.00 

Avg. SD 1.49 1.21 4.60 1.48 1.60 

 

Foam 
Hard 

1 1.22 0.94 6.17 1.23 1.42 

2 1.55 0.32 5.00 4.05 2.41 

10 1.99 0.29 11.69 2.25 5.99 

11 1.84 1.71 3.46 1.04 1.26 

23 3.53 1.35 10.11 0.30 1.49 

Avg. SD 2.02 0.92 7.29 1.77 2.51 
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Table D.3: The average standard deviation for each subject is shown below for inversion. 

The average standard deviation was calculated across all normal subjects. 

Inversion 

Condition Subject 
cal wrt 
tibfib 

nav wrt 
cal 

cub wrt 
cal 

nav wrt 
tibfib 

cub wrt 
tibfib 

Barefoot 

1 0.34 0.13 6.18 0.16 5.14 

2 0.44 0.23 0.59 0.59 2.08 

10 0.82 1.53 14.90 1.67 4.61 

11 2.59 0.98 12.63 2.88 5.75 

23 3.37 5.60 4.79 7.09 4.96 

Avg. SD 1.51 1.69 7.82 2.48 4.51 

 

Neutral 
Cushion 
Running 

Shoe 

1 0.96 0.41 6.63 1.53 3.18 

2 6.22 1.03 5.32 3.62 1.95 

10 1.34 0.96 6.64 2.11 1.52 

11 0.84 0.26 3.82 0.81 1.67 

23 2.51 0.70 4.47 2.80 3.35 

Avg. SD 2.37 0.67 5.38 2.17 2.33 

 

Foam Soft 

1 4.45 4.25 12.18 1.07 3.14 

2 1.45 1.55 1.87 0.21 1.69 

10 0.77 0.29 1.98 0.43 0.82 

11 2.83 0.00 0.00 2.71 2.11 

23 1.99 1.56 2.18 0.72 1.59 

Avg. SD 2.30 1.53 3.64 1.03 1.87 

 

Foam 
Hard 

1 1.12 0.39 9.50 0.83 3.98 

2 3.45 0.83 3.10 2.94 1.51 

10 5.33 0.27 14.96 6.28 1.38 

11 3.32 1.31 4.48 1.62 2.11 

23 1.12 0.63 6.91 1.77 0.99 

Avg. SD 2.87 0.68 7.79 2.69 2.00 
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APPENDIX E- ADDITIONAL DATA FOR CHAPTER 3 
Table E.1: The standard deviation associated with the angle measurements in all three 

planes of motion for the soft plaster casted orthotic. All entries in degrees. 

Soft Plaster Casted Orthotic 

Measurement Subject# 
cal wrt 
tibfib 

nav wrt 
cal 

cub wrt 
cal 

nav wrt 
tibfib 

cub wrt 
tibfib 

Internal 
Rotation 

1 0.72 1.28 1.86 1.13 2.40 

2 4.30 1.24 5.54 2.01 1.53 

10 1.52 1.50 0.71 0.80 0.77 

11 0.57 0.93 0.64 0.33 0.20 

23 0.43 1.25 0.96 0.92 1.04 

Average 1.51 1.24 1.94 1.04 1.19 

 

Plantarflexion 

1 3.98 2.07 3.07 3.50 1.65 

2 4.98 5.67 1.23 1.75 2.57 

10 4.55 2.65 0.96 1.89 0.40 

11 10.71 2.03 1.86 3.97 3.60 

23 9.02 1.17 2.01 1.66 1.17 

Average 6.65 2.72 1.83 2.55 1.88 

 

Inversion 

1 4.08 2.14 2.54 0.97 3.22 

2 2.99 5.13 1.03 1.20 2.56 

10 3.46 0.77 1.63 0.47 0.31 

11 5.09 2.33 2.73 1.68 3.00 

23 4.74 1.81 0.96 1.36 1.06 

Average 4.07 2.43 1.78 1.14 2.03 
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Table E.2: The standard deviation associated with the angle measurements in all three 

planes of motion for the rigid plaster casted orthotic. All entries in degrees. 

Rigid Plaster Casted Orthotic 

Measurement Subject# 
cal wrt 
tibfib 

nav wrt 
cal 

cub wrt 
cal 

nav wrt 
tibfib 

cub wrt 
tibfib 

Internal 

1 0.91 0.38 0.96 4.17 1.50 

2 1.32 0.80 1.70 1.77 2.58 

10 0.45 0.84 0.78 0.61 1.21 

11 0.70 1.02 0.53 2.15 0.64 

23 4.00 1.33 0.68 7.84 4.77 

Average 1.48 0.87 0.93 3.31 2.14 

 

Plantarflexion 

1 2.48 1.80 1.06 4.47 1.41 

2 3.51 3.47 1.48 1.65 3.08 

10 3.46 1.10 1.50 2.05 1.76 

11 11.41 1.16 2.03 3.02 3.46 

23 37.12 2.31 2.05 2.22 1.62 

Average 11.60 1.97 1.62 2.68 2.26 

 

Inversion 

1 3.79 1.00 1.21 1.15 3.82 

2 0.71 2.92 0.74 0.96 2.94 

10 0.92 0.99 1.51 0.45 1.55 

11 1.96 2.13 2.76 3.21 3.49 

23 22.90 2.06 1.26 2.59 1.44 

Average 6.06 1.82 1.50 1.67 2.65 
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APPENDIX F- STATISTICAL ANALYSIS 
This appendix contains the statistical results for all subjects. 

Only statistical analyses are included for those that resulted 

in a significant finding. 

 

F.1     STATISTICAL RESULTS 
No results in this study were found to be significant using the ANOVA repeated 

measures approach.  
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