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Abstract 

The objectives of the thesis were to: 

1. Determine if open source software can be use in markerless asymmetry analysis of surface 

topography.  

2. Determine if isolated back scans can be used in markerless asymmetry analysis of surface 

topography.   

 
Markerless asymmetry analysis of surface topography utilizes 3D scan points collected from 

patients with scoliosis. This analysis can help reduce the number of x-rays required in the course of 

treatment for scoliosis patients, thus reducing cancer risks associated with repeated x-ray exposure 

during treatment. Previous studies used full torso scans and analysed these scans using proprietary 

software. 

 
Full torso scans from 67 patients were analyzed utilizing the markerless asymmetry analysis 

techniques previously reported by Komeili et al. The scans were analyzed with the open source 

software and the results were compared to the results from previous studies.  

For the second part of the study, the points in the full torso scan associated with the back only were 

isolated and the analysis was repeated. Results from the isolated back analysis were compared with 

the results of the full torso analysis for asymmetry values associated with identified patches of 

scoliotic deformity. 

 
The use of the open source software provided analysis results that were within 2.2 mm of the 

results from previous studies with a 95% confidence interval for both the max deviation and root 
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mean square results. 3.4 mm was the threshold of acceptable agreement, based on previous studies 

of asymmetry of healthy patients. 

The analysis of the isolated back using the same method provided results with a 95% confidence 

interval of 16.1 mm on max deviation and 3.1 mm on root mean square.   

 
3.4 mm was the threshold of acceptable agreement, based on previous studies of asymmetry of 

healthy patients. The open source software approach provided accurate results when compared 

with the previous studies that utilized proprietary software, demonstrating that the open source 

software provides a viable alternative to the higher priced proprietary option. 

The analysis of the isolated back scans showed that the decision trees and indices developed by 

Komeili et al. cannot be applied to analysis results obtained from the isolated back scans in the 

same way they are applied to the full torso back scans. The use of the isolated back scans would 

require further research into the application of other methods of analyzing surface topography. 
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Chapter 1 - Literature Review 

What is Scoliosis 

Scoliosis is defined as one or more substantial abnormal curves in the vertebral column 

(1) (2). Normally the back has curvature in the sagittal plane and is straight vertically in the 

coronal plane, but scoliosis patients experience 3-dimensional curvature and twisting of the spine 

that results in abnormal curvature in both the coronal and sagittal planes (3).  

Coronal Plane Sagittal Plane 
 

Axial Plane 

Figure 1-1 Illustrations of the Coronal, Sagittal, and Axial Planes (4) 

Although the exact causes of scoliosis are not known (5), the abnormal curvature can be 

influenced by a number of factors, including rotation of the vertebrae in the axial plane (6), 

imbalances in muscular development (7), structural abnormalities of the skeleton (6),  or 

neuromuscular or musculoskeletal disorders (8). The abnormal curves can be present in the lower 

or upper portion of the back (lumbar or thoracic) or can bridge the two. It is important to keep in 

mind the 3D nature of the curves, although the 2D lateral curvature in the coronal plane is used 

to officially diagnose Scoliosis (5).  
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Figure 1-2 Illustration of the Skeletal Anatomy of the Back (4) 

 

The Cobb angle is the most common measurement of the severity and extent of Scoliosis, 

often referred to as the “gold standard” for diagnosis of scoliosis (9) (10) (11) . The Cobb angle 

is measured in the coronal plane from two-dimensional X-rays by measuring the angle formed 

between a line drawn parallel to the top of the most tilted vertebrae above the spinal curve and a 

second line drawn parallel to the bottom of the most tilted vertebrae below the spinal curve (12). 

The curves are identified by identifying the apex of the curve and the significant vertebrae at the 

top and bottom of the curve (6). Kim et al. identify the apex of the curve as the vertebrae or disk 

with the greatest rotation or farthest deviation from the center of the vertebral column. Any 

vertebrae with maximal tilt towards the apex of the curve are considered part of the curve and are 

used in the measurement of the Cobb angle (6). This technique allows a measurement to be taken 
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of the lateral curvature in the 2-dimensional coronal plane only and does not account for the 3-

dimensional curvature and twisting of the spine experienced in scoliosis (13). 

 

If one or more of the curves, measured in the lateral plane using the Cobb method, is 

greater than 10 degrees, it is diagnosed as Scoliosis (14). If the degree of curvature is less than 10 

degrees, it is known as spinal asymmetry (15). The measurement of the Cobb angle has also been 

found to have significant inter-observer and intra-observer variation. When using traditional 

radiograph techniques, variability of up to 4.9 degrees has been found in intra-observer 

observations, and 7.2 degrees in inter-observer readings (16). Digitally acquired radiographs 

have proven to help reduce the variability of Cobb angle measurements, with both intra and inter 

observer variability falling to 1.3 degrees when digitally acquired radiographs are used (16) (17). 

One or more lateral curves may be present in the spine of the patient (14). These curves, 

regardless of the spinal region in which they occur, are categorized as structural or non-structural 

(6). Major curves are also called primary curves and are the largest of the abnormal curves and 

Figure 1-3 Illustration of the Measurement of the Cobb Angle (2) 
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the first to develop (6). Non-structural curves, or secondary curves, are smaller and are 

considered to develop after the development of the primary curve as a form of compensation by 

the body (6) 

Although terms “structural” and “primary” curve are often used interchangeably, it is 

more accurate to label a curve structural if the residual coronal curve is 25 degrees or more as 

identified in an ipsilateral side bending radiographic view (6) (18).  

Classifications of Scoliosis 

The features of scoliosis which must be identified and understood include identifying the 

vertebrae that form the curve (which indicates the extent of spinal involvement), the curve type 

(structural or non-structural), right or left, the degree of angulation, and the degree of vertebral 

rotation (6).  

Idiopathic scoliosis is classified according to the age of the patient (6) and the categories 

are related to levels of skeletal maturity, as shown in Table 1-1. 

Table 1-1 Classifications of Idiopathic Scoliosis 

Classification Description 

Infantile Scoliosis Occurs in patients 0 – 3 years old 
Juvenile Scoliosis Occurs in patients 4 – 10 years old 
Adolescent Idiopathic Scoliosis Occurs in patients 11 – 18 years old 

After Skeletal Maturity 
Adult Idiopathic Scoliosis  
Degenerative Scoliosis  

 

For cases of secondary scoliosis, where the appearance of symptoms of scoliosis are due 

to other factors, the categories are further broken down based on congenital, developmental, 

neuromuscular, or tumor associated causes of the scoliotic deformity (6). Of all the 

classifications of the scoliosis, Adolescent Idiopathic Scoliosis (AIS) is the most prevalent form 

with 80% of cases of pediatric scoliosis being classified as Adolescent Idiopathic Scoliosis (8).  
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Two main classification systems exist to specify the extent and severity of scoliosis (6). 

The King classification takes into account 5 different curve types (19), describing curves as 

shown in Table 1-2. This system was developed in 1983 to enable treatment of scoliosis using 

Harrington rod instrumentation (20), which was a stainless steel rod inserted into the patients 

body along the spinal column to treat abnormal spinal curvature (21). 

Table 1-2 Classification Categories for the King Classification System for Scoliosis (19) 

Curve Classification Classification Criteria 

Type 1 An S-shaped curve with the thoracic and lumbar curves meeting 
tangentially at the mid line and the lumbar curve larger than the 
thoracic curve 

Type 2 Similar to the Type 1 curve, but with a larger thoracic curve than 
lumbar curve 

Type 3 A curve in the thoracic region in which the lumbar curve does not 
cross the midline 

Type 4 A long thoracic curve in which the L5 vertebrae is centered on the 
midline over the sacrum 

Type 5 Double thoracic curve 

 

As newer segmental instrumentation based techniques became more common, the King 

classification system was found to not provide sufficient guidelines for determining levels of 

vertebral fusion (20). The need for more specific classification lead to the development of the 

Lenke system in 2001 (18). The Lenke classification includes 6 classifications as shown in  Table 

1-3 (18). The curve classifications are based on 3 criteria: 

1. Identification of the Major Curve 

a. Based on which of the three regions of the spine the curve occurs in. There 

are 6 categories of designation for the spinal curve type 

2. Assign a lumbar spine modifier to account for the distance of the center of the 

lumbar spine to the midline 
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3. Assign a sagittal thoracic modifier which addresses the amount of lateral 

curvature to the thoracic region. 

Table 1-3 Lenke Classification Structure (22) 

 

The Lenke classification system is more widely used because it includes lumbar, thora-

columbar and thoracic curves, describes curves in the sagittal plane (which the King system does 

not) and has been found to have higher interobserver and intraobserver agreement than the King 

system (6). 
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Specifics of Adolescent Idiopathic Scoliosis 

Adolescent Idiopathic Scoliosis is the most common form of scoliosis, accounting for 

80% of all pediatric scoliosis cases, and has no known causes (2). AIS affects 2 to 3% of the 

overall population (23). Progression of scoliosis is a key concern, but adolescent idiopathic 

scoliosis tends to progress less than juvenile and infantile scoliosis (6). Only 5% of AIS patients 

experience curve progression beyond a Cobb angle of 30% (6). It is generally recommended that 

patients with AIS are monitored every 4 to 12 months, depending on their age and the 

progression of the curves. (6). 

AIS primarily affects girls and is defined by a lateral spinal curvature before spinal 

maturity. The ratio of AIS patients is 4:1 girls to boys (6), and the most common lateral curvature 

is dextroscoliosis. Smaller curves tend to occur to a similar extent in both boys and girls (10) but 

more severe curves and progressing curves are more likely in girls, where a spinal curve with a  

Cobb angle exceeding 30 degrees is 10 times more likely in girls than boys (9). 

Skeletal maturity is a major factor in the progression of scoliosis, making AIS particularly 

difficult because this stage involves significant skeletal growth at a relatively quick rate. Given 

that four times more girls than boys form the patient population, and breast tissue is far more 

susceptible to radiation doses than other tissues (24), current research into reducing x ray 

exposure is particularly important. 

Impacts on patients 

Numerous studies have been conducted to determine the impact of scoliosis on the 

quality of life of the afflicted patients. Multiple studies found that the condition can cause 

psychological distress, as well as physical distress in the form of back pain due to uneven 

loading of the spine (2) (10) (23). AIS patients report lower self-image and worse overall health 
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related quality of life (HRQL) scores (25). Scoliosis can also impair social interactions due to 

psychological distress and loss of confidence (8).  

Patients who have a Cobb angle of 80 degrees or higher have higher rates of back pain 

and mortality associated with cardio pulmonary complications (6), although cardio pulmonary 

complications tend not to develop until much later in life (9). The progression of scoliosis after 

skeletal maturity depends on the severity of curvature (6). If the cob angle is less than 30 degrees 

after cessation of skeletal growth the curve tends not to progress (9). Curves with a Cobb angle 

of greater than 30 degrees at skeletal maturity tend to progress at a rate of 1 degree per year (6) 

(9).  

Treatment options 

All options for the treatment if scoliosis are focused on correcting the abnormal curvature 

of the spine. This correction can be accomplished through the use of a brace, physiotherapy, 

through surgical options, or a combination of these (2) (10). Prevention of curvature by 

correcting the condition as early as possible during skeletal maturation is key in effective and 

long-lasting treatment (10). 

Braces can be effectively used to treat scoliosis for patients who have not yet reached 

skeletal maturity and have curves with a Cobb angle between 25 – 40 degrees (10). Braces may 

be rigid or soft, may be worn full time, part time or only at night, and may be worn until skeletal 

maturity or for select periods (10) (25). 

Surgery is the more invasive option. Current standards suggest that spinal deformities 

that exceed 45 degrees are an indication for surgical correction (8). Surgery involves the 

insertion of metal rods in the patients adjacent to the spinal column. The metal rods are 

connected to the spinal column using screws and hooks which are used to force the spine into a 
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corrected position (2) (25). The vertebrae can also be fused together using bone grafts to fuse 

vertebrae together to maintain the corrected posture (26). 

Curve progression 

Studies have shown that AIS curve progression occurs in 10 to 15% of patients, while 22 

to 27% experience spontaneous improvement (8). Note that spinal deformity may progress 

within a very short period of time (23). A spinal curve is deemed to have progressed if the 

measurement of the Cobb angle increases by 5 degrees between successive observations (27). 

The size of the curve is an independent predictor of curve progression (23). In AIS 

patients periods of rapid growth may result in significant curve progression in as little as 4 

months (6). 

Methods for diagnosing and monitoring 

X-rays for measuring the Cobb angle have been the go-to standard for diagnosing and 

monitoring scoliosis (11). AIS requires repeated radiographs until skeletal maturity, creating risks 

for the health of patients due to the effects of repeated exposure to low dose radiation (6). 

Research conducted on female scoliosis patients receiving repeated doses of low-level radiation 

because of the x-rays during treatment indicates that the risk of breast cancer increases later in 

life (24). Recommendations have been made to reduce exposures whenever possible without 

sacrificing information required to effectively treat patients (28) (11). 

The measurement of the Cobb angle from a single posterior x-ray does not take the 

vertebral rotation into account, and only provides a measure of the lateral deflection from the 

central sacral vertical line (CSVL), a straight vertical line drawn in the coronal plane through the 

S1 endplate (6). Other systems of classification have been proposed, such as that by Stokes et al. 

that takes into account he plane of maximum curvature (29). The plane of maximum curvature 
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(PMC) is defined as the plane passing through the centers of the vertebrae of the two vertebrae at 

each end of the curve and the vertebrae at the curves apex (30). This plan of maximum curvature 

measures the curvature angle in a similar manner to the Cobb angle, but uses the plane of 

maximum curvature as the datum for measuring the angles. While this method improves on the 

traditional Cobb angle measurement, it still reduces the measurement of the scoliotic deformity 

to a strictly 2D measurement. Various methods have been developed to analyze and quantify the 

3D nature of the spinal deformity, including measurements of surface topography. 

 

Surface Topography 

Measuring the surface topography of patients with scoliosis has been explored since the 

1960’s (11), but recent advances in 3D scanning technology have made methods of analysis 

based on surface measurement more reliable (31) (13) (27) (32). 

Initial efforts to capture and analyze the 3D surface topography of patients focused on the 

back exclusively and used a variety of tools to quantify characteristics of the surface topography 

that corresponded to scoliotic deformity. The Moiré fringe topography method (33) used visual 

light patterns to determine surface topography based on 2D images of fringes by analyzing the 

patterns resulting from projection onto the back of the patient. An example of the Moiré method 

is shown in Figure 1-4. 

 The Moiré method made use of existing photostereometric techniques and technology, 

providing an opportunity to record and store visual records of scoliotic deformity for record 

keeping and analysis of progression. The technique was limited in its use because of its tendency 

to have a high rate of false positives (33).  



MARKERLESS 3D ASSESSEMENT OF SCOLIOSIS USING SURFACE TOPOGRAPHY 11 

More modern techniques of examining the patients back include the use of 3D scanners 

which use reflected laser measurements to create 3D point clouds. The laser light used to take the 

measurements is non-invasive and does not subject the patient to radiation. The point clouds 

produced by this technique have thousands of points that can be measured and manipulated in a 

computer program to better understand and quantify measurements of the objects from which the 

measurements were taken (13).  

Early attempts to utilize this technique depended on markers placed on various 

anatomical landmarks to provide a consistent frame of reference, but this proved problematic. It 

was difficult to consistently identify and mark the anatomical points such as the point of the 

inferior angle of the scapula and the iliac crests (34). If the markers are not consistently placed in 

each examination the results of the analysis will not give an accurate picture of the progression 

of the spinal curves. In order to avoid this drawback, markerless measurement techniques have 

been developed, such as using anatomical symmetry to provide a measure of deformity (13). 

This removes the need for markers and enables a rapid measurement of the severity of deformity.  

Figure 1-4 Example of Moire Fringe Topograph (33) 
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Two approaches to symmetry analysis were examined by Hill et al. for their reliability 

and effectiveness – rotoinversion and reflection (35). In the reflection technique the plane about 

which the torso is mirrored is determined by determining a best fit plane that is based on the 

sagittal plane of the torso. By comparing the position of the sagittal plane to all points within the 

point cloud, and iteratively adjusting the position of the plane until a best fit position is found, 

the best possible plane of symmetry is determined. Utilizing rotoinversion involves mirroring the 

point cloud about the sagittal plane, then using best fit algorithms to adjust the position of the 

reflected torso until it is as close to coinciding with the original torso model as possible. Both 

techniques have demonstrated similar results for objects with bilateral symmetry, and Hill et al. 

demonstrated that either approach can by used to examine asymmetry in torso models for 

scoliosis patients (35). 

Ho et al. built on this work in asymmetry analysis to determine the correlation between 

surface asymmetry and radiographic measurements of the Cobb angle (13). In this analysis 

technique, the reflection method from Hill et al. was used to analyze asymmetry in healthy 

patients who were not diagnosed with symptoms of scoliosis.  Visualizations of deviations from 

symmetry were created by comparing the original surface topography mesh with the mirrored 

copy of the same mesh. This creates thousands of measurements of deviation, which can be 

represented by coloring each facet of the mesh with a color corresponding to the deviation. The 

resulting deviation color map (DCM) provides a visual indicator of the quantified difference 

between the two meshes, as seen in Figure 1-5. The colors illustrate deviation values assigned to 

each face of the mesh based on the deviation assigned to each vertex on the face. The color 

legend in Figure 1-5 has been set to the same intervals and colors as those used by Komeili et al. 

(31) (13) (27) and Ghaneei et al. (32) and is shown in Figure 1-6. 
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Figure 1-5 Example Deviation Color Map 

Figure 1-6 - Color Map Legend and Limits 
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The DCM provides clear indications of the locations of localized deviation patches (31). 

Komeili et al. applied this technique to patients suffering from Adolescent Idiopathic Scoliosis 

(31). External deformities in the surface of the patients back were visible as patches on the DCM.  

The patches were used to understand the number, direction, and severity of the scoliotic curves 

(31).  

Komeili et al. have proposed a rubric for classifying patients with a group identifier based 

on the location of the deviation patch or patches. Figure 1-7 from “Surface Topography 

Asymmetry Maps Categorizing External Deformity in Scoliosis” illustrates these groupings. 

Figure 1-7 Color Patch Classification Table (13) 
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Subsequent research by Komeili et al. isolated these patches by selectively filtering for 

deviations within a given range, then each individual patch can be analyzed for the maximum 

deviation within the patch and the root mean square of all deviation measurements (13). 

The measurements of maximum deviation and root mean square of all deviation measurements 

within a patch can be used to categorize the deformity in decision tress (27). Several limitations 

were identified with these decision trees related to the sensitivity and specificity of the 

classification resulting from the use of the trees. In some cases mild curves were mistakenly 

classified as moderate due to the high sensitivity (95%) and low specificity (35%) of the decision 

tree classification method. Further research by Ghaneei et al. applied a custom neighborhood 

classifier algorithm to the classifications based on isolated patches to improve the specificity of 

the use of the decision trees (32). This research helped to improve the accuracy of the assessment 

of the curve severity by 17% and progression of scoliotic deformity in subsequent examinations 

by 58% (32). Ghaneei et al. applied a k-nearest neighbor algorithm to the measured maximum 

deviation and root mean square values for all patients in the test group (32). A test group of data 

is used to establish reliable guidelines for assessing the classification of a data point, essentially 

teaching the algorithm based on a reliable set of classifications. Once the algorithm is prepared 

through the examination of the test data, new data points can be analyzed and their classification 

determined based on the decision boundaries determined from the test data. The use of this 

technique by Ghaneei et al. as helped improve the sensitivity of the use of the decision trees, 

with a small decrease in specificity (32). Ghaneei et al. also proposed the patch isolation 

threshold of 9.33mm used in this study (32), as opposed to the 3mm threshold used in previous 

studies (13) (31) (27). The previously used 3mm threshold was found to sometimes result in two 
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different patches merging or having indistinct boundaries, or wrapping around the torso to the 

anterior section (32). The 9.33mm threshold helped to mitigate these issues, allowing most 

patches to be clearly delineated.    

Use of the 3D scanning for markerless 3D assessment of surface topography has provided 

promising results for determining the severity of scoliotic deformities and their progression. 

Often the data acquisition for these methods involves a 3D scan of the entire torso of the patient, 

which can be detrimental to the patient experience. Given that the majority of patients dealing 

with Adolescent Idiopathic Scoliosis are female and that the progression of scoliotic curves must 

be monitored frequently throughout adolescence, it is understandable that the process of 

examination can be uncomfortable for these patients. In order to improve patient comfort during 

the collection of the 3D data, research has been conducted to determine if a scan of the back 

alone can provide sufficient data for diagnosis and monitoring of curve progression. Current 

research into the use of surface topography techniques using landmark based parameters indicate 

that the isolated back scans do not provide reliable results for monitoring curve progression (36). 

The method of markerless 3D assessment using asymmetry used by Komeili et al. has not been 

tested with back only data previously. 

Open Source Software Approach 

Assessment of 3D surface topographies require several pieces of specialized hardware 

and software in order to perform the full analysis. The 3D point cloud must be collected utilizing 

multiple 3D scanners, and specialized software must be used to process, analyze and quantify the 

results.  

The cost of 3D scanners has been steadily declining since their introduction, in part due 

to their popularity in architecture, engineering and construction applications. As the affordability 
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of the scanners continues to improve, the cost of hardware will be less and less of an impediment 

to the clinical application of 3D surface topography assessment.  

The software required for extensive 3D point cloud analysis can be very expensive, and 

often is limited in the scope of its application. It is not uncommon for 3D point cloud analysis 

programs that can perform the functions necessary for surface topography assessment to cost 

anywhere from $5000 to $20,000 CDN. This high cost can be a challenge for researchers and 

clinicians in getting funding or budget approval to obtain the necessary software. One possible 

solution to this problem is to utilize open source software created by community programmers 

under the GNU General Public License (GNU GPL) license scheme. Software with this license 

type is free for personal or commercial use, with the only requirement being that any 

modification to the software or derivative software be made freely available. The full terms and 

conditions of the GNU GPL can be found at https://www.gnu.org/licenses/gpl-3.0.en.html.  

If suitable open source software can be employed for 3D point cloud analysis and surface 

topography assessment this impediment to clinical application could be completely removed. 

Additionally, the software would be perfect for new researchers to develop software tools that 

can be freely shared amongst researchers and clinicians, enabling the gradual development of 

suites of tools that leverage the data available in 3D point clouds. One aim of this paper is to 

explore the use of a specific open source program called CloudCompare (version 2.9.1) to 

determine its suitability for use in markerless 3D assessment of surface topographies for treating 

Adolescent Idiopathic Scoliosis. 
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Thesis objectives 

Problem statement 

The need for repeated radiographs during diagnosis and treatment of adolescent idiopathic 

scoliosis increases risks of cancer for patients (24) (11). Markerless 3D assessment of asymmetry 

using deviation color maps has proven to be an effective means of monitoring the progression of 

scoliotic deformity and reducing the number of x-rays required during treatment (31) (13). 

Previous applications of surface topography utilized high cost proprietary software called 

Geomagic and focused on analysis of the entire torso (27). 

Objectives 

The objective of this thesis is to determine if open source software can be used as cost 

effective alternative to proprietary software. The hope is that if the barrier to entry associated 

with the cost of the analysis tools is lowered, more researchers will be able to make use of this 

method and patients will more frequently see the benefits of markerless 3D assessment using 

points clouds. 

The second objective of this thesis is to determine if the analysis method used on the full torso 

scans can be used on isolated back scans. Reducing the area of the torso needing to be scanned to 

the back alone would improve the patient experience by not requiring them to have their upper 

torso fully exposed. In addition, many existing techniques for diagnosing and monitoring 

scoliosis also rely on back only measurements, such as photostereography and multiple 

measurement indices that rely on anatomical landmarks on the back only (37). Analysis of the 

isolated back using surface topography could potentially provide better comparisons to existing 

information databases based on back only data and popular index measurements used in clinical 

settings. 
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Outline 

In order to determine if open source software can replace the more expensive proprietary 

software, the original analysis will be replicated with the open source software and the results 

will be compared.  

Once the use of the open source software is demonstrated as viable, this investigation will 

use the open source software to isolate back only points from the full torso scans used previously 

and perform the asymmetry analysis on the back only points. Once results are determined using 

these isolated points, the outcomes of the back only analysis and the full torso analysis will be 

compared to determine if the back only analysis is a viable alternative. 

For both steps in the analysis – the comparison of results between different software 

programs on the full torso scans, and the comparison of results for the full torso analysis versus 

the isolated back analysis – the alternative method will be considered acceptable if the 95% 

confidence interval is within 3.4 mm of the results from the previous study. This threshold will 

apply to both the max deviation and the root mean square results for each deviation patch 

identified. This threshold for acceptance is based on previous studies that have indicated healthy 

patients without scoliosis had a standard deviation of max deviation of 3.4 +- 0.8mm (31). 
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Chapter 2 – An Open Source Software Approach to Markerless 3D Assessment of 

Adolescent Idiopathic Scoliosis Using Asymmetry 

The method of markerless 3D assessment of torso asymmetry using surface topography 

involves comparing a 3D mesh formed from 3D scan points of a patient’s torso with a mirrored 

version of that same mesh. The maximum deviation between these two meshes, as well as the 

root mean square of the deviation values, is determined to produce quantifiable measurements of 

the degree of severity of scoliotic deformity (31).  Repeated measurements can aid clinicians in 

tracking the progression of spinal curve development. This method comparison seeks to explore 

using CloudCompare, a free, open source 3D point cloud analysis program, to replace methods 

used in previous studies which relied on proprietary programs. The purpose of exploring this 

alternate method is to reduce the costs associated with the analysis of the point clouds and to 

develop a simplified analysis workflow. 

CloudCompare was identified as a potential alternative following an online search of 

various 3D point cloud analysis programs using the search term “3D Point Cloud Analysis 

Software” on the Google search platform. CloudCompare was the only program found that was 

governed by the open source software license, allowing not only free use of the software but also 

the development of custom add-ons. 

 

Description of Full Torso Asymmetry Analysis 

The previous full torso analysis performed by Komeili et al (27) utilized a point cloud 

capture used in previous research by Parent et al. (38) and Emrani et al. (39) This approach 

involved utilizing 4 Minolta scanners to capture 3D point cloud data from the front, back and 

sides of the torso simultaneously. These 4 individual point clouds were then registered to form a 
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single amalgamated point cloud using the Konica Minolta Polygon Editing Tool (PET version 

2.21) (31). The regions of the point cloud related to the torso were isolated by manually deleting 

areas outside of the torso itself. Points located on the neck above the spinous process C7 as well 

as points below the posterior superior iliac spine were deleted (31). Points along the arms were 

deleted by drawing a vertical line through the posterior corner of the acromion (31). 

Once the torso points were isolated, a best fit plane of symmetry was determined in the 

software and the torso was reflected about this plane, creating two torsos superimposed on each 

other. The shortest distance from each point on the original torso to the reflected torso was then 

calculated in Geomagic using the ‘3D Comparison’ function (32), with the resulting 

measurement being represented in a deviation color map (DCM) on the surface of the original 

torso as illustrated in Figure 2-1. 

 

This torso analysis resulted in patches of deviation which were clearly visible in the color 

maps. Each zone of deviation would result in corresponding patches on the left and right side of 

Figure 2-1 Example Deviation Color Map 
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the plane of symmetry. Because of symmetry, only patches on the right side of the plane of 

symmetry were used for extracting values of maximum deviation and the root mean square of 

deviation within the patch.  

This method of analysis has provided very promising results for markerless assessment of 

scoliosis using surface topography (31), but the original method relied on Geomagic, an 

expensive proprietary software. 

CloudCompare (version 2.9.1) is an open source program for the processing and analysis 

of 3D point clouds and triangulated irregular network (TIN) surfaces (40). The program is well 

suited to analyzing the type of data produced by the capture techniques employed by Komeili et 

al (31). The use of this program is free for both personal and commercial use, and the 

development of the program and custom add-ons is governed by the GNU General Public 

License.  

GNU is a Unix compatible software structure developed by the Free Software 

Foundation. The aim of GNU is to create software that is non-proprietary, and can be 

downloaded, modified, and distributed by anyone (41). The GNU General Public License (GNU 

GPL) is a license that ensures that any GNU software cannot be limited in distribution in future 

iterations of software, even after modifications or add ons have been created. CloudCompare was 

created on the GNU framework and is distributed under the General Public License (GPL), 

ensuring that the program will remain free to use and can be modified and redistributed by 

anyone. 

In order to determine if CloudCompare is a viable alternative to Geomagic, the same 

point cloud data analyzed by Ghaneei et al. (32) was used. The first step was to create a mesh 

from the point cloud of the full torso. This newly created mesh was then mirrored about the 
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sagittal plane to create two superimposed torso meshes. The position of the mirrored torso mesh 

was then manipulated using the programs registration tools to find a best fit between the two 

torsos. The program was then able to isolate the patches and provide max deviation and root 

mean square (RMS) results to be compared with the results from the previous study. Appendix A 

contains detailed instructions on how CloudCompare was use to accomplish these steps, 

including explicitly listing the functions and tools used. 

It is important to note that this process of analysis differed slightly from the process used 

in previous studies (31) (13) (27) (32) in that in the previous studies process the best fit analysis 

was performed on the plane of symmetry, then the torso mesh was reflected about that plane. In 

this analysis, the torso was reflected about the sagittal plane then the best fit analysis was 

performed on the mirrored torso mesh. The position of the sagittal plane was determined by 

physical frame that the patients stood inside and grasped with their hands, creating consistent 

posture from patient to patient. This method was explored by Hill et al in “Assessing asymmetry 

using reflection and rotoinversion in biomedical engineering applications” (35). The previous 

method utilized reflection, whereas this method used rotoinversion. According to the findings of 

Hill et al. both methods produce the same results for bilaterally symmetric objects and were 

found to produce similar results when applied to adolescent idiopathic scoliosis (35). A full 

description of the steps taken to perform the analysis with CloudCompare can be found in 

Appendix A.  

When isolating the deviation patches for analysis a deviation boundary limit of 9.33mm 

deviation was used. This limit value was found to reduce instances of false negatives by 

removing small asymmetry instances that don’t reflect true scoliotic deformities (32). 
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The results of the maximum deviation analysis and root mean square values will be 

compared using a direct comparison graph, which compares the corresponding results from each 

method directly, and a comparison of the average value of the two methods compared to the 

difference between the two values. This technique of analysis for method comparison studies is 

proposed by Altman et al. as a way to identify correlation and bias when comparing two different 

methods of measurement (42). The graph illustrating the direct comparison shows how closely 

the results of the two methods correspond on the same data set. The graph comparing the average 

value of the two methods to the difference between the two helps to identify the magnitude of 

disagreement and identify any bias. In this paper this second type of graph will be referred to as 

the Bland-Altman Plot. The bias represents systematic inaccuracies that demonstrate some level 

of consistency. If an acceptably consistent bias is identified, it is possible to propose a calibration 

to the new method to produce comparable and repeatable results (43). For instance, if the results 

of the isolated back analysis method were found to consistently be 5 mm higher than the full 

torso analysis, a calibration of 5mm would allow the isolated back results to be compared to the 

full torso analysis. However, if the bias indicates only that the results of the isolated back 

analysis are consistently positive, but vary significantly in magnitude, this bias could not be used 

to create a calibration for comparison.  

Data used 

Table 2-1- Description of Participants 

Test Participants  

Total Patient Scans 67 
Total Isolated Patches (Corresponding to 
Scoliotic Curves. Sometimes more than one 
per patient) 

85 

Age Range, years 10 - 18 
Cobb Angle Range, ° 13 - 60 
Gender, n  
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Test Participants  
 Male 12 
 Female 55 
Curve Type, n  
 Lenke 1 41 
 Lenke 2 0 
 Lenke 3 4 
 Lenke 4 0 
 Lenke 5 40 
 Lenke 6 0 

 

Sixty-seven back scan files were available from individual patients from previous studies. 

These available datasets included the patient parameters such as height, weight, and curve 

classification, raw point clouds, and results for the patch isolation and RMS and max deviation 

results for each patch.  

In order to have an accurate comparison between the previous full torso analysis, the 

open source software torso analysis, and the isolated back analysis, 18 datapoints were excluded 

because the deviation was so close to the 9.33mm threshold that the RMS wasn’t calculated in 

one of the two analysis. Only those datasets which provided clear and unambiguous results in all 

three sets of analysis were considered in the overall comparison. 
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Figure 2-2 illustrates an example of a full torso analysis where the identified patches in 

the full torso analysis using the open source software did not identify patches beyond the 

9.33mm threshold. In order to quantify patches to compare between the three methods 

(Geomagic analysis, CloudCompare full torso analysis, and the CloudCompare isolated back 

analysis), the perimeter of the patch must be identified by the 9.33mm threshold in all three 

analyses. Without clear delineation provided by the 9.33mm threshold, an accurate comparison 

cannot be carried out and the patch was excluded from comparison. 

 

Results 

Comparison of maximum deviation. 

The analysis of the results of the comparison of the two methods was carried out following the 

suggested procedure in “Design, Analysis and Interpretation of Method-Comparison Studies” 

(43). The measurements for max deviation from the previous study was plotted against the result 

Figure 2-2 Example Of Excluded Data - Insufficient RMS for 9.33mm Threshold 
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obtained from this method and plotted in Figure 2-3. Each data point is placed using the results 

of the previous study as the y component and the results from the CloudCompare method as the 

x component. 

 

Figure 2-3 Full Torso Analysis – Scatter Plot of CloudCompare Max Deviation vs Geomagic Max 

Deviation 

A Bland-Altman plot (42) was also prepared using the analysis results. The average of each set of 

results was plotted on the x axis, with the difference between the two results (the original 

Geomagic results minus the CloudCompare results) plotted on the Y axis. This plot is 

recommended by both the Bland Altman study (42) and the Hanneman study (43) as a means of 
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quantifying and communicating the bias and confidence limits of the two tests. The Bland-

Altman plot for the analysis of the max deviation is shown in Figure 2-4.  

 

 

The Bland-Altman plot includes a horizontal line indicating the average value of the difference 

between the two methods, which is an indication of the bias of the method. Also shown on the 

plot are two horizontal lines indicating the upper and lower limits of the 95% confidence 

interval, calculated by determining the standard deviation of the results for the difference 
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Figure 2-4 Scatter Plot of the Measured Differences Between CloudCompare Max Deviation and 

Geomagic Max Deviation 
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between the two methods. These results are summarized in Table 2-2 Full Torso Maximum 

Deviation Comparison Results. 

Table 2-2 Full Torso Maximum Deviation Comparison Results 

Max Deviation Comparison Results  

Number of Data Points 85 
Standard Deviation of the Difference 1.08 mm 
95% Confidence Interval (1.96 SD) +- 2.115 mm 
Average Difference (Measurement Bias) +0.11 mm for Open Source Method 
Precision (R2 ) 0.9969 
Percentage Error 3.4% 

 

The average of the difference between the two methods on the Bland-Altman Plot indicates a 

bias of +0.11mm in the measurement of the maximum deviation using this new method, 

indicating a slight overestimation by the open source software method. The standard deviation 

for the difference in measurement between the two methods was 1.08 mm, giving a range of 1.08 

± 2.115 mm as the 95% confidence interval for the max deviation measurement from the new 

method. Komeili et al. study “Surface Topography Asymmetry Maps Categorizing External 

Deformity in Scoliosis” indicates that the significant deviation over the entire torso is indicative 

of the asymmetry. Healthy patients without scoliosis had a standard deviation (SD) of max 

deviation of 3.4 ± 0.8mm (31).  

Comparison of RMS 

The comparison of the RMS values for the two methods was conducted in the same 

manner as the comparison of the max deviation results. The values for the RMS results from the 

previous method were plotted along the x axis, and the values from the new method were plotted 

along the y axis in Figure 2-5. 
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The Bland-Altman Plot was calculated in the same manner as for the max deviation 

analysis and is presented in Figure 2-6. 
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Figure 2-5 Scatter Plot of CloudCompare RMS vs Geomagic RMS 
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Figure 2-6 Scatter Plot of the measured differences between CloudCompare RMS and Geomagic RMS 

The results of the RMS comparison between the two methods are summarized in Table 

2-3 

Table 2-3 Full Torso RMS Comparison Results 

RMS  Comparison Results  

Number of Data Points 85 
Standard Deviation 1.11 
95% Confidence Interval 91.96 SD) +- 2.18 mm 
Average Difference (Measurement Bias) -0.043 mm 
Precision (R2 ) 0.8678 
Percentage Error 4.6% 
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Together, the results for the comparison of the analysis of the full torso model using the 

Geomagic method and the CloudCompare method show that the CloudCompare method reliably 

provides equivalent results and can be used as a viable alternative. 

A comparison of the results between the two methods is shown in Table 2-4. 

Table 2-4 Full Torso Analysis Results Comparison 

 Max Deviation Comparison Results RMS Comparison Results 

Bias 0.11 mm -0.043 mm 
Confidence Limit +- 2.12 mm +- 2.18 mm 
Percentage Error 3.5% 4.6% 
Precision (R2) 0.9976 0.8678 
Standard Deviation 1.08 mm 1.11 mm 

 

The average difference between the results of the two methods indicate the bias of the 

new method. For the measurement of the max deviation between the original back mesh and the 

mirrored back mesh the bias in the measurement from the new method was +0.11 mm higher 

than the previous method. For the measurement of the RMS of each patch the bias was -

0.043mm, indicating slightly lower measurement of RMS in the new method.  

The close correlation between the two methods for the value of the maximum deviation 

and RMS as well as the almost exact correlation for the location of the patches visible in the 

DCM very strongly support the conclusion that the CloudCompare method can be used as a cost 

effective and user-friendly method of performing the markerless surface topography analysis 

using symmetry as researched by Komeili et al. 

 

Discussion 

The method of markerless 3D assessment of torso asymmetry using surface topography 

involves comparing a 3D mesh formed from 3D scan points of a patients torso with a mirrored 
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version of that same mesh. The deviation between the two meshes provides valuable insight into 

the nature of the scoliotic deformity and repeated measurements can aid clinicians in tracking the 

progression of spinal curve development. This method comparison study sought to explore using 

CloudCompare, a free, open source 3D point cloud analysis program, to replace methods used in 

previous studies which relied on multiple programs with expensive licensing costs. The study 

compared the analysis of a full torso scan of patients diagnosed with Adolescent Idiopathic 

Scoliosis using the two methods to determine the reliability of the new method. The 

CloudCompare method of analysis proved to be a viable alternative to the previous method, with 

a standard deviation of 1.11 mm in the difference between the measurements of max deviation 

and 1.08 mm in the measurement of difference between the results of the root mean square 

analysis.  

The viability of the open source software approach creates an opportunity to expand the 

use of this analysis method by lowering the barrier of entry of software costs for clinicians. It 

also opens the possibility of creating software add-ons for the CloudCompare program to 

enhance and focus the abilities of the software for 3d assessment of scoliotic symptoms. A 

custom tool to streamline the markerless asymmetry method could be created, as well as tools 

focused on other methods of 3D assessment. A suite of clinical tools could be created and freely 

distributed under the GNU General Public License to further the use of 3D scanning and 

assessment for the treatment of Adolescent Idiopathic Scoliosis. 

The open source software method is able to perform the entire workflow of analysis, 

including initital registration of the raw point clouds, trimming the raw point cloud to isolate the 

torso, and analysing the torso (or isolated back) point cloud to produce the DCM. Previous 

studies using the proprietary software method report an analysis time of approximately 10 - 15 
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min for the initial preparation of the torso point cloud to the final DCM (13). The open source 

workflow used in the course of this study was consistently completed within 10 minutes. This 

workflow is also very simple to carry out with the only requirement for the operator being basic 

computer literacy and minimal training in the workflow. 

The greatest opportunity for improvement in the time required for each analysis would be 

realized if the workflow used in this study was automated in the form of a program add-on. One 

of the biggest advantages of using an open source software approach is the opportunity to alter 

the program according to the GNU open source license in order to optimize workflows. As 

mentioned previously, the GNU license allows add-ons to be created and added to the program 

with the only requirement being that the add-ons must be made freely available to others. With a 

custom add on using the workflow developed in the course of this study the analysis time for 

each patient could be cut down to an estimated 3-5 min.  

Licensing costs are also an advantage to using the open source method. The cost of an 

educational license of Geomagic is approximately $5000. CloudCompare is completely free, and 

has all the capabilities of Geomagic in relation to the surface topography analysis used in this 

study, although there are some capabilities of Geomagic that CloudCompare does not have, 

mainly related to computer aided drafting and model creation. Previous studies did not indicate 

that these features were used in the course of this study, but if these capabilities were required in 

the future this would have to be taken into account. Further studies could explore using other 

open source software programs that specialize in this type of 3D modeling, such as a modeling 

program called ‘Blender’, that could allow research to continue in the open source framework to 

reduce costs and improve accessibility.  
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In comparing the output of Geomagic and CloudCompare within the scope of this study, 

the outputs are very similar, as illustrated in Figure 2-7. 

Both CloudCompare and Geomagic can produce customized output by adjusting options 

for the colours, shading, lighting, legend settings, etc.  

  

Figure 2-7 Geomagic (31) and CloudCompare Output Comparison 

Geomagic Output CloudCompare Output 
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Chapter 3 – Applying the Method of Markerless 3D Assessment of Adolescent Idiopathic 

Scoliosis to Isolated Back Scans 

The previous chapter discussed the comparison of two different software packages in the 

analysis of a full torso scan. The results of that analysis indicated that the use of the open source 

software program CloudCompare was effective as an alternative to more expensive, proprietary 

software packages. In this chapter, the method of using the open source program on an isolated 

scan of the patients back is explored. The same data sets have been used throughout both 

comparisons, with the isolated back analysis performed by isolating points that are associated 

with the back only from the full torso scan. The criteria for determining points that are part of the 

patients back, and not sides or front, and the method of analyzing the isolated points, are 

described in the subsequent portions of this chapter.  

The purpose of exploring this alternative method of markerless 3D assessment is to 

improve patient comfort during treatment. As mentioned previously, the majority of patients who 

experience adolescent idiopathic scoliosis are female, and the critical stage of monitoring and 

treatment of scoliotic deformity occurs during the early teenage years. To collect the full torso 

scan points, the patient must remove their clothing from the waist up and stand in the positioning 

frame with their arms raised as their torso is scanned. Understandably, this is psychologically 

uncomfortable for the patients. If the scan could focus solely on the back of the patient and allow 

them to wear an open backed robe or some other form of covering, it will greatly improve the 

patient experience. 

Isolated Back Analysis 

To analyze the isolated back, the normal vector of each point was determined using an algorithm 

built into CloudCompare. This algorithm determines the normal vector for any given point by 
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examining the location and relative orientation of neighboring points within a radius specified by 

the user, then anticipating the most likely surface represented by the group of points and 

assigning a normal vector to the examined point based on this anticipated surface. In this study a 

radius of 4.24mm was automatically computed by the program on the basis of the point cloud 

density and was found to provide consistent results. This process is repeated for every point, 

resulting in a field of vectors with the point cloud points as the base of each vector and their 

direction facing outward from the torso surface represented by the points. Then a plane is created 

that is parallel to the coronal plane but situated below all points in the cloud in the z direction. 

This positioning of the parallel plane helps to ensure a consistent reference for all points in the 

point cloud. The position of the coronal plane relative to the point cloud is determined by the 

positioning frame that that the patient stands in and holds on to while the scan is performed. The 

frame consistently positions the arms, shoulders, and feet to provide repeatable physical 

restrictions on the posture that ensures reproducible positioning when the scans are performed. 

The position of the scanner to this frame is used to determine the x, y, z coordinates of all points 

in the point cloud, with the coronal plane determined as the XY plane in the point cloud 

coordinate system. The x coordinates indicate the position of the point perpendicular to the 

sagittal plane, the y coordinates indicate position perpendicular to the axial plane, and the z 

component indicates position perpendicular to the sagittal plane.  

Once these vectors are determined, a filter is used to isolate only those points with a 

positive z value in relation to the offset coronal plane. Figure 3-1 illustrates this portion of the 

process. 
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Figure 3-1 Isolated Back Points and Offset Coronal Plane 

Once the points associated with the back only are isolated, a mesh is created from the 

points using the ‘Poisson Surface Reconstruction’ tool in CloudCompare, as demonstrated in 

Figure 3-2.  

 

Figure 3-2 Isolated Back Mesh (Color Indicates Point Cloud Density) 

This mesh is then mirrored about the sagittal plane by using the scale function and 

assigning a -1 scale factor to the x-axis only, to create two separate meshes as seen in Figure 3-3. 
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Figure 3-3 Visualization of Mirroring Mesh About Sagittal Plane 

 

The mirrored mesh is then aligned to the original mesh using a process of best fit 

registration to find the closest correlation as demonstrated in Figure 3-4. This registration is done 

with the ‘Fine Registration’ tool in CloudCompare. The threshold for the RMS difference 

between the iterative steps was set to 1 e-5, as shown in Appendix A. This process results in a 

rotoinverted copy of the original mesh (35).  

 

Figure 3-4 Registration of Mirrored Copy of Back Mesh 

 

Sagittal Plane 

Original Isolated Back Mesh (Green) 

Mirrored Copy of Isolated Back Mesh (Red) 
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The measurement of deviation between the two meshes is then measured by the 

‘Cloud/Mesh Distance’ tool in the program and applied to the original back mesh, resulting in a 

color deviation map as shown in Figure 3-5, Figure 3-6, and Figure 3-7. 

 

Figure 3-5 Distance Between Measured and Mirrored Meshes applied to Original as Deviation Color 

Map 

 

Figure 3-6 Final Colorized Isolated Back Mesh 

Red indicates back 

surface is lower than mirrored 

mesh. Blue indicates higher 

area 
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Figure 3-7 View of Colored Back Mesh, Looking Up From The Bottom Of The Mesh. Illustrates Color 

Mapping on Actual Contours 

The results of the maximum deviation analysis and root mean square values will be 

compared using a direct comparison graph, and the Bland-Altman plots that were used in the 

previous chapter. The method of comparison and interpretation of the results will be carried out 

in the same manner. 

A full step by step description of the method of isolating the back points using 

CloudCompare can be found in Appendix B. 

 

Data used 

Table 3-1- Description of Participants 

Test Participants  

Total Patient Scans 67 
Total Isolated Patches (Corresponding to 
Scoliotic Curves. Sometimes more than one 
per patient) 

85 

Age Range, years 10 - 18 
Cobb Angle Range, ° 13 - 60 
Gender, n  
 Male 12 
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Test Participants  
 Female 55 
Curve Type, n  
 Lenke 1 41 
 Lenke 2 0 
Curve Type, n (continued)  
 Lenke 3 4 
 Lenke 4 0 
 Lenke 5 40 
 Lenke 6 0 

 

The data used for the isolated back analysis was the exact same data set as that used in 

Chapter 2 for the comparison of the Geomagic analysis of the full torso point cloud and the 

CloudCompare analysis of the full torso point cloud. The exclusion criteria noted in Chapter 2 

were designed to ensure that every patch identified would have a corresponding value in the 

Geomagic full torso analysis, the CloudCompare full torso analysis, and the CloudCompare 

isolated back analysis. 

Results  

Maximum Deviation 

Figure 3-8 presents a direct comparison of the results of the maximum deviation analysis 

on the full torso scan and the isolated back scan. In each case the exact same scan was used, with 

the isolated back scan being performed on the scan points from the full torso scan isolated with 

the technique described previously. 
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Figure 3-8 Scatter Plot of Measure Values of Maximum Deviation Between Full Torso Analysis and 

Isolated Back Analysis 

Figure 3-9 presents the Bland-Altman plot of the average result and difference between 

the results for each data set. For the calculations the results of the isolated back analysis were 

subtracted from the full torso analysis results. 
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Figure 3-9 Scatter Plot of the Measured Differences Between Full Torso Max Deviation and Isolated 

Back Max Deviation 

In Figure 3-9 the bias of -0.83mm indicates overall slightly lower estimates of the maximum 

deviation in the isolated back analysis than the full torso analysis.     

Table 3-2 Isolated Back Max Deviation Comparison Results 

Max  

Number of Data Points 85 
Standard Deviation 8.22 mm 
Number of Data Points within 1SD 83 (97.6%) 
Number of Data Points between 1 and 2 SD 85 (100%) 
Average diff/MaxDev  34.9% 
Bias -0.83 mm 
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Max  
Confidence Limit ± 16.12 mm 

 

RMS 

Figure 3-10 and Figure 3-11 show the same plots as were used in the maximum deviation 

analysis but using the results of the root mean square analysis. 

 

 

Figure 3-10 Scatter Plot of Measure Values of Root Mean Square Between Full Torso Analysis and 

Isolated Back Analysis 
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Figure 3-11 Scatter Plot of the Measured Differences Between Root Mean Square Results of Full Torso 

Analysis and the Isolated Back Analysis 

Figure 3-11 is calculated by subtracting the isolated back analysis results from the full torso 

analysis results. The bias of 0.35mm indicates a higher RMS result by the isolated back analysis. 

Table 3-3 Isolated Back RMS Comparison Results 

Parameter Results 

Number of Data Points 85 
Standard Deviation 1.56 mm 
Number of Data Points within 1SD 69 (81.2%) 
Number of Data Points within 2 SD 83 (97.6%) 
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Parameter Results 
Average Diff/RMS 8.1% 
Bias + 0.35 mm 
Confidence Limit ± 3.07 mm 

Isolated Back Analysis Discussion 

The full torso analysis and the isolated back analysis revealed inconsistencies in the results of the 

two methods. Figure 3-12 provides a visual illustration of the differences between the results for 

maximum deviation. 

 
Full Torso Analysis  Isolated Back Analysis 

Figure 3-12 Visual Comparison of Full Torso Analysis and Isolated Back Analysis 
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As observed in Figure 3-12, the two methods of comparison produce similar results in the 

number and general location of the patches, but dissimilar results with regards to the maximum 

deviation and the extents of the patch. In Figure 3-12 two patches are identified and isolated; 

patch 1 is an instance of a negative deviation (a depression in the back compared to the mirrored 

mesh) and patch 2 indicates a positive deviation (a rise in the back compared to the mirrored 

mesh). The larger negative patch had a difference in maximum deviation between the two 

patches of 5 mm, while the smaller positive patch produced a measurement difference of just 1 

mm. The difference between RMS results for the two patches were 2.5 mm and 0.3 mm 

respectively. This case illustrates the disproportionate differences between the readings 

depending on the size of the identified patch and overall asymmetry of the mesh. Larger patches, 

or patches with larger maximum deviations, have greater disagreement in the results of the two 

methods than smaller patches do. This is a result of the registration process in which the program 

attempts to find the best fit between the two meshes by iteratively adjusting the relative 

orientation of the mirrored torso mesh. After each iteration of repositioning the mirrored torso, 

the program will measure the overall RMS of the differences between the two meshes. In each 

iteration, the value of the RMS analysis is compared to that of the previous iteration. Once the 

difference between these two measurements reaches a threshold level set by the user (1 x 10-5 for 

this study) the program will fix the position of the mirrored mesh and provide the results. Since 

the program is trying to minimize differences in the position of each point in the two meshes, the 

rotation and translation of the mirrored mesh will be adjusted to decrease the largest maximum 

deviation more than the lower magnitude deviation. 

This process creates greater deviations in the measurements of the full torso than in the 

isolated back because the front of the torso exhibits less asymmetrical deformity due to scoliotic 
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deformation than the back. This causes the front of the torso to act as an anchor in the 

registration process. The isolated back mesh lacks this large area of greater symmetrical overlap, 

so the registration tends to adjust the orientation of the mirrored mesh to a greater degree.   

The overall results of the method comparison between the full torso analysis and the back 

only analysis are summarized in Table 3-4 and Table 3-5.  

Table 3-4 Comparison for Patch Max Deviation Determined Via the Full Torso Analysis and the Isolated 

Back Analysis 

 Max Deviation Full Torso Max Deviation Isolated Back 

Bias +0.11 mm -0.83 mm 
95% Confidence Limit +- 2.12 mm +- 16.12 mm 
Percentage Error 3.5% 34.94% 
Precision (R2) 0.9976 0.8281 
Standard Deviation 1.08 mm 8.23 mm 

Table 3-5 Comparison for Patch RMS Values Determined Via the Full Torso Analysis and the Isolated 

Back Analysis 

 RMS Full Torso RMS Isolated Back 

Bias -0.043 mm +0.35 mm 
95% Confidence Limit  +- 2.18 mm +- 3.07 mm 
Percentage Error 4.6% 8.1% 
Precision (R2) 0.8678 0.6813 
Standard Deviation 1.11 mm 1.57 mm 

 

The results of the isolated back scan indicate a lack of correspondence between the two methods. 

In particular, the magnitude of the standard deviation for the maximum deviation is much higher 

than for the full torso comparison, which would create issues with mis-classification since the 

standard deviation is almost as much as the threshold deviation value for identification of a 

deviation patch (9.33mm). In addition, the isolated back analysis disproportionately affects the 

max deviation in comparison to the RMS. This is a result of the registration process described 

above. This process attempts to minimize the magnitude of deviation between the two meshes. If 

the relative position of the mirrored mesh is adjusted so that the maximum deviation is 
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minimized, the calculation of the root mean square will still be similar due to the absolute value 

produced in the squaring of the negative deviation, as illustrated in Figure 3-13. 

 

 

Figure 3-14 illustrates this calculation as applied to the individual patches identified in 

the DCM, after the registration between the mesh and mirrored mesh has been completed. 

Figure 3-13 Illustration of Differences Between Maximum 

Deviation and RMS During Registration 

Change in max deviation = 4 mm; Change in RMS = 1.83mm 
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One option with method comparison studies such as this is that one method can be 

calibrated to produce consistently comparable results. For instance, if the new method is 

consistently measuring 5% lower than the original method, the two results can be compared by 

simply adjusting the new method results by 5%. This would require a standard error between the 

two studies that could be quantified in a regression study. In this case, if there was a consistent 

bias on the part of the isolated back method this value could be used as a calibration constant to 

allow comparisons. However, the results from the analysis of the isolated back points indicate 

inconsistent differences between the full torso analysis and the isolated back analysis. The  

Figure 3-14 Illustration of Max Deviation and RMS Calculations Per Patch 
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Bland-Altman plots in Figure 3-9 and Figure 3-11 demonstrate this inconsistency. This clearly 

indicates that a calibration approach to the use of the isolated back method would not produce 

valid results. 

The root mean square analysis demonstrated more consistency between the two methods, 

but when the absolute value nature of the root mean square analysis is taken into account, the 

discrepancy between the maximum deviation and the root means square analysis also indicate 

that the method of examining the isolated back scan is not a viable alternative to the analysis of 

the full torso scan for the markerless assessment of asymmetry method. 

These results are similar to other studies that have examined the applicability of 

examining 3D surface topography of the isolated back. In particular, research by Parent et al. into 

the use of back only surface topography scans versus full torso scans indicates that only full torso 

scans had a significant ability to detect stable thoracic curves during 1 year follow up 

examinations (36). The research by Parent et al. examined various ST parameters taken from full 

torso scans and from back only scans to see which parameters could be used to determine which 

curves are not progressing (progression defined by a change of  >5 degrees in the Cobb angle) in 

patients with a main thoracic curve (38). The researchers used 30 full torso parameters and 16 

back only parameters that were based on 11 landmarks placed on the scans by evaluators. Of the 

30 parameters determined for the full torso analysis, 2 were found to provide statistically 

significant indicators of the stability of curves. One parameter measured the angle between the 

principal axis of inertia of torso cross sections and the frontal plane, the other parameter 

measured the transverse plane angle between the anterior superior iliac spines and the sternum 

(36). These two parameters helped provide reliable indicators of the progression of the scoliotic 

curves of the patient when an initial scan was compared to a 1 year follow up scan on the same 
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patient. Of the 16 parameters that were determined using back only scans, none were found to 

provide reliable indicators of curve progression. The approach of the study by Parent et al. was 

similar to my study in that the ability of full torso scans vs isolated back scans were directly 

compared to determine the potential value of isolated back scans in the monitoring and treatment 

of scoliosis. In both cases, the results indicate that the additional data available in a full torso 

scan is needed to provide meaningful guidance to researchers and clinicians.  

Other studies have also examined the use of surface topography metrics to assess the 

severity of scoliotic deformity and monitor progression. Some depend on specific data 

acquisition techniques, such as the Moiré technique (44), but many others use various indices 

that make use of 3D surface data such as that collected by the 3D scans used in this study. These 

indices often measure coordinates, angles, and distances between landmarks on the back, or the 

relative position of these landmarks related to the transverse, sagittal or coronal planes (45) (3) 

(37). The understanding of overall shape of the back and asymmetries resulting from Scoliotic 

deformity is extremely valuable to clinicians (37), but research indicates that it is not possible to 

predict the degree of curvature that the Cobb angle measures by any means of examination of the 

surface topography of the back (46). While studying screening techniques that relied on the 

examination of surface deformity through various methods and indices (such as Moiré 

topography, Integrated Shape Imaging Systems, Inclinometry, and others) Bunnell concluded “It 

has become apparent from many reports that although there is a significant correlation between 

clinical deformity and radiographic measurement, the standard deviation is so high that it is not 

possible to reliably predict the degree of curvature from surface topography in any given patient 

by any technique” (46). 
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The results of these previous studies and the results of the current study regarding the use 

of isolated back scans for 3D assessment of adolescent idiopathic scoliosis using surface 

topography consistently indicate that the isolated back scan does not contain enough data to 

reliably assess scoliotic deformities to reduce the frequency of x-rays required during treatment 

if the decision trees and indices that depend on max deviation and RMS values proposed by 

Komeili et al. and Ghaneei et al. are applied.  

The results of this study do not indicate alternate decision trees or indices that could be 

used on isolated back scans. As noted previously, there was not a consistent bias found that could 

be used for calibration between the two methods, and the standard deviation in measurements of 

the max deviation for the patches indicates a significant loss of sensitivity of the analysis, where 

patches would not be adequately identified by the isolated back analysis. Although these results 

are clear that the asymmetry analysis cannot be used in the same manner on the isolated back as 

the full torso, it is possible that future research into the use of the isolated back scans could 

provided useful data. Techniques such as the Moiré method and sections of back topography 

have provided useful results in better understanding scoliotic deformity and reducing X-ray 

usage for patients (47) (34). CloudCompare is capable of providing the sections used in previous 

studies and also has the potential to aid in the consistent identification of landmarks for use in 

techniques that depend on markers. The flexibility of this tool and the value for patient comfort 

in using isolated back scans would make this future research worthwhile. 

In order to fully realize the value for patient comfort in using isolated back scans the 

scans would have to not depend on the back points being isolated from the full torso scan, as was 

done in this study. This could be accomplished by simply positioning multiple scanners around 

the back of the patient, and allowing them to wear an open backed robe that exposed their 
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shoulders, sides and back. Multiple scanners would still be necessary, since the scanners can only 

capture data points in their direct line of sight. If only one scanner is used, the scans tend to have 

shadows where there is an absence of points. Multiple scanners can provide the simultaneous 

viewpoints necessary to ensure adequate point density over the entire surface of the back. At 

least 2 scanners would be required, situated behind the patient standing in the frame and to either 

side of the sagittal plane. 
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Chapter 4 – Conclusion 

Patients who suffer from scoliosis have an abnormal curvature in their spine that can 

cause physical discomfort and psychological suffering. This abnormal curvature, referred to as 

scoliotic deformity, can include abnormal curvature in the coronal plane, the sagittal plane, or 

both, as well as twisting of the spine along the vertical axis.  

The most common method for diagnosing and monitoring scoliosis is the measurement of 

the Cobb angle from radiometric measurements. Measuring the Cobb angle involves identifying 

the vertebrae at the start and apex of lateral curvature in the coronal plane, then measuring the 

angle between straight lines drawn at the base of each of these vertebrae. This measurement of 

the severity of scoliosis has been in use for many years and is accepted as the gold standard for 

quantifying the severity of scoliotic deformity.  

Because the Cobb angle only measures the deviation from the expected axis of symmetry 

in one plane, it does not give the clinician a full understanding of the 3-dimensional nature of the 

scoliotic deformity. It also requires extensive use of radiometric monitoring, which can be 

harmful to the health of the patient during long term monitoring and treatment (24) (6) (11) (27) 

(32) (28). For these reasons, alternate methods for diagnosing and monitoring scoliosis have 

been devised with varying results. 

One such method involves the use of surface topography measurements taken from 3D 

scans of the patient’s torso. Multiple 3D scanners are situated around the patient as they stand in 

a frame that controls their posture and defines a coordinate system that the scan will be captured 

in. The 3D scan can then be analyzed, as with the system of 3D markerless assessment using 

asymmetry that has been explored in this thesis. As demonstrated by Komeili et al. the point 

cloud can be duplicated and mirrored, allowing for a detailed analysis of the asymmetry caused 
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by scoliotic deformity. The max deviation between the original and mirrored point cloud, as well 

as the root mean square in the differences measured at the vertices of the point cloud mesh, give 

a good indication as to the severity of the scoliotic deformity and can provide reliable indications 

as to the progression when a single patients subsequent scans are compared. Gahneei et al. (32) 

demonstrated that the sensitivity of decision trees for monitoring curve progression can be 

improved by employing a knn nearest neighbor algorithm. Together, these approaches have 

shown promising results in efforts to reduce the amount of radiometric tests necessary during the 

treatment and monitoring of progression for scoliosis patients. 

This research sought to contribute to this body of knowledge by testing the applicability 

of open source software to the method of 3D markerless surface topography assessment and to 

explore the use of the is technique on an isolated back scan of the patient. The reason for 

exploring these methods was to lower the software costs associated with surface topography 

analysis, and to improve the patient experience by allowing the patient to only have the scan 

performed on their back rather than the entire torso. 

The results for using an open source software approach demonstrated that the open 

source software selected (CloudCompare) could provide reliable analysis results using the 

asymmetry analysis method. The method of applying this specific analytical method to an 

isolated back scan did not provide adequate max deviation and root mean square results that 

Komeili et al. (31) (13) (27) and Gahneei et al. (32) have explored in their research. 

 

Future Work 

Although the specific parameters used in the 3D markerless assessment of surface 

topography using asymmetry were not reliable when the analysis was limited to the isolated back 
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scan, many other parameters can be determined from both the isolated back scan and full torso 

scan that can be used with a variety of indices of scoliotic classification. Many of these indices 

could benefit from the use of open source software such as that used in this study to make 

analysis more economical and accessible to clinics. Pazos et al. mention that the sensitivity of 

many of the surface analysis techniques can be a limiting factor in the usefulness of these 

measurements and indices for monitoring curve progression in a patient (45). Programs such as 

CloudCompare are capable of much more sensitive analysis than older programs have been 

capable of and 3D point cloud capture hardware has become much more accessible and 

affordable in recent years. Further research is warranted to examine if the use of recent advances 

in hardware and software provide enough sensitivity to use these point clouds to a greater extent. 

With open source programs such as CloudCompare, researchers could easily program toolsets to 

help automate analysis techniques to improve reliability and repeatability. Toolbars could be 

created that would contain a different button for each type of measurement or index, creating an 

affordable and easily shareable toolkit for clinicians to use. Although this study into the use of 

isolated back scans for markerless 3D assessment of asymmetry indicates that the use of isolated 

back scans for this specific technique is not effective, the testing of open source software for 3D 

surface topography analysis could open up exciting opportunities for the development of 

economical toolsets to aid in the treatment of patients suffering from scoliosis. 
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Appendix A - Markerless Assessment of Surface Topography Asymmetry Using CloudCompare 
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Step 1 – Import the Point Cloud 

Cloudcompare can import many 3D pointcloud file types. ASCII text files work well, and give the opportunity to specify how each column in the 

file is interpreted. 

 

Select ‘open’ to select the point cloud file 
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ASCII point clouds work well 
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CloudCompare gives an opportunity to specify the interpretation of each column in the point cloud file. The default will interpret the first three 

columns as x, y, z coordinates. Other values can be assigned to each point in other columns, such as colors, measurements, etc. For the purpose 

of the asymmetry analysis, only the first 3 columns (the x,y,z coordinates) are required. The rest can be ignored or deleted. These columns offer 

the opportunity for storing custom analysis values if desired. 



Page 70 

 

 

The point cloud entity is shown here. It is now 

ready for analysis 
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Step 2 – Mesh Creation 

 

The Poisson Surface Reconstruction tool creates a mesh using the programs native mesh tool which creates a triangular mesh by connecting 

points in the point cloud. The added value of the Poisson Surface Reconstruction tool is it provides the opportunity to attach a scalar field value 

to the mesh facets that corresponds to the point cloud density. This provides the opportunity to restrict the limits of the mesh to only those 

areas of the point cloud with a certain density, thus eliminating mesh edges that extend beyond the edge of the point cloud.  

Select Point Cloud Poisson Surface 

Reconstruction 
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Using ‘output density as SF’ will provide a parameter to use to filter out portions of the mesh that are extrapolations beyond the point cloud that 

result from the surface reconstruction algorithm. 

The ‘Octree Depth’ parameter refers to the 3-dimensional grid used to subdivide the point cloud into parts for analysis by the software 

functions. A higher octree depth will increase the analysis time, but produce more accurate results for any functions that require estimation. In 

this case, lower octree values will result in bridging of the mesh between separate parts of the mesh. An octree depth of 10 was found to 

provide the best results with reasonable analysis time. 

Check output density 

as scalar field 

Octree depth of 10 
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The free boundary setting prevents the program from trying to close the surface. If this is not selected, the program will try and close the hole at 

the neck, arms and waist. 

Select advanced 

parameters 

Choose free boundary to avoid having the 

software try and close in the holes at the 

arms, neck and waist. 
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Delete all vertices in the mesh that have a density scalar value of less than 6 points/mm2 by using the filter points by value field. The point clouds 

consistently have a point density of 6 points/mm2 , so choosing this value mitigates the risk of unintentionally measuring differences in surface 

topography that are extrapolations of the collected data.  

3. Filter points by value 

 

2. Point density is the current 

scalar field for the mesh 

1. Select mesh 
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Select 6 points/mm2 as the 

minimum density to keep 

The maxim density of the point 

cloud will automatically be 

entered in the maximum range 
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Use the ‘Segment’ tool to delete areas of the mesh that result from stray points 

A new mesh is created with only those portions of the mesh 

that meet the minimum point density 
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Delete areas of mesh that result 

from stray points using the 

‘Segment’ tool  
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Segmenting out anomalies means selecting those areas that are obviously not meant to be part of the analysis. These anomalies can result from 

stray points in the point cloud, which can be caused by several factors such as reflections of the laser, dust or hair that reflects the laser, etc. 

1. Select anomalies by tracing 

boundaries around them. Orbit the 

view with the mouse to get the best 

angle to trace around the anomalies. 

3. Delete segmented out points 

2. Segment out 
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Step 3 – Create a Reflected Cloned Mesh 

 

Clone selected mesh 
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Select second mesh. Select Multiply/Scale tool 
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Uncheck “same scale for all dimension 

Scale -1 in x direction to mirror the mesh about 

the xy plane 
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Step 4 – Registration of Cloned Mesh 

 

1. Select both meshes. 

2. Use the fine registration tool to adjust position of cloned 

mesh to match original mesh as close as possible 
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Once threshold of RMS difference between iterations is reached, transformation matrix that has been applied to the cloned mesh is displayed. 

The final RMS displayed in this pop up is not the RMS for any of the patches identified in the mesh, this is for the overall registration of the point 

clouds. 

The registration is an iterative process of the computer trying to find the best fit between the two meshes. The iterations can be limited to a 

specific number of iterations, or they can continue until the root mean square of the differences between each successive iteration reaches a 

certain threshold. Using the ‘RMS Difference’ option brings the aligned mesh as close as possible to the reference. The threshold of 1 E-05 is the 

default threshold and provided consistent results throughout the study. Because this value is so small compared to the threshold of 3.4mm used 

int his study but didn’t cause issues with the performance of the registration, it was not changed from the default. 

 

Original mesh must be the reference. 

If the original mesh is not shown in 

the ‘Reference’ box, use the swap 

button to exchange so that it is.  

Close up of dialogue box  
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The next step is to measure the deviations between the two meshes at each vertex on the meshes. This creates thousands of deviation 

measurements that are applied to the original scan mesh as a deviation color map (DCM). 
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Step 5 – Measurement of Deviation 

 

Setting the mirrored mesh as the reference causes all measured deviations to be applied to the original mesh, which has been set as the 

‘Compared’ mesh.  

Use the cloud/mesh distance tool to measure the 

deviations between the two meshes 

The mirrored mesh is always the 

reference mesh. If it is not in the 

reference box, use the ‘swap’ 

button to switch them. Once the 

roles of the meshes are correct, 

click ‘ok’. 
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Although the colors on the 

meshes will change once this 

dialogue box appears, the 

deviation have not been 

determined until ‘compute’ is 

clicked. Once the compute cycle is 

done, click ‘ok’. 
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As mentioned in the main body of the thesis, red colors indicate that the mirrored mesh is above the original mesh, and blue colors indicate that 

the original mesh is higher. If the colors are reversed, with areas of the original mesh that are visibly higher than the mirrored mesh colored red, 

use the following steps to correct the coloring. 

 

 

Blue colors indicate original mesh is 

higher than the mirrored mesh. This 

is the anticipated color correlation 

as stated in the main body of the 

thesis 
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Colors applied to the mesh now 

indicate the relative position of 

the original mesh compared to the 

reference mesh (the mirrored 

mesh). If the colors appear 

opposite to what is anticipated (as 

in the case shown here), rerun the 

cloud/mesh distance tool and use 

the ‘flip normals’ tool. 
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Rerun the distance computation 

with ‘flip normals’ selected. This 

step is only necessary if the 

deviation colors are reversed.  
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Step 6 – Create Deviation Color Map 

 

 

Uncheck boxes next to 

the mirrored meshes to 

hide them, leaving only 

the original back mesh 

with the deviation 

color map applied. 

Current color 

scheme uses 

default color 

legend. The color 

legend can be 

customized to 

reflect the desired 

legend. 
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Select the mesh to 

activate the properties 

dialog 

The color scale dialog gives an opportunity to choose different color 

scales. Click the settings gear next to ‘current’ to have an opportunity 

to create a custom scale. 
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Use the color scale editor to create a custom color scale that will provide the correct deviation color map, 

using the colors and thresholds used in this thesis and previous studies (see main body of thesis for 

description and references of previous studies). The values for the color thresholds are show in this 

screenshot and are also listed in the Figure 1-5 of the thesis body. Save this customized color scale for use 

with other meshes. 
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To show the legend, click ‘visible’ in 

the color scale tab 
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Step 7 – Isolate Patches 

 

Select the mesh, then select the ‘filter 

points by value’ tool 
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Set the minimum threshold value to match the patch threshold. In this 

case any points with a deviation of over 9.33mm will be isolated 
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The 9.33mm threshold used is the threshold identified in the main body of the thesis and was determined by Ghaneei et. al (1) in a previous 

study as a threshold at which patches are clearly delineated. 

A new mesh object has been created, containing only copies of those 

portions of the mesh which met the filter criteria (deviation greater than 

9.33mm). The original mesh is still there, but has been hidden by default. 

It can be shown again by checking the box beside the object. 



Page 97 

 

 

Orbit the mesh to clearly see the patches. Use 

the segment tool to isolate the desired patches 

for measurement of Max Deviation and RMS 

per patch. 
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The ‘segment in’ tool allows you to choose objects that you wish to keep, the get rid of everything else. The opposite tool is the ‘segment out’ 

tool, which will remove the selected object and keep everything else. 

Select the patch, click ‘segment in’, then click ‘confirm and delete hidden 

points’. This creates a mesh object with only the desired isolated patch. 
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The patch item now contains only those 

mesh faces and vertices that meet the 

threshold for patch identification 
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Perform the same procedure to identify negative value 

patches. Just use -9.33mm as the maximum value 
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Step 8 – Calculate RMS and Max Deviation for Each Patch 

 

 

Select the ‘distribution fitting’ tool to perform a 

statistical analysis on the active scalar field. In this 

case, that’s the deviation. 
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The mean, standard deviation, Chi2 distance and RMS 

are all shown in the console line for the active scalar 

field for the selected object. The active scalar field is 

always the field that is determining the color of the 

mesh, in this case the deviation. 
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This concludes the markerless asymmetry analysis of the 3D scanned surface topography. With practise, this analysis can be completed in ~ 10 

minutes. The open source license that governs use of CloudCompare allows an add-on to be programed that would enable a custom add-on that 

could automate this process. Many of the available tools in the toolbar are add-ons that have been created by the CloudCompare user 

community and freely shared. 

  

The maximum deviation for the patch is the largest 

deviation value in the ‘SF display params’ dialog box. 



Page 105 

 

References 
1. Ghaneei, Maliheh. Algorithms for Adolescent Idiopathic Scoliosis Classification Based on Surface Topography Analysis. s.l. : University of 

Alberta, 2017. 

 

 



Page 106 

 

Appendix B – Isolation of Back Only Points Using CloudCompare 
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Step 1 – Import the Point Cloud 

Cloudcompare can import many 3D pointcloud file types. ASCII text files work well, and give the opportunity to specify how each column in the 

file is interpreted. 

 

Select ‘open’ to select the point cloud file 
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ASCII point clouds work well 
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CloudCompare gives an opportunity to specify the interpretation of each column in the point cloud file. The default will interpret the first three 

columns as x, y, z coordinates. Other values can be assigned to each point in other columns, such as colors, measurements, etc. For the purpose 

of the asymmetry analysis, only the first 3 columns (the x,y,z coordinates) are required. The rest can be ignored or deleted. These columns offer 

the opportunity for storing custom analysis values if desired. 
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The point cloud entity is shown here. It is now 

ready for analysis 
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Step 2 – Calculate Normal Vectors for Each Point 

 

With the point cloud selected, click 

‘Edit’ -> ‘Normals’ -> ‘Compute’ 
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Keep default settings and click ‘ok’ 
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HSV colors are colors designated with numerical values for Hue, Saturation, and Value (HSV). Converting the normal vectors to HSV values just 

change the x, y, z values of the vectors to H, S, V values for the color. The actual H,S,V values are not important, the important part is that the z 

values are now attached to the points as a V value which can be selectively filtered. 

Once normals are calculated, select 

‘Edit’ -> ‘Normals’ -> ‘Convert to’ -> 

‘HSV colors’ 
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The previous steps have calculated the normal vectors for each point, then translated the x,y,z direction coordinates for each normal into a HSV 

color value. This HSV color is then interpreted as a red, green, blue (RGB) color value that was then assigned to the points. This means that the 

visible RGB point colors indicate the direction of the normal vector for each point. The normal vectors have been stored as 3 scalar fields 

attached to each point, with one field each for the x, y, z direction coordinates for each normal vector. The x coordinate is mapped to the R (red) 

value, the y coordinate is mapped to the G (green) value, and the z coordinate is mapped to the B (blue). The In the next step the B (blue) color 

value, which corresponds to the z vector direction, will be used to filter out only those points which have a positive vector direction. This means 

that the vector points “up” from the coronal plane. This is the criteria used to determine a point that is part of the back and not the front of the 

torso. 
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Step 3 – Isolate Back Only Points 

 

With the point cloud object selected, 

click ‘Edit’ -> ‘Colors’ -> ‘Convert to 

Scalar Field’ 
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The x,y,z fields have been translated to R,G,B color values. The ‘z’ coordinate 

has been translated from a degree value between -90 to 90 into blue color 

hues (the ‘B’ channel) from 0 to 256. By translating the blue color value into a 

scalar field, the values can be used to selectively filter out only those vectors 

whose ‘z’ direction is away from the coronal plane. 
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By default, the new Scalar Field created from the ‘B’ color channel becomes the active scalar field. Under the ‘SF Display 

Properties’ dialogue in the Properties panel the values can be visually filtered. Normal vector z values between -90 and 0 

degrees became blue channel values from 0 to 127, and z values between 0 to +90 degrees became blue channel values 

between 127. Use the display parameters to hide 0 to 127, or 127 to 254 by inputting 127 into the one of the left text box 

for the upper range, or the right text box for the lower range. If the back is showing as the lower values (0 to 127) then the 

normal vectors were inverted. This does not affect the results, it just means that the points to be filtered out will need to 

be the lower range. 
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In this case the normal vectors were inverted, so the lower range of 0 to 127 will be used to 

show the back only points. This step provides visual verification of the back only points. The next 

step deletes all points that are not part of the back only. 
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Use the filter by value tool to select only those points that have the desired range 

of scalar values. By default, the range previously selected for the displayed range 

will be in the range in this dialog box. 

 

Click export to create a new point cloud object with only the isolated back points. Some stray 

points may have been included because they had normal vectors that points away from the 

coronal plane. They are easy to identify and can be removed using the segment tool 

 



Page 120 

 

 

This is the view of the isolated back points. 
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Use the segment tool to choose stray points, then use the ‘segment 

out’ button, followed by the ‘confirm and delete hidden points button’ 
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The back points are now in a single point cloud object. This can be saved as a text file that will contain only the isolated back points. This point 

cloud object can now be analyzed using the same procedure as the asymmetry analysis process used on the full torso point cloud in appendix A. 

 


	Andrew Teal - Markerless 3D Assessment of Severity and Progression of Scoliosis Using Surface Topography on Isolated Back Scans_Final Submission
	Appendix A
	Appendix B

