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Recent studies have found that component loosening is the major cause of 
primary total joint replacement revision [1].  Micromotion and remodeling 
have been recognized as key factors in component loosening.  This has 
lead to an increase in Finite Element (FE) studies requiring accurate 
geometry and mechanical properties, and the validation of the geometric 
accuracy of FE models created from CT data.  Some studies have 
validated the geometry created from Standard Marching Cube (SMC), 
Discretized Marching Cube (DMC) algorithms [2], and an automated 
border tracing method [3].  Yet, most geometric validation studies have 
been in vitro, using composite or dissected bones.  A few studies have 
validated in vivo applications, yet could only report the precision of the 
methods and not the accuracy.  Since the in vivo setting increases the 
complexity of the segmentation process, due to surrounding bone and 
tissue, it is important to establish a method to validate the accuracy of in 
vivo bone geometry.  Therefore the goals of the current study were 1) to 
establish a protocol to validate the in vivo geometry of segmentation 
methods using the National Library of Medicine’s Visible Human (VH) male 
cryogenic and frozen Computed Tomography (CT) data; and 2) to 
determine the accuracy of three different segmentation methods.

• The National Library of Medicine’s VH male frozen CT data [4] was used 
to create surface models using three different segmentation methods 
and compared to standardized cryogenic data, which was segmented
using Method A.

• Polyworks Inspector 8.0.8 software (InnovMetric, Sainte Foye, QC) was 
used to determine the perpendicular distances between the surface of 
the segmented cryogenic data and the points of the segmented CT data 
to report the overall mean, standard deviation (SD), minimum and
maximum values.

•Method A – Custom Border Tracing Algorithm
• Starting point and direction is located by the user
• Search the eight neighboring pixels 
• Extract contour curves
• Interpolate polygonal surfaces
• Export Stereolithographic (*.stl) file

•Method B – Commercial Software^, User 1
• Set “Threshold” (122 - 3071 HU)
• Manual segmentation (“Edit Masks” => “Erase”)
• Manual segmentation (“Edit Masks” => “Draw”)
• Export *.stl file

•Method C – Commercial Software^, User 2
• Set cortical “Threshold” (1000 - 2570 HU)
• Fill intramedullary canal (“Fill”)
• Semi-automated segmentation of epiphyseal regions
• Manual segmentation (“Edit Masks” => “Erase”)
• Export *.stl file
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• Similar accuracy can be achieved with custom and commercial  
segmentation software

• Commercial software is dependent on segmentation method
• Mean errors were reported within one pixel (0.938 x 0.938 x 1.0 mm)
• Maximum and minimum errors were within five pixels
• Smaller mean error (-0.1– 0.4mm) compared to a previous study 

(0.6 – 0.9 mm) [3].
• Higher range in standard deviation (0.1 – 0.7 mm) than a previous study 

(±0.3 mm), which also reported a peak error of 1.5 mm [2]. 
• Protocol was developed for validation of surface models created from 

CT data for clear comparisons between segmentation methods in both 
intra- and inner-laboratory situations

Cryogenic segmentation was performed at Rizzoli Orthopaedic Institute by Debora 
Testi. Comparisons using Polyworks software was performed at Queen’s University, 
Kingston, ON by Leone Ploeg.
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Figure 3 Mean and SD of overall separation distance between segmented 
cryogenic and frozen CT data using custom-made (Method A) and commercial 
segmentation software (Method B and C). 

Figure 4 Color-scale 
map of mean difference 
between segmented 
frozen VH CT data and 
cryogenic CT data for   
(a) Method A, (b) Method 
B and (c) Method C; with 
location of minimum and 
maximum errors noted.

Table 1 Mean, standard deviation (SD), minimum and maximum overall separation between 
surface of cryogenic data and points on the surfaces constructed from segmented frozen CT 
data of the Visible Human Male.

Figure 1 Protocol flowchart for constructing finite element models for analysis from CT data 

Figure 2 Visible Human Male (a) CT data slice and (b) cryogenic data slice
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