
Series on Biomechanics, Vol.34, No.4 (2020), 65-75  

65 

 
 

Microstructure analysis of medical synthetic foams using high resolution 
micro-computed tomography 

  
 N. Ivanovica, V. Kuhnb, S. Neururerc, W. Freysingera, *W. Recheisd 
   

a Otorhinolaryngology (ENT) Dept., Medical University of Innsbruck, 6020 Innsbruck, Austria, 
nikola.ivanovic@student.i-med.ac.at 

b Trauma Surgery Dept., Medical University of Innsbruck, 6020 Innsbruck, Austria, 
c Dept. of Informatics and Health Economics, Medical University of Innsbruck, 6020 Innsbruck, Austria, 

sabrina.neururer@i-med.ac.at 
a Otorhinolaryngology (ENT) Dept., Medical University of Innsbruck, 6020 Innsbruck, Austria, 

wolfgang.freysinger@i-med.ac.at 
d Dept. of Radiology, Medical University of Innsbruck, 6020 Innsbruck, Austria, 

wolfgang.recheis@i-med.ac.at 
 

_____________________________________________________________________________________ 
 
Abstract 
        Synthetic bone models were first introduced in the late 1980's as a bone substitute for biomechanical 
investigations. Even though a variety of synthetic bone models is offered by the manufactures, detailed 
histomorphometry information is still lacking. The purpose of this study is to perform a microstructural 
analysis of commercial synthetic open cell foams and find the correlation to human trabecular bone. We 
used bone histomorphometry software to perform the microstructural analysis of 8 different samples, and 
the suitable statistical tool to analyze the data. Statistical analysis showed that the Sawbones models 
exhibit similar properties to human trabecular bone in overall porosity - bone volume fraction ranging 
from 6.5% to 15.7%. Synbone models showed more similarity to human bone in the cell spacing and 
connectivity domains. Rod thickness (168 and 171 µm) and trabeculae spacing (0.74 and 0.96 mm) found 
in two Synbone foams could be directly related to the one in trabecular bone (168 and 232 µm; 0.69 and 
1.14 mm). Compared to the literature, our extended investigation encompassed more artificial samples 
and revealed new aspects of the commercially available synthetic foams. Findings should enable an easier 
and more accurate selection of trabecular bone replicas for a specific research question. 
 
Keywords: Histomorphometry, synthetic foam, trabecular bone, micro-CT 
_____________________________________________________________________________________ 
 
 
1. Introduction  
 

Trabecular bone is a complex structure and its size, shape and stiffness vary with anatomical site. 
Access to its structural information is of great importance for getting access to overall bone quality, 
formation, and geometry assessment. Imitating trabecular bone properties with artificial materials is still 
very demanding, not only because of its geometrical complexity, but also due to the complicated 
mechanical parameters developed by the nature itself [1,2]. 

Until few decades ago, orthopaedic trainings and experiments were limited to the usage of just 
cadaver samples. Specimens acquired from human cadavers suffer from the interspecimen inconsistencies 
and this represents an issue for experiments reproducibility. In the late 1980s first generation of synthetic 
bones appeared. After successful introduction, newer generations of those models arose with mechanical 
and geometrical properties approaching those present in bone. By introducing synthetic models, many of 
the issues which normally are present when working with cadavers were overcome, especially the 
regulations and complicated ethical approvals, storage infrastructure and costs. Production technology 
also improved and this brought more structural homogeneity within the samples [3]. Nowadays, foams 
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imitating trabecular bone are sold either as open or closed pore models. Even though at macro scale 
closed pore models do not appear as trabecular bone, when observed at micro scale they express 
resemblance [4]. Both  open and closed-pore foams are composed of rigid or semi-rigid porous polymeric 
foams, epoxy resins, glass or carbon fiber composites or solid polyurethane PUR foam [5,6].  

Analysis of a bone microstructure is performed by a micro-computed tomography (MicroCT) -  a 
powerful imaging technique used in the last 20 years [7].  Histomorphometry, the main tool in a bone 
architecture assessment, and its nomenclature, symbols and units were initially introduced by Michael 
Parfit [8]. Although numerous indices describing both trabecular and cortical bone appear in a different 
software packages, few of them are frequently used and recommended as a minimum for correct bone 
morphology description [9,10]. In a trabecular bone microarchitecture analysis these parameters are: bone 
volume fraction (BV/TV), trabecular number (Tb.N) trabecular thickness (Tb.Th) and trabecular 
separation (Tb.Sp), with additionally frequently used connectivity density (Conn.D) and degree of 
anisotropy (DA).  

Because of its wide usage and model diversity, number of investigations dealing with the 
biomechanics of synthetic foams were performed [5,6,11,12], while the histomorphometry ones are still 
scarce [13,14]. Even though morphometry also plays an important role in biomechanical and cement 
augmentation experiments, hardly any trials were performed in this direction. The importance and the 
influence of  trabecular bone geometry on mechanical properties of the bone was already confirmed in the 
literature [15,16]. Therefore, the purpose of this study was to analyze a microarchitecture of commercial 
synthetic open cell foams and find correlation to human trabecular bone. Compared to the existing 
literature, we conducted more extensive investigation encompassing eight different samples offered by 
two companies: Sawbones (Vashon Island, USA) and Synbone AG (Malans, Switzerland), respectively.  

 
2. Materials and methods 
 
2.1. Specimens 

 
Sawbones offers different bone and soft tissue models for the education and training of healthcare 

professionals. Until recently, trabecular bone models as open cell foam was offered in 5 different versions 
(Fig. 1).  

 

 
 

Fig. 1. A-E) Photographs of Sawbones samples from free, top, front and side view. F) CAD representation of a 
Sawbones models and cylindrical VOI’s evaluated in each sample. 
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Main categorization of these models is based on the material density as 30, 20, 15, 7.5 and 5.5 PCF 
(0.48, 0.32, 0.24, 0.12 and 0.09 g/cm3, respectively). Except the online available data, which stated that 
the foam structure is 95% open, cell size varies between 1.5 and 2.5 mm, and that trabeculae in more 
dense models are plate-like shaped, we additionally acquired an information from Sawbones that 30, 20, 
15, 7.5 and 5.5 PCF foams have following porosities: 31%, 21%, 15%, 11% and 8%, respectively. The 
other company, Synbone, also offers many different products for education and training purposes. Since 
the simple trabecular bone models were not available at the time of our study, we obtained 3 different 
models containing both cortical and trabecular bone: “Generic plate 2mm”, “Generic bone osteoporotic 
set” and “Generic slice” (Fig. 2-A, B, C). Similar as in the Sawbones case, additional structural 
parameters were lacking. 
 

 
 

Fig. 2. A) Synbone Generic plane 2mm, porous foam with 2mm cortical wall. B) Synbone Generic osteoporotic set, 
Tube-like long bone with cortical, subcortical and trabecular region. C) Synbone Generic slice, half-moon like slice 
with cortical, sub-cortical and trabecular region. D) CAD representation of one typical VOI used as a template for 

evaluation in all samples. 
 
As a reference bone, we used the bone models from our database which were originally scanned for 

the purposes of a novel screw augmentation technique [17]. All the samples were obtained from cadavers, 
with previous ethical and regulatory approval following the European regulations [18,19]. Six femoral 
heads were cut in the frontal plane through the axis of the femoral neck, and eight vertebral bodies were 
cut in the sagittal plane through the spinal process. All specimens were prior to measurements stored at -
20°C and thawed at room temperature 12 hours before testing. In total, 18 bone samples were prepared 
for the micro-CT imaging. An overview of all specimens used in this study, synthetic and real bone, with 
their dimensions and abbreviations given in Table 1. 
 

Table 1 
Detailed overview of all samples with abbreviations used in our work 

 

Manufacturer Product Dimension (mm) m1 n2 Abbreviation 

Sawbones Open Cell Block 30 PCF 130ax180bx40c 1 12 B30 

Sawbones Open Cell Block 20 PCF 130x180x40 1 12 B20 

Sawbones Open Cell Block 15 PCF 130x180x40 1 12 B15 

Sawbones Open Cell Block 7.5 PCF 130x180x40 1 12 B7 

Sawbones Open Cell Block 5.5 PCF 130x180x40 1 12 B5 

Synbone Generic plate 2mm 200x80x23 1 16 Bpl 
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Synbone Generic bone osteoporotic set 170a, ø25d 2 16 Tube 

Synbone Generic slice 13c, ø40 10 10 Moon 

Femoral bone - - 12 12 Fem 

Vertebral bone - - 16 16 Vert 
1Number of scanned specimens.2Number of segmented cylinders per scanned specimen. 
a Length, b Height,  c Width,  d Diameter 

 
2.2. Micro-computed tomography 

 
For this study, we used a micro-CT – non-destructive, high-resolution imaging technique. Our 

MicroCT Core Facility operates two micro-CT devices: VivaCT 40 (Scanco AG, Switzerland) intended 
for preclinical rodent and specimen investigations, and the clinical XtremeCT II (Scanco AG, 
Switzerland) scanner. Eighteen different synthetic bone samples were scanned with the XtremeCT 
scanner and twenty-eight cadaver bones with VivaCT.  

For the XtremeCT, voltage of 68 kV, current 1470 µA, image matrix 4608 x 4608 pixels per slice, 
voxel size 30.0 µm and integration time of 300 ms were used, with scanning time up to 6.7 h per sample 
and 6403 slices for largest specimens (B30, B20, B15, B7 and B5). In VivaCT the voltage was set to 70 
kV, current 114 µA, image matrix 1024 x 1024 pixels per slice, integration time 200 ms and voxel size to 
38µm.Total scanning time per sample was 49.7 min for vertebral and 69.5 min for femoral samples where 
1054 and 1483 slices for each scan were generated, respectively. 

 
2.3. Histomorphometry 

 
Due to the visually present structural inhomogeneity within the Sawbones samples, we first started 

with the slice-based (2D) histomorphometric analysis using Scanco software (Evaluation Program v6.6). 
In order to confirm the existence, direction and severity of these irregularities, we conducted a 2D 
morphometry in all three imaging axes (coronal, sagittal and longitudinal) of Sawbones foams (Fig. 1-F). 
Using the 3D mode in the same software, identical cylindrical volumes of interest (diameter 14 mm, 
height 10 mm; Fig. 2-D) were segmented from all synthetic and bone samples. All artificial models, 
except for the Moon, allowed for multiple cylinders to be virtually extracted (Fig. 1-F and Fig. 2-A,B,C). 
Using the default segmentation, in total 130 volumes were binarized using thresholdning (see Table 2) 
and processed with the standard 3D histomorphometry tool provided by Scanco (Fig. 3).  
 

Table 2 
Thresholding values used for each sample 

 Vert Fem Moon Tube BPL B5 B7 B15 B20 B30 
Lower 
Threshold 0 0 0 0 0 0 0 0 0 0 

Upper Threshold 220 220 23 23 14 25 37 55 65 77 

Gauss Sigma 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

Gauss Support 1 1 1 1 1 1 1 1 1 1 

 
In order to verify the accuracy of the data, we analyzed the same segmented volumes also with an 

open-source software ImageJ, featuring a dedicated plug-in for bone histomorphometry analysis – BoneJ 
[20]. In order to automatize the process, series of macros (scripts) were produced. Even though a 
powerful workstation was used (HP Z440, Intel® Xeon® 3.5GHz, 64GB RAM, NVIDIA Quadro 
K4200), for the calculation of Tb.Sp voxel size had to scaled by 25%, as recommended by the algorithm 
developers in order to speed up the calculations [20]. 
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Fig. 3. 3D reconstruction of a cylindrical volume of interest and its cross-section. (VERT) Vertebra. (FEM) Femur. 
(MOON) Synbone Generic slice. (TUBE) Synbone Generic bone osteoporotic set. (BPL) Synbone Generic plate 

2mm. (B5) Sawbones open-cell block 5.5 PCF. (B7) Sawbones open-cell block 7.5 PCF. (B15) Sawbones open-cell 
block 15 PCF. (B20) Sawbones open-cell block 20 PCF. (B30) Sawbones open-cell block 30 PCF. 

 
2.4. Statistical analysis 

 
All statistical calculations were performed using  SPSS version 22/24 software (SPSS Inc., Chicago, 

IL). Mann-Whitney U test was used to examine the hypothesis of significance between the human and 
commercial models, where due to the multiple comparisons we first applied Bonferroni correction to 
adjust our significance level. P-values p<0.003 were considered statistically significant. Additionally, for 
calculating correlations between the results of two software packages, we used Spearman’s Rho 
Correlation. 

 
3. Results 

 
Scatter plots representing a linear correlation between the histomorphometry parameters measured 

with both Scanco and ImageJ software with the coefficients of determination are shown in Fig. 4.  
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Fig. 4. Scatter plots representing a linear correlation of bone microarchitecture parameters measured with both 

Scanco (Y axis) and BoneJ (X axis) software with calculated coefficients of determination (R2). A) Bone volume 
fraction (BV/TV). B) Trabecular thickness (Tb.Th). C) Trabecular separation (Tb.Sp). D) Connectivity density 

(Conn.D). E) Degree of anisotropy (DA). 
 

Since it is not automatically generated by ImageJ, using a formula given here [14], we additionally 
calculated a Tb.N parameter. Due to the visually present structural inhomogeneities in Sawbones samples, 
an additional 2D analysis was conducted - bone volume fraction values found in Sawbones samples are 
given in the Table 3, showing the mean and standard deviation values found in coronal, sagittal and 
longitudinal axes analysis. 

 
Table 3 

Two-dimensional histomorphometry indices obtained in all three imaging axes of Sawbones samples analysis 
 

Sample B5 B7 B15 B20 B30 
 X1 Y2 Z3 X Y Z X Y Z X Y Z X Y Z 
BV/TVa 6.01 6.03 6.02 7.79 7.87 7.75 13.41 13.47 13.42 21.47 21.07 21.31 24.83 24.69 23.91 
St.Devb 0.48 0.56 0.39 1.74 0.78 0.53 0.73 1.13 5.73 5.19 1.72 1.25 12.88 1.92 1.50 
1Coronal axes 2Sagittal axes 3Longitudinal axes 
a Mean bone volume fraction 
b Standard deviation in BV/TV 
 

 Graphical representation of this analysis is given in the Fig. 5 where a photograph of each foam’s 
axial plane is given, and the corresponding volume change shown below as a line graph.  
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Fig. 5. Two-dimensional histomorphometry analysis of Sawbones samples. Photographs represent an axial plane 
view and lines below bone volume fraction change from left to the right edge, ranging from 0 to 100% on vertical 

axis (flat line would mean a homogeneous distribution). 
 

Vertical axes on each graph present the overall porosity change, ranging from 0 for solid volume to 
100 for air. 3D histomorphometry descriptive statistics encompassing all samples used in this study is 
given in Table 4.  

 
Table 4 

3D histomorphometric indices for Sawbones, Synbone, femoral and vertebral samples 
 

 BV/TV1(%) Tb.Th2 (µm) Tb.Sp3 (mm) Tb.N4 (1/mm) Conn.D5 (1/mm) DA6 

Vert 11.6 (±7.8) 168 (±31) 1.14 (±0.19) 0.89 (±0.17) 2.06 (±0.66) 1.48 (±0.18) 

Fem 28.2 (±6.1) 232 (±33) 0.69 (±0.10) 1.47 (±0.18) 4.22 (±1.19) 1.59 (±0.09) 

Moon 18.4 (±1.7) 171 (±14) 0.74 (±0.08) 1.44 (±0.13) 9.17 (±1.97) 1.08 (±0.02) 

Tube 13.8 (±0.3) 168 (±13) 0.96 (±0.13) 1.14 (±0.13) 5.63 (±1.94) 1.03 (±0.01) 

BPL 4.8 (±0.8) 206 (±20) 2.33 (±0.12) 0.45 (±0.02) 0.34 (±0.03) 1.37 (±0.04) 

B5 6.6 (±0.7) 312 (±11) 2.24 (±0.04) 0.46 (±0.01) 0.25 (±0.02) 1.22 (±0.02) 

B7 6.5 (±0.5) 310 (±13) 2.18 (±0.05) 0.46 (±0.01) 0.29 (±0.01) 1.18 (±0.01) 

B15 9.3 (±1.1) 413 (±41) 2.06 (±0.03) 0.48 (±0.01) 0.32 (±0.04) 1.19 (±0.04) 

B20 15.7 (±5.1) 350 (±20) 2.19 (±0.1) 0.49 (±0.05) 0.87 (±0.32) 1.16 (±0.04) 

B30 14.3 (±3.3) 409 (±27) 2.27 (±0.08) 0.47 (±0.03) 0.68 (±0.16) 1.1 (±0.03) 
1Ratio of the segmented bone volume to the total volume of the region of interest. 2Mean thickness of 

trabeculae, assessed using direct 3D methods. 3Mean distance between trabeculae, assessed using direct 3D 
methods. 4Measure of the average number of trabeculae per unit length. 5Measure of the degree of connectivity of 

trabeculae. 6Measure of structure orientation within a volume. 
 
Bone and synthetic foam samples are presented in the first column and corresponding 

histomorphometric values in the first raw, given as the mean and standard deviation. Statistical 
correlation between the bone and synthetic models is shown in Fig. 6 as the box plots, where each of the 
foams was compared with both vertebral and femoral bone. Not significantly different findings are 
presented with “NS” for all six parameters which were analysed.   
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Fig. 6. Box plots showing mean values of different histomorphometry parameters, where blue bars represent bone 
and yellow synthetic foam. Sample pairs with not-significant difference are marked with “NS” (Mann-Whitney U, 
p<0.003) (A) Bone volume fraction (BV/TV). (B) Trabecular thickens (Tb.Th). (C) Trabecular separation (Tb.Sp). 

(D) Connectivity density (Conn.D). (E) Degree of anisotropy (DA) 
 

4. Discussion 
 

4.1. Data verification 
 
High linear correlations ranging from minimal 0.905 for DA to 1 for BV/TV were shown after 

performing Pearson’s test and directly comparing indices measured with two software packages (see Fig. 
4). Lower correlation values found for Conn.D and DA are not surprising, as a similar disparity in results 
was already found in published BoneJ reference work [20].  In general, extremely high correlations were 
found, verifying the accuracy of our data.  
 
4.2. Two-dimensional histomorphometry of Sawbones foams 
 

Due to the geometrical and material density inhomogeneity within Sawbones, we first conducted a 
series of 2D evaluations. They revealed inhomogeneity within three Sawbones samples with the higher 
material density (B30, B20 and B15), represented in the Fig. 5 and Table 2. While the foams marked as 
B30, B20 and B15 showed high changes in X axes, B7 and B5 had less deviating values, which indicated 
homogenous arrangement of trabeculae and their thicknesses. The finding was also confirmed by the 
measurement of the degree of anisotropy (DA), with increasing values and less isotropic arrangement in 
dense Sawbones models (see Table 4). This analysis confirmed our initial assumptions that in dense 
Sawbones samples material inhomogeneity was present.  
 
4.3. Three-dimensional histomorphometry  

 
Previous works already showed the correlation between the trabecular bone morphometric 

parameters and the extent of it [16]. Also, the influence of those indices on the biomechanical properties 
was investigated [15,16]. In general, it was shown that except the bone mass, strength and stiffness, bone 
is also determined by the geometry of trabecular structures. Volumes with more connected structures and 
the alignment of rods along the axis of stress exhibit higher mechanical properties [21]. Therefore, for a 
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specific type of investigation, particular parameters of interest should be observed when deciding on 
adequate artificial substitution for human bone. Because of that, a following discussion will be parameter-
based, analysing each morphometric index in correlation to a specific sample. Also, due to the limited 
number of investigation previously conducted, we were only able to compare B5 and B7 foam to the 
findings found in the literature [13,14].  

Trabecular bone porosity is directly expressed by the bone volume fraction (BV/TV). Based on our 
investigation of cadaver bone, mean trabecular bone porosity was 11.6% in vertebral (Vert), and 28.2% in 
femoral (Fem) samples (see Table 4). This indicates that vertebral bone is more porous and thus less 
volume is present while the femoral is denser and presumably healthier. This difference clearly 
distinguishes two bone types and gives a good reference for further comparison to synthetic models, not 
just for BV/TV parameter but also for Tb.Sp, Tb.Th, Tb.N, Conn.D and DA. From the Fig. 6, not 
significantly different from Vert are the B5, B15, B20 and B30 Sawbones models with porosities of 6.6%, 
9.3%, 15.7% and 14.3%. Surprisingly, even though numerically remarkably similar to B5, B7 foam 
(6.5%) was significantly different from vertebra sample. All the Synbone models expressed significant 
differences to bone models, even though by just comparing the means, Tube (13.8%) could be considered 
similar to Vert as well. High standard deviation in bone indicates that by just observing the means, all the 
synthetic models could be considered at least like Vert and Fem. It is known that the porosity of human 
bone can vary [10,22–24], confirming that based on the age, sex, demography and etymology very 
different morphometry can be found in different patients [2]. Due to the limited number of investigations 
on the histomorphometry of synthetic foams, we are only able to compare our findings to very few 
existing works. Based on that, our BV/TV findings for B5 and B7 foams fit between the reported values 
of Gomez [14] and Johnson [13], and not exceeding the values reported by the manufacturer. Compared 
to the statements of the Sawbones company (see Section 2.1), higher porosity found in our investigation 
could be explained by the fact that we analysed medial parts of the foam. This was intentionally done in 
order to have more homogenous samples, since some of them had visually present artefacts. This was 
later confirmed by the 2D histomorphometry, especially in more dense foams (see Section 4.2).  

Very different to porosity, average thickness of trabecular rods (Tb.Th) of artificial bone models was 
not significantly different to Vert (168 µm) in Moon (171 µm) and Tube (168 µm). Also, BPL (168 µm) 
was not different from Fem (232 µm) (see Fig. 6). This indicates that if case of average thickness of rods, 
Synbone foams exhibit more similarity to real bone than Sawbones. Even when compared to the other 
works evaluating human bone histomorphometry [10,22–24], it seems that the Tb.Th in Sawbones foams 
is too high. Compared to the literature, our findings for B5 (312 µm) and B7 (310 µm) could also fit in 
the range of 300-400 µm which are found in the works of Johnson [13] and Gomez [14].  

Mean distance between two rods in a trabecular structure (Tb.Sp) was found not significantly 
different compared to a femoral bone (0.69 mm) only in Moon foam (0.74 mm). When just observing the 
mean values, also Tube (0.96 mm) could be placed quite close to the values of both Vert (1.14 mm) and 
Fem.  Similar to Tb.Sp findings, all other models had much higher values for this parameter, ranging 
from 2.06 to 2.33 mm. Average cell spacing in Sawbones was within the range of 1.5 to 2.5 mm stated by 
the manufacturer. Due to the calculation methods assuming rod- or plate-like appearance of structures 
found in other works [13,14], we were not able to directly compare our findings for Tb.Sp which were 
calculated using model-independent method [25]. 

As already shown in the literature [20,25], certain parameters in 3D histomorphometric analysis 
could be directly derived from others. This is the case with the number of trabeculae per unit area (Tb.N) 
which could be directly calculated from Tb.Sp, and vice versa. Not surprisingly, significantly not 
different from Fem (1.47 mm-1) was only Moon (1.44 mm-1), confirming the relation between Tb.Sp and 
Tb.N and the findings seen earlier. Again, if only the means and their standard deviations are observed, 
we could state that both Moon and Tube have very close values to the ones found in human bone, while 
other foams showed larger cell space and thus fewer rods per unit area.   

Together with a porosity, the importance of Connectivity density (Conn.D) in a correlation to the 
mechanics of a bone was already shown [21]. Therefore, this parameter should be observed more closely 
when selecting the trabecular bone substitute. Not significantly different from femoral bone (4.22) was 
only found to be Tube (5.63). Lower number of connected structures was found in almost all other 
samples, except for the Moon where it was extremely high. Same parameter was measured in bone also in 



N. Ivanovic et al. / Microstructure analysis of medical synthetic foams using high resolution micro-computed 
tomography 

 

74 

the works of others, and the range of 2.44 – 3.98 mm-1 was reported [23,24]. This confirms our findings 
and implies that Moon and Tube could be used for biomechanical tests which require stiffer materials, in 
contrast to all other samples with low number of connected structures and hence lower stiffness and 
strength.  

Finally, degree of anisotropy (DA) was significantly different in all bone-foam pair comparisons 
except the Vert and BPL pair comparison (see Fig. 6). Similar to Conn.D, higher values were shown for 
bones (1.48 and 1.59), reducing for BPL (1.37) and going lower for all other foams (1.22 - 1.03). This 
indicated that more isotropic structural arrangement was found in Sawbones foams and almost perfect 
arrangement in Moon and Tube. In contrast to our scale which indicates 1 for isotropy and values larger 
than 1 for anisotropy, Gomez [14] and Johnson [13] used 0 and 1, respectively. Both authors reported 
values which indicate more isotropic arrangement of rods, similar to our findings. 

 
5. Conclusions 
 

One of the reasons for artificial foam introduction was the availability and interspecimen 
inconsistency of cadaver samples. Wide accessibility and automated manufacturing process of 
commercial models are overcoming this issue.  Our findings on isotropic cell arrangement and relatively 
low structural deviation between the same samples confirm this. Statistical analysis showed that the 
overall porosity of Sawbones models was found to be very similar to the one found in human bone. Bone 
volume fraction ranging from 6.5% to 15.7% shows that these foams reassemble porous, osteoporotic 
bone. Synbone models, in other hand, showed more similarity to human bone in cell spacing and 
connectivity domains. Mean rod thickness (168 and 171 µm) and trabeculae spacing (0.74 and 0.96 mm) 
in Moon and Tube models, could be directly compared to the ones found in trabecular bone (168 and 232 
µm; 0.69 and 1.14 mm). Compared to the literature, our extended investigation covered more artificial 
models, encompassed more samples and revealed new aspects of the commercially available open-cell 
synthetic foams. Based on these correlations and microstructural information, in the combination with the 
existing biomechanics literature, suitable synthetic foam could be selected more precisely. Findings 
should enable an easier and more accurate selection of the trabecular bone replicas for a specific research 
question. 
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