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Objectives: Three-dimensional radiological anatomic characteristics of condyle trabeculae was
obtained quantitatively based on a volume-of-interest (VOI) analysis.

Methods: Nine human mandibular condyle specimens were scanned by micro-computed tomog-
raphy (micro-CT). A total of 34 VOIs were selected from each condyle specimen, which were divided
into six layers and four parts to analyze the morphological characteristics of trabeculae based on
cylindrical VOIs with a diameter and height of 2mm. One-way analysis of variance was used to
compare the regional differences of morphological parameters among each layer and part.

Results: Values for bone mineral density, bone volume/total volume, trabecular thickness, and
trabecular bone number were greater in the anterior part compared with the posterior part; and the
lateral part was larger than the medial part in the first, second, and third layers, while the medial part
was larger in the fourth and fifth layers; these values in the first and sixth layers were much larger,
while those in the third and fourth layers were smaller. Bone surface area/bone volume, trabecular
spacing, and trabecular bone pattern factor were larger in the posterior part than in the anterior part;
and the lateral part was larger than the medial part in the fourth and fifth layers, while the medial part
was larger in the first and second layers.

Conclusions: The morphological distribution of VOIs was anisotropic within trabecular bone
of human mandibular condyles. The upper and lower ends of trabecular bone were much more
compact, with higher bone density, trabecular thickness, and trabecular number than in the middle

layers.
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Introduction

The temporomandibular joint (TMJ) is the only
combined bilateral joint. The TMJ plays a crucial role in
activities such as swallowing, mastication, and speech.!?
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The configuration of the condyle is irregular, and the
condyle microstructure is comprised of thin cortical
bone and spongy trabecular bone, which is mainly rod-
and plate-like.® Load is transmitted from cortical bone
to trabecular bone during functional movement of the
mandible. Wolft’s law indicated that bone structure
was changed by mechanical stimulation during bone
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growth, which implied that trabecular bone tended to be
arranged along the main pressure direction. There could
be an adaptive relationship between the morphological
structure and mechanical properties of bone in different
positions.*

Micro-computed tomography (micro-CT) was devel-
oped in the 1990s and can be used to develop images
with relatively a higher spatial resolution than that
obtained with conventional CT, and it is relatively low-
cost and convenient.® Micro-CT can be used to obtain
detailed three-dimensional information about the
spatial structure and organization of bone as well.® With
image processing software, researchers could observe
the details of tomographic images and obtain three-
dimensional surface images, which made it possible to
evaluate the morphology and mechanical properties of
trabecular bone.” Ebrahim et al reported that cone-beam
CT could help to characterize the internal structure of
mandibular condyle trabecular bone; while, micro-CT
afforded a relatively higher resolution and accuracy
than those afforded by cone-beam CT.?

Previous research into the microstructure of human
condyle trabecular bone only characterized the two-
dimensional distribution, specific three-dimensional
anatomical features had not been disclosed. This study
aimed to investigate the anatomical morphology and
radiological information of the TMJ by conducting
a three-dimensional analysis of human mandibular
condyle trabecular bone by using micro-CT. The find-
ings of this study would aid in the research on TMJ
diseases and treatments, such as the designment of
mandibular condyle prostheses.

Materials & methods

Condyle specimens

Nine human mandibular condyles of cadavers were
analyzed (mean age, 68 * 15 years; age range, 69-85
years), which were donated by the Department of
Human Anatomy & Histology and Embryology, Peking
University Health Science Center, and informed consent
was obtained. The body donation numbers of the nine
specimens were BMU990106(#1), BMU990376(#2),
BMU990713(#3), BMU990850(#4), BMU2011113(#5),
BMU2013040(#6), BMU2014028(#7),
BMU2015105(#8), and BMU2015121(#9). The work
had been approved by the appropriate ethical committee
related to the Peking University Health Science Center,

where this study was performed (IRB00001052-
21011-E). The mandibular condyles had a normal
morphology without obvious erosion and resorption of
the condyle surface. A horizontal cut was made through
the lowest point of the sigmoid notch, parallel to the
lower border of the mandible, and the specimens were
fixed with formalin. The height of the specimens was
the vertical distance between the bottom and top of the
condyle parallel to the section.The size of the specimens
is shown in Table 1.

Micro-computed tomography

In this study, micro-CT (Inveon MM CT, SIEMENS,
Munich, Germany) was used to visualize the three-
dimensional structure of mandibular condyle trabecular
bone. The micro-CT examination of each bone spec-
imen was performed using an Inveon® Multi-Modality
gantry (Inveon™ Acquisition Workplace, 1.5.0.28,
SIEMENS, Munich, Germany). Specimens were placed
on the holder between the X-ray source and the charge-
coupled device camera so that the whole specimen was
encompassed in the field of view. The scanning param-
eters were 80 kV, 500 pA, and a 1500ms integration
time with a selected nominal isotropic resolution of
13.76 um. Projection data were then reconstructed with
Inveon Research Workplace to create three-dimensional
images. The threshold range of this study was 1840-
2230, and the mean value was 2019, which separated
trabecular bone from marrow spaces.

Volume of interest

Cylindrical volumes of interest (VOIs) were selected
from the three-dimensional images of condyle trabec-
ular bone with a diameter and height of 2mm (Figure 1),
which were perpendicular to the maximum mediolat-
eral and anteroposterior diameter of the condyle. The
research scope was that the number of optional VOIs
was >3 from top to bottom, which was divided into
six equal layers, and then, VOIs of 2mm in thickness
were selected from the center of each part. Within the
trabecular bone of the condyles, the maximum number
of VOIs that could be jointly selected in all specimens
was distributed into six layers from top to bottom, with
a total of 34 VOIs, and the VOIs were independent of
each other. Each of the layers was separated into four
parts: anterior, posterior, medial, and lateral (Figure 2).
When two VOIs could be selected out in the anteropos-
terior direction, they would be separated into anterior

Table 1 The mediolateral diameter, anteroposterior diameter, and height of the nine specimens

#1 #2 #3 #4 #5 #Ho6 #7 #8 #9
Mediolateral 18.85 20.97 18.60 21.78 20.98 17.10 19.79 20.23 20.26
Diameter(mm)
Anteroposterior 11.75 7.41 9.67 11.06 9.41 7.51 10.77 9.48 12.15
Diameter(mm)
Height(mm) 17.73 22.40 22.34 16.87 17.19 19.20 17.00 18.41 18.39
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Figure 1 Cylindrical VOIs with a diameter and height of 2mm.

and posterior parts. When only one VOI was selected
out in the anteroposterior direction, the VOI close to the
medial side-of the condyle was divided into the medial
part, and the one close to the lateral side-was divided
into the lateral part. In each specimen, 34 VOIs were
selected with six layers from the top to the bottom of
the condyle. The number of VOIs in each layer was as
follows: four VOIs in the first, fourth, fifth, and sixth
layers; ten VOIs in the second layer; and eight VOIs
in the third layer. VOIs were three-dimensionally

Lateral part
1st layers
2nd layers
3rd layers
4th layers
Sth layers
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distributed and consistent with the anatomical contour
of the condyle. The mean value of each morphological
parameter of the VOIs in the nine samples was depicted
using color. The black, white, and red circles represent
the maximum, minimum, and central transition values
of each morphological parameter, respectively. The
scope of the color was equally divided into 255 parts to
correspond to the value, so the value of the morpholog-
ical parameter of each VOI could be expressed as color
in the scope.

Bone structure

The morphology parameters of the VOIs were analyzed
using the software package of the micro-CT system
(Inveon™ Acquisition Workplace, 1.5.0.28). Morphology
was described by examining bone mineral density
(BMD), bone volume/total volume (BV/TV), trabec-
ular thickness (Tb.Th), trabecular bone number (Tb.N),
trabecular spacing (Tb.Sp), bone surface area/bone
volume (BS/BV), and trabecular bone pattern factor
(Tb.Pf). BMD was referred to the mass of mineral per
volume of bone, which an important indicator of bone
strength and bone mass. By the measurement of BMD,
the changes of bone mass could be observed, which was
conducive to the early diagnosis, treatment, and prog-
nosis of bone-related diseases,.” Comparing the gray
values in the trabecular bone with gray values of a CT
phantom of known densities attached to micro-CT, the
mean BMD of the VOI in the trabecular bone could be
calculated. Color scope was used to display the values
for each parameter as mentioned above.

Medial part
SEEES 1st layers

2nd layers
3rd layers
4th layers

5th layers

6th layers

Figure 2 The panel on the left showed the 3D distribution of VOIs. The panel on the right showed the partition of VOIs in transverse views. The
yellow circles represented the lateral parts, the green circles represented the medial parts, the blue circles represented the anterior parts, and the

red circles represented the posterior parts.
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Figure 3 The color scope of the mean value of each VOI for each morphological parameter. The partitions and layers of VOIs were corre-
sponding to the right panel in Figure 2. A. BMD; B. BV/TV; C. Tb.Th; D. Tb.N; E. BS/BV; E. Tb.Sp; G. Tb.Pf.

Statistical analysis

One-way analysis of variance was used to compare the
regional differences of each morphological parameter in
each VOI between each layer and part. All tests were
conducted using IBM SPSS Statistics 26 (IBM Corp.,
Armonk, NY, USA). The data were in accordance with
normal distribution and equal variance. A P value of <
0.05 was considered statistically significant.

Results

The volume of 34 VOIs accounted for 12.26-29.14%
of the total volume of trabecular bone. The panels in
Figure 3 indicated that the three-dimensional distribu-
tion of condyle trabecular bone was anisotropic.

Bone mineral density

BMD in the lateral part of trabecular bone was greater
compared with BMD in the medial part in the first,
second, third, and sixth layers, while BMD was greater
in the medial part compared with the lateral part in the
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fourth layer. BMD in the anterior part of trabecular
bone was greater compared with BMD in the posterior
part in the first, second, and fifth layers, while BMD was
greater in the posterior part compared with the anterior
part in the fourth layer. BMD in the first, fifth, and sixth
layers was much greater compared with BMD in the
third and fourth layers.

Bone volumeltotal volume

BV/TV in the lateral part of trabecular bone was greater
when compared with BV/TV in the medial part in the
first and third layers, while BV/TV were greater in the
medial part compared with the lateral part in the fifth
layer. BV/TV in the anterior part were greater compared
with BV/TV in the posterior part in each layer. BV/TV
in the first and sixth layers were much greater compared
with the values in the third and fourth layers.

Trabecular thickness
Tb.Th in the lateral part of trabecular bone was greater
compared with Tb.Th in the medial part in the first
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and third layers, while Tb.Th was greater in the medial
compared with the lateral part in the fourth, fifth, and
sixth layers. Tb.Th in the anterior part was greater
compared with the posterior part in the first, second,
third, fifth, and sixth layers. The values in the first and
sixth layers were much greater compared with the values
in the third and fourth layers.

Trabecular bone number

Tb.N in the lateral part of trabecular bone was greater
compared with the medial part in the third layer, while
Tb.N was greater in the medial part compared with the
lateral part in the fifth layer. Tb.N in the anterior part of
trabecular bone was greater compared with the poste-
rior part in the second, third, and fifth layers. Tb.N in
the first and sixth layers was much greater compared
with Tb.N in the third and fourth layers.

Trabecular spacing

Tb.Sp in the lateral part was larger than in the medial
part in the fourth and fifth layers. Tb.Sp was larger in the
posterior part compared with the anterior part in the
second, third, fifth, and sixth layers. Tb.Sp in the third
and fourth layers was much larger compared with Tb.Sp
in the first and sixth layers.

Bone surface arealbone volume

BS/BV was greater in the lateral part compared with the
medial part in the fourth, fifth, and sixth layers, while
BS/BV was greater in the medial part compared with the
lateral part in the first layer. BS/BV was greater in the
posterior part compared with the anterior part in the
first, second, fifth, and sixth layers. The BS/BV values in
the third and fourth layers were much greater compared
with the BS/BV values in the first and sixth layers.

Trabecular bone pattern factor

The Tb.Pf in the lateral part was larger compared with
the medial part in the second layer, while the Tb.Pf was
larger in the medial part than in the lateral part in the
first, third, fifth, and sixth layers. The Tb.Pf was larger
in the posterior part compared with the anterior part in
the first, second, fifth, and sixth layers. The Tb.Pf in the

Table 2 Comparisons of morphological parameters among the six layers
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third and fourth layers was much larger compared with
the Tb.Pf in the first and sixth layers.

There were significant differences in all morpholog-
ical parameters among the six layers (Table 2). Among
four parts, Tb.Sp was statistically different in the third
layer; BV/TV, Tb.Th, Tb.N, BS/BV and Tb.Sp were
statistically different in fourth layer ; Tb.N was statis-
tically different in fifth layer; differences in first, second
and sixth layers showed no statistically significant
(Table 3).

Discussion

The mandibular condyle is an important component of
the TMJ that bear the loads of the mandible during func-
tional movement. Previous studies showed that there
was a relationship between the morphological structure
and mechanical properties of bone in different posi-
tions.* Du et al reported that the correlations between
microstructure and mechanical behavior of trabecular
bone were consistent at the distal tibia.'® Therefore,
exploring the three-dimensional morphological struc-
ture of condylar trabecular bone was conducive to the
analysis of its mechanical properties, which would aid
in the research on the reconstruction of mandibular
condyle defect.

The technique of micro-CT was utilized in most
studies of the morphology of human mandibular
condyle trabecular bone.!"® The spatial resolution of
micro-CT was relatively high, which could afford clear
visualization of the internal microstructure of trabec-
ular bone.” While, the researchers selected less than 9
VOIs in each condyle, which were distributed in one- or
two-dimensional directions, to characterize the micro-
structure of condyle trabecular bone.!''* Differences
between the anterior and posterior parts of trabecular
bone were not analyzed in these studies. Although
Hongo et al studied the distribution characteristics of
the anterior and posterior parts of trabecular bone,
they carried out histological techniques to research the
trabecular bone.'® The tissue-based sectioning method
only provided a single-layer image with clear trabecular
bone structure, and the process was complicated. In this

first layer second layer third layer fourth layer fifth layer sixth layer

Layers Mean = SD) Mean * SD) Mean = SD) Mean * SD) Mean £ SD) Mean * SD) P

BMD g-cm™) 0.306 + 0.489 0.232 £ 0.250 0.214 £ 0.264 0.231 £0.355 0.295 £ 0.296 0.345 £ 0.300 0.000*
BV/TV %) 0.194 £+ 0.060 0.144 £ 0.046 0.133 £ 0.051 0.136 + 0.053 0.155 +0.061 0.162 £0.061 0.000*
Tb.Th mm) 0.111 £0.022 0.094 £ 0.019 0.090 = 0.021 0.090 + 0.023 0.101 £0.028 0.107 £0.025 0.000*
Tb.N mm™) 1.739 £ 0.347 1.516 + 0.281 1.427 £ 0.377 1.481 + 0.390 1.528 £ 0.420 1.480 £ 0.295 0.001*
BS/BV mm™) 18.717 + 3.402 22.245 £ 4.672 23918 £9.238 24428 £ 11.588  22.343 + 12.154 19.656 £4.393 0.006*
Tb.Sp mm) 0.488 +0.132 0.593 + 0.160 0.665 + 0.349 0.635 £ 0.231 0.591 £ 0.167 0.597 £ 0.162 0.008*
Tb.Pf mm™) 4211 +1.281 5.680 + 1.897 6.620 + 4.039 6.388 + 3.809 5.776 £ 3.851 5.050 + 1.967 0.006*

(P* < 0.05)
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Table 3 Statistics of morphological parameters of trabecular bone at four parts in each layer
BMD BVITV Th.Th Tb.N BS/BV Th.Sp Th. Pf

Layers — Parts  (g-em™) (%) (mm) (mm™) (mm™) (mm) (mm™)

1 A 0.325+0.025 0.210+0.017 0.117 £ 0.007 1.764 + 0.098 17.558 + 1.501 0.462 £ 0.058  4.021 £ 0.607
L 0.332+0.025 0.207 £0.017 0.114 £ 0.007 1.827 £ 0.098 18.364 £ 1.501 0.468 £ 0.058  3.937 + 0.607
M 0.286 £0.025  0.174 £0.017 0.104 £ 0.007 1.660 + 0.098 19.765 £ 1.501 0.519 £0.058  4.434 +0.607
P 0.283 £0.025 0.186 £0.017 0.107 £ 0.007 1.705 + 0.098 19.180 £ 1.501 0.503 £ 0.058  4.451 £ 0.607

2 A 0.245+0.012  0.157 £ 0.008 0.097 £ 0.003 1.598 +0.049 21.442 +£0.751 0.547 £0.029  5.133 £0.304
L 0.246 £0.025  0.137£0.017 0.090 % 0.007 1.481 +0.098 22.949 +1.501 0.634 £ 0.058  6.293 +0.607
M 0.234 £0.025 0.133+£0.017 0.092 £ 0.007 1.381 £ 0.098 23.178 £ 1.501 0.678 £0.058  6.353 +0.607
P 0.215£0.012  0.136 £ 0.008 0.091 £ 0.003 1.476 +0.049 22.650 = 0.751 0.606 £ 0.029  5.907 + 0.304

3 A 0.229 £0.018  0.153£0.012 0.096 % 0.005 1.570 = 0.069 21.515 £ 1.061 0.558 £ 0.041* 5.105 +0.429
L 0.229 £0.018 0.128 £0.012 0.087 £ 0.005 1.456 +0.071 23.825+1.092 0.638 £ 0.042*  6.079 +0.442
M 0.186 £ 0.018 0.119+£0.012 0.087 = 0.005 1.326 £ 0.071 23.843 £ 1.092 0.751 £ 0.042* 6.646 + 0.442
P 0.220 £ 0.018  0.143 £0.012 0.095 + 0.005 1.493 + 0.069 22.110 £ 1.061 0.592 £ 0.041* 5.839 + 0.429

4 A 0.263 £0.025  0.165£0.017*  0.100 £ 0.007*  1.639 £0.098*  20.649 + 1.501*  0.517 £0.058* 5.084 + 0.607
L 0.208 £0.025  0.100 £0.017*  0.080 £ 0.007*  1.213 £0.098*  25.612+ 1.501*  0.808 £ 0.058* 6.716 + 0.607
M 0.194 £0.025  0.120 £0.017*  0.087 £0.007*  1.330 £ 0.098*  24.200 + 1.501*  0.705 £ 0.058* 6.664 + 0.607
P 0.273£0.026  0.168 £ 0.018*  0.104 £ 0.007*  1.601 £0.104*  19.931 + 1.592*  0.532 £ 0.061* 4.780 + 0.644

5 A 0.314 £0.025 0.186 £0.017 0.113 £ 0.007 1.651 £0.098*  18.102 £ 1.501 0.504 £ 0.058  4.149 + 0.607
L 0.288 £0.026  0.129 £ 0.018 0.098 % 0.007 1.278 £0.104*  21.943 £ 1.592 0.710 £ 0.061  5.666 + 0.644
M 0.287 £0.025  0.162 £0.017 0.105 £ 0.007 1.481 +0.098* 20.55 +1.501 0.594 £0.058  5.378 £ 0.607
P 0.299 £0.025  0.147 £0.017 0.098 % 0.007 1.471 £0.098*  21.542 £ 1.501 0.603 £ 0.058  5.684 +0.607

6 A 0.372£0.025 0.202+0.017 0.124 £ 0.007 1.606 + 0.098 16.45 + 1.501 0.524 £ 0.058  3.812 = 0.607
L 0.333+0.025 0.138 £0.017 0.098 + 0.007 1.397 £ 0.098 21.438 £ 1.501 0.638 £0.058  5.681 + 0.607
M 0.326 £0.025  0.145£0.017 0.102 £ 0.007 1.381 £ 0.098 20.606 = 1.501 0.657 £0.058  5.524 +0.607
P 0.349 £0.025 0.164 £0.017 0.104 £ 0.007 1.534 +0.098 20.130 = 1.501 0.568 £ 0.058  5.185 +0.607

A, anterior; L, lateral; M, medial; P, posterior.
*Indicated with bold were found statistically significant (P < 0.05).

study, the distribution of three-dimensional radiological
morphologic characteristics of trabecular bone of the
human mandibular condyle was analyzed more detailed
with Micro-CT.

In the literatures related to the micro-CT studies of
the condyle trabecular bone, the size of the VOIs varied
from 2.48 to 5.00 mm, the number of VOIs was less than
9, and meanwhile, the distribution of the VOIs had
not shown the anteroposterior distribution.!'*> In this
study, a method for analyzing the anatomical character-
istics of human condyle trabecular bone was proposed
based on 34 cylinder VOIs with a height and diameter
of 2mm, which was divided into 6 layers and four parts
as anterior, posterior, medial, and lateral parts. Previous
studies showed that the mean anteroposterior diameter
of the condyle was 7.72-11.49 mm, and the mean medi-
olateral diameter was 15.66-21.80 mm.!”?! In agreement
with these studies, the anteroposterior diameter of the
condyle was 7.41-12.15mm, and the mediolateral diam-
eter was 17.10-21.78 mm in our study.

Compared with the known data from previous
studies, the results in this study were consistent with
them. The values of BMD, and Tb.Th in this study were
much higher at the anterior part than the posterior part,
which was corresponding well with the results reported

Dentomaxillofac Radiol, 51, 20220138
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by Hongo et al.'® The values of BV/TV and Tb.Th in the
present study were much higher at the upper and lower
ends of trabecular bone than the middle layers, which
was corresponding well with the results reported by
Giessen et al.’® Besides above, it was also found in this
study that the values of BS/TV, Tb.Sp, and Tb.Pf were
larger in the posterior part than in the anterior part; and
the lateral part was larger than the medial part in the
fourth and fifth layers, while the medial part was larger
in the first and second layers.

Based on the studies about the microstructure of
trabecular bone, it was disclosed that the distribution
characteristics of different species and sites were obvi-
ously different. The present study for human condyle
showed that the value of BV/TV was greater in the
lateral part than the medial part in the first and third
layers, while smaller in the lateral part than the medial
part in the fifth layer, and the value of BV/TV in the
first and sixth layers were much greater than the third
and fourth layers. This result was not correspond with
the distribution characteristic of pig femoral trabecular
bone reported by Guo et al, which showed that the value
of BV/TV gradually decreased from top to bottom, and
was larger in the central area than peripheral area.’? For
human distal tibia, Du et al found the values of BV/
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TV, Tb.Th, and Tb.N were higher in medial and poste-
rior regions, which was also different from mandibular
condyle." These results implied that the differences
should be noted when referring to the microstructure
parameter of trabecular bone of other species or parts.

Some researchers noted that the morphological
parameters that were most suitable to identify subtle
changesin the shape of trabeculae could better predict the
mechanical properties of bone than those that provide a
value for overall connectivity or degree of anisotropy.?
Goulet and Saers et al found strong correlations between
the independent structural measures of BV/TV, Tb.Th,
and connectivity; BV/TV was also found to be highly
correlated with apparent density and ash weight density,
high BV/TV, Tb.Th, and low connectivity, and BS/BV
was associated with high levels of mechanical strain.?**
At present, three-dimensional printing techniques of
porous metal materials had gradually gained acceptance
in medicine. Some studies had shown that the porous
metal scaffold could reduce the stress-shielding effects
between the material and the bone tissue and promote
osseointegration.?*?’ Xu et al previously studied arti-
ficial condyles with trabecular characteristics, they
proposed and investigated a novel tetrahedral structural
design of the open porous titanium scaffold to fabricate
the trabecula architecture within the condyle, which was
also optimized to closely match the Young’s modulus of
bone, consequently reducing the stress-shielding effect
in the finite element model. Their findings showed that
the trabecular bone in the lateral regions of the open
scaffold suffered greater stress, while the anterior and
lateral areas of the articular surface and regions near the
inlay rod and screw holes in the onlay plate also exhib-
ited relatively high stress distributions.”® These results
implied that the reconstructive scaffold for bone defect
should have regional variation consistent with trabec-
ular microarchitecture, so that the reconstructed bone
defect would have well biomechanical behaviors. Some
studies showed that the precision of the selective laser
sintering could reach 0.05 mm, which could be theoreti-
cally applied to mimic the microarchitecture properties
of trabecular bone if the valuable morphological data of
trabecular bone were referred to properly.?=! Therefore,
analysis of the three-dimensional anatomical features
could guide the design of the condyle prosthesis scaffold
structure in the future by strengthening the number and
thickness and increasing the trabecular bone porosity at
specific regions of trabecular bone to optimize the design
of the condylar prosthesis. The distribution features of
the morphological parameters Tb.Th, Tb.N, BS/BV and
Tb.Sp could also provide a reference for designing the
scaffold of porous bone structures for better biome-
chanical adaptability.

Radiological Anatomy of Condyle Trabeculae Based on VOI Analysis
Lietal

Willems et al studied condyle trabecular bone in
pigs and found that the morphology of trabecular bone
changed with an increase in age.”> Although the bone
volume fraction did not change significantly, Tb.Th
increased, Tb.N decreased, and trabecular separation
increased. In this study, donors were older, therefore, the
influence of age on the structure of condyle trabecular
bone was not analyzed.

This study proposed a method to analyze the three-
dimensional detailed anatomical features of trabecular
bone based on a VOI analysis. The morphological distri-
bution of VOIs was anisotropic within trabecular bone
of human condyles. The upper and lower ends of trabec-
ular bone were much more compact, with higher BMD,
Tb.Th, and Tb.N than the middle layers. The anterior
part of trabecular bone was much more compact, with
higher BMD, Tb.Th, and Tb.N than the posterior part.
In the first, second and third layers, the medial part of
trabecular bone was much more compact, with BMD,
Tb.Th, and Tb.N than the lateral part. However, in
the fourth, fifth and sixth layers, the lateral part of the
trabecular bone was much more compact, with higher
BMD, Tb.Th, and Tb.N than the medial part. As a
result, regional analysis of mandibular condyle trabec-
ular bone based on the VOIs offered additional infor-
mation on radiological anatomy, facilitating analysis of
the biomechanical properties of trabecular bone, and
providing a reference for further designment of the open
porous scaffold to fabricate the trabecula architecture
within the condyle.
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