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OSTEOLOGY

Image Processing Technique for Age Estimation in Thai Adults
by Histomorphometry of Decalcified Cortical Bone

Hathaichanok Chompoophuen'”, Jongkolnee Settakorn”, Karnda Mekjaidee*®,
Wichan Thumthong®, Sukon Prasitwattanaseree®”, Pasuk Mahakkanukrauh®®

ABSTRACT

Objective: Age estimation is an important step for biological identification. Histomorphometric age estimation in humans is
based on observation of microstructural changes in the cortical bone. Several studies have used undecalcified bone sections for
histomorphometric age estimation. In Thailand, most hospitals provide facilities and equipment for decalcified methods. Thus,
the aim of this study is to develop an age prediction equation using decalcified bone sections stained by picrosirius red in the
Thai population.

Design: Age at death estimation was analyzed histomorphometrically from the cortical bones of femurs.

Materials and Methods: Femoral cortical bone was collected from 71 cadavers (49 males and 22 females) with known age, sex
and cause of death. Tissue sections were decalcified and stained with picrosirius red. Histological variables were measured with
pixels using an image processing technique and MATLAB program. The histological area was measured in five variables. In
addition, this study attempted to develop one new variable for quantifying the measurement of bone collagen.

Results: Stepwise multiple regression was employed to develop a predictive model of age estimation. The stepwise selection
method in this study utilized the following three histological variables for the equation: the perimeter of Haversian canal, the
percentage of lamellar bone area and collagen in the bone stained by picrosirius red. The multiple correlation coefficient and
standard error of estimate were 0.906 and 8.26, respectively.

Conclusion: The decalcifying procedure and staining method that is routinely employed in histopathology laboratories with
image processing technique can assist with age at death estimations in Thailand.
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INTRODUCTION In adults most often age estimation is based on the correlation
between increasing age and microstructural changes in cortical bone'*'*'.
However, despite the focus on the relationship between age and histomor-

The most common traditional method used to estimate age at death phometey variables, most analysis is performed by using Image J soft-
of adult skeletal structures includes evaluation of degenerative changes ~ Ware®™. This is the first reported study that has considered the quantita-
in the bones™. However, it is difficult to reliably estimate the age of tive measurement relationship between age and histomorphometey vari-

individuals older than 50 years*®. In crime scenes when dealing with ables by using an image processing technique in MATLAB.

incomplete bone or fragmented skeletons it may be necessary to use thin _ Bone primarily consists of protein and mineral (mostly hydroxyapa-
sections for microscopic methods”. Histomorphometry methods quanti- tite) content with collagen containing around 33% of the overall pro-
fy changes in cellular activity over time and provide information on teins and is the key principal component of connective tissues in mam-
bone remodeling'®". mals which makes it the largest single extracellular matrix component'®.

The most frequently observed collagen is the extracellular matrix type |
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Figure 1. (a) Original image, (b) Secondary osteons with red, (c)
Perimeter of Haversian canals with black, and (d)
Fragment osteons with green

Table 1. Pearson correlation coefficients between histomorphomet-

Original image

712037 pixels 715896 pixels

Figure 2. MATLAB programs were divided into 4 sections: (a)
Original image stained with picrosirius red, (b) No-red, (¢)
Light-red, (d) Medium red, and (e) Deep red.

Table 2. The results of simple linear regression analysis
were used to establish predictive formulae for age

ric variables and age estimation.
Variable On.Ar On.Fg.Ar TtOn.Ar Pm.HAr Lm.B.Ar COL.B Variable Formula r Adjusted r* SEE (years)
Sex- -0.345 ** 0.205 0.720 **  0.856 **  -0.449 ** (.702 ** 1.0n.Ar 66.977 -0.00001 0.119 0.106 18.018
pooled (On.Ar)
Male -0.359* 0.313* 0.709 **  0.868 **  -0.453 ** (.800 ** 2.0n.Fg.Ar 48.506+5.04077 0.042  0.028 18.789
Female -0.350  -0.860  0.801 ** 0.840 ** -0.495 ** 0467 ** (On.Fg.Ar)
*Statistically significant at the 0.01 level, 3.Tt.On.Ar  -16.081+0.000025 0.518 0.511 13.331
**Statistically significant at the 0.05 level. (Tt.On.Ar)
4PmH.Ar  14.099+0.01438 0.733  0.730 9.911
(Pm.H.Ar)
collagen'”, which governs the lamellar structure of bone and is arranged 5.Lm.B.Ar  94.444-0.00002 0.202  0.190 17.152
in bundles formed by parallel layers' within the cortical bones. (Lm.B.Ar)
Extracellular matrix shows changes due to aging as the synthesis of col-
6.COL.B -4.840+ 0.00013 0.493 0.485 13.670

lagen is reduced".

Several staining methods that identify collagen in histology include:
van Gieson, electron microscope®”, and picrosirius red (PSR)?".
Traditionally, trichrome stains were used to detect collagen fibers in tis-
sue sections for paraffin-embedded tissue not compatible with plas-
tic-embedded bone®. Although previous studies of age estimation by
histological methods commonly used preparation of undecalcified bone
sections, the preparation of decalcified bone sections and staining
included only a few studies*?. In Thailand, the decalcifying and stain-
ing procedure of histological method offers low cost and high efficiency
and is routinely employed in histopathology laboratories.

The possible benefits of staining connective tissues for observation
under polarization microscopy are that collagen bundles reveal a strong
birefringence with red color**?. Picroirius red is a well-known method
to stain type I collagen fiber in histology*****. It is also interesting to
examine the relationship between age and collagen histologically pre-
pared by decalcified bone sections stained with picrosirius red.

The aim of this study was to develop an age prediction equation
using decalcified bone sections and stained by picrosirius red in Thais.
A new variable was developed to study collagen fibers in cortical bone
with age and histomorphometric variable analyses using a MATLAB
program and image processing technique.

MATERIALS AND METHODS

Bone samples were obtained from 71 Thai cadavers (49 males and
22 females) with known age, sex and cause of death. The individuals
ranged in age from 25 to 92 years (mean + standard deviation: 52.05 +
19.05 years). The cortical bones were removed and cross-sectioned from
the anterior midshaft of the left femurs. Bone samples measured approx-
imately 2.5 x 1.5 centimeters. The cortical bones presenting with
mid-diaphysis damage or pathology were excluded. All samples were
sent for routine autopsy to the Department of Forensic Medicine and the
fresh cadavers were received as body donors from the Department of
Anatomy for medical-surgical training at the Cadaveric Surgical

(COL.B)

Determination coefficient (r?), adjusted (+?), standard error of the estimate (SEE).
On.Ar- Secondary osteon area; On.Fg.Ar- Fragment osteon area; Tt.On.Ar- Total
osteon area; Pm.H.Ar- Perimeter of Haversian canal; Lm.B.Ar- Percentage of
lamellar bone area;

COL.B- Collagen in bone stained by picrosirius red

Training Center, Faculty of Medicine, Chiang Mai University, Thailand.

Small pieces of bone were washed in water to remove adhering soft
tissue. Subsequently, the tissue samples were fixed in 10% formalin for
24 hours, then decalcified using nitric acid solutions at 20% concentra-
tions for five to six days® and washed in running tap water for three
hours. Following this, the bone tissues were cut into one mm-thick cross
section pieces and placed in plastic cassettes. Afterward, the bone tis-
sues were processed in the histology unit and cut into four um sections.

The tissue sections were deparaffinized in xylene and rehydrated
used a graded alcohol series to running tap water for five minutes, fol-
lowed by staining with Picrosirius Red (PSR, Sigma-Aldrich, Dorset,
UK) for one hour* and washed in acidified water for one minute. The
sections were dehydrated in graded ethanol series and mounted by
Permount.

The bone sections were observed per two fields (10 x objective)
under a compound light microscope Olympus BX53. All measurements
were done in digital JPG files (image size: 4800 x 3600 pixels) to deter-
mine the number of pixels in an image, then each pixel was used to cal-
culate the area of variables using a MATLAB program version 2016 and
image processing technique as shown in (Figures 1 and 2).

Six variables in cross-section were observed. The histological vari-
ables one through five selected for this study were identified and adapt-
ed as described below®*%*) with the variables expressed in square
micrometers (um?) (Figure 1).

1. Secondary osteon area (On.Ar): Average surface area of second-
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ary osteons, when 80% of the reversal line was contained within
the secondary osteons.

2. Fragment osteon area (On.Fg.Ar): Average surface area of frag-
mented osteons. When an osteon was a partially remodeled
osteon with an incomplete reversal line.

3. Total osteon area (Tt.On.Ar): The sum of On.Ar and On.Fg.Ar.

4. Perimeter of Haversian canal (Pm.H.Ar): Mean length of the
outer edge of the Haversian canal.

5. Percentage of lamellar bone area (Lm.B.Ar): Percentage of
lamellar bone surface per unit area.

6. Collagen in bone stained by picrosirius red (COL.B): Average
red color in bone per unit area (Figure 6.

Image Processing Technique: Method was Developed in
Two Ways: Analysis Histomorphometry (variables in 1-5)

The variables from the original image were separated into three sec-
tions of image segmentation. The unit area of secondary osteons and
fragment osteons was then divided in order for the program to draw and
replace the position of the secondary osteons with red, the fragment
osteons with green, and perimeter of Haversian canal with black, as
shown in (Fig. 1). Moreover, the program was used to retrieve any need-
ed variables from the original image, and then replace the background
of the image with black, then transformed the image to gray, followed
by converting the gray image to a binary image. The final image was
used to sum the number of pixels and count the white pixels in all vari-
ables, then the number of pixels were used to calculate the area with age
by an image processing technique.

Collagen in Bone Stained by Picrosirius Red (variable in 6)

The variables from the original image were produced by the
MATLAB program using image processing and divided into four sec-
tions: no-red, light-red, medium red and deep red (Fig. 2). Each variable
brought out the color from the original image using an image estimation
method, replaced the blank spaces with black, and then transformed the
image to gray, converting the gray image to a binary image. The final
image was used to sum the number of pixels and count the white pixels
in a total of four sections. Then, the number of pixels were used to cal-
culate the area with age by an image processing technique.

RESULTS

The relationship between age and the pixel density of histological
variables was evaluated using Pearson’s correlation with the results pre-
sented in Table 1. The relationship was positive for four variables in the
sex-pooled, abbreviations for histomorphometric: (On.Fg.Ar), (Tt.
On.Ar), (Pm.H.A), and (COL.B). Meanwhile, (Pm.H.A) showed the
highest correlation coefficient with age, which was (r = 0.856), as
shown in Table 1.

Table 2 shows that the determination coefficients as presented indi-
cated that Pm.H.Ar (+* = 0.733) is the variable most closely correlated
with age. Simple linear regression was used to establish a predictive for-
mula for each variable for age estimation showed in six variables. This
study found one variable: Pm.H.Ar with the lowest standard error of
estimate of 9.91 years.

The stepwise multiple regression equations shows the most accurate
predictive model and formula established in this study, which found that
three variables that best predicted age consisted of, Pm.H.Ar, Lm.B.Ar
and COL.B. The equations predictive for age estimation were: -28.199
+0.0138 (Pm.H.Ar) + 0.00005 (COL.B) + 9.312 (Lm.B.Ar). The multi-
ple correlation coefficient and standard error of estimate were 0.906 and
8.26, respectively.

DISCUSSION

Age at death estimation using histomorphometric methods has been
widely used across the globe. In 1965, Kerley was the first author to
study histomorphometry of cortical bone. The most typical variables
used methods such as counting the number of osteons, number of osteon
fragments, which could be used to estimate the age at death of adult
skeletons®!**>3 However, histomorphometric methods have never been
studied in a Thai research population. Thus, in the present study, we

focused on measuring the relationships between age and histological
area variables.

In the present study, the correlation coefficients between average
secondary osteon areas tended to decrease with age, and it was similar
to the studies of Goliath, Yoshino and Watanabe®***. Additionally, the
number of secondary osteons increasing with age have been reported by
Yoshino, Kerley, Ericksen, and Keough*'*#*. Therefore, these age-as-
sociated increases occur in the total number of osteons per unit area®®,
while lamellar bone is supplanted by osteons, and the bigger osteons of
early life are substituted by smaller osteons of maturity and old age®.
Consequently, the correlation coefficients between the percentages of
lamellar area that tended to decrease with age increased®, in this present
study the lamellar area with age was (r = -0.449), therefore, our present
study confirms that the lamellar area tended to decrease per unit with
age.

To equate our present data with that of previous literature would be
problematic due to differences in sample size, type of bones, methods,
variables and population groups. In our study, the reason for selecting
decalcified methods is that most hospitals in Thailand have the facilities
and equipment for performing decalcified methods. These decalcified
methods and stained bone sections are routine work in pathology labs,
and these methods have low costs and high efficiency. In addition to the
ability to selectively stain collagen, including sites of examination hav-
ing type I collagen, picrosirius red stain is ideal for utilization during
studies with polarization microscopy*.

Histomorphometry analyses were performed using Image J software
which requires no cost to download from the internet, while commer-
cially available software is costly*”. This is one of the first studies to use
computer assisted images based on the quantitative measurements of
image segments, which is a process of dividing the digital image into
multiple sections using a MATLAB program. In addition, the advantag-
es of this image processing technique have been used in histopathology
images for segmentation and classification structure in organs, measur-
ing cell shapes, and disease classification if any is present in the sam-
ple®®. Furthermore, equations derived from this study can be developed
into application software for ease of use and saving time in image analy-
sis. Further studies can use these neural networks together in order to
analyze the data from image processing techniques for more accurate
results.

In this study we found that collagen in males and females had a cor-
relation with age, (» = 0.800 and r = 0.467) respectively. An increase in
fragility within the bone matrix is one result of increased metabolism
and explains the observed post-translational modifications of collagen.
Consequently, bone metabolism has an important role in the pathogene-
sis of osteoporosis, which is of particular concern for middle-aged
women during menopause because of the increased activity rate of the
basic multicellular units for these individuals. In addition, there are sev-
eral hormones that directly and indirectly affect bone remodeling in
adults such as the parathyroid hormone (PTH) and glucocorticoids®.
Many factors, such as lifestyle, metabolism, diet, disease states, and
growth trajectories*” are also known to affect the organization of colla-
gen fibers within the cortical bone.

CONCLUSION

In this study, our results found that (Pm.H.Ar), (Lm.B.Ar), and a
new variable (COL.B) were used to develop age at death estimation in
the Thai population. Furthermore, the decalcifying procedure and picro-
sirius red staining method, which are routine techniques employed in
histopathology laboratories, can be applied to incomplete skeletons and
estimation of age at death in the Thai adult population. The application
of software with an image processing technique is a potential tool in
forensic cases.
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