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Abstract
Background: The extraction of DNA from skeletal remains with good quality and quantity is often challenging for
the ability to generate DNA typing. Previous studies demonstrated the DNA extraction with total demineralization
from fresh teeth and bones; however, the application in old skeletal remains has been less performed. To obtain
good quality and high yield of DNA amount extracted from skeletal remains, the objective of this study was
focused on exploring the factors influencing the total demineralization process to obtain developing effective
methods.
Results: The concentration of EDTA was found to significantly enhance calcium chelation from the bone while pH
of EDTA solution, incubation temperature, incubation time, and volume of EDTA solution were not significant. The
optimal condition of total demineralization obtained from Placket-Burmann results represented good-quality DNA
and the highest concentration of extracted DNA yield. Subsequently, the STR typing in some bone specimens
processed by total demineralization process prior to DNA extraction was improved.
Conclusions: EDTA concentration was a key influencing factor on the total demineralization process to chelate
calcium from human skeletal remains. The total demineralization process in old bone specimens probably improved
the STR profiles.
Keywords: EDTA, Total demineralization, DNA extraction, STR profiles

Background
One of the crucial parts of the personal identification
process from skeletal remains is based on the utility of
the DNA profiles obtained from the bones or teeth
(Latham and Miller 2019). Many techniques such as
polymerase chain reaction (PCR), restriction fragment
length polymorphism (RFLP), and gel electrophoresis
have been extensively used to establish DNA profiling
(Renneberg et al. 2017).
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A large amount of good-quality extracted DNA from
the bones was comparatively complicated and challenging since many factors affected DNA extraction from
skeletal remains. First, environmental conditions were
the most important factors affecting bone structure and
composition. Even though DNA was protected by the
hard structure of the bone, it would be degraded by environmental factors such as temperature, UV, humidity,
and microorganisms when left in particular conditions
for a long time (Samsuwan et al. 2018). Second, parts of
the skeletons for DNA extraction were correlated with
the success rate of DNA detection from the skeletal remains. Promising parts of the skeletons such as the
femur, teeth, tibia, and fibular that would deliver the
best success rate for DNA detection were employed
(Milos et al. 2007; Mundorff et al. 2009, 2013). Finally,
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the bones consist of osteocyte and the extracellular
matrix surrounding DNA. Seventy-five percent of the
extracellular matrix was in the inorganic components
consisting of calcium phosphate in the form of hydroxyapatite. This substance supports the hard structure of
the bone, resulting in limited DNA extraction (Loreille
et al. 2007). Hence, several researchers have discovered
the appropriate techniques to eliminate calcium phosphate from the bone structure (Pérez et al. 1989; Serper
and Çalt 2002; Sousa and Silva 2005; Sales et al. 2018).
Total demineralization is a process using chelating
agents to bind with some types of minerals such as Mg2+
or Ca2+. Likewise, this process gives more advantage to
prevent DNA degradation by inhibiting deoxyribonuclease
(DNases) (Loreille et al. 2007; Anderung et al. 2008).
Ethylene-diaminetetra-acetic acid (EDTA), ethyleneglycol-ether-diaminetetra-acetic acid (EGTA), and 1,2
cyclohexane-diaminetetra-acetic acid (CDTA) have also
been recommended for total demineralization (Sousa and
Silva 2005). Although many studies have attempted to find
appropriate methods for sample preparation prior to
DNA extraction, there was still no clear procedure for
sample preparation from skeletal remains (Pérez et al.
1989; Serper and Çalt 2002; Sousa and Silva 2005; Sales
et al. 2018). A highly efficient DNA extraction method has
been developed such as total demineralization plus silica
membrane columns method or modified Hi-Flow® silica
method, and PrepFiler® BTA kit. Total demineralization of
bone powder significantly increased DNA yield and improve STR typing results (Lee et al. 2010; Seo et al. 2010;
Hasap et al. 2020). Although the concentration of EDTA
in the demineralization process has been reported to affect
DNA extraction, other factors including pH of EDTA solution, incubation temperature, incubation time, and volume of EDTA solution have been probably suggested to
affect complete total demineralization. Only a few studies
have been carried out on all influencing factors on human
skeletal remains. Previous studies related to the
demineralization process of EDTA have been conducted
on human teeth (Pérez et al. 1989; Serper and Çalt 2002;
Sousa and Silva 2005) or bovine bones(Sales et al. 2018);
however, the application in old human skeletons has been
less performed. Thus, this study was conducted to study
the factors influencing total demineralization process in
DNA extraction from human skeletal remains and developed effective methods with less time-consuming, reasonable cost, and compatible for laboratory to obtain
qualified DNA for DNA profiling.

Methods
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femurs and one left femur from five male unidentified
human skeletal remains were randomly selected. All femurs were cut at the proximal anterior shaft below the
lesser trochanter. Then, the skeletal samples were
cleaned and ground into bone powder by using the
Freezer Mil 6750 with liquid nitrogen. All five powder
samples were combined in a pooled sample and distributed in the amount of 100 mg each for further testing.
Total demineralization method based on Plackett-Burman
design

Due to the limited experimental samples when considering all factors into account, the program Design Expert
version 6.0.8 was applied to find appropriate conditions.
The program automatically generated different experimental conditions according to input parameters. Five
factors consisting of EDTA concentration, pH of EDTA
solution, incubation time, incubation temperature, and
volume of EDTA solution were investigated as shown in
Table 1. Thirteen experimental runs were generated
using the Design-Expert software (version 6.0.8, StatEase Corporation, USA) for five different factors as described above. Each factor was determined at two levels,
low (− 1) and high (+ 1) values, based on the literature
reported on total demineralization of skeletal remains
(Pérez et al. 1989; Hagelberg and Clegg 1991; Żołędziewska et al. 2002; Loreille et al. 2007; Lee et al. 2010;
Bilic et al. 2012). Also, the chelated calcium concentration from bone samples acted as a response.
Total demineralization process

One hundred milligrams of bone powder was prepared
in a test tube. The demineralization buffer containing
varying factors according to Table 1 were added into the
test tube based on the Plackett-Burman design matrix.
After the demineralization step, the bone solution was
centrifuged to separate the supernatants and bone powder residue (Surinyanrattakorn 2011). One milliliter of
supernatants was transferred into a new tube to measure
the calcium concentrations using atomic absorption
spectrophotometry. The remaining bone powder residue
was collected for further experiment.
Determination of calcium in demineralization buffer

To determine the calcium level chelated from the bone in
demineralization buffer after the completed demineralization
process, the calcium concentration was quantified by atomic
absorption spectrophotometry (Sales et al. 2018). The amount
of calcium in the EDTA solution was calculated comparing
the calcium standard curve and expressed as mg/dL.

Skeletal samples

Skeletal samples were collected from unidentified human
skeletal remains for personal identification and investigating the cause of death since the 1990s. Four right

DNA qualification and quantification

To determine the quality and quantity of the extracted
DNA in the bone processed with each demineralization

Booncharoen et al. Egyptian Journal of Forensic Sciences

(2021) 11:2

Page 3 of 9

Table 1 Plackett-Burman experimental design matrix for the screening of various factors for total demineralization of skeletal
remains. Thirteen experimental runs were generated using the Design-Expert software for five different factors
Experimental groups

Factor 1, Temp (°C)

Factor 2, Conc (M)

Factor 3, pH

Factor 4, volume (mL)

Factor 5, time (h)

1

60

0.5

7

2

48

2

25

0.5

10

1

48

3

60

0.001

10

2

6

4

25

0.5

7

2

48

5

25

0.001

10

1

48

6

25

0.001

7

2

6

7

60

0.001

7

1

48

8

60

0.5

7

1

6

9

60

0.5

10

1

6

10

25

0.5

10

2

6

11

60

0.001

10

2

48

12

25

0.001

7

1

6

13

42.5

0.2505

8.5

1.5

27

condition, DNA extraction was done by employing a
commercial kit (QIAamp®DNA Investigator Kit). After
that, two regions of the hemoglobin subunit beta (HBB)
gene were amplified by quantitative real-time polymerase chain reaction (qRT-PCR) to assess the quality of the
extracted DNA as previously described (Sengüven et al.
2014). The primer sets with different amplicon sizes are
shown in Table 2 (Chen et al. 2017). Real-time PCR was
performed by Applied Biosystems 7500 Fast Real-Time
PCR Systems (Applied Bioscience, USA), with 40 cycles
of the following temperature condition: pre-denaturation
at 95 °C for 10 min, denaturation at 95 °C for 15 s, annealing at 60 °C for 30 s, and extension at 72 °C for 30 s.
The specificity of amplification and quality of amplification was confirmed by analysis of amplifying product on
1.5% agarose gel electrophoresis. In addition, the concentration of the extracted DNA in the bone processed
with each demineralization condition was investigated
by NanoDrop Spectrophotometer (NanoDrop Technologies, Inc., USA).

previous experiment was selected. Five individual samples were tested. Each sample was divided into two
groups: without and with demineralization process before DNA extraction. The DNA extraction was
employed using a commercial kit (QIAamp®DNA Investigator Kit) (QIAGEN, Germany). Sixteen autosomal
STR typing were investigated by QIAGEN Investigator®
IDplex Plus Kit with Genetic Analyzer 3500 (QIAGEN,
Germany). Completed files were analyzed using the
Gene Mapper IDX (QIAGEN, Germany) to compare the
STR pattern from both two groups.

STR profiles

Results
The physical characteristics of bone samples were investigated. Bones B and D were relatively yellow-liked color
on the external surface while bones A, C, and E were
relatively white and yellow (Fig. 1). The age at death of
the individuals was considered by the fovea capitis of the
femoral head, the pubic symphysis of the hip bone, or
the median palatine suture. Bone A represented young
to middle adulthood. Bone B was probably associated
with a person who was less than 50 years old at the time
of death. Bone C was probably 27 to 66 years old. Bone
D was probably younger than the individual who
belonged to bone C. It could also be estimated that the

To apply the appropriate demineralization method for
STR typing, the best demineralization process from the
Table 2 Primer for quantitative real-time polymerase chain
reaction (qRT-PCR) used in the study
Primer sequence

Size
(bp)

Reference

F: 5′-CTATGGGACGCTTGATGT-3′
R: 5′-GCAATCATTCGTCTGTTT-3′

113

Chen et al. (2017)

F: 5′-ACGTGGATGAAGTTGGTG
GT-3′
R: 5′-TTAGGGTTGCCCATAACA
GC-3′

251

Online Primer 3Plus
program

Statistical analysis

The data were analyzed using descriptive statistics. The
comparison of different demineralization methods was
also analyzed using the Plackett-Burman design program.
The amount of calcium was expressed as mean ± standard
deviation (SD) and was compared between the groups
using ANOVA and Fisher’s least significant difference
(LSD).
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individual of bone E might be more than 50 years old at
the time of death.
The calcium levels in EDTA solution after
demineralization was quantitated to represent the highest
efficiency of demineralization. The results found that the
amount of calcium ranged between 5.90 ± 0.40 and
273.35 ± 39.16 mg/dL. The effect of each factor on the calcium level was represented in the regression analysis for
the Plackett-Burman design in Table 3. ANOVA for a
model that was not adjusted for curvature was significant
(p = 0.0007), allowing for the evaluation of the different
factors on calcium level in the extraction buffer. Taken together, the lack of fit error represented a significant effect
(p = 0.005) which means the high precision of the design.
Also, the model had a coefficient of determination (R2) of
0.93 that could explain 93.0% variability of the data. It can
be seen clearly that only one factor (EDTA concentration)
was found to significantly enhance calcium chelation from
the bone (p value < 0.0001) while the remaining four factors (pH of EDTA solution, incubation temperature, incubation time, and volume of EDTA solution) did not
significantly promote calcium chelation from the bone.
Moreover, the coefficient estimation of EDTA concentration was 108.85. It could be explained that the calcium
level after total demineralization was a direct proportion
with the increase of EDTA concentration.
As shown in Fig. 2, the highest and lowest levels of calcium were observed in experimental no. 9 and 7, respectively. The calcium level of the experimental groups 1, 2, 4,
8, 9, and 13 was significantly greater than those of experimental groups 3, 5, 6, 7, 10, 11, and 12. It has corresponded
with the result of the previously mentioned experiment that
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the concentration of the EDTA solution directly influenced the calcium content in the extraction buffer.
Although experimental no. 10 used a high concentration of EDTA (0.5 M), the calcium level of this group
was lower than the level of the experimental groups
using the same concentration of EDTA (0.5 M).
From the results, the experimental groups obtaining
the significantly highest calcium level was chosen. The
quality of extracted DNA was compared between seven
conditions for bone demineralization (experimental no.
1, 2, 4, 8, 9, and 13) and without bone demineralization
(experimental no. 0). The results showed that the extracted DNA from the bone in experimental no. 4 and 9
were amplified by both primers (113 and 251 bp),
whereas no amplification products were observed in the
bone without demineralization (Table 4). To confirm the
specificity of amplification and quality of amplification,
the PCR product was run on 1.5% agarose gel in Figs. 3
and 4. From these data, it was assumed that the amplification of both primer lengths (113 and 251 bp) among
the extracted DNA from the demineralization process of
experimental no. 4 and 9 provided a good quality of extracted DNA. In addition, the DNA concentration was
varied between 7.84 ± 0.30 and 11.05 ± 1.74. The concentration of extracted DNA was not significantly different between each group. However, the extracted DNA
from method no. 9 tended to obtain the highest concentration of DNA in the case of the bone processed with
the demoralization method (Table 4).
Although the demineralization method no. 4 and 9
represented the appropriate method to chelate calcium
with good quality of extracted DNA, experimental no. 9

Fig. 1 The physical characteristics of bones B and D were relatively yellow-liked color on the external surface while bones A, C, and E were
relatively white and yellow. Color changes on the external surface of the bones were probably caused by sun bleaching
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Table 3 Estimated effect, regression coefficient, and ANOVA of the Plackett-Burman matrix of different components for calcium
chelation by demineralization process
Variables

Sum of squares

df

Model

150,601.81

5

Temperature

2043.63

1

Coefficient
13.05

Mean squares

p value

30,120.36

0.0007

2043.63

0.3002

Concentration

142,179.87

1

108.85

142,179.87

< 0.0001

pH

270.75

1

− 4.75

270.75

0.6960

Volume

5967.48

1

− 22.3

5967.48

0.0975

Time

140.08

1

3.416667

140.08

0.7781

Curvature

5449.85

1

5449.85

0.1105

Lack of fit

11,431.48

6

23,815.5799

0.0050

2

Coefficient of determination (R ) = 0.93
df degree of freedom

was selected to perform STR typing since this method
required a short processing time for incubation (6 h)
which can be easily applied in the laboratory. Therefore,
each of the five samples of bones A, B, C, D, and E was
tested in two groups; without (I) and with (II)
demineralization according to the method used in experimental group 9.
According to the different amplicon sizes, alleles on
amelogenin, THO1, TPOX, and D16S539 with amplicon
size approximately 70–140 bp can be detected among
the extracted DNA of bone sample with/without
demineralization process prior STR typing. However, alleles on other loci with amplicon size more than 140 bp
could be probably detected among extracted DNA of
bone sample with/without demineralization process
prior to STR typing. Bones B and D showed a significant

Fig. 2 The calcium level in EDTA solution after the demineralization
process. Thirteen experimental groups were varied with different
factors. The calcium level chelated from the bone in demineralization
buffer after the completed demineralization process was quantified by
atomic absorption spectrophotometry. *p value less than 0.05 that is
statistically significant

increase in percentages of observed alleles of bone with
demineralization, from 68.75 to 81.25% and 37.5 to 50%,
respectively. Interestingly, some loci can be observed in
the bone which was processed with demineralization
such as vWA, D7S820, and FGA in bone B as well as
vWA, CSF1PO, FGA, and D8S1179 in bone D (Fig. 5). It
could be postulated that the demineralization process
probably improved STR profiles in some bone specimens (Table 5).

Discussion
DNA extraction from human skeletal remains was a challenging method. Environment, the structure of bone, and
process in the laboratory were the influencing factors to
the success rate for good quality and quantity DNA. Previous publications have reported the suitable and applicable
method for bone preparation before DNA extraction such
as demineralization. This process is based on the use of
EDTA to chelate some mineral composition in specimens
(Balayan et al. 2015). The concentration and pH of EDTA
were previously reported to affect the demineralization
process of the teeth or on the bovine cortical bone (Sales
et al. 2018). Hasap et al. (2020) found that total
demineralization combined with DNA purification by
commercial kit improved DNA yield and STR profiles
(Hasap et al. 2020). However, most tested bone samples
would be around the age between less than 1 to 4 years
and few samples would be around the ages 5 to 7 years,
whereas this research used more than 20 years old preservation of skeletal remains.
Five factors including EDTA concentration, pH of
EDTA solution, incubation time, incubation temperature,
and volume of EDTA solution were focused on this
present study. The result indicated that the concentration
of EDTA was the only factor that directly affected the calcium content in the extraction buffer after the DNA extraction process. The amount of calcium removed from
bone increased in direct proportion to the concentration
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Table 4 Qualitative and quantitative analysis of nuclear DNA amplification by different two primer length (113 and 251 bp) in bone
processed demineralization
Experimental groups

Primer 113 bp

Primer 251 bp

DNA concentration (ng/μL)$

0

Yes

No

11.05 ± 1.74

1

Yes

No

9.22 ± 0.25

2

Yes

No

7.84 ± 0.30

4

Yes

Yes

7.88 ± 0.40

8

Yes

No

8.64 ± 2.85

9

Yes

Yes

9.90 ± 0.57

13

Yes

No

9.85 ± 5.95

$

Data were expressed as mean ± standard deviation

of EDTA solution. Our result was concordance with previous reports observing in old sternum human bone (more
than 20 years of preservation). DNA profiling was improved
when using a high concentration of EDTA (0.5 M) in the
demineralization process (Balayan et al. 2015). The comparison of different concentrations of EDTA revealed that the
EDTA concentration of 0.5 M was capable to chelate the
highest amount of calcium and phosphorus from the bones
and teeth (Serper and Çalt 2002; Sales et al. 2018). The rate
of calcium chelation by different concentrations of EDTA
was rapid within 24 h. However, the increase of EDTA concentration did not result in increased rates of calcium chelation after 48 h of incubation (Kiviranta et al. 1980).
The other factors including the pH of EDTA solution, incubation time, and temperature, as well as the
volume of EDTA was found to influence the successful
demineralization. Alkaline EDTA can be better captured with calcium ion than acidic EDTA solution
(Callis and Sterchi 1998; Sales et al. 2018). Moreover,
the over incubation of the bone with EDTA tended to
increase DNA degradation resulting in failure STR
typing (Jakubowska et al. 2012). So, most studies suggest that the optimal incubation time could be ranged

between 24 h and 15 days (Jakubowska et al. 2012;
Hasan et al. 2014). However, our study showed that
all these factors did not play a significant role in the
demineralization process according to the study of
Kiviranta et al. (1980) and Seo et al. (2010).
To estimate the quality of the extracted DNA, the investigation of DNA quality especially DNA degradation
based on two DNA target sequences of different lengths
could be monitored by PCR amplification (Alonso et al.
2004). The highly fragmented DNA samples could be
amplified shorter amplicon size of an approximately 62bp target than a larger amplicon size of about 170–190bp target (Whitaker et al. 1995; Santos et al. 2009).
Moreover, the ratio of PCR product between short and
long amplicon size was shown to provide a good estimation of the degree of degradation present in a sample
(Swango et al. 2006). We found that extracted DNA with
demineralization buffer no. 4 and 9 showed the complete
amplification with two amplicon size targets and a high
yield of DNA amount.
From this result, we assumed that the completed
demineralization process in DNA extraction represented
the highest calcium level and quality of extracted DNA

Fig. 3 Amplification of a 113-bp fragment on 1.5% agarose gel. Lane marker, molecular weight marker and lanes 0–13, and 4 μl of bone from
different demoralization process (from experimental groups 0, 1, 2, 4, 8, 9, and 13) were used as a template
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Fig. 4 Amplification of a 251-bp fragment on 1.5% agarose gel. Lane marker, molecular weight marker and lanes 0–13, and 4 μl of bone from
different demoralization process (from experimental groups 0, 1, 2, 4, 8, 9, and 13) were used as a template

might improve STR profiles in skeletal remains as described elsewhere (Bender et al. 2000; Loreille et al.
2007; Bilic et al. 2012; Jakubowska et al. 2012; Balayan
et al. 2015; Zupanič Pajnič et al. 2016). Therefore, the
demineralization process according to experimental
group no. 9 was selected to investigate the STR profiles
in five different bone samples. Our result illustrated that
the demineralization process probably improved STR
profiles in some tested bone specimens (bones B and D).

Besides improving STR typing by total demineralization,
it was probable that other factors consisting of bone character and age at death might associate with the quality of
DNA. For bones B and D, demineralization improved the
quality of some loci showing in STR profiles while it could
not increase the quality of STR profiles obtained from
bones A, C, and E. To consider the bone character, we observed the color changes on the external surface of the
bones, especially changes to the relatively light or white

Table 5 Comparison of the detected allele in STR profiles between different five bone samples processed with/without prior total
demineralization process using the QIAGEN Investigator® IDplex Plus Kit
Markers

Bone A

Bone B

Bone C

Bone D

Bone E

I

II

I

II

I

II

I

II

I

II

Amelogenin

X,X

X,X

X,Y

X,X

X,Y

X,–

X,Y

X,X

X,–

X,Y

TH01

7,9

10,10.3

6,7,9

9,9.3

5,7,10

6,7,9,10.3

7,7

13.3,–

6,–

7,9

D3S1358

15,18

16,–

16,17

16,17,18

10,15,16

11,15,16,17

–

–

15,–

–

vWA

14,14

–

–

16,–

17,–

13,–

–

14,–

16,18

–

D21S11

–

–

–

–

–

–

–

–

–

–

TPOX

8,–

8,–

8,8

8,9

8,15

8,9,11

8,9,11

8,9,11

8,9,10,11

8,–

D7S820

10,11

–

–

8,11

8,11,12

OL,13

8,OL

–

8,11,12

–

D19S433

13,14

14,–

14,–

14,16

6.2,13,15,17.2

13,–

–

–

15,–

–

D5S818

11,11

–

10,–

–

10,12

–

–

–

–

–

D2S1338

–

–

–

–

–

–

–

–

–

–

D16S539

9,12

10,–

9,–

9,9

10,11,13

9,10,11,12,13

11,12

10,11,12,13

11,12,13

9,10,11

CSF1PO

11,12

–

9,12

11,12

11,13

11,12

–

13,–

–

–

D13S317

10,11

–

8,9

10,12

8,12

9,–

–

–

–

–

FGA

–

–

–

21.2,–

19,–

–

–

22.2,–

–

–

D18S51

14,16

–

16,17

12,13,14

13,14,17,18.2,21.2

14,–

15,18

–

–

–

D8S1179

–

–

11,15,16

10,–

7,12,13,15,18

–

–

10,–

–

–

I: Bone powder without total demineralization
II: Bone powder with total demineralization (method of experimental group no. 9)
OL off-ladder peak
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Fig. 5 The electropherogram showing some improved loci of DNA profile between bone without and with demineralization process prior to
DNA extraction. Autosomal STR typing was analyzed by the QIAGEN Investigator® IDplex Plus Kit with Genetic Analyzer 3500

color associated with sun bleaching exposure. As the
bones were exposed to sunlight for a long time, the exterior surface appeared more white in color (Pokines and
Symes 2013). We assumed that bones A, C, and E were
left in the environment for a long time and older in age
than bones B and D resulting in DNA degradation by UV
and the environment (Latham and Miller 2019). This is
consistent with the observation of Żołędziewska et al.
(2002). The decalcification process did not require the severely damaged bone due to the smaller loss of the DNA
during preparation (Żołędziewska et al. 2002). Regarding
age at death, the bone’s age at death was estimated, and
our data represented that bones B and D were probably
younger than those who belonged to bones A, C, and E.
High bone density in younger bones can preserve DNA
better than older bones (Latham and Miller 2019).
The limitation of this study is that we cannot retrieve
the information of postmortem, which environment of

death, postmortem interval, preparing process of bone,
and preservation process in the laboratory room. The controlled setting, such as “the body farm” where the environment or postmortem interval of the bone sample can be
controlled, was investigated. Additionally, the successful
extraction of human skeletal remains depended on many
factors such as the environment, the strong bone structure, and the selection of bone fragments used for DNA
extraction, some of which cannot be controlled.

Conclusions
Our study demonstrated that EDTA concentration appeared to have an influence on the demineralization
process to chelate calcium prior to the extraction of DNA
from skeleton remains. The optimal condition for the total
demineralization process was 0.5 M EDTA, pH 10, 1 ml at
60 °C in 6 h for obtaining the good quality and high yield
of extracted DNA. The total demineralization process in
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bone preparation before the extraction with a commercial
DNA extraction kit probably improves the STR profiles in
some bone specimens. However, other factors such as the
environment and external structure of the bone affected
the quality of STR profiles and should be further studied.
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