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Abstract: Histological sections of femur, tibia, and metatarsals originating from sheep (Ovis aries), goat (Capra hircus), and roe deer
(Capreolus capreolus) were examined in this study. Our research focused mainly on the quantitative characteristics of the microstructure
of these bones. The areas, perimeters, minimum and maximum diameters of the secondary Haversian units, as well as structures of
the primary osteonal units were assessed using comparative statistical methods. In addition to these parameters, the present paper
investigated the usefulness of fractal analysis (fractal dimension and lacunarity), a new approach that quantifies the complexity and
the emptiness pattern of biological structures. Moreover, our work uses pattern recognition methods as well as classical morphometric
assessment methods, which appear to generate useful data for bone sample differentiation. Therefore, combining these methods should

greatly facilitate further research in veterinary morphology, and forensic and legal veterinary medicine.
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1. Introduction
Quantitative and qualitative studies dealing with
histomorphometry were considered pioneer work in the
field of microscopic anatomy (1-6). Nowadays forensic
studies, morphology investigations, and archaeozoological
investigations deal with this kind of data regularly (7-18).

Fractal dimension measures the boundary irregularity
of a structure by establishing a numeric value to its degree
of complexity (19,20). Low values of fractal dimension
indicate low complexity and high values show high
complexity. Lacunarity isa measurement of the empty space
distribution within a structure. Low values of lacunarity
suggest homogeneity within the structure gap distribution
and high values show a heterogeneous gap pattern (20).
By corroborating the fractal dimension and lacunarity
results with the morphometric ones, a more clear image of
possible differences and similarities can be observed on a
given structure. As far as we know, the attempt to describe
bone patterns on manually ground bone slides is limited
to a single study performed on humerus and metacarpal
bone samples (21).

In the present study, our approach is represented by
a morphometric comparative investigation of hind limb
compact bone samples (femur, tibia, and metatarsal from
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sheep, goat, and roe deer) and scale independent analyses
(fractal dimension and lacunarity) that might offer a
complementary approach for bone type differentiation.
The discriminatory potential of two fractal parameters
is also investigated, in order to establish if this scale-
independent analysis can offer a complementary approach
for bone type differentiation.

2. Materials and methods

Our biological study material was represented by bone
samples originating from 6 sheep (Ovis aries), 4 goat (Capra
hircus), and 5 roe deer individuals (Capreolus capreolus). All
individuals were adult, with ages ranging from 2 to 8 years,
and in good health condition. The exact number of bones
used is shown in Table 1. The sheep bone samples were
part of a collection owned by the Comparative Anatomy
Department (Faculty of Veterinary Medicine Cluj-Napoca,
Romania). The goat bone samples were collected over a
period of 4 years (2010-2014) from local owners (Cluj
county) that slaughtered mature individuals of a common
unimproved breed for their own consumption. The roe
deer bone samples were provided by the regional hunters
association (Cluj county) after the annual population
control measures in 2009, 2013, and 2014.
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Table 1. The number of bones sampled for the 3 studied species.

Capreolus capreolus Capra hircus Ovis aries
Femur 4 2 4
Tibia 3 3 6
Metatarsus 5 5 4

The histological samples were obtained according to
the method described by Maat using manual grinding
procedures up to transparency (22). The samples of
compact substance taken from the mid diaphyseal part of
the bones were cut using a hand saw perpendicularly on
the bone axis. The pieces were hand ground using grinding
papers with increasing grits (1500/2000 and 3000). The
specimens thus obtained were cleared in alcohol and then
glued onto microscopic slides with a regular mounting
medium and glass cover slips.

For imaging assessment purposes, normal light
microscopy was used to examine the native specimens,
without a staining method. The slides were used both
for the qualitative and quantitative assessment (Olympus
BX14 and Olympus UC30 digital camera) using Stream
Basic software (Olympus Stream 2011 Basic). Photo
acquisition was performed at the 10x magnification level
in a TIFF image format, at a resolution of 2080 px/1544
px. In some cases, we used 20x for the clear separation of
primary and secondary osteons.

An initial qualitative assessment of the acquired
samples was performed based on the classification system
of bone structures of de Ricqules (12,23-26).

For morphometricanalysis the following measurements
were taken using Image] (US National Institutes of Health,
Bethesda, MD, USA) software, at the level of primary and
secondary osteonal units:

For the secondary osteons:

e  osteonal area

e  osteonal perimeter

e  minimal and maximal diameters

For the primary osteons:

e  primary osteonal area

e  primary osteonal perimeter

e primary osteonal minimal
diameters.

According to the source literature available, a minimum
of 100 primary osteonal units should be assessed in order
to obtain comparable results (9).

The same digital images used for morphometric
measurements (only a 10x magnification level) were also
used to assess the fractal dimension and lacunarity. The
500 px/ 500 px regions of interest (ROIs) were cropped
from each of the digital images using PhotoScape 3.62

and maximal

(2001-2013 MOOII TECH). The cropped ROIs were then
opened in Image] and using the FracLac plug-in (http://
rsb.info.nih.gov/ij/plugins/fraclac/FLHelp/Introduction.
htm) and the box-counting method, the fractal dimension
and lacunarity were computed.

The results were statistically assessed both
interspecifically and intraspecifically (Figures 1 and 2).

Both morphometric and fractal results were processed
using Microsoft Excel for data handling (Microsoft
Corporation, Redmond, WA, USA) and GraphPad
(GraphPad InStatv3.05, San Diego, CA, USA) for
descriptive and inferential statistical analysis. If the data
passed the normal distribution test, a one-way ANOVA was
performed, followed by Bonferroni multiple comparisons
test if P < 0.05.

3. Results

3.1. Morphological qualitative assessment

As expected, the initial qualitative assessment showed
a prevalence of plexiform bone tissue (as in most
artiodactyls). The subtypes of laminar and fibrolamellar
(la, 1c with 1cl, 1c3 subtypes) were clearly identified, as
well as the fibrous 1f1, 12, and 1f3 subtypes (fibrolamellar
complex). Areas with scattered, isolated Haversian systems

Figure 1. Histological image of the ground sample (Capra hircus).
Measurements taken: area and maximal and minimal osteonal
diameters.
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Figure 2. Femur. Sample ROIs and binarization. A, D- Capreolus capreolus; B, E- Capra hircus; C, F- Ovis aries.

(2ala subtype mainly) and some isolated secondary
osteons arranged in rows (osteon banding) were observed.
These features were noticed in all three species, with no
clear differences among them.

3.2. Quantitative assessment-morphometry

Our quantitative assessment refers to 378 secondary
osteons and 514 primary osteonal units. The data from
the vascular canalicular elements were not computed nor
displayed in this paper due to space limitations.

The data obtained for the area of secondary osteons
show a large array of values, with a higher amplitude in
sheep (Ovis aries), and a much lower amplitude in goat
(Capra hircus) and roe deer (Capreolus capreolus). As far
as the perimeter is concerned, the values for the secondary
osteons seem to be concentrated in a relatively narrow
interval in all species, while those for the primary osteons
show a large range of values in terms of species and
anatomic segment. The maximal and minimal diameters of
the secondary osteons show relatively constant amplitudes
in domestic species and a higher one in roe deer (Capreolus
capreolus), but similar average values (Table 2). The data
were analyzed on species and then on bone-related series
(femur, tibia, and metatarsus).
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The results of the horizontal statistical procedure (a
comparison of the same bones in species-series) are listed
in Table 3.

Regarding the area of secondary osteonal units, it can
be noted that there is only a low degree of differentiation
for the Capra-Ovis pair, as the rest of the pairs seem to be
undifferentiated. The same applies for the perimeter and
the minor and major axes of all three bones studied. For
the items of the primary osteonal units, the pair Capra vs.
Ovis seems to be the most frequent pair with a high degree
of differentiation.

The results of the vertical statistical comparison are
listed in Table 4. A constantly present pair with a high degree
of differentiation is the pair femur-tibia in sheep (Ovis
aries), but for the other species this pair is not identified as
differentiated. Moreover, in the case of goat (Capra hircus)
and roe deer (Capreolus capreolus) specimens, there are no
significant differences among bones within the species as
far as secondary osteonal units are concerned.

3.3. Fractal analysis

The results obtained from the fractal dimension (Table 5)
show that structure complexity varies significantly among
the three species assessed in our study.



Table 2. Descriptive statistics for the osteonal unit morphometry (mean + standard deviation).
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Measured . Area Perimeter Max diameter Min diameter
structures Species Bone (um?) (pm) (um) (nm)
(S):f:;dsary glvis f;’ze)s Femur 12,055 + 2940 392 £ 53.1 170.0 £ 14 141223
Tibia 25,098 + 9970 558 + 111.4 197.5 + 41 155.8 £ 30.9
Metatarsal 17,486 + 5415 471 £78.3 170.8 £ 29.4 1272 £22.73
(Cn“i ”f;g)””s Femur 17,094 + 6247  466.06 + 82 169.9 £ 30.8 124.8 £23.5
Tibia 18,982 + 8383 474.1 + 149 165.4 £ 52 133.6 £43.1
Metatarsal 22,089 + 4091 535 +79.7 184.3 + 24 151.6 + 11.1
(Cn“f; "iglé")s capreolus Femur 13,868 3922  417.5+57 143.4+23 1217 + 158
Tibia 17,274 + 3965 469 +59.3 162.2 + 26.5 1345 + 124
Metatarsal 20,577 + 7127 510.1 £ 90.79 175.8 + 36 145.5 + 23.6
Eggfsy gvf ;Z’Ie)s Femur 5293.8 + 3229 256.5 + 78 94.4 %28 65.8+19
Tibia 15,099 + 5853 428.1 + 114 149 + 40 120.6 + 32
Metatarsal ~ 7861.7 34177  311.5+67.6 114.6 + 24 86.7 + 19
(Cn“z r?s}g)””s Femur 9175 + 3766 346.4 + 70 1305 + 27 86.4 + 20
Tibia 11,668 + 3697 383.29 + 58 134.6 + 22 1085 +17.2
Metatarsal 12,939 + 4840 406.26 + 73 141.9 + 30 112.5 + 20.1
((;“i ";‘;13”)5 capreolus Femur 8253 + 2803 320.0 + 52 110.5 +20.7 93.1 + 14
Tibia 5579 + 625 709 + 473 250.31 £ 168 198 + 133
Metatarsal 11,480 + 4988 378.5 + 66 131.7 £22.9 107.8 £ 21

The highest fractal dimension value was found in roe
deer (Capreolus capreolus) metatarsus and the lowest in
sheep (Ovis aries) femur. For lacunarity, the highest value
was found in goat (Capra hircus) tibia and sheep (Ovis
aries) femur, and the lowest one in goat (Capra hircus)
femur and sheep (Ovis aries) tibia (Table 5).

The results of the multiple comparison assessment of
fractal dimension among the three studied species, for
each bone type, show extremely significant differences for
most of the pairs analyzed, except for the tibial values in
the roe deer (Capreolus capreolus) vs. goat (Capra hircus)
pair.

For lacunarity results, the same statistical assessment
shows similar findings, except for the roe deer (Capreolus
capreolus) vs. sheep (Ovis aries) pair (femoral and
metatarsal values) and roe deer (Capreolus capreolus) vs.
goat (Capra hircus) pair (tibial values) (Table 6).

When the fractal dimension values for the three
studied bones were compared within each species, only
the difference between the femoral and tibial bones in
Capreolus capreolus species was not statistically significant.

Regarding the lacunarity values, no statistical
significant differences were found between the femoral and
tibial bones in Capreolus capreolus species and between
the tibial and metatarsal bones in the Capra hircus species
(Table 7).

4. Discussion

4.1. Morphometric data and their relevance

According to literature data, there are only a few studies
using osteonal morphometric data in capriovids (7-
10,25,27). In fact, when referring to hind limb bones, data
are available only for sheep femur (8), as the authors dealt
with a related topic, focusing mainly on the qualitative
data and little on the quantitative data while Giua et al.
(25) dealt with histometric data mainly.

As far as the femur is concerned, our study revealed
values for the secondary osteonal area that were smaller
than the ones presented by Martiniakova et al. (28), with
the maximal value around 17,000 um?. The average for our
samples showed a value of 12,055 pm?, which is not close
to the one presented by the earlier-mentioned source (with
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Table 3. Multiple comparison test results of the morphometric parameters’ values, for each bone type, of the

three studied species (horizontal comparison).

Bone Femur Tibia Metatarsal
»CCvs. CH »*CCvs. CH *CCvs.CH
Area- secondary osteon *CCvs. OA *CCvs. OA *CCvs. OA
*CH vs. OA *CH vs. OA "CH vs. OA
»CCvs. CH »CCvs. CH »CCvs. CH
Perimeter- secondary osteon “CCvs. OA "“CCvs. OA "CCvs. OA
*CHvs. OA *CHvs. OA *CH vs. OA
»CCvs. CH "“CCvs. CH "CCvs. CH
Major axis- secondary osteon »CCvs. OA "“CCvs. OA "CCvs. OA
*CH vs. OA *CH vs. OA "CH vs. OA
»CCvs. CH *CCvs. CH *CCvs. CH
Minor axis- secondary osteon »CCvs. OA *CCvs. OA **CHvs. OA
“CH vs. OA *CH vs. OA **CCvs. OA
»CCvs. CH **CCvs. CH »CCvs. CH
Area- primary osteon P*CH vs. OA **CCvs. OA **CCvs. OA
*CCvs. OA "“CH vs. OA **CHvs. OA
»CCvs. CH **CCvs. CH »CCvs. CH
Perimeter- primary osteon P*CH vs. OA P*CCvs. OA P*CCvs. OA
**CCvs. OA "CH vs. OA ***CH vs. OA
»CCvs. OA **CCvs.CH *CCvs. CH
Major axis-primary osteon P*CH vs. OA *CCvs. OA *CCvs. OA
**CCvs. CH "“CH vs. OA ***CH vs. OA
»CCvs. CH **CCvs. CH »CCvs. CH
Minor axis- primary osteon **CH vs. OA P*CCvs. OA *CCvs. OA
**CCvs. OA *CH vs. OA **CHvs. OA

* = significant, P < 0.05; ** = very significant, P < 0.01; *** = extremely significant, P < 0.001; ™= not significant,

P > 0.05.

an average value of 20,000° um) but a little closer to data
presented by Giua et al. (25) (an average of 17,300 um?).
The values computed for the secondary osteonal perimeter
are, in fact, close to the ones presented by our source (390
vs. 400-410/420 pum (28) and 470 pm (25)). The situation
seems similar in terms of the maximal diameter (170 um
vs 200 um for data provided by Martiniakova et al. (8)) but
comparable to those of Giua et al. (25), while in terms of
the minimal diameter the situation is different, with values
almost two times higher found in Martiniakova et al’s
investigation (8), but similar to those of Giua et al. (25). So,
to conclude in this case, further data are necessary in order
to state that a certain value is characteristic for this species
(due to the limited choice of sampling and the relatively
low number of items used for calculations).

The values computed for the primary osteonal data
in sheep (Ovis aries) show values ranging from 5300 um?
to 15,000 pm? (as averages for the 3 bones). Post hoc tests
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indicate that there is a significant difference, mainly for
the femur vs. tibia and tibia vs. metatarsus pairs, in all the
elements that we took into consideration (area, perimeter,
and maximal and minimal diameters).

The secondary osteonal values (area) in goat (Capra
hircus) range from 17,000 pum?® to 22,000 um? The
perimeter values range from 256 to 428 um, while the
maximal diameter values range from 94 to 149 pm.
Although the values might seem different, post hoc tests
show no significant differences among the series.

Primary osteonal values in goat (Capra hircus) range
from 9100 pm? to 12,900 pm? for the area, 346 to 406 um
for the perimeter, 130 to 140 pm for the maximal diameter,
and 86 to 112 pm for the minimal diameter. Even though
the values seemed quite similar, post hoc tests showed
significant differences for the femur vs. metatarsus pair.

The secondary osteons in roe deer (Capreolus capreolus)
range from 20,000 pm? to 14,000 pm? (area), 420 to 510 pm



Table 4. Multiple comparison test results of the morphometric parameters’ values, for each species, among the

three bone types (vertical comparison).
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Bone

Ovis aries

Capra hircus

Capreolus capreolus

Area- secondary osteon

Perimeter- secondary osteon

Major axis- secondary osteon

Minor axis- secondary osteon

Area- primary osteon

Perimeter- primary osteon

Major axis-primary osteon

Minor axis- primary osteon

0t Fem vs. Tib
4 Tib vs. Mt
* Fem vs. Mt

0t Fem vs. Tib
4 Tib vs. Mt
* Fem vs. Mt

**Fem vs. Tib
* Tib vs. Mt
** Fem vs. Mt

**Fem vs. Tib
*Tib vs. Mt
* Fem vs. Mt

**Fem vs. Tib
*Tib vs. Mt
“Fem vs. Mt

**Fem vs. Tib
HTib vs. Mt
"“Fem vs. Mt

**Fem vs. Tib
**Tib vs. Mt
"“Fem vs. Mt

*>*Fem vs. Tib
0 Tib vs. Mt
*Fem vs. Mt

"Fem vs. Tib
Tib vs. Mt
“Fem vs. Mt

Fem vs. Tib
Tib vs. Mt
“Fem vs. Mt

"“Fem vs. Tib
Tib vs. Mt
“Fem vs. Mt

Fem vs. Tib
"Tib vs. Mt
“Fem vs. Mt

**Fem vs. Mt
*Fem vs. Tib
“Fem vs. Mt

**Fem vs. Mt
*Fem vs. Tib
“Fem vs. Mt

Fem vs. Tib
"Tib vs. Mt
"Fem vs. Mt

**Fem vs. Mt
sFem vs. Tib
"Tib vs. Mt

"Fem vs. Tib
Tib vs. Mt
“Fem vs. Mt

Fem vs. Tib
Tib vs. Mt
“Fem vs. Mt

Fem vs. Tib
"Tib vs. Mt
“Fem vs. Mt

Fem vs. Tib
"Tib vs. Mt
“Fem vs. Mt

**Fem vs. Tib
*Tib vs, Mt
“Fem vs. Mt

**Fem vs. Tib
**Tib vs. Mt
“Fem vs. Mt

**Fem vs. Tib
**Tib vs. Mt
"Fem vs. Mt

**Fem vs. Tib
PXTib vs. Mt
"Fem vs. Mt

* = significant, P < 0.05; ** = very significant, P < 0.01; *** = extremely significant, P < 0.001; ™= not significant,
P > 0.05.

Table 5. Descriptive statistics for fractal dimension and lacunarity results (mean + standard deviation).

Species Bone Fractal dimension Lacunarity
Femur (219 ROIs) 1.48 £ 0.04 0.78 £ 0.14
Capreolus capreolus Tibia (216 ROIs) 1.47 £0.05 0.76 + 0.15
Metatarsus (165 ROIs) 1.62 + 0.04 0.67 £0.14
Femur (185 ROIs) 1.59 £ 0.04 0.59 £ 0.12
Capra hircus Tibia (103 ROIs) 1.45 + 0.04 0.81 £0.12
Metatarsus (203 ROIs) 1.49 +0.03 0.78 £0.12
Femur (106 ROIs) 1.41 £ 0.08 0.81 +£0.13
Ovis aries Tibia (74 ROIs) 1.57 £ 0.04 0.59 £0.15
Metatarsus (99 ROIs) 1.46 + 0.06 0.71+0.13
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three studied species (horizontal comparison).

Bone
Parameter
Femur Tibia Metatarsus
***CCvs. CH sCCvs. CH *CCvs. CH
Fractal dimension *CCvs. OA **CCvs. OA *CCvs. OA
*CH vs. OA **CH vs. OA *CH vs. OA
***CCvs. CH sCCvs. CH ***CCvs. CH
Lacunarity "CCvs. OA *CCvs. OA “CCvs. OA
PXCH vs. OA PXCH vs. OA **CH vs. OA

* =significant, P < 0.05; ** = very significant, P < 0.01; *** = extremely significant, P < 0.001; "= not significant, P > 0.05.

Table 7. Multiple comparison test results of the fractal dimension and lacunarity values, for each species, among the

three bone types (vertical comparison).

Species

Parameter
Capreolus capreolus

Capra hircus

Ovis aries

sFemur vs. Tibia
**Femur vs. Metatarsus
**Tibia vs. Metatarsus

Fractal dimension

Femur vs. Tibia
**Femur vs. Metatarsus
**Tibia vs. Metatarsus

Lacunarity

**Femur vs. Tibia
**Femur vs. Metatarsus
**Tibia vs. Metatarsus

**Femur vs. Tibia
*Femur vs. Metatarsus
»Tibia vs. Metatarsus

**Femur vs. Tibia
**Femur vs. Metatarsus
**Tibia vs. Metatarsus

**Femur vs. Tibia
**Femur vs. Metatarsus
***Tibia vs. Metatarsus

* = significant, P < 0.05; ** = very significant, P < 0.01; *** = extremely significant, P < 0.001; "= not significant, P > 0.05.

in perimeter, 143 to 175 um for the maximal diameter, and
120 to 145 um for the minimal diameter.

As far as the area is concerned, primary osteons range
between 5500 and 11,480 um?. Perimeters range from 709
to 320 um. The maximal diameters range from 110 to 250
um, while the minimal diameters range between 93 and
198 pum. Post hoc tests show a significant difference for the
values of the femur vs. tibia, as well as for the values of the
tibia vs. metatarsus.

As far as the horizontal assessment of the femur is
concerned, the goat (Capra hircus) vs. sheep (Ovis aries)
pair appears to be the most differentiated throughout the
series of values for the primary and secondary osteonal
series (except for the minor axis of the primary osteons).

For tibia, in the case of the secondary osteonal unit,
the goat (Capra hircus) vs. sheep (Ovis aries) pair appears
again to be the most differentiated. For the primary
osteonal units the situation is not as clear, and the roe
deer (Capreolus capreolus) vs. goat (Capra hircus) and roe
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deer (Capreolus capreolus) vs. sheep (Ovis aries) pairs (in
terms of area and perimeter) are pointed out as the most
unlikely series, while in terms of the major and minor axis
the situation is uncertain.

For the metatarsus, it seems that there are no significant
differences among the compared series, mainly in terms of
secondary osteonal data. For the primary osteonal units,
the difference appears constantly between the same two
series, Capreolus capreolus vs. Ovis aries and Capra hircus
vs. Ovis aries.

4.2. Fractal data and their relevance

Due to a lack of literature data in the area of the current
study, no comparisons with values taken from other
literature sources are possible. In the present study,
in almost all cases, the fractal dimension was able to
distinguish clearly between the bone samples, while
lacunarity provided complementary discriminatory values
that made the differentiation possible.
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Interspecifically, for the Capreolus capreolus vs. Capra
hircus pair, the tibial bone pattern seems to be alike.
Intraspecifically, the femoral and tibial bone pattern
of Capreolus capreolus showed close values for fractal
dimension and lacunarity.

4.3. Concluding remarks

This study brings to light some new morphometric data for
the species discussed, data that have never been published,
to the best of our knowledge.

Asfarasmorphometric datais concerned, thearea of the
secondary osteons does not appear to be the most reliable
item that one can use for interspecific differentiation (at
least for these skeletal segments), although some earlier
papers suggest that (9). Our data showed some reliable
differences for Ovis aries vs. Capra hircus in the case of the
femur and tibia, but failed to show such a difference in the
case of the metatarsals. The same applies to the perimeter
of the secondary osteons: the Ovis aries vs. Capra hircus
pair was the reliable pair in the case of the femur and tibia.
However, in the case of the metatarsals, our data show no
reliable differences. A similar tendency is displayed by
the data of the major axis of the secondary osteon for the
Capra hircus vs. Ovis aries pair. The other items associated
with the structures of the secondary osteons (maximal
diameter) and primary osteons (area, perimeter, axis)
show no reliable differences, as each of the elements shows
different sets of combinations that seem to be involved in
the differentiation.

Fractal dimension and lacunarity data show that
Capreolus capreolus bones have similar pattern features
and complementary evaluation is needed to determine the
differences between them. One such parameter might be
succolarity, another fractal parameter that can quantify
the texture by taking into consideration how a fluid would
flow through certain “obstacles” on the studied structure
(29).

For a comparison among species (interspecific), the
values of the morphometric data are less powerful when
compared with the fractal data. This is a significant
conclusion, as the morphometric data failed to show
such a difference (with respect to secondary osteonal data

References

1. Enlow DH, Brown SO. A comparative histological study of
fossil and recent bone tissues. Part II. Tex J Sci 1957; 9: 186—
214.

2. Enlow DH, Brown SO. A comparative histological study of
fossil and recent bone tissues. Part III. Tex J Sci 1958; 10: 187-
230.

as well as primary osteonal metric data). Even though
morphometry showed differences within species in regards
to different hind limb bones, the fractal dimension showed
much clearer and more powerful differences among the
series, with the exception of a single bone (tibia). Although
the lacunarity data alone were not able to distinguish bone
samples at the same level as fractal dimension, when taken
together, these two fractal parameters show great potential.

As far as intraspecific differences are concerned, the
morphometry data showed some constant differences
for at least one pair (secondary and some of the primary
osteonal area in Capra vs. Ovis), but failed to demonstrate
the constantly present differences for the other species
pairs under study. The fractal dimension works much
better in this respect, pointing out an almost complete
series of 3 differentiated bones within the species (with the
exception of the bones of Capreolus capreolus that show
only 2 differentiated species).

In our study the utility of fractal analysis, as an
analytical tool alongside the morphological assessment
(both qualitative and quantitative), shows a promising
potential for differentiating bone types between species
and/or within a species. Further in-depth studies are
needed to establish a clear pattern-map, with practical
application in the specific morphological identification of
bone fragments.

Acknowledgments

The present study was supported by the RU-ISI 11 research
grant (University of Agricultural Sciences and Veterinary
Medicine Cluj-Napoca). We thank our colleagues for all
their support, especially those from the Department of
Veterinary Pathology of the Faculty of Veterinary Medicine
Cluj-Napoca for their help in performing the histological
specimens and the basic image examination procedures.
Special thanks are addressed also to Dr Ruby Chang
(Research Support Office, the Royal Veterinary College
in London) for the statistical advice throughout the study
design and implementation and to Prof Dr Cassian Sitaru
(the University Medical Centre in Freiburg, Germany) for
his support in the paper design and final touches.

3. Mulhern DM, Ubelaker DH. Differentiating human from
nonhuman bone microstructure. In: Crowder C, Stout S,
editors. Bone Histology: an Anthropological Perspective. Boca
Raton, FL, USA: CRC Press; 2011. pp. 109-131.

4. Harsanyi L. Differential diagnosis of human and animal bone.
In: Grupe G, Garland AN, editors. Histology of Ancient
Human Bone: Methods and Diagnosis. Berlin, Germany:
Springer; 1993.

535


http://dx.doi.org/10.1201/b11393-6
http://dx.doi.org/10.1201/b11393-6
http://dx.doi.org/10.1201/b11393-6
http://dx.doi.org/10.1201/b11393-6
http://dx.doi.org/10.1007/978-3-642-77001-2_5
http://dx.doi.org/10.1007/978-3-642-77001-2_5
http://dx.doi.org/10.1007/978-3-642-77001-2_5
http://dx.doi.org/10.1007/978-3-642-77001-2_5

10.

11.

12.

13.

14.

15.

16.

17.

536

GUDEA and STEFAN / Turk ] Vet Anim Sci

Jowsey J. Studies of Haversian systems in man and some
animals. ] Anat 1966; 100: 857-864.

Dammers K. 2. Using osteohistology for ageing and sexing. In:
9th ICAZ Conference-Recent Advances in Ageing and Sexing
Animal Bones. Durham, UK: Oxbow Books; 2002. pp. 9-40.

Martiniakova M, Grosskopf B, Omelka R, Vondrakova M,
Bauerova M. Differences among species in compact bone tissue
microstructure of mammalian skeleton: use of a discriminant
function analysis for species identification. ] Forensic Sci 2006;
51:1235-1239.

Martiniakova M, Grosskopf B, Omelka R, Dammers K,
Vondrakova M, Bauerova M. Histological study of compact
bone tissue in some mammals: a method for species
identification. Int ] Osteoarchaeol 2006; 17: 82-90.

Dittmann K, Grupe G, Manhart H, Peters ], Strott N.
Histomorphometry of mammalian and avian compact bone.
Thesis, Facultat fur Biologie, Bereich Biodiversitatsforschung,
Martinsreid, Germany, 2008.

Martiniakova M, Grosskopf B, Omelka R, Vondrakova M,
Bauerova M. Histological analysis of ovine compact bone
tissue. ] Vet Med Sci 2007; 69: 409-411.

Pyszko M, Paral V, Kyllar M. Thickness of the substantia
compacta of porcine long bones. Veterinarni Medicina 2013;
58: 543-552.

Cuijpers AGFM. Histological identification of bone fragments
in archaeology: telling humans apart from horses and cattle.
Int ] Osteoarchaeol 2006; 16: 456-480.

Cuijpers AGFM, Lauwerier RCGM. Differentiating between
bone fragments from horses and cattle: a histological
identification method for archaeology. Environmental
Archaeology 2008; 13: 163-173.

Cuijpers AGFM. Species identification in archaeology. PhD,
University of Amsterdam, Amsterdam, the Netherlands, 2009.

Cattaneo C, Porta D, Gibelli D, Gambe C. Histological
determination of the human origin of bone fragments. |
Forensic Sci 2009; 54: 531-533.

Morris ZH. Quantitative and spatial analysis of the microscopic
bone structures of deer (Odocoileus virginianus), dog (Canis
familiaris), and pig (Sus scrofa domestica). HB Sc Thesis,
University of Toronto, Toronto, Canada, 2007.

Zedda M, Lepore G, Manca P, Chisu V, Farina V. Comparative
bone histology of adult horses (Equus caballus) and cows (Bos
taurus). Anatomia Histologia Embryologia 2008; 37: 442-445.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Sawada ], Nara T, FukuiJ, Dodo Y, Hirata K. Histomorphological
species identification of tiny bone fragments from a Paleolithic
site in the Northern Japanese Archipelago. ] Archaeolog Sci
2014; 46: 270-280.

Karperien A. FracLac v.2.5 [Internet]. 2013.

N’Diaye M, Degeratu C, Bouler JM, Chappard D. Biomaterials
porosity determined by fractal dimensions, succolarity, and
lacunarity on microcomputed tomographic images. Mater Sci
Eng 2013; 33: 2025-2030.

Gudea A, Stefan A. Histomorphometric, fractal, and lacunarity
comparative analysis of sheep (Ovis aries), goat (Capra hircus),
and roe deer (Capreolus capreolus) compact bone samples.
Folia Morphologica 2013; 72: 239-248.

Maat GJR, Van den Bos RPM, Aarents JM]J. Manual preparation
of ground sections for the microscopy of natural bone tissue:
update and modification of Frost’s “Rapid Manual Method.” Int
] Osteoarchaeol 2001; 11: 366-374.

Cuijpers AGFM. Distinguishing between the bone fragments
of medium-sized mammals and children. A histological
identification method for archaeology. Anthropol Anz 2009;
67:181-203.

Locke M. Structure of long bones in mammals. ] Morphol
2004; 262: 546-565.

Giua S, Farina V, Cacchioli A, Ravanetti E Carcupino M, Novas
MM, Zedda, M. Comparative histology of the femur between
mouflon (Ovis aries musimon) and sheep (Ovis aries aries).
Journal of Biological Research 2014; 87: 74-77.

Rajtova V, Briancin J, Kokardova M. Lamellar bone structure in
small ruminants. Folia Veterinaria 1995; 3—-4: 123-126.

Dittmann K. Histomorphometrische Untersuchung der
Knochen mikrostruktur von Primaten und haustieren mit
them Ziel der Speziesidentifikaton unter Berucksichtigung von
Domestikationeffecten. Anthrop Anz 2003; 61: 175-188 (in
German).

Martiniakova M, Grosskopf B, Vondrakova M, Omelka R, Fabis
M. Differences in femoral compact bone tissue microscopic
structure between adult cows (Bos taurus) and pigs (Sus scrofa
domestica). Anatomia Histologia Embryologia 2006; 35: 167—
170.

De Melo RHC, Conci A. How succolarity could be used as
another fractal measure in image analysis. Telecommun Syst
2011; 52: 1643-1655.


http://dx.doi.org/10.1111/j.1556-4029.2006.00260.x
http://dx.doi.org/10.1111/j.1556-4029.2006.00260.x
http://dx.doi.org/10.1111/j.1556-4029.2006.00260.x
http://dx.doi.org/10.1111/j.1556-4029.2006.00260.x
http://dx.doi.org/10.1111/j.1556-4029.2006.00260.x
http://dx.doi.org/10.1002/oa.856
http://dx.doi.org/10.1002/oa.856
http://dx.doi.org/10.1002/oa.856
http://dx.doi.org/10.1002/oa.856
http://dx.doi.org/10.1292/jvms.69.409
http://dx.doi.org/10.1292/jvms.69.409
http://dx.doi.org/10.1292/jvms.69.409
http://dx.doi.org/10.1179/174963108X343281
http://dx.doi.org/10.1179/174963108X343281
http://dx.doi.org/10.1179/174963108X343281
http://dx.doi.org/10.1179/174963108X343281
http://dx.doi.org/10.1111/j.1556-4029.2009.01000.x
http://dx.doi.org/10.1111/j.1556-4029.2009.01000.x
http://dx.doi.org/10.1111/j.1556-4029.2009.01000.x
http://dx.doi.org/10.1111/j.1439-0264.2008.00878.x
http://dx.doi.org/10.1111/j.1439-0264.2008.00878.x
http://dx.doi.org/10.1111/j.1439-0264.2008.00878.x
http://dx.doi.org/10.1016/j.jas.2014.03.025
http://dx.doi.org/10.1016/j.jas.2014.03.025
http://dx.doi.org/10.1016/j.jas.2014.03.025
http://dx.doi.org/10.1016/j.jas.2014.03.025
http://dx.doi.org/10.1016/j.msec.2013.01.020
http://dx.doi.org/10.1016/j.msec.2013.01.020
http://dx.doi.org/10.1016/j.msec.2013.01.020
http://dx.doi.org/10.1016/j.msec.2013.01.020
http://dx.doi.org/10.5603/FM.2013.0039
http://dx.doi.org/10.5603/FM.2013.0039
http://dx.doi.org/10.5603/FM.2013.0039
http://dx.doi.org/10.5603/FM.2013.0039
http://dx.doi.org/10.1002/oa.578
http://dx.doi.org/10.1002/oa.578
http://dx.doi.org/10.1002/oa.578
http://dx.doi.org/10.1002/oa.578
http://dx.doi.org/10.1127/0003-5548/2009/0021
http://dx.doi.org/10.1127/0003-5548/2009/0021
http://dx.doi.org/10.1127/0003-5548/2009/0021
http://dx.doi.org/10.1127/0003-5548/2009/0021
http://dx.doi.org/10.1002/jmor.10282
http://dx.doi.org/10.1002/jmor.10282
http://dx.doi.org/10.1111/j.1439-0264.2005.00652.x
http://dx.doi.org/10.1111/j.1439-0264.2005.00652.x
http://dx.doi.org/10.1111/j.1439-0264.2005.00652.x
http://dx.doi.org/10.1111/j.1439-0264.2005.00652.x
http://dx.doi.org/10.1111/j.1439-0264.2005.00652.x
http://dx.doi.org/10.1007/s11235-011-9657-3
http://dx.doi.org/10.1007/s11235-011-9657-3
http://dx.doi.org/10.1007/s11235-011-9657-3

	h.od9e8tjrba32
	h.ydqzful5cyzu

