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Summary

Forensic analysis of the osteological characteristics of femurs of roe deer and sheep was
performed by the method of comparison. In this study, 6 femurs of adult roe deer and 6
femurs of adult sheep were used. After the soft tissue remains were removed from the
bones, they were boiled and then bleached in 3% the solution of hydrogen peroxide
(H,0,). After bleaching, the bones were air-dried and then photographed.

The roe deer femur is on average 2.3 cm longer than the same bone in sheep. The body of
roe deer femur is strongly curved cranially, and in sheep it is slightly curved. The caudal
surface of the femur body in sheep has two rough lines that were absent in the middle
third in roe deer femoral body. The supracondylar fossa in roe deer is deep and in sheep
shallow. The deep fovea in roe deer and shallow fovea in sheep were observed on the
middle of the femoral head. The greater trochanter in roe deer femur is higher and
narrower in comparison to sheep. The lateral surface of the greater trochanter of femur in
roe deer is rough and in sheep it is smooth. The trochanteric fossa in roe deer femur is
narrow and deep, while in sheep it is wide and shallow. On the distal extremity of the
femur, the trochlea in roe deer is shallower than in sheep. On the lateral condyle, the
popliteal muscular fossa in roe deer is narrow and shallow and in sheep wide and deep.
The roe deer patella is on average 0.3 cm shorter and 0.4 cm narrower compared to sheep.
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INTRODUCTION
The roe deer (Capreolus capreolus), also known as European roe, belongs to the deer
family (Cervidae) and the genus Capreolus (Wilson and Reeder, 2005). The species is the
most numerous and widespread large venison in Europe. It inhabits areas from the
Mediterranean to Scandinavia and from Scotland to the Caucasus. In Serbia, roe deer
inhabit areas of Vojvodina and central Serbia.
Deer have long had economic importance to humans. Their economic importance is
manifold and includes the use of their highly nutritious meet (Tolusi¢ et al., 2006;
Uherova et al., 1992), their skin as soft, strong deer skin and their antlers as knife handles.
Due to the wild nature and diet of deer, venison is most often obtained through deer
hunting. In our practice, the most frequent cases of illegal hunting were related to the roe
deer. The perpetrators hunt illegally in order to gain material benefits by selling venison
meat or obtaining expensive trophies of these animals.
In veterinary medicine, forensic DNA methods are used to identify biological material
(skin, hair, meat) that is suspected to originate from a wild animal caught during a ban on
its hunting. Dimitrijevi¢ et al. (2013) presented the first case of introducing the
examination of polymorphism of microsatellite genetic markers within forensic analysis
in the cases of roebuck poaching in Serbia. It was proved that DNA profiles of the
samples taken from roebuck corpse were identical to DNA profile of the meat sample
found in the suspect house.
In the absence of roe deer biological material, fresh or boiled bones with pronounced
osteological characteristics may be used for forensic analysis. Knowing the osteological
differences of bones between domestic and wild animals is one of the safest methods for
determining the species of animal. Markovi¢ et al. (2014) identified 2585 bones or bone
remains of sheep, goats, horses, donkeys and camels from the archeological site Caricin
Grad and the Studenica monastery based on knowledge of the osteological characteristics
of the bones of these animals.
Various studies have been performed to determine the osteological characteristics of the
hind limbs bones of the wild and domestic animal species, ungulates such as the feral pigs
(Karan, 2012), camels (Crisan et al., 2009), different species of deer (Schimming et al.,
2015; Rajani et al., 2013; Rajani et al., 2012) caws (Salami et al., 2011; Crisan et al.,
2009; Sisson and Grossman, 1975), sheep and goats (Alpak et al., 2009; Sisson and
Grossman, 1975). The above mentioned authors described the osteological characteristics
of the bones of the hind limb after boiling, drying and bleaching these bones.
Demircioglu and Ince, (2020) described the morphometric characteristics of the hind limb
bones of gazelles using multidetector computerized tomography (MDCT) images. Salami
et al. (2011) determined that the examined bones collected in the savannah zone of
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Nigeria belonged to Yankasa sheep and Sokoto goats based on the knowledge of the
morphological characteristics of the bones of small ruminants. Nesi¢ et al. (2017) showed
that knowing the osteological differences of the bones of the leg skeleton and metatarsal
bones (Blagojevi¢ et al., 2016) between roe deer and sheep is a reliable method in
identifying the species of animals.

There is no data in the available literature on the morphological characteristics of the
femur of roe deer, so the aim of this study was to describe the osteological characteristics
of the femur of roe deer and compare it with those of sheep, some deer species and
gazelles in order to determine the species.

MATERIALS AND METHODS
For the purpose of investigating comparative characteristics of femurs, the bones of 6
adult roe deer and bones of 6 adult sheep were used.
The roe deer femurs were obtained from hunters during the period of allowed deer
hunting. Sheep femurs were obtained from the collection of small ruminant bones from
the Department of Anatomy, Faculty of Veterinary Medicine in Belgrade. After the soft
tissues remains such as muscles, arterial and venous vessels as well as nerves were
removed from the bones with a knife and scalpel. The femur samples were boiled with
the addition of detergent to remove the remaining soft and fat tissues. After rinsing bones
were placed in 3% solution of hydrogen peroxide (H,O,) for bleaching. At the end, they
were air dried and photographed with a digital camera.
The lengths of femurs were measured using a ruler. The circumference of the middle part
of the body and the prominent bony parts on the femurs were measured using a vernier
caliper.

RESULTS AND DISCUSSION
Osteological characteristics of roe deer femur
The femur of the roe deer is a long bone, cylindrical in shape except at its extremities.
The average length of the femur is 20.5 cm and the average circumference of the middle
part of the body of the femur is 1.1 cm. The slender body of the femur (Figure 1 A6, C6
and Figure 2 A6, C6) is cranially strongly curved, especially in its distal two thirds.
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Figure 1. Cranial surface of the right femur of roe deer A and left femur of sheep B.
Medial surface of the femur of roe deer C and sheep D (1- Caput ossis femoris, 1' C,D-
Fovea capitis, 2- Collum ossis femoris, 3- Trochanter major, 4C,D- Trochanter minor,
5C,D- Fossa trochanterica, 6- Corpus ossis femoris, 7AB- Trochlea ossis femoris, 7,
7"A,B- lateralni i medijalni greben trohlee, 8C,D- Condylus lateralis, 8'A,B- Epicondylus
lateralis, 9C,D- Condylus medialis, 9'A,B- Epicondylus medialis)

Figure 2. Lateral surface of the right femur of roe deer A and left femur of sheep B.
Caudal surface of the femur of roe deer C and sheep D (1- Caput ossis femoris, 2-
Trochanter major, 3- Trochanter minor, 4C, D- Crista trochanterica, 5C, D- Fossa
trochanterica, 6- Corpus ossis femoris, 7- Fossa supracondylaris, 8 A, B- Fossa extensoria,
9A, B- Fossa m.poplitei, 10- Condylus lateralis, 11- Condylus medialis, 12C,G- Fossa
intercondylaris)
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The proximal extremity of the femur is on average 0.5 cm wider than the distal extremity.
The proximal extremity consists of the head, neck and two trochanters.

The femoral head (caput ossis femoris) (Figure 1 Al, C1 and Figure 2 A1, C1) is smooth
and strongly curved toward the medial surface of the femur. It is supported by a distinct
neck (collum ossis femoris) (Figure 1 A2, C2) that is long and narrow. The fovea of the
head (fovea capitis) (Figure 1 C1') is a small but deep depression on the middle of the
femoral head. The greater trochanter (trochanter major) (Figure 1 A3 and Figure 2 A2,
C2) average length 3.4 cm and average width 1.3 cm is plate-shaped and extends
proximal above the head of the femur. Its lateral surface has the rough muscle lines to
attach the muscles. The lesser trochanter (trochanter minor) (Figure 1 C4 and Figure 2
A3, C3) has the form of a rough tuberosity, and is situated on the proximal extremity of
the femur, on its medial caudal surface. The intertrochanteric crest (crista
intertrochanterica (Figure 2 C4) connects the greater and lesser trochanters. The
trochanteric fossa (fossa trochanterica) (Figure 1 C5 and Figure 2 C5) is narrow and
deep.

The body of the femur (corpus ossis femoris) (Figure 1 A6, C6 and Figure 2 A6, C6) is
cylindrical, except near its ends, where it is wider and compressed cranio-caudally. The
average body circumference is 1.1 cm. Cranial, medial and lateral surface of the body are
continuous and smooth. Caudal surface of the distal half of the femoral body is bounded
by two rough lines, the lateral and the medial, which diverge toward the lateral and
medial condyles. The lateral rough line is more pronounced than the medial rough line.
The supracondylar fossa (fossa supracondylaris) (Figure 2 A7, C7) is very deep and is
situated at the distal femoral body on its caudo-lateral surface.

The distal extremity of the femur comprises the trochlea and two condyles. The trochlea
(Figure 1 C7), 3.1 cm long and 1.4 cm wide is identified at the distal extremity of the
femur, on its cranial surface. It consists of two ridges which are parallel and slightly
oblique. The medial trochlear ridge (Figure 1 A7") is more prominent than the lateral
ridge (Figure 1 A7").

Both condyles (Condylus medialis and Condylus lateralis) identified caudally in the
femoral distal extremity are well developed and they separated by a shallow and narrow
intercondylar fossa (Fossa intercondylaris) (Figure 2 C12). The lateral condyle (Figure 1
C8 and Figure 2 A10, C10) is convex and larger than the medial condyle (Figure 1 C9
and Figure 2 C10). The lateral condyle has narrow and shallow fossa that corresponds to
the popliteal muscle fossa (fossa m. poplitei) (Figure 2 A9). The deep extensor fossa
(Figure 2 AS8) located between the lateral trochlear ridge and lateral condyle. Proximal
and lateral to the medial and lateral condyles are lateral and medial epicondyles (Figure 1
AS8'and Figure 1 A9").
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The patella is long and narrow with an average length, width of its base and apex of 2.3
cm, 1.4 cm, 0.3 cm, respectively. Its cranial surface (Figure 1-3) is convex and has a
prominent tuberosity. The caudal surface of the patella is its articular surface, which is
divided by a smooth, rounded ridge into a medial large and a lateral smaller articular
surface.

The femur is the long bone of the hindlimb of sheep (Konig and Liebich, 2009; Sisson
and Grossman, 1975), Morkaraman sheep (Alpak et al., 2009), some deer species such as
roe deer, marsh deer (Schimming et al., 2015) and Patagonian huemul deer (Flueck and
Smith-Flueck, 2011) and gazelles (Demircioglu and Ince, 2020).

In the present study, the femur of sheep is on average 1.3 cm shorter than that of the roe
deer, and the average body circumference of the femur is 0.6 cm larger than that of roe
deer.

The proximal extremity of the femur is wider than the distal extremity in both sheep and
deer. The femoral head of sheep (Figure 1 B1, D1 and Figure 2 B1, D1) and roe deer is
smooth, spherical and placed medially. A similar head position and shape has been
described in gazelles (Demircioglu and Ince, 2020) and some deer species (Schimming et
al., 2015; Rajani et al., 2013; Rajani et al., 2012). The fovea on the head of sheep femur
(Figure 1 D1") is much smaller compared to roe deer. Small fovea was also described by
Rajani et al. (2012) in samba deer, Crisan et al. (2009) in camels and Demircioglu and
Ince (2020) in gazelles.

The neck of the femur is prominent in both sheep and deer, but in sheep (Figure 1 B2,
D2) it is short and wide and in roe deer long and narrow.

At the proximal extremity of the femur, the greater trochanteris is at the same level as the
head of the femur in gazelles (Demircioglu and Ince, 2020) sambar deer (Rajani et al.,
2012) and spotted deer (Islam et al., 2018). Schimming et al. (2015) noted that in marsh
deer, greater trochanter is divided into cranial and caudal portions. However, in camels
(Crisan et al., 2009) the greater trochanter is lower than the femoral head.

In our study it was found that the greater trochanter was raised above the level of the
femoral head in both sheep and roe deer. Such finding was also described by Rajani et al.
(2013) in Indian muntjak, Crisan et al. (2009) in cows and Konig and Liebich (2009) in
large ruminants. The greater trochanter in sheep (Figure 1 B3, D3 and Figure 2 B3, D3) is
on average 0.3 cm lower and 0.3 cm wider than in roe deer. In roe deer, the lateral surface
of the greater trochanter has rough lines while in sheep it surface is smooth.

The intertrochanteric crest connects the large and small trochanters in both, sheep (Figure
2 D4) and roe deer, as well as Morkaraman sheep (Alpak et al., 2009), gazelles
(Demircioglu and Ince, 2020), sambar deer (Rajani et al., 2012) and marsh deer
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(Schimming et al., 2015). However, Crisan et al. (2009) found that the intertrochanteric
crest was present in cows and absent in camels.

In a study by Schimming et al. (2015) conducted on marsh deer it was shown that the
lesser trochanter appears on the body of the femur, on its proximal part. In our study, the
lesser trochanter was the part of the proximal extremity of the roe deer femur. There was
no difference in the shape of the lesser trochanter in sheep, roe deer, gazelles, sambar
deer and marsh deer.

The trochanteric fossa has been observed in sheep (Sisson and Grossman, 1975), gazelles
(Demircioglu and Ince, 2020) and some deer species (Islam et al., 2018; Schimming et
al., 2015; Rajani et al., 2013; Rajani et al., 2012). The trochanteric fossa of sheep (Figure
1 D5 and Figure 2 D5) is wide and shallow and in roe deer narrow and deep.

The femoral body of sheep (Figure 1 B6, D6 and Figure 2 B6, D6) (Sisson and
Grossman, 1975), Morkaraman sheep (Alpak et al., 2009) is cranially slightly curved in
comparison with the body of the same bone in roe deer, where it is strongly curved in its
distal two thirds.

Cranial, medial and lateral surface of the body of the femur in sheep and roe deer as well
as spotted deer (Islam et al., 2018) and marsh deer (Schimming et al., 2015) are
continuous and smooth.

The nutrient foramen described by Rajani et al. (2012) in sambar deer and Islam et al.
(2018) in spotted deer on the proximal third of the cranial surface of the body of the
femur of these deer was not observed in sheep and roe deer.

Schimming et al. (2015) in marsh deer and Islam et al. (2018) in spotted deer found two
rough lines on the caudal surface of the femoral body of these animals, with the lateral
line being more pronounced than the medial line. In our study, rough lines were observed
on the entire caudal surface of the sheep femur body and in the proximal fifth and distal
half of the femoral body of deer. Rough lines were not mentioned by Sisson and
Grossman (1975) on the body of the femur in sheep.

The body circumference of sheep femur is on average 0.6 cm larger than that of roe deer.
At the distal extremity of the femur, the trochlea is surrounded by prominent medial and
lateral smooth trochlear ridges, with the medial ridge being thicker and elevated than
lateral ridge, described by Demircioglu and Ince (2020) in gazelle, Rajani et al. (2013) in
Indian muntjac and Rajani et al. (2012) in sambar deer. The trochlea of sheep (Figure 1
B7) is on average 0.4 cm longer and 0.4 cm wider than of roe deer. In both, sheep and roe
deer the medial ridge is thicker than the lateral ridge.

Crisan et al. (2009), describing condyles at the distal extremity of the femur of cows,
mares and camels, observed that in cows and mares both condyles are approximately
equal in size, while in the camels the lateral condyle is much more developed than the
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medial condyle. Our results on condyles of sheep and roe deer are in agreement with
those described by Demircioglu and Ince (2020) in gazelles, Rajani et al. (2012) in
sambar deer and Crisan et al. (2009) in camels, where the lateral condyle is larger than
the medial condyle.

Epicondyles, medial and lateral, were well developed in sheep (Figure 1 B9' and 1 BS")
and roe deer. The epicondyles were also mentioned by Demircioglu and Ince (2020) in
gazelles and Schimming et al. (2015) in marsh deer.

A

Figure 3. Patella of roe deer A and sheep B, cranial surface (1- Basis patellae, 2- Corpus
patellae, 3- Apex patellae)

The patella has pointed apex in sheep (Figure 3 B3) (Konig and Liebich, 2009; Sisson
and Grossman, 1975) and roe deer, as well as in gazelles (Demircioglu and Ince, 2020)
and some species of deer (Schimming et al., 2015; Rajani et al., 2012). In camels, the
patella is an elongated bone whose length is twice its width (Crisan et al., 2009). Patella
in marsh deer is triangular, narrow and thick bone, with the base facing upward and the
apex pointed face down (Schimming et al., 2015). Rajani et al. (2012) described that the
patella of sambar deer was ovoid, long and narrow bone. Our results on patella of sheep
(Figure 3B) and roe deer are in agreement with those described by Schimming et al.
(2015) in marsh deer where the cranial surface of the patella is convex and quite irregular.
The depression on the cranial surface of the patella base in sheep is wide and deep, in roe
deer narrow and shallow. The patella of sheep (Figure 3B) is on average 0.3 cm longer
and 0.4 cm wider in its base than the patella of roe deer. The caudal articular surface of
the patella in the sambar deer (Rajani et al., 2012) showed a blunt sagittal ridge. The blunt
rounded ridge separated articular surface of the patella both, sheep and roe deer on medial
larger and lateral smaller articular surface.
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CONCLUSION
Studies of the osteological characteristics of the femur of roe deer and sheep are
important in distinguishing the animal species, as well as assistance in forensic cases
during the ban on roe deer hunting. In cases of roe deer poaching, due to the lack of
biological material from the roe deer femur, fresh or cooked femurs can be used for
forensic analysis. Comparing the osteological characteristics of the femur between deer
and sheep is one of the safest methods for determining the species of animal.

Conflict of interest statement: The authors declare that there is no conflict of interest.
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	11_4_Štrbac_SRB
	12_6_Cengic_ENG
	12_6_Cengic_SRB
	13_9_Davidov_ENG
	13_9_Davidov_SRB
	VJRS-1-2-2021_Uputstvo autorima-Eng
	MANUSCRIPT LAYOUT, STYLE AND FORMATING
	The manuscripts are divided into the following edited sections:
	-Title page
	-Summary
	-Keywords
	- INTRODUCTION
	- MATERIALS AND METHODS
	- RESULTS*
	- DISCUSSION*
	- CONCLUSION
	- Acknowledgment **
	- Conflict of interest
	- REFERENCES
	- Table titles and/or Figures legends
	- Tables and/or Figures
	* Results and discussion can be in one chapter
	** Optional
	Title page
	The title page includes the title of the manuscript, as well as the full names and institutional affiliations of all authors. Corresponding author must be listed.
	Title: The title contains no more then 110 characters (including spaces) and is specific to the study. It should be understandable to a wide range of readers.
	Authors and affiliations. This includes names, middle initials (if used), surnames and affiliations in the following order: University or Organization/Institution, City and Country for all authors. Superscripts (1,2,3) are used in cases when the autho...
	Corresponding author. One of the authors must be marked as a corresponding author (add the symbol * next to the author's name). The name, surname and email of the corresponding author must be stated.
	Summary
	An sumarry contains no more then 250 words. Sections of the summary should not be separated by titles but only by a new paragraph.
	A structured summary is required for an Original research article and a Short communication or Working paper and is subdivided into the following sections: Introduction, Materials and methods, Results and Conclusion. The methods used must be mentioned...
	The summary for the Review article is structured and subdivided into the following sections: Background, Scope and approach, Key findings and Conclusions.
	The Case report does not require a structured summary, but it does include a summary of the case.
	Citations, tables, special abbreviations and significance levels (eg P <0.05) are not included in the summary.
	Keywords
	Below the Summary, three to five keywords must be listed in alphabetical order, avoiding general, plural and multiple terms (eg "and", "from"). These keywords will be used for indexing.
	INTRODUCTION
	In this part, the essence of the problem and the purpose of the study should be pointed out. Key aspects of published literature and research should be reviewed to indicate why this manuscript is considered an original contribution to current scientif...
	MATERIALS AND METHODS
	This section includes, as appropriate, a description of study design, experimental animals, analytical methods and statistical analyzes. Establish methods and procedures in sufficient detail to enable others to reproduce the study. If the methods are ...
	RESULTS
	The results are presented in a logical order and in accordance with the methods (there should be a result for each method), using tables and/or figures without duplicating the results between the two formats. To improve clarity, this section can be di...
	DISCUSSION
	The results should be discussed and linked to other relevant studies and current knowledge where needed. However, discussion is not used to summarize current knowledge. The discussion should clearly identify the main conclusions of the study. The auth...
	CONCLUSION
	The conclusion consists of a brief integration of the results directly related to the stated objectives of the study and a statement of the practical implications of the results. The conclusions are related to the goal of the study, avoiding unqualifi...
	Acknowledgements
	The source of funding for the study can be listed in this section. This section may list all those persons who have made significant contributions to the study in terms of design, conducting, analysis or providing/revision of manuscripts, but do not m...
	Conflict of interest
	Conflicts of interest exist when the interpretation of data or the presentation of information may be affected by personal or financial relationships with people or organizations. Authors are required to complete a conflict of interest statement. All ...
	REFERENCES
	It is necessary to ensure that each reference mentioned in the text is present in the reference list (and vice versa).
	It is recommended that references are not older than 20 years and that over 80% of references are from scientific journals, and the rest from other scientific sources.
	Citations in the text, such as personal communications, unpublished data or in the press (if there is no DOI number), are not accepted. Articles from scientific conferences can be cited only if they are published in full. Only esencial references shou...
	In the case of references to organizations or standards, abbreviations are used (eg EFSA, 2016; ISO, 2017) and in the case of laws and regulations, the term regulation (eg Regulation, 2012).
	The list of references is arranged alphabetically (using the A-Z sorting tool on the MS Word Home bar, if necessary) according to the surnames of the first authors.
	Examples:
	Journals:
	Nomenclature and taxonomy. All medical, chemical, biological or other terms should be used in accordance with the latest recommendations of the relevant international nomenclature. Names of genera and species of microorganisms and zoological names are...
	Tables and figures
	Figures must not be integrated into the main text, but are submitted as an additional document (each figure separately).
	Tables are submitted at the end of the Manuscript, as editable text (each table on a separate page).Tables and figures are numbered consecutively using Arabic numerals (Figure 1, Figure 2, Figure 3, Table 1, Table 2, Table 3, etc.). Capital letters A,...
	Results that can be described in the text as short statements are not shown as figures or tables. Data must not be copied into tables and figures.
	Titles and legends help to make tables and figures understandable without the reader having to refer to the main text. However, they also need to be summarized and not used to re-describe the methodology. The corresponding numbers and titles of the ta...
	Each table is prepared on a separate page and appropriately numbered with the short descriptive title of the table set out above. Tables can contain footnotes below the table and explain all abbreviations. Use Arabic numerals (1, 2, 3, etc., in the co...
	Figure legends do not appear in figures. When submitting figures, it is necessary to ensure that the files are properly identified as Figure 1, Figure 2, etc. Figure legends include the number and title of the figure and explanations of any symbols, l...
	Copyright
	Authors retain the copyright to published articles and give the publisher the right to publish the article, to be listed as its original publisher in case of re-use and to distribute it in all forms and media. If the journal does not accept the submit...
	Articles published in the Veterinary Journal of Republic of Srpska will be open access articles distributed under the Creative Commons Attribution (CC BY) 4.0 International License.
	Privacy Statement
	The names and e-mail addresses will be used exclusively for the stated purposes of this journal and will not be available for any other purpose or to any other party.
	Updated instructions for authors: February 7, 2022.
	JOURNAL ADDRESS:
	http://virs-vb.com/veterinarski-zurnal-rs/arhiva/
	http://doisrpska.nub.rs/index.php/VJRS/issue/archive

	VJRS-1-2-2021_Uputstvo autorima-Srb

