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The creation of anatomical models of high didactic value, which are durable, simple,
and inexpensive to maintain for the study of the appendicular skeleton of canines is
a challenge, due to the size of the bones composing the base bones of the paw. As
the topographic study progresses distally, this material’s quality, integrity, and longevity
becomes considerably more difficult. Osteotechnics is a tool that has made it possible
to obtain the material for the study of bones that make up the skeleton of domestic
animals. However, in the case of the anatomy of the canine paw, pieces of bone are
easily lost. Using 10 paws from canine cadavers donated by the Canine Control Centers
for use in Veterinary Anatomy dissection practices, pieces encapsulated in polyester
resin were obtained, allowing anatomical models to be made in order to enable the study
of bone structures and their relationships between the bones that make up the skeleton
of the canine paw, providing a self-taught support material for students. Including small
bones in polyester resin represents a conservation technique of high didactic value with
the additional benefits of long life, easy storage, and zero toxicity, without the risk of
losing small bone pieces.

Keywords: veterinary anatomy, anatomical preservation techniques, paw bones, canine,
teaching.

INTRODUCTION

Anatomical knowledge of domestic animals enables the optimal development of
medical, surgical and zootechnical skills and techniques. The teaching of veterinary
anatomy aims to know and understand the different anatomical structures that form
the body of domestic animals. Compared and integrated theoretical knowledge is
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making it possible to hightlight the similarities and differences between domestic
animals, for which the study on biological material is fundamental [1-3].

Interaction with conserved material enables learning strategies with interactive 3D
models for students, promoting collaborative learning, discussion, and building
knowledge through social interactions [4]. Currently, the availability of biological
materials is limited by the legal framework in our country, which is prompting
researchers, academics, and students to look for alternatives. Thus there is a need
for research and optimization in the development of techniques for the preservation
of anatomical pieces that make it possible to generate highly practical, durable, and
non-perishable materials, reduce the demand for cadavers and organs, eliminate health
risks by obtaining quality material and favor direct contact between students and the
structures to be studied [1,5,6].

The term osteotechnics refers to various techniques for preparing and preserving
pieces of bone, either for didactic use in anatomy laboratories or for demonstration
purposes, such as in museums. It is mainly based on maceration, cleaning, bleaching
of bone material, and assembly of the skeleton [7].

Osteotechnics is a tool that has made it possible to generate the material for the study
of bones that make up the skeleton of domestic animals. However, in the specific case
of the anatomy of the appendicular canine skeleton, the size of the bones that form
the bone base of the hand becomes a challenge. As the topographic study progresses
distally, the quality, integrity, and durability of this material becomes considerably
more difficult [8,9].

The bones that form the canine front paw (manus) are the carpus, where the bones that
make up the carpus are grouped in a proximal row (intermediate-radial carpus, ulnar
carpus, and accessory carpus) and distal row (carpus I, II, III and IV), the matacarpal
bones (I, I, 111, IV and V), the phalanges (proximal, middle and distal, except in finger
I where the middle phalanx is absent), the proximal sesamoids (two on the palmar side
of the metacarpophalangeal joint, except in finger I where 1 or 2 sesamoids may be
present), the distal sesamoids (which remain cartilaginous in canines) and the dorsal
sesamoids (one on the dorsal side of the metacarpophalangeal joint) [3,10-13].

The routine use of these anatomical pieces assembled by osteotechnics has the
disadvantage that the bones deteriorate and are lost, making the understanding of the
subject and the comparative anatomical study with other domestic animals difficult.
For this reason, this work sought the implementation of a new preservation technique
that allows the generation of quality pieces that maintain the totality of bones, with
an excellent didactic value, long life, easy maintenance, and high aesthetics, such as the
Technique of Inclusion in Polyester Resin (TIPR).
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MATERIALS AND METHOD

Anatomical specimens

Ten thoracic limbs from cadavers used for anatomical dissection in veterinary anatomy
courses were segmented by transverse sectioning at the level of the distal third of the
forearm using a cutting saw and stored at — 20°C in plastic bags until preparation.

Soft tissue removal

The pieces were thawed at room temperature for 12 hours, to proceed to the removal
of the skin, connective, and muscular tissue, finishing with the disarticulation of the
bone pieces by carefully sectioning the joint capsules.

Bone cleaning

To continue with the soft tissue cleaning, the bones were individually placed in nylon
bags and subjected to continuous boiling cycles for eight hours. The bones were then
brushed to remove any remaining muscle, cartilage, and ligaments and subjected to a
second boiling cycle in water with 4% commercial detergent powder to remove the fat
material. These cycles were repeated as many times as necessary to obtain clean pieces.

Degreasing and bleaching

To continue with the degreasing and bleaching process, the bones were immersed in
hydrogen peroxide of 11 volumes for twenty-four hours, rinsed, and dried by indirect
exposure to the sun for 10 days; the time depending on the ambient humidity. These
steps were based on the technique described by Nieto et al. 2014 [9].

Assembly and painting

The cleaned and dried bones were placed on individual sheets to position them in the
correct anatomical order and proceeded to painting with acrylic dyes using a different
color code for each bone that makes up the skeleton of the paw.

Mounting and embedding

Wooden plates of 10 cm by 40 cm were used as a base for mounting the material, each
bone was glued using Resistol 5000 glue and left to dry for 24 hours. The annotations
and signs printed on a vinyl label were arranged; they were then covered with two coats
of glazing liquid applied with a fine bristle brush and proceeded to dry for 24 hours.
Finally, the material was coated with a layer of polyester resin and left to dry on a level
surface for 72 hours. Each piece was placed in a polyethylene bubble plastic bag for
storage at room temperature.
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RESULTS

The bones that make up the osteology of the canine paw are small and are located in
small anatomical spaces. The pieces were dissected through a transverse cut at the level
of the distal third of the forearm (Fig 1A). The soft tissue was removed by anatomical
dissection, starting with the skin, muscles, tendons, ligaments, and adipose tissue (Fig
1B). The cleaning procedure with continuous boiling cycles with detergents enabled
the removal of the connective tissue and fat adhering to the bones. Degreasing and
bleaching by immersion in hydrogen peroxide resulted in clean bone pieces with a
color corresponding to that of the bones in their fresh state, to continue with the
insertion of the skeleton of the hand, respecting the spatial allocation (Fig.1C).

Figure 1. Bones of the canine paw. A: The paw were sectioned by a uniform transverse cut
over the radius and ulna, approximately 3 cm from the carpal region. B: The skin was removed
to expose the connective and muscular tissues. C: Cleaned bone pieces and spatial arrangement
of the bone parts. Dorsal view. Panoramic image.

During assembly, the separation of the pieces using polyester resin embedding
technique allows the study of the articular surfaces to be examined, unlike skeletoraphy,
where these surfaces are not perceptible as they are in direct contact. The coating of
the bone pieces with acrylic paint makes it possible to create a visual aid that associates
the type, number, and spatial location of the bones with a color code that, together
with the relevant information about the bone, represents a self-learning resource (Fig.
2A). Once the spatial and color pattern is established. The bones are adhered to a
wooden base to finish the encapsulation process by coating them with polyester resin

(Fig. 2B).
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Figure 2. Assembly with bone pieces. The identification of the different structures allows
the assembly of the skeleton of the paw by studying the individual bones and in association.
A: Bone pieces were coated with colored paint and arranged in anatomical positions. B: The
pieces and information labels of color codes were covered with glue on the base.

In invasive osteotechnics or nylon fixation skeletorapy, small components tend to
rotate (Fig 3A, yellow arrows) and get lost, leading to incomplete skeletal structures
with inaccurate spatial alignments (Fig. 3A, white arrows). Canine paw bones preserved
by TIPR show the exact location of the carpal bones in their proximal and distal rows,
the metacarpal bones, phalanges, and the proximal sesamoid bones (Fig. 3B). The
dorsal sesamoids and distal sesamoids were not preserved as they are cartilaginous and
are lost in the boiling process.

18



Rodriguez-Pilloni e al.: Polyester resin embedding for the study of the osteology of the canine front paw

HUESOS MANO DE CANINO

METACARPOS
SESAMOIDEOS PROXIMALES

Figure 3. Osteotechnics and bone embedding in polyester resin. A: osteotechnics of the
canine paw, small components tend to rotate (yellow arrows) or get lost, resulting in incomplete
skeletal structures with inaccurate spatial orientations (white arrows). B: bone embedding in
polyester resin. Bone embedding facilitates the study individually and in association, making
it possible to distinguish articular surfaces not visible in the osteotechnics, allowing the
preservation of the proximal sesamoids not present in the fixation with thread.

DISCUSSION

Osteotechnics is an anatomical preservation technique that allows the preparation and
exhibition of vertebrate skeletal parts by assembling their bone pieces [8,9,14,15].

Bone materials have three main physical properties that determine the alterations
caused by environmental factors: porosity, hygroscopicity, and anisotropy. Bones
can undergo alterations such as decohesion, erosion, pulverization, and changes due
to chemical reactions during decomposition. From our experience, small bones are
more sensitive to undergo these alterations, so the TIPR protects bones from these
variations and allows longer preservation [16].

Osteotomy involves four main stages: defleshing, cleaning, bleaching, and assembly.
Defleshing is performed by separating the soft tissue using knives and scalpels.
Different methods have been reported for cleaning bones: boiling, bacteriological,
maceration (by insects or inorganic or organic chemicals) 7], burying, putrefaction
[16]; scraping, with dermestids, caustic soda, with predatory insects [17], defleshing
with potassium hydroxide 0.5% has also been reported [18]. Boiling with calcium

19



Acta Veterinaria-Beograd 2025, 75 (1), 14-24

oxide, 50g/L [19], calcium carbonate [7], detergent [20,21], ot sodium borate has been
used [16].

Bleaching and degreasing with hydrogen peroxide [16-19,21], with 10% sulphuric acid
[7], and degreasing with white benzine before treatment with hydrogen peroxide has
also been reported [21]. In our laboratory, we use the cleaning method of boiling
with detergent, bleaching, and degreasing with hydrogen peroxide which has provided
us with satisfactory results. It is also an accessible and inexpensive technique that
allows us to obtain clean and unaltered artefacts. Cleaning with sodium hypochlorite
(commercially available) diluted between three to six parts with water makes it possible
to obtain articulated bone pieces [22], and could be useful in the case of small bones
such as those of the canine paw; however, this technique does not allow the observation
of the complete anatomy of each bone, apart from the decalcifying effect, which can
cause erosion and pulverization.

For assembly, the use of glue, silicone, wires, or nylon is reported. Invasive osteotechnics
or skeletoraphy with the use of nylon to assemble the bone pieces [18,19] are not very
applicable to pieces smaller than 3 cm in any of their dimensions, since drilling of
the bones for the introduction of fixing material jeopardizes the piece by causing
structural damage ranging from weakening or fractures, to decay disintegration, the
latter undesirable feature being of greater relevance in pieces of young animals or
small birds [23-25].

The TIPR is one of the non-invasive osteotechnics that are tools that aim to reassemble
the bone pieces, without the need for drilling or generate structural damage [23,24].
Other non-invasive techniques involve the use of glues or silicones applied to the
articular surfaces. The assembly must be performed by highly qualified personnel with
knowledge of animal anatomy, to respect the angles of union and the alignhment of the
structure, which is important as this technique does not allow correction of direction
of the assembly or the study of the articular surfaces to be corrected.

In the preservation of anatomical pieces, polyester resin has been given different
uses, such as the preservation of soft tissues, in which it is recognized as a simple,
versatile, highly durable, and cost-effective technique, which reduces exposure times to
toxins [26-30] compared to the plastination technique of Von Hagens (1987) [31-35]
and in the diaphanization technique [36]. However, this has not yet been reported in
osteotechnics such as the one presented in this paper.

The TIPR described in this article represents an excellent option for the preservation
of bone pieces. The encapsulation prevents small pieces from rotating or being
misplaced, affecting the quality of the preserved piece, as occurs in specimens
assembled by osteotechnics in regions where the bones are tiny and where pieces are
frequently lost, misplaced or fractured because their structure is damaged when they
are perforated to introduce the fastening materials. In addition, TIPR, by encapsulating
the anatomical pieces in resin reduces the biological risks associated with the direct
handling of biological material without the need for additional biosafety measures.
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TIPR generates a protective barrier that prevents degradation of the bone tissue by
microorganisms or external agents, increasing its durability [32]. The assembly on a
solid base increases the strength of the preparations and reduces the risk of damage
due to improper handling by users. Finally, TIPR has a high value as a didactic tool by
allowing the addition of diagrams, drawings, and information that also represents the
added value of an autodidactic resource.

CONCLUSIONS

TIPR is an ideal technique for the preservation of the bones of a canine paw. This
method allows us to obtain high-quality, visually appealing, and educationally valuable
specimens at an affordable production and maintenance cost for teaching and museum
display. TIPR preserves the three-dimensional anatomical relationship by displaying
the bone pieces in their dorsal and palmar views and avoiding the misplacement of
bone pieces, without compromising the integrity of the bone at the time of assembly
as is the case with skeletography.
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UKLAPAN]JE U POLIESTERSKE SMOLE U CILJU PROUCAVAN]JA
OSTEOLOGIJE PREDNJE $APE PSA

Sofia Daniela RODRIGUEZ-PILLONI, Hugo BERNAL-ZEPEDA,
Ma Reyes PICHARDO-MOLINERO, Carlos Gerardo GARCIA-TOVAR,
Samantha JARDON-XICOTENCATL

Stvaranje anatomskih modela visoke didakticke vrednosti, koji su izdrzljivi, jednostav-
ni i jeftini za odrzavanje, a za proucavanje skeleta ekstremiteta pasa je izazov, zbog veli-
¢ine kostiju koje ¢ine osnovne kosti $ape. Kako topografska studija napreduje distalno
duz ekstremiteta, ocuvanje kvaliteta, integriteta 1 dugovecnosti ovog materijala postaje
otezano. Osteotehnika je alat koji je omogucio dobijanje materijala za proucavanje
kostiju koje ¢ine skelet domacih zivotinja. Medutim, u slu¢aju anatomije psece $ape,
komadidi kosti se lako gube. Koristeéi 10 $apa od psecih leseva koje je donirao ,,Centar
za kontrolu pasa za upotrebu u praksi disekcije veterinarske anatomije, dobijeni su
preparati inkapsulirani u poliestersku smolu, $to je omoguéilo izradu anatomskih mo-
dela kako bi se omoguéilo proucavanje kostanih struktura i odnosa izmedu kostiju koje
¢ine skelet psece $ape, pruzajuéi samouki pomoéni materijal za ucenike. Ukljucivanje
malih kostiju u poliestersku smolu predstavlja tehniku konzervacije visoke didakticke
vrednosti sa dodatnim prednostima dugog veka trajanja, lakog skladistenja i nulte tok-
si¢nosti, bez rizika od gubitka malih komada kostiju.
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