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Abstract: The use of alternative techniques
to formaldehyde in the conservation of
anatomical pieces is a solution to reduce the
contact of teachers and students with this
carcinogenic chemical compound, which
causes airway irritation. Several alternative
techniques to formaldehyde are already
used, however, some are still unfavorable
due to their high cost. Cryo-dehydration is
a cost-effective, low-maintenance, odorless
conservation method with excellent results in
tissue preservation. This technique is based on
freezing the piece, promoting the solidification
of water crystalsin the fabricsand subsequently
releasing  this through thawing,
dehydrating and preserving the fabric. In this
work, the cryodehydration procedure was
performed on 16 femorotibiopatellar joints of
dogs, eight on the right antimere and eight on
the left antimere. Dissection and application
of the cryo-dehydration technique were
easy to apply to 100% of the study samples.
Regarding the preservation of structures at
the time of dissection, in 62.5% of the pieces it
was possible to preserve all ligaments, muscle
tendons and sesamoid bones. It was also
possible to observe the darkening of soft tissue
structures, such as ligaments and tendons, in
some of the preparations. According to the
results found in this study, it is possible to
conclude that the cryo-dehydration technique
in joints is viable, resulting in parts with
little or no odor, eliminating the need for
formaldehyde and being a low-cost procedure.
The technique allows structures to be easily
visualized, handled and stored.

Keywords: Defrosting. Freezing. Anatomical
techniques. Formalin. Morphology.
Articulation. Veterinary. Little animals.
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INTRODUCTION

Used as a preservative, formaldehyde is
widely used in academic environments in
the preservation of corpses for the study of
human and veterinary anatomy, in addition to
having antiseptic, antifungal and bactericidal
functions. It guarantees the pieces a long
period of preservation, with little loss of shape
and slight darkening and increased rigidity
(KRUG et al., 2011). The adverse effects on
humans caused by exposure to formaldehyde
are directly related to its duration and
frequency, the route through which it occurs,
as well as the concentration of formaldehyde
in the solution (PINA, 2010). Being a strong
chemical component, formalin is already
registered as a carcinogen by the International
Agency for Research on Cancer (IARC, 1995).
Faced with the harm caused by the wide use
of formalin in academic environments and
seeking the best preservation of tissues, taking
into consideration, their morphology and
future maintenance needs, combined with a
favorable cost-benefit ratio, many anatomy
laboratories have alternative conservation
techniques applied concomitantly with the
use of formaldehyde (DA SILVA et al., 2016).

In cryo-dehydration, the material is
dehydrated by freezing and thawing. The
technique is based on the principle that the
slow freezing of intracellular water causes
its expansion and crystallization, which,
due to its significant size, causes the cell
plasma membrane to rupture. Repeats of the
procedure promote a considerable number
of ruptures in the cell wall, facilitating the
release of water from the tissue and enabling
its conservation (KOONZ; RAMSBOTTON,
1939; HINER; HANKINS, 1947). This method
has the advantages of easy packaging, low
cost of the technique, durability and lightness
of the pieces, as well as eliminating the use
of fixatives (formaldehyde) in maintaining
conservation (KREMER, 2011). Some authors
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have already applied this freezing and thawing
technique to equine and dog joints (MELO
et al, 2009; BRAUNER, 2016), as well as to
viscera, such as brains (PESSOA et al, 2017;
REISetal,2020),kidneys and hearts (BATISTA
et al, 2017; CARMO, 2017; MIRANDA E
BOSSO, 2020) and also the digestive system,
such as the stomachs of some animal species
(KREMER; SCHUBERT; BONFIGLIO, 2011;
ARAUJO et al, 2021).

Knowledge of the morphology and
structure of the organism is the academic basis
for professional training in medical sciences
(DA SILVA et al., 2016). In dogs, the study
of the anatomy of the femorotibiopatellar
joint, or knee joint, is extremely important,
as it is a joint that can be affected by various
pathologies, both bone and joint, such as
patellar dislocation, rupture of cruciate
ligaments (cranial and caudal), meniscal
injuries, among others (WOODARD; JONES;
HUNT; KING,1997).

The objective of the present work was
to apply the cryodehydration technique to
pieces of dog knee joints, aiming to contribute
to facilitating research into comparative
anatomy and the manipulation of the piece
by its users when under study. The ease of
handling and storage of specimens submitted
to the technique will also be evaluated, as well
as the durability and low cost of execution.

MATERIAL AND METHODS

To carry out this study, 16
femurotibiopatellar joints were used - eight
from the right antimere and eight from
the left - from formaldehyde dog cadavers
from the Pathology Sector of the Veterinary
Faculty o ''Universidade Federal do Rio
Grande do Sul'' (FAVET/UFRGS), which
were studied in the Anatomy subjects for
the Veterinary Medicine course. These knees
were chosen and dissected randomly, with
no correspondence between the origin of the

DOI 10.22533/at.ed.9733182309118 n




antimeres. Approximately 7 cm of the distal
end of the femur and 7 cm of the proximal end
of the tibia and fibula were preserved.

When dissecting the structures that make
up the dog’s knee, an attempt was made to
preserve the patella, the insertion tendon
of the quadriceps muscle, part of the rectus
femoris muscle, the patellofemoral ligaments
(medial and lateral) attached to the sesamoid
bones of the gastrocnemius muscle ( located
on the caudal aspect of the distal end of
the femur, proximal to the condyles), in
addition to the patellar ligament up to the
crest of the tibia, cranially. Furthermore, the
collateral femorotibial ligaments (medial
and lateral) and cruciate ligaments (cranial
and caudal) were maintained, in addition to
the caudal ligament of the lateral meniscus
(distal branch and proximal branch, called
the meniscofemoral ligament). We sought to
preserve two other structures, the tendons
of origin of the extensor digitorum longus
muscles (laterally, starting from the extensor
fossa, close to the trochlea of the femur) and
popliteus (also laterally, passing medially
to the lateral collateral ligament, with its
sesamoid bone). Finally, all muscle remains,
periosteum, adipose tissue and bone marrow
were removed from both the femur and tibia.

All pieces were washed in running water
and randomly identified by placing a string (a
small hole was made in the remaining portion
of the femoral diaphysis) with a plate D (right)
or E (left) and with a number of 1 to 8 (D1-
8 and E1-8). Furthermore, each sample was
photographed (cranial and caudal views) and
weighed on an electronic scale (LTOMEX AL-
SF400) before carrying out the freezing and
thawing process (cryodehydration). Then,
each preparation was placed in individual
plastic bags and stored in a freezer (horizontal,
Nihonfreezer, -4 °C) for 18 hours. After this
period, each piece was weighed again and
suspended to thaw at room temperature for

Journal of Agricultural Sciences Research ISSN 2764-0973

six hours; At the end, they were weighed
again, packed in plastic bags and placed back
in the freezer. This process was carried out
13 consecutive times; In the 13th Session,
the pieces remained thawed for 48 hours.
The ambient temperature and relative
humidity were also measured daily during the
experiment period, using a digital thermo-
hygrometer (model FEPRO-MUT600S).
After the freezing and thawing periods,
all samples were photographed again in the
cranial and caudal views. Four pieces of
each antimere (chosen according to the best
preservation) had their structures identified
through the application of colored paint
(acrylic). Structures related to muscles were
identified with red; ligaments, yellow in color;
menisci, blue in color; and sesamoid bones
(patella and sesamoids of the gastrocnemius
and popliteus muscles) colored green. Then, all
pieces received a layer of varnish, with the aim
of conservation, thus preventing the growth of
microorganisms - such as fungal colonies - and
the accumulation of grease due to handling.

RESULTS

In 100% of the dog knee pieces used in this
study, it was possible to dissect and apply the
cryo-dehydration technique (freezing and
thawing), as seen in figures 1 and 2, with these
images and schematic drawings of the pieces
not being colored, and also in figure 3, in the
samples with the structures identified in color.

Regarding the preservation of structures at
the time of dissection, in 10 of the 16 samples
(62.5%) (D1, D2, D4, D5, DS, E3, E4, E5,
E7 and E8), it was possible to preserve all
ligaments, muscular tendons and sesamoid
bones present. However, in six samples (37.5%)
the preservation of all structures was not
achieved; in three of the six preparations (D3,
E1 and E6) it was not possible to maintain the
popliteal muscle tendon and, consequently, its
sesamoid bone; in the remaining three samples

DOI 10.22533/at.ed.9733182309118 n




(D6, D7 and E2) it was not possible to preserve A

the tendon of origin of the extensor digitorum '

longus muscle. In samples D7 and E2, the ]
medial patellofemoral ligament and the distal

branch of the caudal ligament of the lateral 32 <
meniscus were not observed, respectively. s 0% B

Another situation observed in the samples 118 9
was the darkening of non-bone structures, (=

such as ligaments, menisci and tendons, in
four of the sixteen pieces (25%) - D5, D6, E2
and E5. And it was also observed that in 93.7%
of the preparations they had a final appearance
that was a little greasy to the touch, that is, in
only one piece this fact did not occur (E7).
In both situations, no losses were found in
identifying the structures.

Figure 2 - Schematic drawing (A) and

Image (B) of the final appearance of a dog’s

left knee in caudal view after applying the

B cryo-dehydration technique. Piece already
i 1 | varnished (B), with all structures preserved.

A: Schematic drawing in caudal view; B: Image
of the caudal view: 1 femur, 2 origin of the
gastrocnemius muscle, 3 2 lateral sesamoid,
4 4 medial sesamoid 2, 5 lateral condyle of
STh the femur, 6 medial condyle of the femur, 7
1 9 meniscofemoral ligament (proximal branch)
of the caudal ligament of the lateral meniscus,
13 8 lateral meniscus, 9 medial meniscus, 10

caudal cruciate ligament, 11 origin of the
popliteal muscle (with its sesamoid), 12 fibula,

t‘\-- N 13 tibia. Source: the author himself.
) 7

Figure 1 - Image (A) and schematic drawing
(B) of the final appearance of a dog’s left
knee in cranial view after application of the
cryo-dehydration technique. Piece already
varnished (A), with all structures preserved.

A: Image of the cranial view; B Schematic
drawing in cranial view: 1 femur, 2 tendon
of insertion of the rectus femoris muscle, 3
patella, 4 patellar tendon, 5 medial condyle
of the femur, 6 lateral condyle of the femur, 7
medial meniscus, 8 lateral meniscus, 9 origin
of the muscle extensor digitorum longus, 10
crest of the tibia, 11 medial condyle of the
tibia, 12 lateral condyle of the tibia, 13 fibula.
Source: the author himself.
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13 freezing and thawing sessions were carried
out. Size, apparently, had no influence on the
percentage of weight loss, as the simple average
was around 22% (average of the left antimere
21.7% and 22.29% of the right antimere)
on each side, regardless of the initial weight

(Table 2).

Antimer weIingi}tlita(lg) Antimer weIingi}tlita(lg)

D1 68 E1l 65

D2 64 E2 105

D3 62 E3 56

D4 59 E4 58

Figure 3 - Images of the final appearance of D5 64 E5 91

a dog’s right knee in cranial (A) and caudal D6 112 E6 109

(B) views after applying the cryo-dehydration D7 51 E7 75

technique and painting (with acrylic paint) of D8 94 ES 93
the structures. Piece also already varnished. Table 1 - Initial weight of the pieces before
A: Cranial view: 1 femur, 2 tendon of insertion the beginning of the freezing and thawing

of the rectus femoris muscle, 3 patella, 4 sessions, measured in grams.

patellar tendon, 5 lateral condyle of the Source: adapted from Camilla Elias Bruno.

femur, 6 medial condyle of the femur, 7 lateral
meniscus, 8 medial meniscus, 9 origin of the

extensor digitorum longus muscle, 10 tibial

Anti Loss Loss Anti Loss Loss
crest, 11 medial patellofemoral ligament, 12 nHmer g (%) nHmer- g (%)
lateral patellofemoral ligament, 13 medial D1 11 16,18% El 11 16,92%
femorotibial ligament, 14 lateral femorotibial D2 13 2031% E2 22 20,95%
ligament, 15 fibula. B: Caudal view: 1 femur, 2 D3 14 22.58% E3 12 21,43%
origin o.f the gastrocnemius mus?le, 32 med?al D4 11 18.64% 4 9 15,52%
sesamoid, 4 2 lateral sesamoid, 5 medial D5 18 28.13% B5 18 19.78%
condyle of the femur, 6 lateral condyle of the

, ) , D6 21 18,75% E6 22 20,18%
femur, 7 medial meniscus, 8 medial condyle
s . . D7 16 31,37% E7 28 37,33%
of the tibia, 9 ligament caudal cruciate, 10
. . . D8 21 22,34% E8 20 21,51%
meniscofemoral ligament (proximal branch)
of the caudal ligament of the lateral meniscus, Table 2 - Total grams lost from each piece,
11 origin of the popliteal muscle (with its both right and left, during the experiment and
sesamoid), 12 fibula, 13 tibia. Source: the also the percentage of weight loss compared to
author himself. the initial welght

Source: adapted from Camilla Elias Bruno.

At the beginning of the application of the
cryo-dehydration technique, all samples were Around the 10th Session, weight loss
weighed (Table 1) and during the process, the  stabilized in most of the pieces, becoming
weight was always measured at the time of relatively constant until the 13th Session
removal from the freezer and after six hours  (figure 4).
of defrosting at room temperature. In total, Throughout the experiment, air humidity




Weight loss throughout the sessions

120 +

D1

100 D2

D3

=Dt

—— [ — El
40 + —

E3

E4
20 + ES

E6

E7

1 2 3 45 6 7 8 91011121314151617 18 19 20 21 22 23 24 25 26 27 ES

Figure 4 - Graph illustrating weight loss after each freezing and thawing session. Note that the lines
remained relatively constant in all samples, regardless of the initial weight of the piece and that from the
10th session onwards, in all samples, the weight loss was no longer significant.

From 0 to 120 (grams) initial weight of the samples, and from 1 to 27 total number of freezing and thawing
sessions. Source: Camilla Elias Bruno.

and ambient temperature were also observed Session of Airhumidity  Temperature
using a digital thermo-hygrometer (Table defrosting (%) O
3). Thus, it was possible to notice that in the Session 1 67 22,9
3rd Session we had the highest temperature Session 2 69 22,7
(23.1°C) and in the 4th Session the lowest Session 3* 55 23,1
relative air humidity (52%). Therefore, Session 4* 52 21,3
observing the weight loss per Session of the Session 5 55 20,9
pieces, it was found that in both the 3rd and Session 6 58 20,2
4th Session we had the greatest weight loss Session 7 57 22,1
(Table 4). Session 8 59 22,9
Session 9 61 22,2
Session 10 68 22,2
Session 11 62 21,8
Session 12 65 22,4
Session 13 58 21,2

Table 3 - Ambient temperature and air
humidity for the days on which the defrosting
sessions were carried out.

* Highlighted are sessions with higher ambient
temperature and lower humidity. Source: the

author himself.




Piece  Frozen Session3 Frozen Session4
D1 64 60 60 58
D2 60 57 57 54
D3 56 53 53 50
D4 55 52 52 50
D5 59 54 54 50
D6 106 101 100 96
D7 47 44 42 40
D8 88 84 84 79
El 61 57 57 56
E2 98 93 92 88
E3 51 48 48 45
E4 55 52 52 50
E5 85 80 81 76
E6 101 97 97 93
E7 67 62 62 55
E8 86 85 81 77

Table 4 - Pieces of the right and left antimere

with the weight at the time of removal from

the freezer, in sessions 3 (highest temperature,

23.1°C) and 4 (lowest humidity, 52%), and
after 6 hours of defrosting.

Source: the author himself.

DISCUSSION

We observed that the cryo-dehydration
technique on dog knees was a viable method
for their conservation, easy to apply and
with a very satisfactory final result. This
corroborates the observations of Brauner
(2016), in his work using two dog knees, as
well as in another article that described the
use of cryo-dehydration in six equine synovial
joints (MELO et al, 2009). Other articles
also stated that it is possible to perform the
cryodehydration technique on viscera such
as brains (PESSOA et al, 2017; REIS; BOSSI;
MARTINS; MAZZUCATTO, 2020), kidneys
and hearts (BATISTA et al, 2017; CARMO,
2017; MIRANDA E BOSSO, 2020) and also
the digestive system, such as the stomachs of
some animal species (KREMER; SCHUBERT;
BONFIGLIO, 2011; ARAUJO et al, 2021).

In the current research, before applying the

freezing and thawing technique, the pieces
were removed from corpses that had already
been formalized, which was also observed
in the overwhelming majority of articles
researched (regardless of the viscera or joint),
that is, in some way (injection or immersion)
the samples were always fixed in formalin
and then cryo-dried. Only in one article
found (FONTANA et al, 2019) was another
dehydration technique applied to parts of an
equine pelvic limb. In this work, the authors
state that they carried out only one freezing
and that after thawing, the piece dehydrated
due to repeated applications of thinner, on
the internal/medial side of the sample, and
sodium chloride on the other side, this being
done daily for 30 days. The structures that were
not identified in the current research occurred
due to an error in dissection and not due to
a failure of the cryo-dehydration technique.
What made it easier, in the current research,
to better visualize the structures was that, in
half of the samples, colored acrylic paint was
used, each portion that was preserved in the
dissected knees being painted (BRAUNER,
2016).

Another situation observed in the current
work was that in 25% of the samples, structures
that were not bony were darkened, which did
not affect their visualization in any way. In the
literature, only Fontana et al (2019) observed
any change in the color of certain structures,
but these authors did not use the freezing and
thawing technique described here to dehydrate
the piece. Another point described in the
current research was the greasy appearance of
the vast majority of samples. This fact also did
not affect the identification of the structures
and, possibly, occurred due to the fact that,
together with the formaldehyde, a small
amount of glycerin (around 1 liter for every 20
liters of formaldehyde) was applied at the time
of embalming the corpse. Only one article
was found in the literature (RECKZIEGEL;
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CULAU; ARAUJO; VOLL, 2015) which
observed that pieces of dog intestine with
excess fat took longer to dehydrate than other
less fatty pieces, and that this could favor the
proliferation of microorganisms over time.
This has not been observed, so far, in the
pieces of the current research.

The freezing temperature applied in the
current research was -4°C, which is sufficient
to achieve the objective of crystallizing water
particles from dog knee samples (REIS;
BOSSL; MARTINS; MAZZUCATTO, 2020).
But for other authors, the ideal temperature
for freezing would be -17°C or -18°C in
their respective studies of dog and ruminant
stomachs and pig kidneys and hearts
(KREMER, SCHUBERT AND BONFIGLIO,
2011; CARMO, 2017). The freezing and
thawing period was one of the factors that
differed most between that applied in the
current work and that of another authors’
research. In the present study, 18 hours of
freezing and six hours of thawing for each
piece at room temperature and suspended was
enough for the experiment to be successful.
For Reis et al (2020), in their research with pig
and dog brains, the ideal period was 12 hours
freezing and 12 hours thawing; for Aragjo
et al (2021), in a study on cryo-dehydration
of sheep stomachs, 22 hours of freezing and
two hours of thawing in running water was
enough to achieve the expected result; for
Batista et al (2017) 48 hours of freezing and
the same amount of time thawing was ideal
for a piece of a sheeps urinary system; and
also for Carmo (2017), in his study with 24
kidneys and 24 hearts of pigs, the time of 12
hours freezing and seven hours thawing in a
forced air oven was the sufficient interval for
applying the cryo-dehydration technique.

Another very controversial point was the
number of freezing and thawing sessions
applied to the different pieces studied by
various authors. For some researchers, the
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number of sessions was determined by the
percentage of weight loss in the sample
compared to their initial weight. This was
described by Carmo (2017) who used as
a parameter the loss of 60% to 70% of the
sample’s initial weight, varying from nine
to 16 days for kidneys and 28 to 39 days for
pig hearts. In the current study, 13 cycles of
freezing and thawing were enough for each
piece of dog knee to lose an average of 22% of
its weight, with weight loss stabilizing in the
10th session. One of the hypotheses behind
this discrepancy in weight loss percentages
between the articles found and the current
research was that bone structures have a
smaller amount of water than viscera such as
kidneys, hearts and brains (CARMO, 2017;
PESSOA et al, 2017; MIRANDA E BOSSO,
2020). In the study by Batista et al (2017),
weight loss was similar to that found in our
research, around 26.3%, even when studying
the viscera of the urinary system.

Weight loss, in the research carried out,
was not related to the initial weight of the
sample, as the heavier pieces did not lose more
water than those with a lower weight. This
corroborates the study by Miranda and Bosso
(2020) on hearts from different animal species
and with very different weights. For them, a
bovine heart had a loss of 73% of its initial
weight, an equine heart 60%, a feline heart 71%
and one of the dog heart samples had a loss of
76%. For us, what was most decisive in weight
loss was the increase in ambient temperature
(23.1°C was the highest recorded) and the low
relative humidity (52% the lowest recorded),
as in the sessions in which this occurred we
observed- if a significant difference. In the
literature, few studies comment on ambient
temperature. In Reis et al (2020) the average
temperature was 27°C and for Carmo (2017)
it was 25°C, but controlled in a greenhouse.
As for relative humidity, no article was found
talking about it.
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CONCLUSION viable, easy to apply and with good results. The
technique eliminates the use of formaldehyde
for maintenance and has a low execution cost,
in addition to allowing visualization of all
desired structures.

According to the results obtained in this
study, it is possible to conclude that the cryo-
dehydration technique in dog knee joints is
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