The Journal of Plastination 30(1):16 - 23 (2018)

ANATOMICAL
TECHNIQUE

Rocha TASS1
Yanagihara GR2
Shimano AC2
Rolim GS3
Santos CCC1
Fechis ADS1
Oliveira FS1
1Department

ANATOMICAL TECHNIQUE

of Animal
Morphology &
Physiology, São Paulo
State University (Unesp),
School of Agricultural and
Veterinarian Sciences,
Jaboticabal, São Paulo,
Brazil
2Department of
Biomechanics, Medicine
and Rehabilitation of
Locomotor System,
College of Medicine,
University of São Paulo
(Usp), Ribeirão Preto,
Brazil

Biomechanical Analysis of The Skin And Jejunum Of Dog
Cadavers Subjected To A New Anatomical Preservation
Technique For Surgical Teaching
ABSTRACT:
Formaldehyde is a fixative and preservative widely used in anatomy laboratories, but it is
harmful to health, and poses an environmental risk. Ethyl alcohol (EtOH) has also been
used for effective fixation of bird muscles, and sodium chloride has been successfully
tested for the preservation of anatomical parts for more than five years. The objective of
this present study was to evaluate a new anatomical technique for teaching surgical
techniques using dog cadavers fixed in EtOH, and preserved in a 30% aqueous solution
of sodium chloride (ASSC). In addition, we aimed to determine the ideal time to stop the
fixation, so that the skin and jejunum present biomechanical characteristics as close as
possible to the control group of fresh animals. Five groups were used: a control group
(fresh animals without fixation or conservation), and the other 4 groups which differed in
the time of fixation in EtOH (30, 60, 90 and 120 days). Except for the controls, all groups
were conserved in 30% ASSC for 120 days. Statistical analysis of variance (ANOVA)
revealed no difference between treatments and times (P > 0.05) relative to the skin, and
showed at least one time significantly different from the others (P < 0.01) in relation to the
jejunum. The non-linear modeling test showed differences in the group fixed in EtOH for
30 days, suggesting that this was the best time period for fixing dog cadavers for use in
surgical training.
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Introduction
Good conservation of anatomical specimens prevents
deterioration, and also prevents the proliferation of
pathogens that can spread diseases to laboratory
personnel (Corrêa, 2003). Formaldehyde is widely used
as an anatomical fixative and preservative, because it is
inexpensive and rapidly penetrates the tissues
(Rodrigues, 2010). However, it is hazardous to health,
and can contaminate the environment through improper
handling and through disposal of carcasses and effluent
(WHO, 1991). In 2006, the International Agency for

Research on Cancer (IARC) classified formaldehyde as
carcinogenic and teratogenic (IARC, 2006). Glycerin is a
preservative with dehydrating and antiseptic properties,
preventing fungi and bacterial growth (Alvarenga, 1992).
It does not have harmful fumes such as those released by
formaldehyde (Cury et al., 2013), but it is up to ten times
more expensive than formaldehyde (Krug et al., 2011).
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There are a number of other examples of fixative solutions
that are capable of preserving cadavers for surgical
training, among them Thiel solution (composed of boric
acid,
ethylene
glycol,
potassium
nitrate,
(chloromethyl)phenol, sodium sulfate, and formalin)
(Groscurth et al., 2001), Klotz's solution (sodium chloride,
sodium bicarbonate, chloral hydrate, formalin and water)
and Jores’ solution (distilled water, formaldehyde, sodium
sulfate, potassium sulfate, sodium chloride, sodium
bicarbonate, glycerin, and sodium or potassium acetate)
(Rodrigues, 2010), all of which contain formalin. Modified
Larssen solution contains 100 ml of 10% formaldehyde,
400 ml of glycerol, 200 g of chloral hydrate, 200 g of
sodium sulfate, 200 g of sodium bicarbonate, 180 g of
sodium chloride, and 2 liters of distilled water (Silva et al.
al., 2004). The original Larssen solution did not contain
liquid glycerin (Menezes, 2012). Laskowski solution
contains 800 ml of glycerine, 200 ml of ethanol, 50 g of
phenolic acid and 50 g of boric acid, and requires the
preservation of cadavers at 0° C until they are used in
surgery classes. Between classes, they must remain
frozen, and have to be thawed in water for 24 hours prior
to each class. With this solution, the tissues become
excessively dark (Silva et al., 2007). Of these, Larssen
solution is considered the best solution for maintaining the
original consistency, color and characteristics of the
biological material, and can also remove blood clots
(Sampaio, 1989).
Ethyl alcohol (96%) has been found to be efficient for
fixing and preserving the pectoral muscles of hens,
although they became almost five times more rigid during
the first six months, and three times more rigid after one
year of immersion in the preservative agent (Nunes et al.,
2011). The use of a 30% aqueous solution of sodium
chloride (ASSC) in the preservation of anatomical
specimens previously fixed by formaldehyde was
successfully evaluated for 5 years, with no visual
contamination, presence of putrefaction odors, or
alteration of tissue color and softness (Oliveira, 2014).
There is a need to find a preservation technique that
preserves the body realistically for a long time, serving not
only anatomy classes, but also surgical and clinical
studies, testing of new radiographic equipment, minimally
invasive surgery, and encouraging more scientific
research to develop protocols that will assist anatomists
in the preparation of preserved cadavers, in order to meet
these demands for high quality parts (Balta et al., 2015).

The objective of this study was to determine the viability
of a new anatomical technique using EtOH for fixation,
and 30% ASSC for conservation; and to establish the best
time to stop fixation in EtOH for the optimal tissue
resistance in comparison to fresh cadavers without
fixatives/preservatives.
Materials and Methods:
The animals
Forty (40) frozen, adult, dog cadavers, 14 male and 26
female were used. The dogs all died due to causes that
did not involve evident morphological alterations, such as
large tumors, extensive lacerating traumas or bone
fractures. All were from the Zoonoses Control Center of
Ribeirão Preto, São Paulo, Brazil, after approval from the
Municipal Law Department (process 02.2014/ 000027-1).
The ages of the animals were determined from their death
certificates.
The selected cadavers had a mean body weight of
7.6±2.7 kg, mean age 5.6±4.1 years, and body score of 4
to 5, which is considered ideal on a scale of 1 to 9
(Laflamme, 1997). They were thawed in a horizontal
refrigerator at 8° C, weighed, and then randomly
distributed into groups (Table 1).
Table 1. Division of dog cadaver groups in relation to
fixation time in ethyl alcohol (ETOH) and storage in a 30%
sodium chloride solution (ASSC 30%). Control group
consisting of cadavers of dogs not subjected to fixation or
conservation (fresh).

Group
Control (fresh cadavers)
1

Fixation
(ETOH)
30 days

Conservation
(ASSC 30%)
120 days

2

60 days

120 days

3

90 days

120 days

4

120 days

120 days

For fixation, 96% EtOH containing 5% glycerin was
infused with a 60 ml plastic syringe, via the common
carotid artery, at a rate of 120 ml/kg. Each group
consisted of eight animals that were fixed for different
times (except for the control group).
After the fixative was injected, running water was used to
flush out surplus liquid accumulated in the cavities via two
incisions, one in the thorax (between the fourth and fifth
right intercostal space), and a median abdominal incision.
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The cadavers were then placed in plastic tanks (1 tank
per group) with a threaded cap (total capacity 310 liters –
Fig. 1), containing 180 litres of EtOH. The abdomen and
thorax were washed with water for 5 consecutive days.
The plastic boxes were kept in an area and with abundant
ventilation, away from sources of ignition, to avoid any risk
of accident. Storage in 30% ASSC for 120 days followed
the fixation period. Sodium chloride solution was placed
in plastic tubs with a capacity of 310 liters, and the same
volume (180 liters) was used for each fixation group.

Figure 1. Plastic box of 310 liters filled with 180 litres of
EtOH (A). Dogs cadavers kept during ethylic fixation (B).

duodenojejunal flexure, the steel template was positioned
to delimit the specimen, which was then sectioned
longitudinally with Metzenbaum scissors. Subsequently,
section of the mesenteric edge was performed, exposing
the lumen, under which the incision template was
positioned with a scalpel blade (Figure 3).

Figure 2. Skin samples collected transversally to the dog's
skin tension line, on the lateral side of the thorax and using
a steel mold, parallel to and 5 cm from the median plane
after trichotomy.

Collection of Material
A 1 x 7cm stainless steel template was made for the
collection of the skin and jejunum samples (chosen due to
the higher tissue sample availability and frequent use in
teaching of surgical techniques) during both the fixation in
EtOH and 30% ASSC conservation solution. A total of
1,152 samples were taken.
The cadaver was initially placed in right lateral decubitus
(left antimere, facing upwards). Using a scalpel (blade
number 23) and the template, three sequential, equallysized samples were collected transverse to the dog's skin
tension line (Kirpensteijn and Haar, 2013), on the lateral
side of the thorax, parallel to, and 5 cm from, the median
plane (Figure 2). Shaving had been performed throughout
the thorax. Samples from the control group were also
collected in the left antimere and immediately submitted
to biomechanical testing. During the fixation phase in
EtOH, samples were collected from the 4 groups in the
left antimere and, during the conservation phase in 30%
ASSC, from the right antimere.
For the collection of the jejunum samples, the animals
were positioned in the right lateral decubitus, exteriorizing
the jejunum by manual traction. After identification of the

Figure 3. Jejunum sample collected with the cadaver
positioned in the right lateral decubitus, after manual
traction and using a steel mold.

Tissue Strength Analysis
To evaluate tissue resistance, a Universal Testing
Machine (Instron®- EMIC® - DL2000) was used, with a
500 N load cell and electromechanical drive support, with
a speed of 100 mm/min. Traction claws were also used
by manual compression, in the Laboratory of Surgical
Anatomy of the Department of Morphology and Animal
Physiology of FCAV - UNESP, Jaboticabal Campus, SP,
Brazil (Figure 4). Tensile testing was conducted up to the
point of rupture of the skin and jejunum samples,
obtaining the values of the maximum force applied, in N.
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An ANOVA test was also performed to verify the
differences between the adjusted parameters in the
different treatments.
Results

Figure 4. Universal testing machine (A) for biomechanical
analysis. A dog´s skin sample during a traction test (B).

Statistical Analysis
The data for the maximum force for the rupture of skin and
jejunal tissues at different times and treatments were
analyzed by analysis of variance (ANOVA) with
significance set at 0.05.
For a more detailed analysis of the maximum jejunum
breaking point as a function of time, nonlinear models
were fitted in exponential form by the ordinary least
squares methodology, according to the following
equations:

𝑌 = 𝑌𝑜 + 𝐴1 × 𝑒

−(𝑋−𝑋𝑜 )/𝑡1

The preservation technique employed proved to be
efficient for the fixation and conservation of the animals
throughout the experiment. During the storage period in
the plastic boxes in ASSC 30%, there was a gradual
release of fat from cadavers in groups 3 and 4 (fixed 90
and 120 days in EtOH respectively). Because they
remained longer in the alcohol fixative, they were more
greasy and viscous at the end of storage in 30% ASSC,
making it difficult to manipulate them during sample
collection. During fixation in EtOH, stiffening of the skin
and jejunum was observed when handling the samples,
and later, there was an increase of the tissue malleability
during the period of conservation in 30% ASSC. At the
end of the period of alcohol fixation, the alcohol
concentration ranged from 80 to 83%, which is an
excellent amount of alcohol in the solution, and an
appropriate degree of fixation of the cadaver for
placement in the 30% ASSC for 120 days.
Table 2 - Absolute mean (± SD) of the maximum strength
of rupture (N), of skin samples of groups 1, 2, 3 and 4,
submitted to different fixation times in ethyl alcohol and
preservation in an aqueous solution of sodium chloride.

Time
0
1
2

𝑀𝐴𝑃𝐸 =

∑𝑁
𝑖=1 (|

𝑌𝑒𝑠𝑡𝑖 − 𝑌𝑜𝑏𝑠𝑖
| × 100)
𝑌𝑜𝑏𝑠𝑖
,
𝑁

3
4

where Y is the maximum force (N), Yo is the mean in the
stabilization of the maximum force (N) at the final times of
the treatment, A1 is the weighted amplitude of the values
of Y, Xo is the time of greatest decay rate of the maximum
force (time), t1 is the mean decay rate (N time-1), and X
is the measured time. MAPE is the mean percentage
error, Yesti is the estimated value of maximum force at
time i, Yobsi is the observed value of maximum force at
time i and N is the number of data.

5

G1

G2

G3

G4

131.3 ±

131.3 ±

131.3 ±

131.3 ±

75.6

75.6

75.6

75.6

152.6 ±

131.1 ±

177.5 ±

110.8 ±

71.9

53.6

86.6

56.7

139.3 ±

119.1 ±

148.7 ±

118.4 ±

55.0

52.2

83.3

65.9

130.3 ±

106.6 ±

148.7 ±

121.5 ±

54.1

51.0

71.9

78.8

148.7 ±

145.6 ±

116.4 ±

110.3 ±

63.1

69.6

60.9

64.0

115.1 ±

112.3 ±

112.3 ±

132.4 ±

53.5

78.3

60.3

65.5

Time: 0 (pre-fixation analysis); 1 (30, 60, 90 and 120 days
of fixation in ethyl alcohol, for groups 1, 2, 3 and 4,
respectively); 2 (30 days 30% ASSC); 3 (60 days 30%
ASSC); 4 (90 days 30% ASSC) and 5 (120 days 30% ASSC).

From the general data of the maximum rupture forces of
the skin and jejunum samples submitted to the
biomechanical tensile test, the absolute mean and
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respective standard deviation of groups 1, 2, 3 and 4 were
obtained at different times of fixation in EtOH, and
conservation in 30% ASSC (Tables 2 and 3). The
maximum force required to rupture the skin and jejunum
samples (at all times) ranged from 106.7 N to 177.5 N
(mean 142.1 N) and from 12.9 N to 27.6 N (mean 20.2 N),
respectively.
Table 3 - Absolute mean (± SD) of the maximum force of
rupture (N) of jejunum samples of groups 1, 2, 3, and 4
submitted to different fixation times in ethyl alcohol and
preservation in an aqueous solution of sodium chloride at
30% (30% ASSC).

Time

G1

G2

G3

G4

0
1

27.6 ±
17.5
14.0
± 5.1

27.6
±17.5
14.8
± 6.8

27.6 ±
17.5
18.5
± 9.7

27.6 ±
17.5
18.3
± 6.1

2

15.4 ± 8.9

3

18.9 ± 9.3

19.0 ±
11.9±
20.3

20.3 ±
11.4±
19.6

18.0 ±
13.0±
21.1

11.7±
21.7
12.4±
18.3

10.6
20.1
± 10

17.6±
18.4
16.0±
24.3

4

20.5 ± 9.3

5

12.9 ±
16.0

19.7 ± 8.9

11.6

15.5

Time: 0 (analysis prior to fixation); 1 (30. 60. 90 and 120
days of fixation in ethyl alcohol. for groups 1. 2. 3 and 4.
respectively); 2 (30 days 30% ASSC); 3 (60 days 30%
ASSC); 4 (90 days 30% ASSC) and 5 (120 days 30% ASSC).
Table 4 - Analysis of variance (ANOVA) between
treatments and time for skin samples from dog cadavers
fixed at different times in ethyl alcohol and preserved in a
30% aqueous solution of sodium chloride for 120 days.
There was no difference between treatments (P > 0.05).
Source of
variation

SS

DF

MS

F

P

F
critical

Times

5,676.82

5

1,135.36

0.24

0.94

2.27

Treatments

9,460.00

3

3,153.33

0.68

0.57

2.66

Interactions

3,8855.60

15

2,590.37

0.56

0.90

1.73

Total

836,112.50

191

*SS: sum of squares; DF: degrees of freedom; MS: mean
square; F: ratio between the model and its error; P:
significance level; F critical.

For the skin samples, ANOVA showed that there were no
differences between treatments and times (Table 4),
because the P value was always higher than 0.05. The
ANOVA test also indicated that there were no interactions
between the treatments and times. For the jejunum
samples, ANOVA showed that at least one time was
significantly different from the others (p <0.01) and that

there were no differences between treatments (G1 to G4)
(Table 5).
Table 5 - Analysis of variance (ANOVA) between
treatments and times for jejunum samples from dog
cadavers fixed for different times in ethyl alcohol and
preserved in a 30% aqueous solution of sodium chloride
for 120 days. There was at least one different time in the
treatments (P < 0.01).

Source of variation

SS

DF

MS

F

P

F critical

Times

2,392.40

5

478.48

5.45

Treatments

273.064

3

91.021

1.037

Interactions

559.24

15

37.28

0.42

Total

17,969.80

191

SS: sum of squares; DF: degrees of freedom; MS: mean
square; F: ratio between the model and its error; P:
significance level; F critical.

As a different time was identified in the statistical analysis
of the jejunum, nonlinear modelling was performed,
aiming to determine the time. In the modelling, the
exponential decay model (equation 1) explained the
variation of the maximum force for rupture of jejunum
samples as a function of the different times in the
treatments (Figure 5), since general MAPE was 9.6%. All
values of Yo between the models were statistically similar,
indicating that the mean maximum strength at the final
times of the treatments were equal, thus confirming the
efficiency of the 30% sodium chloride solution as a
preservative. All other adjusted parameters showed at
least one difference between the treatments, indicating
that the response of the treatments varied in relation to
the mean amplitude (A1), the time of the highest decay
rate (Xo), and the decay rate (T1), to the maximum force
values.
In the jejunum samples, a gradual decay of the values
was observed for the maximum rupture force until the final
fixation time in ethyl alcohol and a later stabilization of the
maximum force for up to 120 days, thus confirming the
preservative effect of the 30% ASSC for this type of
tissue. Thus, in relation to jejunum, G1 presented A1 and
Xo differently from the other groups, as this is the time of
significance (Table 6).

Force for the rupture of the jejunum samples (N)
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greatest decay rate of maximum force (N); T1: average
decay rate (N time-1).

28
26

G1

24

G2

22

G3

20

G4

18

G1est

16

G2est

14

G3est

12

0

2

4

6

G4est

Moments
Figure 5. Nonlinear models of exponential decay relating
to the maximum force as a function of different treatment
times and different fixation times in ethyl alcohol and
preservation for 120 days in a solution of 30% sodium
chloride. Note the stabilization of the values during
storage in saline solution.
G1 (30 days in alcohol), G2 (60 days in alcohol),
G3 (90 days in alcohol), and G4 (120 days in alcohol).
M1: final moment of fixation; M2: after 30 days preserved
in saline solution; M3: after 60 days preserved in saline
solution; M4: after 90 days preserved in saline solution;
M5: after 120 days preserved in saline solution.
Table 6 - Adjusted values of the parameters of the
exponential non-linear decay model. The general model
indicates the fit for all treatments together. The letters in
superscript indicate the ANOVA test verifies at least one
difference of the parameters between treatments of
different fixation times in ethyl alcohol and preservation
for 120 days in a 30% aqueous solution of sodium
chloride. G1 (30 days in alcohol), G2 (60 days in alcohol),
G3 (90 days in alcohol) and G4 (120 days in alcohol).

Parameters
Model

MAPE
Yo

A1

Xo

T1

Geral

9.6 %

18.748a

1.916a.b

0.122a.b

0.079a.b

G1

16.7 %

16.393a

1.984a

0.129a

0.074b

G2

10.3 %

18.847a

1.703b

0.098b

0.060a

G3

2.5 %

19.681a

1.824b

0.111b

0.075b

G4

10.5 %

20.078 a

1.804b

0.111b

0.077b

MAPE: mean percentage error; Yo: mean in the
stabilization of the maximum force in the final times of the
treatment (N); A1: amplitude of the values of Y; Xo: time of

Discussion
Ethyl alcohol was effective as a fixative of dog cadavers,
providing good conservation, and avoiding deterioration
of the material, per Rodrigues (2010). The method
described here is similar to the study involving alcohols
used to fix human cadavers for 6 months to 1 year, which
left the tissue quality like that of fresh tissue (Goyri-O’Neill
et al., 2013).
The 30% ASSC solution was extremely effective in the
preservation of the fixed tissues, as described by Oliveira
(2014). There was no apparent contamination similar to
that described in canine pericardium preserved for a
minimum period of 90 days in hyper-saturated sodium
chloride solution (Brun et al., 2002), and that described for
the canine phrenic center preserved in glycerin (Brun et
al., 2004). The 30% ASSC may be successful because
of the difficulty of survival for microorganisms in a medium
that requires an enormous osmoregulation capacity,
similarly to the oceans (Munro et al., 1989), and the Dead
Sea (Nissenbaum, 1975). Several concentrations of
fixatives and preservatives have been evaluated for
preservation of anatomical specimens, but the use of a
sodium chloride solution below 20% has failed to preserve
parts for use in tissue dissection (Friker et al., 2007).
Statistical modeling analysis evidenced the stability of the
data in this study, using 30% ASSC as a tissue
preservative for skin and jejunal samples for up to 120
days.
There was no generation of contaminated effluent,
commonly observed when toxic preservatives are used
(WHO, 1991), nor any health-damaging fumes, such as
those released by formaldehyde (Cury et al., 2013). In
addition, the appropriate waste management of
formaldehyde is costly in both financial and environmental
terms, requiring the search for low-cost and non-risky
alternatives (Janczyk et al., 2011).
Cadavers prepared for anatomical dissection were
described as having better quality when a mid-line
abdominal incision was performed (to enable the
preservative to enter the abdominal cavity, to improve
perfusion of the abdominal tissues) as was done in this
study, instead of not opening the abdominal cavity
(Janczyk et al., 2011).
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Tissues become stiffer with formaldehyde, which, in
biomechanical shear tests, caused a considerable
stiffening in chicken breasts fixed for up to one year (4.4
to 5 times higher) (Guastalli et al., 2012). When EtOH was
used as fixative, tissue stiffness increased, making them
almost five times more lilely to rupture during the first six
months, and three times more likely after one year of
immersion (Nunes et al., 2011). However, in this study,
the maximum tensile strength in the skin traction test
(mean of 142.1 N) and jejunum (mean of 20.2 N) did not
show a great variation in relation to the maximum strength
of skin (131.3 ± 75.6 N) and jejunum (27.6 ± 17.5 N) of
the unfixed cadaver control group.
Conventional procedures for fixing cadavers using
formaldehyde are of limited use for surgical practise, due
to the profound alteration in the staining, resistance, and
fragility of organs and tissues. Artificial anatomical models
are an alternative, and can be used mutiple times
(Groscurth et al., 2001). However, with the method
described here, each cadaver, prepared without the use
of formaldehyde, can be used for training in surgical
techniques for an entire semester, with life-like softness
and tissue malleability.
ANOVA showed that there were no differences between
treatments and times (P > 0.05 in all cases). Thus, among
the evaluated time periods (30, 60, 90 or 120 days), there
is no specific time that is better than others. Therefore, we
suggest the shortest time (30 days - G1) for the
preparation of the dog cadavers, because, due to the
rapidity of preparation and the lower occupational risk that
it confers, it is the best for cutaneous surgery.
Acknowledgement: FAPESP, process 2015/08259-9.
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