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SUMMARY
Cadavers are essential tools for teaching gross 

anatomy to medical and health science students. 
Traditional formalin-embalmed cadavers pre-
serve anatomical structures but exhibit rigidity 
and limited joint mobility, making dissection diffi-
cult. While the Thiel embalming method preserves 
lifelike properties, the presence of formalin/form-
aldehyde raises occupational health concerns. 
This study evaluates a modified formalin-free 
Thiel solution (FF) compared to the original Thiel 
solution (TS) and conventional formalin solution 
(CF). Nine rabbits were allocated to three groups 
and preserved for one month. Unlike CF and 
TS-preserved specimens, FF-preserved cadavers 
did not produce an irritating odor. FF and TS spec-
imens retained flexibility, allowing easy dissec-
tion, while CF cadavers were more rigid. FF- and 
TS-preserved tissues exhibited natural skin and 
organ appearance, contrasting with the distorted 
appearance of CF-preserved samples. FF and TS 
groups showed significantly higher joint mobility, 

skin elasticity, and muscle springiness than CF, 
while their hardness was lower. Moisture content 
in FF- and TS-preserved muscles was also sig-
nificantly higher than those preserved in CF. The 
findings demonstrate that FF-preserved cadavers 
are comparable to TS-preserved cadavers in tis-
sue preservation, highlighting FF as a promising 
formalin-free alternative. This solution offers safe 
and effective preservation for traditional dissec-
tion and is suitable for surgical skills training and 
medical research, providing real tissue quality 
without the health risks associated with formalin.
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INTRODUCTION
Today, technology has advanced; however, ca-

davers remain one of the best options used for 
anatomical dissection. Formalin is being used for 
preservation of biological samples, including ca-
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davers in the fields of human and veterinary gross 
anatomy laboratories worldwide, as a disinfectant 
and preservative solution. Formalin is an aque-
ous form of formaldehyde. It is colorless and gives 
rise to a pungent odor. Due to the good preserva-
tion properties of formalin when used as a fixative 
agent, the formalin-fixed cadavers are still widely 
used as a studying tool in many medical schools 
all over the world. However, formaldehyde can 
be allergenic and carcinogenic, and the toxicity of 
formalin itself has been reported (Fischer, 1900; 
Fischer, 1905). Formaldehyde exposure primari-
ly occurs not only by inhalation but also via skin 
absorption (Akbar-Khanzadeh et al., 1994; Kim et 
al., 2011). The potential health and safety prob-
lems for staff members and students who are reg-
ularly exposed in gross anatomy laboratories are 
seriously considered as a significant health haz-
ard. The previous study in our gross laboratory 
at Suranaree University of technology, Thailand 
(Saowakon et al., 2015), as well as other studies 
consistently reported the toxic effects of forma-
lin-treated cadavers on students and staff mem-
bers (Khaliq and Tripathi, 2009; Lakchayapakorn 
and Watchalayarn, 2010; Vimercati et al., 2010; 
Raja and Sultana, 2012; Elshaer and Mahmoud, 
2017; Tiruneh, 2021). Moreover, dissection of for-
malin-embalmed cadavers is relatively difficult 
compared to the fresh cadavers due to their harder 
skin, joint stiffness, and rigidity in muscle move-
ments. Furthermore, the texture and color of the 
cadaver’s organs changed when compared with 
the fresh specimens.

Soft cadaveric preservation is beneficial for 
gross anatomy dissection as it provides real- life 
structures of cadavers such as texture and color, 
and the cadavers are relatively easy to dissect. The 
Thiel embalming technique is one of the best soft 
cadaveric preservations (Thiel, 1992), and it has 
become widely used (Feigl et al., 2007; Feigl et al., 
2008; Wolff et al., 2008; Hölzle et al., 2012; Hunt-
er et al., 2014). Thiel’s original method included 
formaldehyde in a highly diluted form, resulting 
in undetectable levels of formalin in air contam-
ination tests. This significantly reduces the risk 
of formaldehyde exposure during dissection. In 
his later work (Thiel, 2002), Thiel further empha-
sized the low health risks associated with the di-

luted formaldehyde in the embalming solution. 
The method has even been modified by combin-
ing it with formalin injection for cadaver surgical 
training (Miyake et al., 2020). The previous study 
showed that students were more confident in rec-
ognizing anatomy, as it was easy to dissect and 
identify anatomical structures in Thiel-embalmed 
cadavers (Kennel et al., 2018). Moreover, the Thiel 
embalming method is also an advantage for surgi-
cal training and practices (Wolff et al., 2008, Giger 
et al., 2008, Eisma et al., 2011, Eisma et al., 2013; 
Cabello et al., 2015; Healy et al., 2015). Despite its 
benefits, it is important to note that, while studies 
have reported low levels of formaldehyde in the 
Thiel solution, with no hazardous issues reported 
thus far, the solution still contains formalin, which 
could potentially be a risk to workers or staff pre-
paring the solution over the long term.

The main aim of this study was to explore an 
innovative method to avoid the necessity for for-
malin in cadaver preservation. Here, we reported 
the formalin-free solution, derived through mod-
ification of the Thiel embalming method utilizing 
rabbit cadavers as our experimental model. The 
results from this study could be useful for con-
sidering the FF as a solution for the formalin-free 
preservation method and still provides lifelike 
structures in both veterinary and human gross 
anatomy education. Additionally, it helps to re-
duce potential risks of formaldehyde exposure via 
skin absorption, particularly for workers involved 
in cadaver preparation or staff who frequently 
handle embalmed cadavers over long periods.

MATERIALS AND METHODS

Animals and Ethics

This study was conducted under an approval 
of the Institutional Animal Care Use Committee 
of Suranaree University of Technology (approv-
al no. 8/2560). Nine White New Zealand rabbits, 
weighing 2.05-2.75 kg, were purchased from Fac-
ulty of Veterinary Science, Chulalongkorn Univer-
sity, Thailand. They had no remarkable findings 
on overall physical examination. The nine ca-
davers were divided into three groups, and each 
group consisted of 3 cadavers, embalming in con-
ventional formalin embalming solution (CF), Thiel 



Naruwan Saowakon et al.

587

embalming solution (TS), and modified-Thiel for-
malin-free solution (FF). The cadavers were eval-
uated after embalming for 1 month. The mean 
weight and standard deviation of cadavers in each 
group were shown in Table 1. The mean weight of 
each group was not significantly different.

Embalming methods for cadavers

The timeline of the experimental procedures 
was shown in Fig. 1. The embalming solutions 
were prepared on the day before a fixation. The 
formulas of injection and embalming solutions 
were shown in Table 2. For the FF formula, the in-
jection and embalming solutions were the same. 
The rabbits were intravascularly anesthetized 
with 50 mg/mL/kg of Thiopen 1000 via their mar-
ginal ear veins. The euthanasia compound also 
contained 500 IU/kg of heparin to prevent blood 
clot formation. The right common carotid artery 
was dissected as well as the left femoral artery. To 
remove all the blood in vessels, the perfusion step 
was performed by manually flushing normal sa-
line solution into the right common carotid artery. 
This step was continually performed until the flu-
id draining from the left femoral artery was clear 
(approximately 600-700 mL of the normal saline 
solution per rabbit). Then the injection solution of 

each formula was infused via the cannula insert-
ed in the right common carotid artery (300 mL of 
injection solution per 1 kg of rabbit body weight). 
The cadavers of each group were immersed in 
embalming solution for 1 month. The volume of 
the embalming solution was 2 L/kg of body weight. 
After a month of preservation, the cadavers were 
transferred from the embalming tanks. Gener-
al appearances of cadavers in each group were 
observed and recorded by taking the cadavers/
samples of each formula in the same photo. The 
signs of putrefaction, odor, irritation, and skin 
color change, were evaluated. Four anatomy re-
searchers blindly rated the levels of putrefaction, 
odor, and irritation on a scale of 0-10. Zero repre-
sented for absence of signs of putrefaction/absent 
odor/no signs of irritation, while ten represent-
ed for beginning in putrefaction/present odor/
present signs of irritation. The putrefaction was 
considered by a combination of visual indicators 
such as tissue discoloration, odor, and structur-
al breakdown. The odor of the cadavers included 
both chemical and disgusting odor. The irritation 
included eye, nose, and skin irritations, which 
referred to discomfort experienced by the anato-
mists handling the cadavers. The range of motion 
of the cadavers’ joints was measured. Then, all 

Table 1. Mean weight and SD of cadavers used in the study

CF formula TS formula FF formula

Mean body weight ± SD 2.53±0.26 2.43±0.33 2.52±0.17

Fig. 1.- Timeline of the experimental procedures.
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rabbit cadavers were dissected and their samples, 

including skin, muscles, and internal organs were 

collected and investigated. The skin samples were 

collected from the thoracic region of the cadaver’s 

back. The muscle samples, pectoralis major and 

gastrocnemius were collected. The brain, heart, 

lung, liver, and kidney were also dissected. All the 

samples were packed in plastic zip bags and kept 

at room temperature for 5 and 11 months for mi-

crobial and fungi investigation.

Measurement of Range of Motion (ROM) of joint

The cadavers were measured a passive ROM 
at both sides of the elbow, wrist, knee, and ankle 
joints using a manual 15-cm goniometer. Flexion 
and plantar flexion of the ankle were determined 
during maximum bending of these joints, whereas 
extension and dorsiflexion of the ankle were mea-
sured when the joints were stretched to the max-
imal range. Measurements of ROM were repeated 
twice in each motion using the same goniometer 
and the same examiner. While measuring, the po-

Table 2. Composition of the injection solutions and embalming solutions

CF formula TS formula FF formula

Injection 
solution

Chemical 
reagents Amount Solution A Chemical 

reagents Amount

Injection 
and 

embalming 
solutions

Chemical 
reagents Amount

1 Formaldehyde 100 mL 1 Boric acid 40.5 g 1 Ethylene glycol 1531 mL

2 Ethanol 476 mL 2 Ethylene glycol 405 mL 2 Sodium nitrate 218.8 g

3 Phenol 5 mL 3 Ammonium 
nitrate 270 mL 3 4-chloro-3-

methylphenol 21.9 g

4 Potassium 
nitrate 63 g 4 Potassium 

nitrate 67.5 g 4 Boric acid 393.8 g

5 Glycerin 100 mL 5 Hot water 1.35 L 5 Ammonium 
nitrate 1312.5 g

6 Water 1.3 L Solution B Chemical 
reagents Amount 6 Potassium 

nitrate 1312.5 g

Embalming 
solution

Chemical 
reagent Amount 1 Ethylene glycol 270 mL 7 Sodium sulfite 875 g

1 Phenol 789 mL 2 4-chloro-3-
methylphenol 27 mL 8 Hotwater 13.1L

2 Glycerin 2368 mL Injection
 solution

Chemical 
reagents Amount

3 Water 11.84L 1 Solution A 1907 mL

2 Solution B 67 mL

3 Formaldehyde 40 mL

4 Sodium sulfite 93 g

Embalming
 solution

Chemical 
reagents Amount

1 Ethylene glycol 1000 mL

2 Formaldehyde 200 mL

3 Solution B 200 mL

4 Boric acid 300 g

5 Ammonium 
nitrate 1000 g

6 Potassium 
nitrate 1000 g

7 Sodium sulfite 700 g

8 Hot water 10 L
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sitions of the fulcrum, stationary arm, and mov-
ing arm were at the reference points as shown in 
Table 3. After ROM measurement of these joints, 
the ROM values were calculated and shown as the 
degree of motion from flexion to extension (or 
dorsiflexion to plantarflexion) of each joint. The 
values from right and left sides of each cadaver 
were averaged and then the average values from 
three cadavers of each group were shown.

Tissue texture analysis

A TA-XT plus texture analyzer (Stable Micro Sys-
tems, UK) equipped with a cylindrical probe (P/50) 
was used to examine hardness and springiness 
of muscles, pectoralis major and gastrocnemius, 
dissected from the cadavers. The muscle samples 
were cut to approximately 1.0 x 1.0 x 1.0 cm (length 
x width x height). The texture analyzer setting was 
special test (TPA) and the texture analyzer condi-
tions were set as follows: preset speed 1.00 mm/
sec, test speed 1.00 mm/sec, post-test speed 10.00 
mm/sec, strain 50%, trigger force 5.0 g. The right 
muscle samples were immediately measured af-

ter the preservation step, while the measurement 
of those from the left side were performed after 
embalming for a month. Each sample from 3 rab-
bits in each group was analyzed three times and 
the values were averaged. Texture Expert ver-
sion 6.0.6.0 software (Stable Micro Systems, UK) 
was used to calculate the values of hardness and 
springiness of the muscle samples. Hardness was 
expressed as maximum force (the first peak) for 
the first compression, whereas springiness (L2/
L1) was calculated as the ratio of the time from the 
start to the second peak of the second compres-
sion (L2) over the time from the start of the first 
compression to the first peak (L1).

Tissue moisture content analysis

The moisture contents of the dissected skin 
and muscles of the cadavers from 3 embalming 
formulas were measured using a 105 infrared 
moisture content analyzer (Precisa Gravimetrics 
310M, Switzerland). The samples were cut into ap-
proximately 3 x 3 x 3 mm. (length x width x height) 
pieces. The total weight of each measurement was 

Table 3. Reference points of measuring ROM

Joints Fulcrum Stationary arm Moving arm

1. Elbow Olecranon process Humerus Ulna

2. Wrist Carpal bones Ulna Middle phalange

3. Knee Patella Femur Tibia

4. Ankle Tip of calcaneus Tibia Calcaneus

Fig. 2.- Range of motion of elbow, wrist, knee, and ankle joints of the three embalming solution groups: Each column represents the 
mean±SD from the three cadavers. *p<0.05 compared with the CF group.
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approximately 2.0-2.2 g. The samples were placed 
into the moisture content analyzer and dried to a 
constant weight. The device then showed percent-
age of tissue moisture content. Each sample from 
3 rabbits in each group was analyzed three times 
and the values were averaged.

Microbiological and fungi studies

Samples (muscles and internal organs) were 
kept in plastic bags for 5 and 11 months and the 
growths of bacterial and fungi colonies were in-
vestigated by the 3-dimensional swab technique. 
The gastrocnemius and heart samples were di-
rectly swabbed with a sterile cotton swab and sus-
pended in 0.85% normal saline solution (1 mL). 
One hundred milliliters of suspension were trans-
ferred and swabbed onto Nutrient agar (NA) and 

Potato dextrose agar (PDA). Then, the NA and PDA 
plates were incubated at 37 °C for 24-72 h to deter-
mine bacteria and fungi growth, respectively. Af-
ter incubation, the number of microbial colonies 
was recorded as a colony-forming unit (CFU). All 
samples were experimented with in triplicated.

Statistical analysis

Values were expressed as the mean ± standard 
deviation (SD). Statistical analyses were per-
formed using SPSS statistics software, version 18. 
Multiple group comparisons were analyzed using 
one-way analysis of variance (ANOVA), followed 
by Turkey’s post-hoc test.

*p-value of <0.05, **p-value of <0.01, ***p-value 
of <0.001 indicated statistical significance.

Fig. 3.- Comparison of external and internal appearances of embalmed cadavers. (a-c): General appearance of the cadavers after 
a month of preservation. (d-f): Skin colour of the cadavers after shaving rabbit hair. (g-i): General appearance of internal organs.
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RESULTS

Evaluation of general aspects of cadavers

To observe signs of putrefaction, odor and irri-
tation, the cadavers were evaluated after 1-month 
preservation. As shown in Table 4, among the 
groups, the TS-embalming cadavers showed the 
highest score of putrefaction, whereas their scores 
of the CF-preserved cadavers were not significantly 
different from that of FF-preserved cadavers. The 

odor score of the CF- embalming cadavers was high-

est compared to the remaining groups, and predom-

inantly in chemical odor. Those scores of the TS- and 

FF-preserved groups were lower, but they obviously 

showed disgusting odor rather than chemical odor. 

In the aspect of irritation, the CF-preserved group 

showed highest score of irritation, whereas the 

score of the TS- embalming cadavers was lower, and 

the score of FF group was lowest.

Fig. 4.- Comparison of internal organ appearances of embalmed cadavers.
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Measurement of ROM of joints

To observe the flexibility of the cadaver’s joints 
after preservation, the ROM of the elbow, wrist, 
knee, and ankle joints were measured as shown in 
Fig. 2. Overall, the ROM of all measured joints of 
the CF group were lowest, compared with those of 
the other groups. Although, the ROMs of wrist and 
knee joints were not significantly different among 

the groups, the FF group showed the highest ROM 

at the elbow joint. Moreover, the ROM at the ankle 

joints of the TS and FF group were significantly 

higher than that of the CF group. In all measured 

joints, the ROM of the TS-preserved cadavers 

were not significantly different from those of the 

FF-embalming cadavers.

Table 4. Evaluation of general aspects: Putrefaction, Odor, and Irritation (mean±SD)

CF formula TS formula FF formula

Putrefaction 3.75±0.50 7.25±2.22 5.50±1.00#

Odor 9.00±1.41 6.50±1.29 7.00±1.14

Irritation 9.00±1.15 5.50±1.29$ 3.00±1.15$$$,##

Note: $p<0.05 compared with the CF formula, $$$p<0.001 compared with the CF formula, #p<0.05 compared with the TS formula, 
##p<0.01 compared with the TS formula

Fig. 5.- Comparison of muscles of embalmed cadavers. White arrows indicated pectoralis major muscles while black arrows indi-
cated gastrocnemius muscles.
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Observation of external and internal appear-
ances of the cadavers

To investigate the effect of each embalming 
solution on the cadavers, the external and inter-
nal appearances of the preserved cadavers were 
examined as shown in Fig. 3. For the external 
appearance, the hair of the TS- and FF-embalm-
ing cadavers were easily lost from their skins, 
whereas those of the CF group were tightly at-
tached to their skins. After the hair removal, the 
cadaver skins were observed. The skins of the 
FF-preserved cadavers were pinkish, while the 
skins of the other two groups were slightly pale. 
To observe the internal appearances, the cadav-
ers were cut and opened at the midline of the 
body. In the dissecting process, the researchers 
found that the CF-preserved cadavers were rel-
atively difficult to dissect due to their tough skin 
and hard muscles, in comparison to the other 
groups.

As shown in Figs. 3 and 4, the internal organs of 
the CF group were well preserved; however, the 
texture of those internal organs of the CF group 
was hard and their colors were pale, which were 
totally different from the fresh organs. Although 
the internal organs of the TS- and the FF-em-
balming cadavers were lesser preserved, their 
texture and color were realistic. When compared 
between the TS group and the FF group, the color 
of their internal organs (brain, heart, liver, lungs, 
and kidneys) of the TS-preserved cadavers were 
paler than those of the FF group, but their tex-
tures were not different.

Investigation of muscle appearance, muscle 
textures, and moisture content of muscles of 
the cadavers

To investigate the effect of embalming solution 
on the muscles, the cadaver’s body muscles were 
dissected. As shown in Fig. 5, the pectoralis ma-
jor and gastrocnemius muscles were selected as 
representatives of body muscles of each group. 
Not surprisingly, the muscles of the CF-embalm-
ing cadavers were palest and hardest, when com-
pared with those of the other groups. However, 
those muscles of the TS group were pinkish and 
those of the FF group were reddish.

To investigate quantitatively how hard and flexi-
ble those muscles were, the tissue profile analysis 
was performed. As shown in Fig. 6, the hardness of 
pectoralis major (Fig. 6a) and gastrocnemius (Fig. 
6b) muscles of the TS and FF groups was signifi-
cantly lower than the CF group. The hardness of 
those muscles of the CF-embalming cadavers was 
approximately double of those of the TS and FF 
groups. However, the hardness of those muscles of 
the TS- and FF-preserved cadavers was not signifi-
cantly different. Moreover, the springiness of pec-
toralis major (Fig. 7a) and gastrocnemius (Fig. 7b) 
muscles of the TS and FF groups were significant-
ly higher than those of the CF group. However, the 
springiness of those muscles of the TS- and FF-pre-
served cadavers was not significantly different.

To investigate the effect of embalming solutions 
on the moisture content of the muscles, moisture 
content in pectoralis major and gastrocnemius 
muscles were analyzed. As shown in Fig. 8, the 

Fig. 6.- Hardness of (a) Pectoralis major and (b) Gastrocnemius muscles of embalmed cadavers: Each column represents the 
mean±SD from the three groups. *p<0.05 compared with the CF group, **p<0.005 compared with the CF group.
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percentages of moisture content in both pectoralis 
major and gastrocnemius muscles of the TS and 
FF groups were significantly higher than those of 
the CF-preserved cadavers. However, the percent-
ages of moisture content of those muscles in the 
TS- and FF-preserved cadavers were not signifi-
cantly different.

Bacterial and fungal tests

To investigate the bacterial and fungal growths 
after preservation for 5 months, three groups 
of embalming samples were investigated using 
the 3-dimensional swab technique. The results 
demonstrated that no colony-forming unit was 
observed on the agar plates after 24-72 h incuba-
tion. The samples were also reinvestigated at 11 
months after preservation, and the bacterial or 
fungal growths still did not appear on all tested 
samples at the time point (data not shown).

DISCUSSION
According to the use of cadavers in the gross 

laboratory at Suranaree University of Technology, 
Thailand, for teaching human anatomy, the con-
ventional formalin-preserved human cadavers 
were used, which beneficially enable long-term 
dissection. However, our previous study reported 
that in our gross laboratory, a range of formalde-
hyde concentration was 0.117-0.415 ppm in the 
indoor air (Saowakon et al., 2015), which was high-
er than the threshold limit value ceiling (TLV-C) of 
0.3 ppm from National Toxicology Program. Oth-
er studies also reported that using embalming 
solution containing formalin causes toxicity and 
irritation on instructors, students, and laboratory 
workers (Khaliq and Tripathi, 2009; Lakchayap-
akorn and Watchalayarn, 2010; Vimercati et al., 
2010; Raja and Sultana, 2012; Elshaer and Mah-
moud, 2017; Tiruneh, 2021). Despite the high 
levels of formalin (5%) and the use of phenol in 

Fig. 7.- Springiness of (a) Pectoralis major and (b) Gastrocnemius muscles of embalmed cadavers: Each column represents the 
mean±SD from the three groups. *p<0.05 compared with the CF group.

Fig. 8.- Moisture content analysis of pectoralis major (a) and gastrocnemius (b) muscles of embalmed cadavers: Each column rep-
resents the mean±SD from the three groups. *p<0.05 compared with the CF group.
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the embalming solution, we had a big problem 
with fungus contamination in the human cadav-
ers, probably due to the high temperatures (up to 
38°C) and the high relative humidity (up to 65%). 
Not only concerning toxicity of formalin, but the 
conventional formalin-fixed cadavers also pro-
vide rigid joint flexibility and difficulty in handling 
of the tissues. Although, the cadavers preserved 
by Thiel method showed lifelike structures, but it 
required many steps for preparing the solutions. 
Moreover, the Thiel solution still definitely con-
tains formalin. Therefore, the main aim of this re-
search was to find the formalin-free method that 
can preserve the cadavers, and still provide the 
real-life structures. The CF, TS and FF solutions 
were used to preserve the rabbit cadavers and 
their effects after embalming were compared.

In the present study, we modified the Thiel meth-
od by completely removing formalin and adding 
sodium nitrate in the solution. Nitrate and nitrite 
were used as food additives to prevent pathogen-
ic bacterial growth (Motarjemi et al., 2014). It has 
been reported that nitrate decreases bacterial 
contamination. Moreover, it stabilizes the red col-
or in fresh meat for a long time. Although the car-
cinogenic potential of nitrate may be an issue in 
this study, the previous study has shown that the 
carcinogenic effects of sodium nitrate and sodium 
nitrite were not detected in rats under the condi-
tion of the study (Maekawa et al., 1982). The FF 
solution of the present study approximately con-
tained 1.5% sodium nitrate, which could be safe 
for users. The previous study, which used nitrite 
salt as an alternative for embalming by comparing 
their new method with the formaldehyde preser-
vation method in dog cadavers, demonstrated 
that their solution successfully preserved open 
cadaver bodies and there were no health risks. 
The solution was also environmentally friendly 
and cost effective (Janczyk et al., 2011). This is 
consistent with the result from our present study.

In general, the results from the FF group were 
not significantly different from those of the TS 
group. The FF-preserved cadavers exhibited the 
realistic and lifelike samples as well as the TS-em-
balming cadavers did, for example, sample color, 
moisture content and flexibility. Regarding tissue 
texture, our finding is consistent with the mi-

croscopic comparison study by Benkhadra et al. 
(2011), which reported alterations in muscle fibers 
in cadavers preserved using Thiel’s method, while 
muscle fibers in formaldehyde-preserved cadav-
ers remained relatively intact. This observation 
can be attributed to the considerable fragmenta-
tion of muscle proteins, likely caused by corrosive 
chemicals, such as boric acid, present in both the 
TS and FF solutions used in our study. These sim-
ilarities in tissue behavior further support the use 
of formalin-free embalming techniques as viable 
alternatives for maintaining cadaveric tissue soft-
ness and flexibility. Moreover, the FF formula did 
not contain formalin, which is known to be tox-
ic, particular to instructors, students, and work-
ers, who may experience prolonged skin contact 
with formalin over time. In addition, the FF solu-
tion was relatively easy to prepare because we 
simplified the steps of preparing modified Thiel 
formalin-free solution using the same formula 
of both injection solution and embalming solu-
tion. Therefore, it can be prepared together at 
one time. To the best of our knowledge, the present 
study is the first to demonstrate that the modified 
Thiel method without containing formalin could 
preserve cadavers and shows lifelike structures. 
Moreover, our preliminary results of the FF solu-
tion conducted using pork as a representative of 
muscle and pig hearts as representative of in-
ternal organs showed that the quality of FF-pre-
served samples was comparable to fresh samples 
(data not shown).

The preservation duration is a critical factor 
influencing the effectiveness of any embalming 
technique. In Thiel’s original protocol, human ca-
davers typically undergo a prolonged submersion 
process lasting 6 to 10 months to ensure complete 
preservation and optimal tissue quality. However, 
the size, metabolic composition, and tissue char-
acteristics of rabbits differ significantly from hu-
mans. Our study utilized a one-month preserva-
tion period for rabbit cadavers, which we deemed 
appropriate given their smaller size and reduced 
tissue density compared to human cadavers. 
While the Thiel method in this study resulted in 
signs of putrefaction after one month, it is worth 
noting that our modified formalin-free method 
showed significantly fewer signs of putrefaction 
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within the same time frame. These findings sug-
gest that the standard preservation duration rec-
ommended for human cadavers may not direct-
ly translate to smaller animal models. Further 
studies applying the Thiel protocol to non-human 
specimens may require additional adjustments 
for optimal duration of preservation.

Although our results demonstrated that the hair 
of TS and FF-preserved rabbit cadavers lost easi-
ly, whereas those of the CF group strongly sticked 
on their skins. The study of saturated salt solution, 
which is the formalin-free embalming solution, 
has been reported that the saturated salt solu-
tion-embalmed dog cadavers were susceptible 
to hair and skin loss (Lombardero et al., 2017). 
This is consistent with the findings from the pres-
ent study. However, the FF solution is beneficial 
for preservation of specimens used in practical 
teaching or training of veterinary gross anatomy 
due to easy hair removal.

The bacterial and fungal contaminations were 
investigated by performing microbial and fun-
gal culture tests. We compared the effects of 
each solution on controlling bacterial and fun-
gal growths after preservation for a long period of 
time. No evidence of microbial and fungal growths 
was observed in any samples from all preserved 
cadavers within the observed timepoint. The pre-
vious study using rabbit cadavers showed that 
modified Thiel and saturated salt solution for soft 
rabbit preservation exhibited the growth of bac-
terial, mold, and yeast on tested samples (Saetan 
et al., 2021). Another study in human cadavers 
revealed the susceptibility of microbial contam-
ination in preserved human cadavers (Hayashi 
et al., 2014). Therefore, in terms of antiseptic 
properties, our study reveals that the FF solution 
preserved rabbit cadavers in ways comparable to 
those by CF and TS solutions, even in the absence 
of formalin. Another factor that helped preserving 
the rabbit cadavers in our experiment was that 
the samples were packed in plastic bags. Low lev-
el of O2 in the packages minimized the oxidative 
deteriorative reaction and decrease aerobic bac-
terial and fungal growths. Furthermore, storing in 
a plastic bag maintains moisture of the samples. 
However, the longer period of preserving the ca-
davers needs to be further investigated, because 

our results suggested that the FF-fixed cadavers 
would be at least suitable for short-term anatomi-
cal surgical practice.

Although the present study demonstrated that 
the FF solution, which is the modified- Thiel solu-
tion without formalin, was as efficient to preserve 
the rabbit cadavers as the Thiel solution. This 
research was a pilot study conducted in rabbits, 
which are small animals. We suggested that the 
FF solution is more suitable for animal preserva-
tion for veterinary clinical education. However, it 
is important to note that our study involved rela-
tively short-term preservation, and the potential 
bias introduced by dissecting the cadavers imme-
diately after one month should be considered. A 
longer storage period may allow for further tissue 
stabilization, as previously observed with other 
techniques. Thus, the efficacy of the FF solution 
for human cadaver preservation must be further 
explored to extend its potential applications in 
human anatomical teaching and surgical training.
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