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INTRODUCTION

The transition of  medical schools toward integrating 
clinical medicine with the basic science‑oriented years 
has allowed medical students to have an enhanced 
ability to correlate pathophysiological concepts with 

clinical manifestations and management of  diseases.[1,2] 
However, this has limited practical exposure to previously 
stand‑alone disciplines such as histology and pathology, 
depriving students of  important parts of  medical 
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education. This has been aggravated by the steady decline 
of  the educational use of  postmortem examinations, 
even though opinions of  medical educators have been 
positive regarding their yield.[3,4] This calls for innovative 
approaches to reintegrate these experiences into medical 
school curricula.

Currently, some medical schools still use embalmed 
cadavers for teaching purposes, which provide students an 
opportunity to study and visualize gross human anatomy 
and sometimes identify gross pathological changes.[5,6] It 
has been shown that students hold an overwhelmingly 
positive opinion on the yield of  these sessions on their 
education.[7] Furthermore, cadavers are considered 
medical students’ “first patient,” as they work through 
their anatomy and encounter existing pathology during 
dissections, in reference to the documented clinical data 
and the cause of  death. However, the use of  embalmed 
tissue for histological and histopathological teaching 
purposes has been limited.

It is not uncommon for cadavers in gross anatomy 
dissections to have pathological lesions. These gross 
pathology findings provide students with an opportunity 
to integrate their basic science understanding with clinical 
medicine, utilizing astute observations and critical thinking 
to draw evidence‑based conclusions. By integrating 
pathology with anatomy, it has been shown that students 
were more able to identify, retain and integrate their 
understanding of  pathology into their discussions and 
medical reasoning.[8] However, this opportunity has been 
restricted to gross pathological findings without exploring 
the histology of  these findings. Integration of  pathology 
has been limited by students’ lack of  technical know‑how 
with regard to preparing and processing tissue samples as 
well as by the lack of  involvement of  pathologists with 
dissection experience.[5]

Reliability of  histological specimens from embalmed tissue 
has shown some promise in recent literature, with heart 
tissue showing the highest preservation and lung tissue 
showing the lowest.[6,8] However, some doubts remain over 
their validity because of  previous contradicting literature 
showing poor preservation and embalmment‑related 
artifacts.[8] To the best of  our knowledge, there is no study 
conducted to explore the histological quality of  several 
organs, such as thyroid, bone, skin or skeletal muscle, 
from cadavers. Therefore, this study aimed to investigate 
the histological samples of  these organs from embalmed 
cadavers to provide an initial assessment regarding their 
reliability, and thus highlight their potential in medical 
education.

MATERIALS AND METHODS

This reliability study included all formalin‑fixed cadavers 
available for dissection (N = 11) at the Department of  
Anatomy, College of  Medicine, Imam Abdulrahman Bin 
Faisal University, Dammam, Saudi Arabia. All 11 cadavers 
were preserved in cold storage and were embalmed within 
an average of  6.44 days, with the earliest being 3 days 
and the latest being 11 days. All cadavers were obtained 
in 2018, and all samples were collected within 3 months 
of  embalmment at the beginning of  2019. No inclusion 
criteria were used to ensure that cadavers and tissue 
samples would reflect those collected by medical students 
during their dissection experience. Data regarding the 
embalmment process were obtained from the Department 
of  Anatomy. All cadavers were cold  stored in the anatomy 
laboratory with no preservatives or other material used 
other than that used in embalming the cadavers.

A total of  112 tissue samples were obtained solely for 
the purpose of  this study under the supervision of  an 
anatomist and a forensic pathologist using standard 
autopsy techniques from the thyroid, skeletal muscle (rectus 
abdominis), bone (anterior superior iliac spine), skin (acral 
skin from the big toe and truncal skin from the abdomen), 
heart (left and right ventricles and interventricular septum) 
and from both the lungs. Of  the 112 samples, 33 were 
from the heart, 22 from lungs, 10 from thyroid, 12 from 
thin skin, 13 from thick skin, 11 from bone and 11 from 
skeletal muscles. Samples were placed in formalin and were 
transferred to the pathology laboratory where they were 
prepared using the standard paraffin procedure followed 
by cutting sections at 4 μm using a sectioning microtome 
and staining using standard hematoxylin and eosin stain.[9]

Histological slides were independently evaluated by 
two board‑certified histopathologists with >4 years of  
experience in anatomical pathology; both these evaluators 
were not involved in the sample collection or slide 
preparation and were blinded to each other’s evaluations. 
For evaluating the slides, the criteria were adapted from a 
previous study.[8] In brief, the cells and extracellular matrix 
had to (a) be clearly identified at low magnification and 
when using 200 and 400 objective magnifications, (b) have 
a sharp definition of  cell size and nuclei and (c) have sharp 
boundaries with adjacent connective tissues.

Each histopathologist categorized the slides as good, 
satisfactory or poor based on the following criteria: the slide 
was categorized as “good” if  it met all the aforementioned 
criteria without any cellular definition limitation at different 
magnifications or limitation to definition of  structures, 
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boundaries and surrounding tissue; as “satisfactory” when 
the slide was mostly adequate but there was some limitation 
in one of  the criteria, and as “poor” when the slide had 
a significant limitation in two or more of  the criteria. 
A numerical score of  2 was given if  an evaluator rated a 
slide as “good,” whereas “satisfactory” was given a score of  
1 and “poor” was given a score of  “0.” The average score of  
the 2 evaluators was calculated, and a slide was considered 
“good” if  the overall average score was 2, as “satisfactory” 
if  the score was <2 but >1 and as “poor” if  it was ≤1.

Statistical analysis
Statistical tests were conducted using Statistical Package for 
the Social Sciences version 21.0 for Windows (IBM Corp., 
Armonk, NY, USA). Thirty‑five samples were used to 
measure inter‑evaluator reliability using two‑way mixed 
effects, absolute agreement and multiple rater intraclass 
correlation. In addition, the frequency of  the overall slide 
quality rating and the slide rating among different organs 
was measured. A comparison of  the slide rating between 
organ groups was conducted using the Fisher’s exact test 
at a level of  significance of P < 0.05.

RESULTS

The inter‑evaluator reliability was found to be 0.73, which 
is considered a moderate level of  reliability.[10]

In terms of  the slides, 34.2% and 60.3% of  all slides were 
of  good and satisfactory quality, respectively, whereas the 
remaining 5.5% were of  poor quality. Using the Fisher’s 
exact test, the difference in the slide quality between the 
organs was found to be significant (P < 0.01).

The frequency of  slide quality rating across the various 
organs is shown in Table 1. Thick skin and bone tissues had 
the highest percentage of  “good” rating, with frequencies 
of  84.6% and 81.8%, respectively. Thyroid and lung 
tissues had the highest percentage of  “poor” rating, with 
frequencies of  20% and 13.6%, respectively. Figure 1 
shows examples of  histological photographs of  selected 
fields from three organs (heart, lung and thyroid) that were 
categorized as good and poor.

DISCUSSION

The present study showed that almost all the tissues obtained from 
embalmed cadavers were of good or satisfactory quality, and these 
findings are in agreement with those of a previous study.[8] This 
could be a testament to the quality of embalmment and fixation 
of the bodies, which are important factors in later obtaining 
high‑quality samples. Moreover, the samples were collected from 
relatively new cadavers, which could also be a factor contributing 
to the overall good quality of the slides. It should be noted that 
the study used strict criteria that may have resulted in increased 
representation of  “satisfactory” slides compared to “good;” 
nonetheless, such criteria were chosen to ensure that the slides are 
of adequate educational benefit.

Another finding of  this study is that the quality of  tissue 
preservation varies between organs. Although the exact 
reason for such disparity remains unclear, there are several 
factors that may have contributed to this observation. 
First, information about the individual circumstances of  

Table 1: Overall slide quality sorted by organs
Organ Rating

Good (%) Satisfactory (%) Poor (%)

Heart 5 (15.2) 27 (81.8) 1 (3.0)
Lung 5 (22.7) 14 (63.7) 3 (13.6)
Thyroid 2 (20.0) 6 (60.0) 2 (20.0)
Thin skin 0 (0.0) 12 (100.0) 0 (0.0)
Thick skin 11 (84.6) 2 (15.4) 0 (0.0)
Bone 9 (81.8) 2 (18.2) 0 (0.0)
Skeletal muscle 6 (54.5) 5 (45.5) 0 (0.0)

Figure 1: Examples of good and poor rating of tissue obtained from 
cadaveric heart, lung and thyroid (H & E, 20× magnification)
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the body donors and their timing of  death is lacking; this 
is important because the clots formed within the vascular 
system of  the body during the death process might limit 
the quality of  the fixation, and the delay from the timing of  
death until the initiation of  the embalming process might 
alter the structure of  tissues. Second, structural and vascular 
differences between the studied organs might explain why 
some organs deteriorate at faster rates. For example, the 
heart is fixated internally by the solution passing through its 
chambers and externally by the solution passing through the 
coronary arteries. The skin might be adequately preserved 
due to structural factors and the delivery of  adequate 
fixation solution externally. The bones contain collagen 
fibers, which are highly durable structures that offer 
resilience to the bone and contribute to its long survival. 
The lungs, one of  the organs that showed the highest 
percentage of  “poor” slide rating in this study (13.6%), are 
supplied by fine capillaries, which might clot, and thus limit 
the fixation process. These factors might explain the reason 
behind the different qualities of  preservation. To the best 
of  our knowledge, this is the first study that investigated 
the histological quality of  tissues obtained from cadaveric 
organs such as skin, muscle, bone and thyroid.

Cadavers are received from donors mostly with the 
intention to help advance medicine and its practice.[11‑14] 
The results of  this study emphasize that the yield 
obtained from cadavers can be of  significant value in 
medical education when used efficiently. Currently, 
cadavers are used for educational purposes in anatomy 
laboratories for dissection and learning gross anatomy, 
but there is a shift away from classical microscopic 
histology education toward digital slides. This is certainly 
more convenient, but, unfortunately, students might lose 
their hands‑on training and laboratory experience in 
disciplines such as histology and pathology.

Moreover, with the currently budding whole‑body 
plastination, many are considering moving away all together 
from the wet dissection experience, as plastinated cadavers 
last for a longer time and can move the educational process 
from the laboratory to the classroom.[15] However, in our 
opinion, plastination should be used as a supplement to 
wet dissection, and not as a replacement. A 2016 study on 
veterinary students showed that students reported better 
learning experience when combining both modalities.[16]

This study suggests that tissue samples obtained by students 
during dissection sessions can be processed and used for 
their histology training. This would bridge the educational 
gap and create a more integrated experience in the medical 
education.

Using an integrated approach where students get to 
interact fully with their "first patient", the cadaver, 
starting from gross anatomy and going deeper into 
histology and possible histopathological findings, 
will allow them to develop a finer clinical sense and a 
deeper understanding of  the human body. This will also 
introduce the students to the practical field of  histology 
and pathology and widen their horizon for future 
specialties, which are not regularly encountered in the 
hospital setting. Furthermore, these expected benefits 
emphasize the importance of  cadavers, dissection and 
histology in a system that is increasingly adopting a 
digitalized approach in medical education, resulting in the 
decline in the use of  human cadavers and the exposure 
of  the students to their potential benefit.[17‑20]

Limitations and recommendations
A major limitation of  this study was that the information 
about the clinical history of  the body donors and their 
timing of  death is lacking. Moreover, while the number 
of  cadavers used in this study could provide useful data 
to achieve the objectives of  the research, a study using a 
larger number of  cadavers with a detailed clinical history 
would have allowed for a better extrapolation of  results. 
Another limitation was that the intra‑evaluator reliability 
was not measured, which would have helped establish the 
degree of  confidence in the evaluator’s ratings.

Future studies can include more organs not highlighted 
in the literature such as brain, spleen, testes, ovaries and 
pancreas. It would also be interesting to study how the slide 
quality translates into meaningful educational value when 
integrated in medical curricula.

CONCLUSION

This study found that almost all the tissues taken from 
cadavers were either of  good or satisfactory quality, with 
thick skin and muscle being the best rated and thyroid and 
lung tissue being the worst. These results serve as the first 
step in establishing that histological slides obtained from 
embalmed cadavers can be useful additional educational 
tools in medical curricula.
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