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ABSTRACT

The aim of the study is by making the osteology information given in the theoretical part of the anatomy course more
understandable in the practical courses; to increase the effectiveness of osteology education. Three dog cadavers
were used as animal material. The bones of the cadavers were cleaned with the maceration method. Holes were
drilled on the articular surface of the bones and powerful magnets were embedded in such a way that they were
facing each other. Magnets were placed between the head and mandible, C1-C6 vertebrae in the anterior and poste-
rior limb joints. Thus, the demountable skeleton was obtained. The possible contributions of these skeletons to the
learning of osteology were evaluated by considering the questionnaire, quiz, midterm exam, end-of-year exam, and
course success rate made to the 1st year students (n:38) that took the Anatomy | course in Aydin Adnan Menderes
University Veterinary Faculty. The students participating in the study were randomly divided into 3 groups. In prac-
tice lessons, Group 1 studied with the demountable skeleton model and bones; group 2 studied with the traditional
(fixed at the joints) skeleton and bones, group 3 studied only with bones. In the quiz exam, 16 questions were asked
to the groups about the bones of the forelimb; It was seen that the highest average of correct answers given to the
questions belonged to group 1. According to the midterm exam results, it was seen that the highest-grade point
average belonged to Group 1, and similarly, the success rate of the Anatomy 1-semester exam was found to be high
in Group 1. In the results of the questionnaire evaluating the effectiveness of the educational materials given in the
study, it was determined that the students in all groups mostly preferred to work with the demountable skeletons.
According to the results of the study, it can be said that the success and motivation of the students working with the
demountable skeleton are positively affected.
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Osteoloji Egitiminde Demonte Olabilen Képek Iskelet Modelinin Kullanimi
OZET
Anatomi dersinin teorik kisminda verilen osteoloji bilgilerinin uygulama derslerinde daha anlasilabilir olmasini sag-
layarak; osteoloji egitiminin etkinligini artirmaktir. Hayvan materyali olarak 3 adet kdpek kadavrasi kullanildi. Ma-
serasyon yontemiyle kadavralarin kemikleri temizlendi. Kemiklerin eklem ylizeyine matkapla delikler agilarak gticli
neodyum miknatislari karsilikli gelecek sekilde gomildi. Miknatislar; kafa, mandibula, C1-C6 omurlari, 6n ve arka
bacak eklemlerine yerlestirildi; boylece iskeletin demonte edilebilmesi saglandi. Bu iskeletlerin osteoloji 6grenimine
olasi katkilari Aydin Adnan Menderes Universitesi Veteriner Fakiiltesi 2021-2022 egitim-dgretim yilinda Anatomi |
dersi alan 1. sinif 6grencilerine (n:38) yapilan anket, quiz, ara sinav, yilsonu sinavi ve ders basari oranlari géz 6niine
alinarak degerlendirildi. Calismaya katilan 6grenciler rastgele secimle 3 gruba ayrildilar. Uygulama derslerinde, 1.
grup demonte iskelet modeli ve kemikler; 2. grup geleneksel (eklemlerinden sabitlenmis) iskelet modeli ve kemikler
3. grup ise sadece kemiklerle calistilar. Yapilan quiz sinavinda gruplara 6n bacak kemikleriyle ilgili 16 adet soru yo6-
neltildi; sorulara verilen dogru cevap ortalamasi en ylksek grup 1’e ait oldugu gorildi. Ara sinav sonuglarina gore
en yiksek not ortalamasinin Grup 1’e ait oldugu benzer sekilde Anatomi 1 dersi yariyil sinavi basari oraninin da Grup
1’de yiksek oldugu gorildi. Calismada verilen egitim materyallerinin etkinligini degerlendiren anket sonuglarinda
tim gruplardaki 6grencilerin ¢cogunlukla demonte olabilen miknatish iskeletlerle ¢alismayi tercih ettikleri yoniinde
gorls bildirdikleri tespit edildi. Calisma sonuglarina gére demonte olabilen miknatisli iskeletlerle ¢alisan 6grencilerin
ders basari ve motivasyonlarinin olumlu yénde etkilendigini sdylenebilir.
Anahtar kelimeler: Anatomi, 6grenci, veteriner hekim, osteoloji, demonte iskelet
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Introduction

The science of anatomy has been one of the corner-
stones of both veterinary medicine and human medicine
education throughout history (Gultiken, 2011; Atay et
al., 2016). Detailed knowledge of anatomical systems is
vital for clinical veterinary practice. However, it has been
reported that students have difficulties in transferring
the skills they learned theoretically from textbooks to
real-life applications (Canrigh et al., 2022). For this rea-
son, the necessity of practical courses is emphasized as
a basic element in the education programs of the Fac-
ulty of Veterinary Medicine. Difficulty and abstractness
of the subjects that students see in theoretical lessons;
also increase their need for practical lessons during their
education (Altug et al., 2018).

Traditional anatomy education is carried out with theo-
retical lecture notes and practical lessons on cadavers.
Today, the variety of course materials is greater. Didactic
lessons, books, and atlases, dissection and cadaver ap-
plications, digital atlases, and 3D models can be counted
among these (Altug et al., 2018). In anatomy; since the
skeletal system (osteology) is the basis for other systems
of the body, it is an important subject. For example; Many
anatomical structures belonging to the muscle, vessel,
and nervous system are named according to the bone
sections where they are located, adjacent to, and passed
through. Materials used in osteology education; natural
bones of animal species, skeletons obtained by joining
these bones with adhesives (traditional skeleton), and
models made of plastic materials. It is not possible to
show the relations and contacts of the bones at the joint
level in traditional skeletons, which were reported to be
instructive by the students. In addition, joint surfaces
and anatomical structures on these faces cannot be seen
in the traditional skeletons. In the case of examining the
bones separately without creating a skeleton; students
may have difficulty in learning about the placement or-
der and position of the bones and have difficulty in visu-
alizing a whole skeleton in their minds. The first aim of
the study is to create skeletons that can be demountable
(made of bones that can be separated from the skeleton
and reassembled to the skeleton when desired) by pro-
cessing the bones obtained from dog cadavers. The sec-
ond aim is to investigate the effect of demountable dog
skeleton and dog skeleton prepared by the traditional
method (glued fixed) and bones that are not assembled
as skeletons in osteology training. The hypothesis of the
study; the demounted skeleton model can facilitate the
comprehension of the order of placement of the bones
on the skeleton (from cranial to caudal from proximal to
distal), posture positions on the skeleton, directions, and
articular surfaces. Thus, it can increase students’ interest
in the lesson and their learning success.

Materials and Medhods
The method in the study was carried out in two stages.
The first stage is the preparation of the skeletons; The

second stage is the use of skeletons in practice lessons,
the evaluation of quizzes, surveys, midterm, and end-of-

year exam results.
Preparation of skeletons

The animal material of the study was obtained from dog
cadavers used for training purposes in the dissection lab-
oratory of ADU Faculty of Veterinary Medicine, Depart-
ment of Anatomy. The processes of removing the skin,
muscles, and organs of the cadavers, cleaning the bones,
and making them ready for the skeleton were carried
out in the laboratories of the Department of Anatomy.
In the study, 2 demountable (consisting of bones/joints
that can be separated from the skeleton and reassem-
bled to the skeleton when desired) and 1 traditional (all
bones are fixed by gluing from the joints) dog skeleton
were prepared. The skin, muscles, and organs of the dog
cadavers were removed with surgical instruments such
as scalpels, forceps, and curettes. The cleaning of fat, fas-
cia, and tendon tissues on the bones was carried out by
boiling. Tap water containing sodium hydroxide was used
as the boiling solution. Boiling was done intermittently
for 24-36 hours. The bones, which were free of tissues,
were left to cool. For the complete removal of fat and
tissue residues on the bones, whitening, and disinfection
of the bones 50% hydrogen peroxide was used. Bones
were kept in hydrogen peroxide for 20-30 minutes for
this procedure. The bones were then kept in tap water
for 1 day, washed, and allowed to dry. After drying, holes
of 3-8 mm in diameter and 3-6 mm in depth were drilled
in the joint areas of the bones with the help of a drill.
Strong neodymium magnets were attached to the drilled
holes with the help of the fast adhesive. The magnets
were placed at the joints of the head, mandible, C1, C2,
C3, C4, C5, C6 vertebrae, scapula, humerus, antebrachi-
um, coxae, femur, tibia, patella, fabella, carpal, and tarsal
bones as well as some of the roots of the canine and mo-
lar teeth (Figures 1-2-3). Thus, the bones were ensured
that they could be separated from the joints between
the mentioned bones when desired. The vertebrae were
kept in their natural position using a supporting iron but
they could be demountable if desired, with the aid of
magnets. The scapula was attached to the body with the
help of magnets. The whole skeleton was obtained in the
natural standing position with the bones that could be
demountable from the joint areas by means of magnets
and support materials. The skeletons were made ready
by placing them on the platforms (Figure 4). For the tra-
ditional skeleton construction, all operations except the
placement of magnets were carried out sequentially. The
bones were fixed with instant glue so that they would
not be separated from the articular surfaces.

Use of skeletons in practice lesson

Aydin Adnan Menderes University Faculty of Veterinary
Medicine Anatomy | course is given to the first-year stu-
dents with a systematic method in the first semester.
Students take general anatomical terminology and gen-
eral osteology in the first week. Then they complete the
forelimb osteology course in two weeks. The success and
satisfaction of the students participating in the study in
the forelimb osteology course were evaluated. In order
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Figure 1. Placement of magnets (black arrow) on the cervical vetrebrae

Figure 2. Placement of magnets (black arrow) on the articular surfaces of the tibia (A) and femur (B)

to evaluate the possible contributions of demountable
skeletons to the osteology course, the students who took
the anatomy | course were provided to use the skeletons
in the practice courses (Figure 5). For this purpose, stu-
dents (n:38) were randomly divided into 3 groups. The
students were informed about the study and the groups;
It was announced that any personal (age, gender, name,
surname) data of the students participating in the groups
would not be used in the study and their consent was ob-
tained. In the osteology course, students work with the
bones of the related topics. However, the students par-
ticipating in the study were given a demountable skel-
eton or a traditional skeleton beside the bones for the
practical lesson. Thus, 3 groups were formed (Table 1).

The subjects of forelimb osteology were taught to the
students in all groups by the same lecturer from the De-
partment of Anatomy in the practice course. After the
forelimb osteology course was completed, a quiz exam

consisting of 16 questions was given to the groups.

Students took the exam one by one; questions were
directed to the students orally; each correct answer is
marked as +1. The quiz was administered by the faculty
member of the anatomy department, who explained the
forelimb osteology to the student groups. Afterward, it
was ensured that the demountable skeleton and tradi-
tional skeleton were used alternately between all groups
during 2 lesson hours. A questionnaire (Appendix: 2) was
conducted to the students participating in the study on
whether demountable skeleton, traditional skeleton,
and bones could be preferred as course materials. The
success grades of the groups in the midterm exam and
the correct answer rates given to the forelimb osteolo-
gy subjects in the midterm exam were evaluated. At the
end of the semester, the students’ end-of-year exam suc-
cess was also evaluated.
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Figure 3. Demounted front leg bones (A), bringing the forelimb bones together with the help of magnets (B)

Figure 4. General view of demountable fore and hind limb bones, separated
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Figure 5. Students studying with demountable skeleton
Ethics committee approval

Live animals were not used in our study. According to Ar-
ticle 8/19-k of the regulation on the working procedures
and principles of animal experiments ethics committees,
studies on “dead animal or its tissue, slaughterhouse
materials” are not subject to permission. In addition,
ethics committee approval was not obtained because
the questionnaire and quiz exam applied to the students
consisted of questions that did not contain personal in-
formation and only received opinions and answers for
the evaluation of the educational materials.

Statistical analysis

The SPSS® 22.0 (Statistical Package for the Social Sciences
22) program was used for statistical analysis. The confor-
mity of the students’ grade point averages to the normal
distribution was examined using the Shapiro-Wilk test.
In terms of midterm, final, and make-up grades, a one-
way analysis of variance (ANOVA) was used to determine
whether there was a statistical difference between the
groups. Scheffe post hoc test was used to determine the
group or groups with a significant difference as a result of
the analysis. For statistical significance, the type-I error
level was determined as P<0.05 (Ozdamar, 2015). The
answers given by the student groups for each question
in the quiz exam are correct and incorrect; At the end
of the semester, the success of the anatomy course was
categorized as passing and failing, and whether there
was a statistical difference between the expected and
observed levels of these categorical variables within the
groups was determined using the “Pearson chi-square”
method. Cases with a P-value below 0.05 were consid-
ered statistically significant (Hayran and Hayran, 2011).
The reliability of the answers given to the questionnaire
(Table 2) items was determined by the Cronbach’s alpha
coefficient (a). Cronbach’s alpha coefficient 0-0.49 un-
reliable, 0.50-0.59 bad, 0.60-0.69 suspicious, 0.70-0.79
acceptable, 0.80-0.89 good, 0.90 values between -1.00
were considered as perfectly reliable (Alpar, 2016).

Results

In the study, the quiz, questionnaire, and midterm exam

results of group 1 (demountable skeleton and bones),
group 2 (traditional skeleton and bones), and group 3
(bones only) and the correct answer given to the ques-
tions about the forelimb bones in the midterm exam re-
sults were evaluated. rates, final exam, make-up exam
results, and anatomy | course success (pass-fail) results
were evaluated.

Evaluation of quiz results

The quiz consisting of 16 questions was evaluated over a
total of 16 points, each correct answer being +1 point. A
statistically significant difference was found between the
total correct answer mean of group 1 and group 2, but
no statistical difference was found between the other
groups (Table 3).

In the statistical evaluation of the correct and incor-
rect answers given to each quiz question between the
groups, a significant difference was found in the answers
given to the 12th, 13th, and 14th questions. These ques-
tions are about the antebrachium bones; The frequency
of correct answers to these questions higher than the
expected level belongs to group I.

Evaluation of the survey results

A 6-item Likert-type questionnaire and 1 open-ended
question were administered to the groups. The Cron-
bach’s alpha coefficient (a) was 0.664. Survey work; A
total of 34 people, including 12 students from group 1,
12 students from group 2, and 10 students from group 3
(Figure 6).

Figure 6. Questionnaire result

Anatomy lesson; Statistical evaluation of midterm, final,
and make-up exams:

After the evaluation of the quiz and survey results of the
groups, the exam success of the students was also exam
ined in order to evaluate the general course success sta-
tus of the students.

As a result of the statistical evaluations, based on mid-
term, final, and make-up grades, among group 1, group
2, and group 3; no difference was found for midterm
and make-up exams; A statistically significant result was
found between group 1, group 2 and group 3 for the end-
of-year exam (Table 4).
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Table 1. Students groups
Group The course material used
1 (n:14): Students working with demountable skeletons and bones
2 (n:12): Students working with traditional skeletons and bones
3 (n:12): Students working only with bones

Table 2. Questionnaire

1. ltisinstructive to work with bones (not skeletally combined) in the skeletal anatomy course.

2. Itisinstructive to work with skeletons with all bones joined in the skeletal system anatomy course.
3. Inthe skeletal system anatomy course, it is instructive to work with skeletons whose bones can be demountable.
4. Demountable skeletons allow easier grasping of the stance positions of the bones on the skeleton.
5 Demountable skeletons provide a better understanding of the anatomical structures of the area where the

bones articulate.

The demountable skeleton model has advantages over other materials used in osteology education, such as
increasing the interest in the lesson and making the lesson more productive and enjoyable.

The numbers from 1 to 5 correspond to the following expressions.
1: No, 2: partially, 3: could be, 4: correct, 5: absolutely right

Table 3. Quiz result, SD: standard deviation

Group 1 (n=14) Group 2 (n=14) Group 3 (n=14) p
mean + SD mean + SD mean + SD
Total correct answer ) 55, g0 8.08+0.97" 9.16+0.91% 0.015

average

2b: The difference between the groups with different letters in the same line is statistically significant (P= 0.05)

Table 4. Anatomy lesson; Evaluation of midterm, end-of-year and make-up exam results, SD: standard deviation

n Groupl n Group2 n Group 3 p
mean = SD mean + SD mean = SD
G 14 67.29+3.90 12 54.25+5.40 12 58.25+4.87 0.138
exam
a b b
2::: year 14 64.64+4.69 12 45.58+5.34 12 36.66+4.86 0.001
Makeup exam 4 54.0043.71 6 38.8318.32 4 40.75+11.79 0.456

b The difference between the groups with different letters in the same line is statistically significant (P= 0.05)

Table 5. Evaluation of Anatomy | course pass-fail rate

Exam result
Total
Pass Fail

n 10 4 14
Group 1

% 71.4% 28.6% 100.0%

n 7 5 12
Group 2

% 58.3% 41.7% 100.0%

n 4 8 12
Group 3

% 33.3% 66.7% 100.0%
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Statistical evaluation of Anatomy | course pass-fail rate

As a result of the chi-square analysis, it was determined
that there was no statistically significant difference at the
expected level in terms of the number of passing failures
for each group of students (X*: 3.860 P=0.145). In the
study, the rate of the passing of the group working with
the demounted model (1st group) was higher than the
other groups, but no statistically significant difference
was found (Table 5).

Discussion

Anatomy is a branch of science in which visual mate-
rials, which have an important place in the education
programs in medicine, are frequently used. It is stated
that visual education materials and methods are more
effective in teaching and learning processes than audi-
tory methods and other methods. This situation reveals
the importance of practice lessons and course materials
in anatomy learning (Ozdemir, 2003). Within the scope
of the current study, a demountable dog skeleton, which
is an application course material, was created. With the
use of this material, it is aimed to make the forelimb os-
teology subjects given in the theoretical anatomy lesson
more understandable in the practical lessons and to in-
crease the efficiency of the osteology education.

When scientific studies in the field of anatomy were eval-
uated in our country, it was reported that the most stud-
ies were on the locomotor system with a rate of 20.1%,
and the animal species used in these studies were dogs
with 12.35% (Dilek et al., 2019). Today, it is seen that
the animal species brought to veterinary clinics with
the highest rate is the dog (isler et al., 2015; Simsek and
Akgay, 2021). For this reason, especially dogs were pre-
ferred as animal material in the study. In addition, the
placement of the magnets used in the study of the dog
skeleton and the convenience of keeping the skeleton in
disassembled-assembled form was also effective in the
selection of animal material.

It was predicted that the practice course with demount-
able dog skeleton, which was carried out within the
scope of this research, could be more instructive than
the traditional skeleton and bones. No other study in-
vestigating the results of the practical training given with
the demountable skeleton was found in the literature.
Therefore, we could not reach the articles where we can
discuss the results of our study. After the forelimb os-
teology topics were given to the student groups in the
study (1.2.3. groups), a quiz exam consisting of 16 ques-
tions was applied. Quiz exam questions are prepared to
determine the cranial-caudal, proximal-distal placement
orders of bones on the skeleton, their posture positions,
and directions (cranial-caudal, lateral-medial) on the
skeleton. In the quiz results, a statistically significant
difference was found between the total correct answer
mean of group 1 and group 2; no statistically significant
difference was found between the other groups. The
highest correct answer average given to the quiz ques-
tions consisting of a total of 16 questions belonged to
the 1st group (11.78). Antebrachium, which is one of the

forelimb bones, consists of two bones, the radius, and
the ulna. These bones join the synovial joint at two prox-
imal and distal points in the dog (Ocal et al., 1998). The
orientation and placement of these two bones in dogs
may be more difficult for students to comprehend than
other forelimb bones. The 12th and 13th questions of the
quiz are about the aspects of the antebrachium bones
and their placement on the skeleton. The 14th question
indicates the incisura radialis ulnae, which is the synovial
articular surface located proximal to the ulna. When the
answers given to the 12th, 13th, and 14th questions be-
tween the groups were evaluated, it was seen that the
group 1 students had a higher correct answer frequency
than the expected level. In the quiz results, it was deter-
mined that the students working with the demountable
skeleton model (1st group) were more successful than
the other groups; It has been observed that the bones
have a better grasp of their position and orientation on
the skeleton. There are studies investigating the success
and satisfaction levels of anatomy courses in both hu-
man medicine (Ari et al., 2003; Sindel et al., 2008; Atay
et al.,, 2016; Yavuz et al., 2017) and veterinary medicine
(Giiltiken, 2011; Ozen et al., 2012; Altug et al., 2018). In
the current study, the demountable skeleton and the
traditional skeleton were used alternately between all
groups, and which educational material the students
preferred in terms of osteology education was investi-
gated with a questionnaire. The reliability of the answers
given to the questionnaire statements was determined
by Cronbach’s alpha coefficient (a). In the study, it was
observed that this coefficient was 0.664, so the ques-
tionnaire was found suspicious.

The main reason for calculating the reliability coefficient
as suspicious is thought to be the low number of stu-
dents participating in the survey. The number of stu-
dents included in the study is one of the limitations of
the current study, and it can be suggested that similar
studies be carried out with larger student groups. When
the results of the 6-item Likert-type are evaluated, it is
seen that the 3rd, 4th, 5th, and 6th propositions regard-
ing the use of the demountable skeleton model were
approved with the highest score. The students in the
2nd and 3rd groups who did not use the demountable
skeleton model during their studies were the students
who gave the highest scores to these propositions. The
common opinion of all groups in the answers given to
the open-ended question of the questionnaire; “Because
the bones are removable in the demountable skeleton
model, it is more preferable in terms of understanding
their postures and directions”. According to the results
of the current study, it can be said that the demountable
skeleton model is preferable to other materials as an os-
teology course training material. When the course-exam
success of the groups is evaluated; between Group 1,
Group 2, and Group 3; there was no statistical difference
for midterm and make-up exams; a statistically signifi-
cant result was found between Group 1, Group 2, and
Group 3 for the end-of-year exam. The highest-grade
point average obtained in these exams belongs to the
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1st group. When only the correct answers to the fore-
limb osteology questions were evaluated in the midterm
exam, it was seen that the highest correct answer rate
belonged to the 1st group. When Anatomy | course pass-
fail rates are evaluated, there is no statistically significant
difference between the groups; It is seen that group 1
has the highest passing rate with 71.4%. It is thought
that there is not enough data to say that the results of
both the end-of-year and make-up exams, and there-
fore the passing rates, are completely dependent on this
study. However, when the quiz, survey, and exam success
results of this study are evaluated, it can be said that the
learning of the 1st group, who uses the demountable
skeleton model, has a positive effect on their learning.
The main reasons that led to this success; as stated in the
survey results, the demountable model may increase the
interest in the lesson and maybe the motivation for the
student to succeed in the Anatomy I lesson after the high
midterm exam grade (1st group). It can be thought that
many anatomical structures in the muscle, vascular and
nervous systems, which are taught following the skele-
tal system anatomy course, are named after the bone
sections where they are located, adjacent to, and pass
through, leading to ease of learning and increasing mo-
tivation in students.

Conclusion

When the results of the current study are evaluated col-
lectively; the demountable skeleton model facilitates the
comprehension of the placement of bones on the skele-
ton, posture positions, directions, and joint surfaces; It
is seen that the hypothesis that it can positively affect
students’ interest in the course and thus learning success
has been largely confirmed. However, it will contribute
to obtaining clearer results if the study is carried out with
a demountable skeletal model in a large-participation
student group to cover all osteology topics.
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