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ABSTRACT:

Additive manufacturing, also known as three-dimensional (3D) printing, is bringing the technological breakthrough in
many areas, such as engineering, art, education, and medicine. Two separate themes are described in this study. The first
theme is to present a graphical 3D modeling approach of different hyoid bones. The second theme involves making 3D
printing models of these bony structures and compared with original forms. Different hyoid bones (horse, cattle, dog, cat,
and pig) were used to produce 3D printing models. Hyoid bones were scanned with the multidetector computed
tomography (MD CT). Two-dimensional (2D) images were stored in Digital Imaging and Communications in Medicine
(DICOM) and segmentation and post-processing of these images were performed. 3D reconstructed images of the hyoid
bones were acquired with 3D Slicer software. 3D models of the hyoid bones were recorded in stereolithography (STL)
file format on the computer. These STL images were then used to produce physical 3D printing models with the Fused
Deposition Modelling (FDM) printer and polylactic acid (PLA) filament. It was known that hyoid bones are very thin and
fragile. For this reason, 3D printed models could be used for these characteristic bones. These 3D models were seen useful
for anatomy education and hard to break compared to original bones. It was seen that it could be rapidly produced by 3D
printing technology for anatomy education in practical lessons. This study shows that durable, real-like bone specimens
could be produced with minimal equipment and manpower. It was observed that both produced 3D models and 3D
reconstructed images can be used during veterinary anatomy education.

3 boyutlu baski dil kemik modellerinin karsilastirmali veteriner anatomi egitiminde
uygulanabilirligi ve verimliligi

OzeT:

Ug boyutlu (3B) bask1 olarak da bilinen eklemeli iiretim; miihendislik, sanat, egitim ve tip gibi birgok alanda teknolojik
atilim getirmektedir. Bu ¢alismada iki ayr1 tema tammlanmustir. {lki, farkli dil kemiklerinin grafiksel bir 3B modelleme
yaklasimim sunmak, ikincisi ise bu kemik yapilarin 3B baski modellerini olusturup orijinal formlari ile karsilastirmay1
icerir. 3B baski modellerini tiretmek i¢in farkli dil kemikleri (at, sigir, kopek, kedi ve domuz) kullanildi. Dil kemikleri,
multidedektorlii bilgisayarli tomografi (MD BT) ile tarandi. iki Boyutlu (2B) gériintiiler Tipta Dijital Gériintiileme ve
Iletisim formatinda (DICOM) sakland1 ve bu goriintiilerin béliimlendirilmesi ve diizeltilmesi yapildi. Dil kemiklerinin 3B
rekonstriiksiyon goruntiileri 3D Slicer yazilimiyla elde edildi. Dil kemiklerinin 3B modelleri bilgisayardaki stereolitografi
(STL) dosya formatinda kaydedildi. Bu STL gériintiileri daha sonra Katmanli Uretim Teknolojisi (FDM) yazicist ve
polilaktik asit (PLA) filamenti ile fiziksel 3B baski modelleri tiretmek i¢in kullanildi. Dil kemiklerin ¢ok ince ve kirilgan
oldugu bilinmektedir. Bu nedenle, bu karakteristik kemiklerde 3B baskili modellemenin kullamlabildigi belirlendi. Bu
3B modellerin anatomi egitimi igin faydali oldugu ve orijinal kemiklere kiyasla kirilmasinin daha zor oldugu goriildi. Bu
kemiklerin, veteriner anatomi egitiminin uygulama dersleri i¢in 3B baski teknolojisi ile hizla tiretilebilecegi goriilmiistiir.
Bu calisma; dayanikli, ger¢ek benzeri kemik Orneklerinin minimum ekipman ve insan giicii ile iretilebilecegini
gostermektedir. Uretilen 3B modeller ve 3B rekonstriksiyon goriintiiler veteriner anatomi egitimi sirasinda
kullanilabilecegi gdzlenmistir.

How to cite this article: Bakic1 C, Akgiin RO, Oto C: The applicability and efficiency of 3 dimensional printing models of hyoid bone in comparative
veterinary anatomy education. Vet Hekim Der Derg, 90 (2): 71-75, 2019. DOI: 10.33188/vetheder.518909

* Sorumlu yazar / Corresponding author
eposta adresi/e-mail address: vetcanerbakici@gmail.com


mailto:vetcanerbakici@gmail.com

72 Vet Hekim Der Derg 90 (2): 71-75, 2019

1. Introduction

Veterinary anatomy education is considered among the most basic stones of veterinary medicine (7). During
this education curricula, students experience many educational materials. These training materials vary widely. This
variety has increased as a result of the impact of developing technology on education programs. There are some other
reasons for this variety (1, 3). One of them is the negative effect of chemical substances used in the preparation of
dissection or prosection specimens which are accepted as the gold standard (11). Dissection and prosection are time-
consuming and costly processes because these specimens must be prepared before come forward to the students and
lecturers must have some equipment like as chemical solutions, cadaver containers, dissection tables, and air-
conditions. The adverse effect of formaldehyde on all living (students, lecturer, environment etc.) was defined in Health
Safety Authority and the dose limitation that could be used was considerably reduced (3, 4, 7). The other is the lack of
educational materials in laboratory courses due to the high number of students (1, 2). The need for a high number of
donors for preparing specimens raises another problem. This problem is an ethic which is another main difficulty that
leads to insufficient specimens in anatomy education. These problems have been led educators to seek different
educational materials (2, 5, 12).

Additive manufacturing, also known as three-dimensional (3D) printing, is bringing the technological
breakthrough in many areas, such as engineering, art, education, and medicine. This technology is formed by the
production of the desired three-dimensional tissue layer by layer (5, 6). The application of this technology to anatomy
is provided benefits in different aspects. The most important features in bone models produced by 3D printing for
anatomy education are that the bones contain anatomical structures and preserve the real form of the original structures
(3, 8, 13). On the other hand, these patient-specific models lead to perform preoperative surgical simulations,
understand interactions between the organs, and view from a different angle for education purposes (6, 11).

Two separate themes are described in this study. The first theme is to present a graphical 3D modeling approach
of different animal hyoid bones. The second theme involves making 3D printing models of these bony structures and
compared with original forms.

2. Material and Methods

Different specimens (horse, cattle, dog, cat, and pig) from the collection of Faculty of Veterinary Medicine
Department of Anatomy at Ankara University were used to produce 3D printing models. Hyoid bones were scanned
with 256-multidetector computed tomography (Siemens Somatom Definition Flash). Slice thickness was 0,75 mm from
proximal to distal direction. The scanning parameters were recorded as follows; 120 kV, 600 mAs, window level 200
Hounsfield unit (HU), and window width 50 HU. Two-dimensional (2D) images were stored in Digital Imaging and
Communications in Medicine (DICOM) and then segmentation and post-processing processes of these images were
performed. 3D reconstructed images of the hyoid bones were acquired with 3D slicer software (3D Slicer, GitHub, San
Francisco). Bony structures were segmented using HU thresholds. Each threshold was different because hyoid bone
densities were varied from animal to animal. 3D models of the hyoid bones were recorded in stereolithography or
standard triangulate language (STL) file format on the computer (Figure 1). After 3D digital models were arranged, the
post-segmentation process was performed on these models with MeshMixer software (Autodesk Inc., San Francisco,
version 3.5) to produce the final 3D printing model. The final STL images were used to produce physical 3D printing
models with the Fused Deposition Modelling (FDM) printer (Anycubic 13 Mega, Shenzhen technology, China) and
polylactic acid (PLA) filament (Figure 2). The FDM printer created the 3D model layer by layer.
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Figure 1: Production stages of 3D printing models of a horse (A-C-E-G) and a dog (B-D-F-H) hyoid bones. Original
bone samples (1-J). (A-B) Segmentation process of MD CT images with 3D Slicer software, (C-D) 3D reconstruction
images, (E-F) Post-segmentation process with MeshMixer software, (G-H) 3D printing models

Sekil 1: At (A-C-E-G) ve kopek (B-D-F-H) dil kemiklerinin 3B baski modellerinin yapim asamalari. Orijinal kemik
ornekleri (1-J). (A-B) 3D Slicer program ile MD BT goriintillerinin segmentasyon islemi, (C-D) Ug boyutlu
rekonstriiksiyon gériintileri, (E-F) MeshMixer program ile segmentasyon sonrasi diizenleme islemi, (G-H) Ug
boyutlu baski modeler.

Figure 2: Anycubic 13 Mega 3D printer (A), the printing stage of 3D printing models (B), and 3D printing models of
hyoid bones of different species (C).

Sekil 2: Anycubic I3 Mega 3B yazict (A), 3B baski modellerinin basim agsamasi (B), ve Farkl tiirlere ait dil
kemiklerinin 3B baski modelleri (C).

3. Results

This study described the 3D printing stages from the original bone specimen to the final 3D printing bone
model. The Anycubic 13 Mega 3D printer was able to create hyoid bones of different type of animals (Figure 2).
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3D Slicer, the free open source software, was displayed MD CT images in different planes. MeshMixer,
another free open source software, was used to smoothen the surfaces of 3D images in STL format for a better quality
of 3D printing models. The use of these two softwares were found to be quite easy.

Original hyoid bones are very thin and fragile. These 3D printing models were more durable than original
hyoid bones. However, attention should also be paid because of its thin structures.

The 3D printing models were seen to be the same size as the original forms. But it was determined that the size
can be changed if desired. MD CT was revealed all parts of the hyoid bone and 3D printing models of hyoid bones
were created by FDM printer (Figure 1).

Structures which were not well resolved (such as articular parts of the hyoid bones) in 3D imaging techniques,
were absent in 3D printing models. However, it was clear that these models could be rapidly produced by 3D printing
technology for practical lessons in anatomy education because these fragile and readily unfindable materials were
insufficient numbers for practical lessons (Table 1).

Table 1: Evaluation of 3D reconstruction and 3D printing images of anatomical structures of the hyoid bone. -, the
feature was absent from physical specimen; +, the feature was present; ?, the feature is not well resolved.

Tablo 1: Dil kemigine ait anatomik yapilarin 3B rekonstriiksiyon ve 3B baski goriintiilerinin degerlendirilmesi

Anatomical Feature Scan Print
Basihyoid + +
Ceratohyoid
Epihyoid
Stylohyoid
Thyrohyoid
Tympanohyoid
Lingual process
Acrticular parts

o+ + + + o+ +
+ + 4+ + + +

4, Discussion and Conclusion

There were numerous studies pointed out that 3D printing models could be used for preoperative visualization,
preoperative planning, demonstration the operations or education (2, 5, 7, 8). It was pointed out that some bones are
quite fragile so that students face constraints such as limited handling and examination in anatomy classes (1). This
study shows that durable, real-like bone specimens could be produced with minimal equipment and manpower. The
3D printing models can be used for practical lessons of veterinary anatomy and 3D reconstruction images can be used
during theoretical lectures of veterinary anatomy.

In previous studies, it has been pointed out that complex anatomical structures should be investigated to test
the accuracy of 3D printed bone models. Because the lack of narrow holes or some complex anatomical structures have
been reported (7, 12). It was also emphasized that CT was the best imaging technique for bony structures (9). In this
study, it was determined that the bone structures were well resolved in 3D images and hyoid bone models were created
good quality by 3D printing. MD CT was a good choice for imaging bone tissue. Only articular parts of hyoid bones
were not differentiated from bony structures because of the imaging system quality. It was also stated that it is
practicable to different operative approaches or training models by re-using or modifying recorded data (10).

In this study, the scanning time of hyoid bones was approximately 2 minutes each. The processing of 3D
reconstruction models took 10 minutes on the computer. The post-processing of 3D images of hyoid bones took a short
time like 3 minutes. The 3D printing time took 10 - 30 minutes for small models and 2 - 3.5 hours for big models. The
cost of 3D printing hyoid bones varies between 0.1 euro to 1 euro. The scanning and processing time were almost 15
minutes for one specimen. One of the previous studies, scanning time of the frog skeleton and the dogfish
chondrocranium were between 1 and 2 hours, processing step was approximately 1 hour and the cost of the 3D printing
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models was 13 to 10 pound (12). On the other study, the temporal bone model was produced at 3.5 hours on the purposes
of dissection (8). Another researcher produced the temporal bone model with ABS thermoplastic material at 24 hours
approximately. The segmentation, printing, and detergent wash time took 3-5 hours, 6 hours, and 8-12 hours,
respectively (2). It was seen that the 3D printing hyoid bone models were easily replicated, and their costs were
relatively lower than other education materials like cadavers or plastination specimens.

It was stated that the 3D printing models were cost efficient osteological education materials (1, 2, 7). It should
be noted that the imaging process workload will be performed once, and the printer will also be taken once. Therefore,
the use of the imaging technique and the acquisition of digital 3D images will be done only once. When imaging and
3D printer costs were deducted, it was seen that the production of the specimens is quite cheap.

3D printing models will be a preferable education material compared to dissection and prosection because it
also protects human health. One of the important advantages was that it made the deformed or more sensitive bone
samples more durable. Due to all the advantages mentioned, it is thought that the models produced by 3D printing will
be a preferable training material by anatomy lecturers in the near future.
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