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SUMMARY: Movement analysis of horses is closely related to the bone, joint and muscle composition. Equine foot is quiet
important not only for veterinarians, but also for farmers and horseshoer. In this study, it is aimed to evaluate anthe@matmaical
structures of equine foot obtained from computed tomography images and S10B silicone plastinated sections of horse amlB dimens
images of related structures as well. Four adult horses were used in this study. Computed tomography images were q@qpeed in a
position for equine feet. Then S10B silicone plastination was performed for the same specimens. Plastinates were stoed into 1
sections, corresponding to the computed tomography images. The sections obtained from silicone plastination were foonpéito be co
tible with computed tomography images. It was seen that osseous structures and tendons were clearly identified on cogmaytieyl tomo
images. It was observed that the shrinkage on the osseous tissues was very limited. It was thought that the propoeiarea differ
between the plastinated specimens and computed tomography images were related with the fixation process. The specitedns plastina
with S10B silicone polymer was determined to be closer to natural colour when compared to the standard polymers. Thasefore it w
found to be more useful. Itis considered that plastinates can be effectively used in veterinary orthopaedics and radime g tneell
as in veterinary anatomy education.
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INTRODUCTION

Movement analyses of horses are closely related and knowledge must be well conveyed (Rajial, 2008).
the bone, joint and muscle composition and additionally shag@omputed tomography is convenient for evaluating the
angle and length ratios of the related structures (€aa€, osseous anatomic structures without superimposition. It is
1998). Because of the fact that this region has a complguite effective to diagnose the diseases related with bone
anatomy, it needs to be studied in detail both in anatonpathologies as well. The use of CT images, 3 dimensional
education and clinical examination. In recent years, detail¢8D) reconstruction models and better anatomic orientation
examination of complex anatomical structures has beean be easily evaluated during multi-plane reformatting
performed by various imaging systems such as radiograpliyomlinsonet al.; Raeset al; Claerhoudet al.).
computed tomography (CT) and magnetic resonance imaging
(MRI) (Vanderperrert al, 2008; Raest al,, 2011). Although Beside the active use of radiological anatomy,
more detailed data are available for soft tissues with the MRirofessional models and computer-based learning are also
CT is become popular in horse clinics for evaluation of borthe educational tools used in anatomy courses (Estai & Bunt,
structures and soft tissues (Tomlingbal, 2003; Claerhoudt 2016). Plastination is the most important long term
et al, 2014). However, in order to understand the complgxeservation technique for anatomy teaching in recent years
anatomy of CT images, cross-sectional anatomy educatifitatorre & Rodriguez, 2007). Anatomists prefer to use
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plastinated specimens because they are odourless, practibéierwards, plastinates were cut into 1 cm thickness sagittal
stored for many years and prepared in various forms (Latoaad transversal planes with an electric bandsaw (Electric
& Rodriguez; Estai & Bunt). It can be used not only foband saw, Mutas,, Turkey). Finally, cross sections of
whole body parts or organs but also for sectional anatorpjastinates were photographed in high resolution and
of various regions. In addition to that, a concerted use cdbmpared with CT images on the computer.

macroscopic cross sections of plastinated specimens and

cross sectional images of computed tomography can provide

beneficial information for clinical anatomy and anatomyRESULTS

education (Latorret al, 2003; Riederer, 2014).

The objectives of this study were: 1) to evaluate and Five CT images in transversal plane (Fig. 1) were
compare the anatomical structures of equine foot obtainseélected for matching up with their corresponding plastinated
from computed tomography images and S10B silicorsections. Plastinated and CT sections either demonstrated
plastinated sections and 2) to create 3D reconstructed imagaatomical structures in detail. In the selected CT images
of specified regions including bones and surrounding tissuegith WW = 2350 HU, WL = 1180 HU settings and

corresponding sections of the plastinated specimen; the
metacarpal bone Ill and its sagittal ridge, the proximal
MATERIAL AND METHOD sesamoid bones, proximal phalanx, middle phalanx, distal
phalanx, distal sesamoid bone, branches of the suspensory
ligament, collateral ligament, intersesamoidean ligament,

The feet of four adult horses, died from various cawdeep digital flexor tendon, superficial digital flexor tendon,
ses that didn’t affect the musculoskeletal system, wecemmon and long digital extensor tendons were well
scanned and then plastinated in this study. The study wetermined. It was observed that osseous structures and
approved by Ankara University Animal Experiments Localendons were identified easier than ligaments on CT images.
Ethics Committee (Decision no.: 2017-13-104). Osseous structures were determined hyperdense. However

tendons and ligaments demonstrated different shades of grey

The feet were detached from the midpoints o€olour. Both of the transversal and sagittal CT images were
metacarpal and metatarsal joints with an electric hand saanvenient to identify the extensor and flexor tendons but
(Bosch, PFZ 550E, Scintilla, Switzerland). Computethe extension of the tendons were identified much better in
tomography imaging was performed 1 hour after the fesagittal images. It was seen that superficial surface of the
were cut. The CT scans were performed with a single deteteep digital flexor tendon with ellipsoidal shape was
tor spiral CT scanner (General Electric, GE Medical Systensjrrounded by the superficial digital flexor tendon. The
Milwaukee, WI brand, 2119734-2 model) in which the feesuspensory ligament was circular at the lateral and medial
were placed in the gantry with the longitudinal axis of thborders of the metacarpal bone. When it fused to the proximal
foot oriented parallel to the CT table. Slice thickness wassesamoid bones, it became more trapezoidal shape. The
mm from proximal to distal direction. The scanningntersesamoidean ligament that attaches proximal
parameters were recorded as follows; 120 kV, 190 mAsesamoidean bones could not clearly defined. The other
window level 1180 HU, window width 2350 HU and 512 ¥Migament and tendons such as the metacarpointersesamoidean
512 pixel matrix. 3D reconstructed images of entire feet weligament and lateral digital extensor tendon could not clearly
created using 3D slicer (3D slicer, 4.7.0 version, GitHuligentified either.

San Francisco) and Horos (GNU Lesser General Public

License, 3.0 version) software through DICOM files. 3 di- It was seen that the plastinated cross sections were
mensional images were obtained by volume rendering éound to be compatible with the corresponding CT images
indicated window level. After the CT imaging and 3Dand these sections could be useful for education in veterinary
reconstruction were completed, S10B silicone plastinatianatomy. Matching between plastinates and CT images were
was performed to this specimens. Plastination process vefciently applied. It was observed that the shrinkage on
completed in four different stages. These stages were fixatithe osseous tissues and tendons were very limited. The colour
stage with 4 % formalin, dehydration stage with thredifferences of the tissues were clearly recognized plastinated
consecutively 100 % acetone bath (Birpa Kimya, Ankarayoss sections. Bony structures, tendons and surrounding
Turkey), forced impregnation stage with S10B reddistissues were easily distinguished from each other in
polymer and S3 catalyst material (Biodur Productslastinated specimens. The images obtained from the trans-
Heidelberg, Germany), gas curing stage with S6 chemioca&rsal plastinated sections were found to contain more detalil
(Biodur Products, Heidelberg, Germany), respectivelyhan the sagittal sections.
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Two 3D reconstructed models (Figs. 2 and 3) were
chosen to illustrate the anatomical structures. It was
determined that the 3D models reflect the original anatomic
positions. In addition to that, anatomical details for the 3D
models were quite satisfying.

I

Fig. 2. Photographs of 3D model of forelimb (A) and hindlimb (B)
with anatomical structures by using 3D slicer software. 1.
Metacarpal bone; 2. Metatarsal bone; 3. Proximal sesamoid bone;
4. Proximal phalanx; 5. Middle phalanx; 6. Distal phalanx; 7. Distal
sesamoid bone; 8. Common digital extensor tendon; 9. Long digital
extensor tendon; 10. Suspensory ligament; 11. Deep digital flexor
tendon; 12. Superficial digital flexor tendon.

Fig. 1. Photographic views of transversal plastinated (Al - E1) a
transversal CT (A2 - E2) images with anatomical structures. Selec
planes were shown on 3D reconstruction model (A3 — E3).
Metatarsal bone; 2. Proximal sesamoid bone; 3. Proximal phala
4. Middle phalanx; 5. Distal sesamoid bone; 6. Distal phalanx;
Long digital extensor tendon; 8. Suspensory ligament; 9. Deep dig

flexor tendon; 10. Superficial dlglta' flexor tendon; 11. Lateral dlglta’qg 3. Photograph of 3D model with anatomical structures by using
extensor tendon; 12. Collateral ligament of metatarsophalangeal joiRbros software. 1. Metacarpal bone; 2. Proximal phalanx; 3. Middle
13. Intersesamoidean ligament; 14. Sesamoidean ligaments; 15. Fptalanx; 4. Distal phalanx; 5. Proximal sesamoid bone; 6. Distal
tensor process; 16. Hoof walll; 17. Corium parietis; 18. Flexor surfaggsamoid bone; 7. Suspensory ligament; 8. Superficial digital flexor

of distal phalanx; 19. Plantar process of distal phalanx; 20. Cungghdon; 9. Deep digital flexor tendon; 10. Common digital exten-
part of digital cushion; 21. Sole; 22. Frog. sor tendon.
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DISCUSSION It is known that structures of soft tissue can be seen
with CT images (Ragt al; Vanderperreet al; Raest al;
Claerhoudtet al). Although this information is supported
Researches in veterinary medicine have developég this study, the inadequacy of CT has been noticed in
in recent years due to the possibilities provided bgomplex anatomic regions. The common digital extensor
technology. This development has actualized with thiendon, the long digital extensor tendon, the deep digital
combination of technology and science such as plastinatifiexor tendon, the superficial digital flexor tendon and the
(Latorreet al; Latorre & Rodriguez), imaging systemssuspensory ligament are well defined in CT images. The
(Tomlinsonet al; Rajiet al; Claerhoudet al), 3D imaging borders of the tendon and ligaments such as the collateral
and modelling (Martinellet al, 1997; Raest al; Preeceet  ligaments of metacarpophalangeal joint have not been clearly
al., 2013). This study was performed to provide referenddentified due to their close relationship and position. It is
for CT imaging and plastinated specimen anatomy of ttstated that MRI can be effectively used for imaging soft tissue
normal equine foot with cross section images of various plamestudies (Martinelliet al; Claerhoudet al). It has been
and 3D reconstruction images. These images were composaelight that MRI can be preferred to view complex structures
by 1 mm thick slices with single detector CT scanner in thred soft tissues.
planes, 1 cm thick slices of S10B silicone plastination and
3D images of rendering CT images. The knowledge of the 3D anatomy will make the
procedure safer, easier and more accurate in surgical and
As stated in previous studies, CT is known to be therthopaedic operations. 3D reconstruction is performed by
best imaging system that can demonstrate the detail wfing CT and MRI serial cross section images. It is known
osseous structures (Vanderperrenal.; Raeset al.; that 3D images of soft and osseous tissues acquired from
Claerhoudet al). This information has been supported bylastinated specimens can be formed. These images can be
our study with the cross section and 3D images obtaineded for measurement, biometric researches, experimental
from osseous structures. Metacarpal/metatarsal borstudies, evaluating the structure from different angles and
proximal sesamoid bones, proximal phalanx, middlproviding useful information for operations (Latoatal;
phalanx, distal phalanx, distal sesamoid bone, corium ahdtorre & Rodriguez; Rajet al). Bones and tendons are
hoof wall are well determined in CT images. In additiongvaluated from different angles with 3D reconstruction in
3D images are considered to make more understandablettiie study. Although the rendering of the CT images took a
complex anatomical structures during anatomy educatidit long time, it showed how the tendons travelled along the
(Preeceet al; Estai & Bunt). It is thought that the 3D imagesdesired region. It will be beneficial teaching model for
obtained from this study will support to understand thstudents for using in anatomy and orthopedy education.
relationship of the bones, tendons and surrounding tissues
with each other. In conclusion, it was detected that the S10B silicone
polymer was convenient to provide natural colour when
The difficulty of finding continuous cadavers forcompared to the standard polymers. It is considered that
anatomy education due to ethical factors is a commatastinated specimens and 3D models can be effectively used
problem. It is known that cadavers cannot be used for a loimgveterinary orthopaedics and radiology education as well
time (Riederer). Dissections of cadavers are also acceptedveterinary anatomy. A combined use of serial section
as outdated, time consuming and hazardous but gold stanages of plastinated specimen, different aspect of the CT
dard for anatomy teaching. For these reasons less timeages and 3D reconstruction models from the same
consuming and up to date techniques, such as plastinatspecimen allowed a precise evaluation of anatomic structures
or computer based learning, have been started to useomthe organ.
anatomy education (Estai & Bunt). Plastination is a new
technique that overcomes such difficult problems. Especially
it is stated that S10 technique is suitable for large and w8BiKICI, C.; AKGUN, R. O.; EKIM, O.; ORHAN, I. O. &
dissected body parts (Latoreal; Riederer). It is thought BUMIN, A.. Evaluacion Comparativa de Estructuras Anatomicas
that this study is contributed to anatomy education dg‘ Regio Manusy Regio Pedisen Imagenes de Tomografia
preserving the original form of cadavers with plastinate! ompt;ﬂtarlzsdla y7cfrtles 1Tzrgnzvelrsales Plastinados de Caballos.
specimens. Itis observed that the specimens were preser\pé'd]' orphol., 37(1)118-122, 2019.
in al_mo_st the nat_ural_ tissue colour ir_‘ S10B silicone RESUMEN: El andlisis del movimiento de los caballos
plastination due to its pigmented form. Itis also planned 4 estrechamente relacionado con la composicion 6sea, articular
support clinical anatomy education through CT imagesmuscular. El pie equino es muy importante no solo para los vete-
corresponding with sections of plastinated specimens. rinarios, sino también para los agricultores y herradores. El objeti-
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vo de este trabajo consistié en evaluar y comparar las estructiR&slerer, B. M. Plastination and its importance in teaching anatomy. Critical
anatémicas del pie equino obtenidas a partir de imagenes depoints for long-term preservation of human tissuénat., 224(3B09-
tomografia computarizada y secciones plastinadas con silicona1®: 2014. ,

S10B y también con imagenes tridimensionales de estructuras raninson, J. £ Redding, W. R.; Berry, C. & Smallwood, J. E. Computed

X L “tomographic anatomy of the equine tarsést. Radiol. Ultrasound,
lacionadas. Cuatro caballos adultos fueron utilizados en este estu- grap y g

44(2)174-8, 2003.

dio. Las imagenes de tomografia computarizada se adquirieror\gﬂdegpérren’ K.; Ghaye, B.: Snaps, F. R. & Saunders, J. H. Evaluation of
una posicion adecuada para los pies equinos. Luego se realiz&:omputed tomographic anatomy of the equine metacarpophalangeal joint.
plastinacion con silicona S10B para las mismas muestras. LoS am, J. Vet. Res., 69(631-8, 2008.

plastinados se cortaron en secciones de 1 cm, correspondientes a

las imagenes de tomografia computada. Las secciones obtenidas

de plastinacién con silicona fueron compatibles con las imagenes

de tomografia computarizada. Se observé que las estructuras 6seas

y los tendones estaban claramente identificados en las imagenes .

de tomografia computarizada. Se observé que la contraccion giresponding author:

los tejidos 6seos era muy limitada. Se pensé que las diferend@der Bakici, PhD, DVM

proporcionales entre las muestras plastinadas y las imageneg§gartment of Anatomy

tomografia computada estaban relacionadas con el proceso d&@culty of Veterinary Medicine

jacién. Se determiné que las muestras plastinadas con polimerd\jara University, 06110 Diskapi

silicona S10B se presentaron con un color més cercano al natdtakara

en comparacion con los polimeros estandar. Por lo tanto, se encbriRKEY

tré6 que fue mas util. Se considera que los plastinados se pueden

utilizar eficazmente en ortopedia veterinaria y capacitacion en ra- . .
diologfa, asi como en educacién en anatomia veterinaria. Email: vetcanerbakici@gmail.com
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