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ABSTRACT

Objective: In this study, the developmental status of the thoracic Limb bones of a 40-day-old watchdog hybrid fetus was
studied. Materials and Methods: Bones of 40-day-old animals were dyed with Inouye technique. Dissections of the bones
stored in appropriate solutions were performed. Photographs were taken with a stereomicroscope and a digital camera.
Measurements were taken from the dissected legs with a 150 mm Mitutoyo brand caliper. Results: It was observed that some
of the thoracic limb bones of a 40-day-old watchdog hybrid had a primary ossification center (POC), while some bones did
not have a primary and secondary ossification center (SOC). Primary ossification centers were observed in the bodies of the
bones of the scapula, humerus, radius, ulna, and ossa metacarpus of the fore limb, but no ossification centers were observed
in the proximal and distal ends. Furthermore, ossification centers were not observed in the carpal bones and ossa digitorum
manus. Conclusion: The formation status and dimensions of POC seen in the bones of the forelimbs of a 40-day-old guard
dog hybrid fetus were determined. The ossification centers in guard dog hybrid fetuses were consistent with studies
conducted in a large number of domestic animals. As a result, it should mark the ossification in various features such as
hormones, environmental factors, and individual variations.
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40 Giinliik Bek¢i Kopegi Melezi On Ekstremite Gelisme Durumu
(07
Amag: Bu aragtirmada 40 giinliik bekgi kopegi melezinin 6n extremite gelisim durumu iizerinde ¢aligilmistir. Gereg ve
Yontem: Inouye teknigine gore alizarin red ve alcian blue ile 40 giinliikk hayvanlara ait kemikler boyandi. Uygun
soliisyonlarda saklanan kemiklerin diseksiyonlari yapildi. Stereomikroskop ve dijital kamera ile fotograflar1 ¢ekildi. Diseke
edilen bacaklardan 150 mm'lik mitutoyo marka kumpas ile lgiimler alindi. Bulgular: 40 giinliik bek¢i kopegi melezinin
on extremite kemiklerinin bazilarinda primer ossifikasyon merkezine sahipken bazi kemikler primer ve sekonder
ossifikasyon merkezine sahip olmadiklar1 gézlendi. On extremite kemiklerinden scapula, humerus, radius, ulna ve ossa
metacarpus’a ait kemiklerin corpus’larinda primer ossifikasyon merkezi gozlenirken proximal ve distal uglarinda
ossifikasyon merkezi gozlemlenmedi. Ayrica karpal kemikler ve ossa digitorum manus’ta ossifikasyon merkezlerini
gbzlemlenmedi. Sonug: Yapilan ¢alismada, 40 giinliik bir bek¢i kopegi melez fetiisiiniin 6n ayaklarinin kemik gelisiminde
goriilen POC (primary ossification center)'un olusum durumu ve boyutlari belirlendi. Bekgi kopegi melez fetiislerindeki
kemiklesme merkezleri g¢ogunlukla evcil hayvanlarda yapilan caligmalarla uyusuyordu. Sonug¢ olarak, beslenme
aliskanliklari, hormonlar, ¢evresel faktorler ve kisisel farkliliklar gibi ¢esitli faktorlerin kemiklesmeyi etkiledigini belirtmek
gerekir.
Anahtar Kelimeler: Bekci Kopegi Melezi, Fetiis, Kemik, Kirk Giinliik, On Ekstremite.
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INTRODUCTION

Intramembranous ossification happens in extremity
bones, while intracartilaginous ossification occurs in
cranium bones especially (Govindarajan & Overbeek,
2006; Zhang et al., 2011). Ossification starts in the
embryonic period and proceeds throughout postnatal
life. POC (Primary ossification center) which form the
body of the bone, first appear during gestation, while
one or more SOC (Secondary ossification center) appear
in the epiphysis of long bones after birth. This
cartilage part, which is obligatory for longitudinal
bone development, ossified over time and completes
the closure of the cartilage in long bones (Getty,
1975). Understanding the normal growth and
ossification processes of bones is critical in the
diagnosis and therapy of intrauterine anomalies,
developmental disorders and genetic bone diseases
(Atalgin & Cakar, 2006; Barone, 1986; Dyce et al.,
1987; Williams & Dyson, 1989). Various techniques
such as single and double staining techniques (DST),
radiography, ultrasonography, MRI and different
histological dyeing methods are used to evaluate the
stages of ossification. DST in particular have been
successfully applied in experimental research on bone
development in poultry, rabbits, and mammals
(Atalgin & Cakir, 2006; Atalgin & Kiirtiil, 2009;
Atalgin et al., 2007; Seving et al., 2017). In the study,
the DST of alizarin red (AR) and alcian blue (AB),
which offers significant advantages in showing the
details of ossification centers, was applied. This study
was conducted to visualize the ossification centers in
the forelimbs of a approximately 40-day-old
watchdog hybrid fetuses and to determine the
ossification stages.

MATERIALS AND METHODS

In this study, the right forelimbs of four 40-day-
watchdog hybrid were examined. Gender is ignored.
Their ages were decided using the crown rump length
(CRL) measurements recommended in the studies of
Evans, Sack and Henry (1973). It was determined that
they were about 40 days old and 55-74 mm long. The
obtained samples were kept in 15% formaldehyde
mixture and washed with water. They were then
preserved in containers containing 90% ethanol. The
limbs were stained in a final solution containing AB
(300 mg AB and 100 ml 70% ethanol) and AR (100
mg AR and 100 ml 95% ethanol) to notice the
ossification stages. It was prepared by adding 100 ml
of glacial acetic acid and 1700 ml of 70% ethanol to
this solution. Limbs were incubated in the mixed
dyeing liquid in an oven at 35 °C for four days and
then washed under running water for 2 h. After
washing, they were stored in a container containing
2% KOH. In addition, the limbs were cleaned with
20% glycerin and 1% KOH and saved in 55% and
85% glycerin solutions for 7 days. Finally, they were
stored in a 100% glycerin solution (Atalgin & Cakir,
2006). Findings and images were taken using a stereo
microscope (Nikon SMZ 745T). Digital caliper was
used to measure the cartilage primitives and ossified
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parts of the bones. Since dead material was used, no
ethics committee approval was obtained.

Ethical considerations

Since the study was conducted on dead material,
ethics committee approval is not required.

RESULTS

Scapula

The collum scapula was ossified, indicating the
presence of a POC. (Figure 1/2) No SOC was
observed at this period (Figure 1).

The cartilage border of the scapula was openly
noticed. The body of the scapula appeared its typical
similarity as it can be seen in the mature period.
Cartilago scapula was present (Figurel/l). It was
determined that the ossified part of the scapula was
not seen homogeneously, the fossa supraspinata was
less mineralized than the total area, and the fossa
infraspinata showed more ossification. More
ossification was observed especially in the sections
where the middle parts of the spina scapula meet the
body (Figure 1).

Humerus

The primary ossification center (POC) of the humerus
was present, constituting the foundational structure of
the bone. The POC appeared as a cylindrical tube
with two open ends; however, no secondary
ossification center (SOC) was observed at either end
(Figure 1).

Regarding the antebrachial skeleton, the POC was
noted in the bodies of both the radius (Figure 2/2) and
ulna (Figure 2/1). It was determined that the density
and elongation of ossification were significantly
greater in the radius compared to the ulna. No fusion
was detected between the two bone models.
Additionally, no SOCs were identified at the
proximal or distal ends of either the radius or ulna.
Upon examination, it was found that the ossification
center of the radius appeared lower when viewed
laterally, while the relatively longer ulna had its
ossification center positioned higher (Figure 2).
Ossa carpi

Cartilage outline was formed in all carpal bones.
However, no POC or SOC was observed in any carpal
bone (Figure 2).

Ossa metacarpi

A POC (Figure 2/3) was observed in each of
metacarpale Il, 111, IV. It was determined that those in
metacarpale 111 and IV were larger. It was determined
that there was no fusion between the bones (Figure 2).
Phalanx

A cartilaginous outline was formed in each of the
phalanxes. However, no POC or SOC was observed
in any of them (Figure 2).

Total and ossification centre right lengths of bones
are shown in table 1.
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Figure 1. Scapula and Humerus of a 40-day-old
watchdog hybrid fetus, 1. Cartilago scapula, 2.
POC of scapula, 3. POC of humerus.

Figure 2. Skeleton antebrachii and ossa
metacarpea of a 40-day-old watchdog hybrid
fetus, 1. POC of ulna, 2. POC of radius, 3. POC of
o0ssa metacarpea.

Table 1. Total and ossification center right lengths
of bones.

Bone (mm) n Total POC

Length Length

(average) | (average)

Scapula 4 9 4.8

Humerus 4 13 4.9

Radius 4 9.5 5

Ulna 4 12 4.5

Metacarpus 4 1.3 0.9
(average)

DISCUSSION

It is stated that ossification of the scapula in mammals
is provided by one POC and two SOC, while in
humans, the scapula ossifies from 8 secondary
ossification centers (Barone, 1986). According to
Getty (1975), the scapula ossifies from four centers in
equidae and three centers in ruminantia. Patton and
Kaufman (1995) reported that the scapula ossifies
from one primary center and one secondary center in
mice. Hare (1961) and Chapman (1965) reported that
the scapula in dogs has a total of two ossification
centers located in the collum scapula and tuber
scapula. In our study, a single center was observed in
the corpus in 40-day-old fetuses, and these data are
generally consistent with our study. It has been
reported that the SOC of the radius in dogs begins to
ossify on postnatal days 10-25 (Champman, 1965;
Hare, 1961). No SOC was observed in 40-day-old
fetuses, and our data are suitable for this study.

It has been stated that the ulna has three ossification
centers in mammals, one of which is in the corpus, the
other two are in the olecranon and the proc. styloideus
(Doguer & Erengin, 1962). The existence of one POC
and two SOC has been reported in the literature
(Barone, 1986; Chapman, 1965; Getty, 1975; Hare,
1961; Olgun, 1978). It is said that these two
secondary ossification centers begin to ossify on the
40th-45th day in dogs (Chapman, 1965; Hare, 1961)
and on the 48th-54th day in the Angora cat (Olgun,
1978). It was determined that the SOC of the ulnas of
the 5-6 month-old materials fused with the corpus at
both ends. In the 7-month-old material, it was
determined that the epiphyseal plates were closed.
These bones are found as two separate bones in adult
dogs (Chapman, 1965; Hare, 1961). In our study, the
fact that the ossification centers of the two bones were
not at the same level can be considered as a precaution
taken to ensure the strength of the antebrachium. No
secondary ossification centers were seen in the 40-
day-old fetuses in our study and no evaluation could
be made for these dates. Lopez et al (1993) stated that
the ossa carpi in Siamese cats was not ossified in
newborns. It was reported that the ossa carpi began to
ossify between postnatal days 18-45 in dogs
(Champman, 1965; Hare, 1961).



No secondary ossification centers were seen in the
40-day-old fetuses in our study.

It was observed that primary centers were formed in
the scapula and humerus, but secondary centers were
not formed. It was observed that the primary
ossification center was formed in the radius and ulna,
and this primary center was longer in the radius.
However, it was determined that the secondary
ossification center had not yet formed in both bones.
In each of the ossa metacarpale Il, Ill, IV bones, a
primary ossification center was observed, while those
in ossa metacarpale Il and IV were larger. It was
observed that the cartilaginous bone primitive was
formed in all carpal bones, but the primary or
secondary center had not yet formed. It was observed
that the cartilaginous bone primitive was formed in
the phalanxes, but the primary or secondary center
had not yet formed.

CONCLUSION

In this study, the formation status and sizes of the
POC seen in the bone development of the forelimb of
a 40-day-old watchdog hybrid fetus were determined.
The ossification centers in the watchdog hybrid
fetuses mostly matched the studies conducted on
domestic animals. In conclusion, it should be noted
that there are various factors that affect ossification,
such as nutritional habits, hormones, environmental
factors, and individual differences.
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