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Abstarct: This study was carried out to obtain morphometric measurements of glandula
lacrimalis of Hamdani sheep on computed tomography (CT) images and to determine the
biometric differences of these measurement values in terms of both homotypic variations and
sexual dimorphism. In the study, CT images of glandula lacrimalis obtained from 10 adult
healthy Hamdani sheep, containing five males and five females were used. Morphometric
measurements were taken from the transversal, sagittal and dorsal sections of the right and left
glandula lacrimalis. Statistical analysis was performed for morphometric values. In the
morphometric examinations, the mean length, width, and height values for both the right and
left glandula lacrimalis were found to be 15.71 + 0.17 mm, 9.39 £ 0.9 mm, 4.84 = 0.5 mm,
respectively, for male Hamdani sheep; in females, these values were determined as 13.80 £ 0.37
mm, 8.40 + 0.5 mm and 4.14 £ 0.67 mm, respectively. As a result, statistical gender differences
in the measurement parameters of glandula lacrimalis of adult Hamdani sheep were determined
using computed tomography images.
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Hamdani koyunlarmin glandula lacrimalis’inin bilgisayarh tomografi ile
morfometrik incelenmesi

Ozet: Bu ¢alisma, Hamdani koyunlarinin glandula lacrimalis’in bilgisayarli tomografi (BT)
goriintiileri iizerinden morfometrik Olgiilerini elde etmek ve bu Ol¢lim degerlerinin hem
homotipik varyasyonlar hem de seksiiel dimorfizm bakimindan biyometrik farkliliklarini
belirlemek amaciyla yapildi. Calismada bes erkek, bes disi olmak iizere toplamda 10 adet
eriskin sagliklt Hamdani koyunu’nun glandula lacrimalis’ine ait BT goriintiisti kullanildi. Sag
ve sol glandula lacrimalis’e ait transversal, sagital ve dorsal kesitlerden morfometrik élguimler
alindi. Morfometrik degerlerin istatistiki analizi yapildi. Yapilan morfometrik incelemelerde
sag ve sol glandula lacrimalis’e ait ortalama uzunluk, genislik, yiikseklik degerlerinin erkek
Hamdani koyunlarda en yiksek 6lgii sirasiyla ortalama 15,71 £ 0,17 mm, 9,39 £ 0,9 mm, 4,84
+ 0,5 mm,; disilerde ise, bu degerler sirastyla ortalama 13,80 + 0,37 mm, 8,40 £ 0,5 mm, 4,14 +
0,67 mm olarak belirlendi. Sonug olarak, eriskin Hamdani koyunlarinin glandula lacrimalis’e
ait 0l¢lim parametrelerinin istatistiksel olarak cinsiyetler arasindaki farkliliklar1 bilgisayarli
tomografi gortintiileri kullanilarak tespit edildi.

Anahtar kelimeler: Bilgisayarli tomografi, glandula lacrimalis, Hamdani koyunu.

Introduction
Hamdani sheep is a locally bred breed in the Eastern and Southeastern Anatolia region,

albeit small in number (Oztiirk, 1998). Hamdani sheep, which originate from Iran, have a very
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high adaptation to the harsh conditions of nature (Abdul-Rahman & Al-Barzinjy, 2007; Bingol
& Bingol, 2015). Computed tomography (CT) is based on the cross-sectional examination of
the object with X-rays (Baykal & Oyar, 2003; Capello & Cauduro, 2008; Tuncel, 2007). In
computed tomography, sections are obtained by rotating the tube and detector around the object
(Kaya et al., 1997). Combining sections and creating a 3D model is called reconstruction. It is
used to create treatment protocols in 3D images obtained and to visualize irregular structures
and organs in pathological cases and anatomy (Saritas, 2015; Verhoff et al., 2008). While it
provides operational contributions such as calculating bone volume, implant positions, and
bone angles before surgical procedures, computerized tomography also provides high-
resolution soft tissue images (Siu et al., 2010). Apparatus lacrimalis is the anatomical structure
that plays a role in the formation of tear secretion and the transmission of the secretion in
mammals. This structure consists of five main parts. It consists of glandula lacrimalis, ductuli
excretorii, canaliculus lacrimalis, saccus lacrimalis and ductus nasolacrimalis (Konig &
Liebich, 2014; Demiraslan & Dayan, 2021). Glandula lacrimalis is located on the upper and
outer sides of the eyeball. The fluid secreted in all mammals except pigs is substantial (Dyce &
Wensing, 2010).

This study was carried out to obtain morphometric measurements of the glandula
lacrimalis of Hamdani sheep on computed tomography images and to reveal the differences

between the sexes and other species of the obtained values.

Materials and Methods

Hamdani heads (five female, five male) obtained from slaugterhouses in Sirnak, Tiirkiye
used in our study. In order to obtain CT images of the glandula lacrimalis of the Hamdani sheep,
the total heads were placed in the device in an upright and symmetrical manner. The heads were
scanned with a 64-detector multi-slice Simens computer tomography device, 80 kV, 200 MA,
639 mGY, 0.625 mm section thickness. The resulting images were saved in DICOM (Digital
Imaging and Communication in Medicine) format. The obtained sections were transferred to
3D-Slicer (5.02) software. Morphometric measurements were taken from the transversal,
sagittal and dorsal sections of the right and left glandula lacrimalis using electronic calipers.
The definitions and abbreviations of the selection points of these measurement parameters used
are presented in Table 1. Measurement points on the glandula lacrimalis are presented in Figures
1, 2, and 3. SPSS 22.0 program was used in our study. An independent t-test was used to reveal
statistical differences between males and females, and the Pearson correlation technique was

used to examine the correlation between all measurement points.
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Table 1. Measurement points and abbreviations of glandula lacrimalis.

Direction Description Abbreviation

Transversal Length: From the most lateral end of the GI gland to the most medialend TL

Height: Most dorsal to most ventral at widest point TH
Dorsal Length: distance from the most lateral end of the gland to its most medial DL

end

Width: distance from cranial edge to caudal edge at the widest point DW

perpendicular to length in the same image

Sagittal Width: distance from cranial edge to caudal edge at the widest point SW
perpendicular to Height in the same image

Height: Distance from the most dorsal edge of the gland to the most SH
ventral edge

-
B: 4: Unnamed Series f B: 4: Unnamed

Figure 1. A: Outline of the glandula lacrimalis in a transversal view in Hamdani sheep. B: Measurement points of
the glandula lacrimalis in the Hamdani sheep in the transversal view. a: Transversal Height, b: Transversal Length.
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Figure 2. A: dorsal outline of the glandula lacrimalis in Hamdani sheep. B: Measurement points of glandula
lacrimalis in the dorsal view in Hamdani sheep. a: Dorsal Length, b: Dorsal Width.

Figure 3. A: Sagittal view outline of glandula lacrimalis in Hamdani sheep. B: Measurement points of glandula
lacrimalis in the dorsal view in Hamdani sheep. a: Sagittal Width, b: Sagittal Height.

Results
Statistical differences between the sexes of the measurement points of Hamdani sheep
are given in Table 2 and Table 3. Correlation values between measurements are given in Table

4. When the tables are examined, it has been determined that the glandula lacrimalis of males
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is larger than that of females. When the right and left glandula lacrimalis measurements of male
Hamdani sheep were examined, it was seen that the dorsal width (DW) was 9.39 £ 0.9 mm on
the right and 9.38 £ 0.20 mm on the left, the sagittal Height was 4.84 + 0.5 mm on the right and
4.40 £ 0.20 mm on the left, and it was found to be statistically significant (P<0.05). When the
right and left glandula lacrimalis measurements of female Hamdani sheep were examined,
dorsal length (DL) was 14.14 £ 0.20 units on the right and 14.42 £ 0.78 mm on the left, dorsal
width (DW) was 8.25 £ 0.17 mm on the right and 8.40 + 0.05 mm on the left (P<0.01). Sagittal
Height was measured as 3.10 £ 0.8 mm on the right and 4.14 £ 0.6 mm on the left, and it was
found to be statistically significant (P<0.05). When the correlation table is examined, there is a
strong positive correlation between the measurement parameters TH-TL, DW-TL, DW-TH,
SW-TL, SW-TH, SW-DL, and SW-DW (P<0.01). There was a positive correlation between
DL-TL, DL-TW, DW-DL, and SW-SH measurement parameters (P<0.05).

Table 2. Descriptive statistics and homotypic variations of biometric parameters of glandula

lacirmalis according to male Hamdani sheep obtained using computed tomography images.

Direction N Mean (mm) Standard Deviation P

TL Right 5 15.71 0.17 NS
Left 5 15.55 0.30

TH Right 5 4.75 0.15 NS
Left 5 4.57 0.12

DL Right 5 15.47 0.04 NS
Left 5 15.32 0.22

DW Right 5 9.39 0.09 *
Left 5 9.38 0.20

SH Right 5 4.84 0.05 *
Left 5 4.40 0.20

SW Right 5 9.68 0.23 NS
Left 5 9.47 0.25

TL: Transversal Length, TH: Transversal Height, DL: Dorsal Length, DW: Dorsal Width, SH: Sagittal Height,
SW: Sagittal Width.
*: P<0.05, NS: No Significant.
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Table 3. Descriptive statistics of biometric parameters of glandula lacirmalis according to

female Hamdani ewes obtained using computed tomography images.

Direction N Mean Standard Deviation P

TL Right 5 13.77 0.56 NS
Left 5 13.80 0.38

TH Right 5 3.27 0.40 NS
Left 5 3.25 0.07

DL Right 5 14.14 0.21 kel
Left 5 14.42 0.78

DW Right 5 8.25 0.17 falel
Left 5 8.40 0.06

SH Right 5 3.10 0.08 *
Left 5 4.14 0.67

SW Right 5 8.24 0.18 NS
Left 5 8.44 0.17

TL: Transversal Length, TH: Transversal Height, DL: Dorsal Length, DW: Dorsal Width, SH: Sagittal Height,
SW: Sagittal Width.
*: P<0.05, **: P<0.01, ***P<0.001, NS: No Significant.

Table 4. Correlation between biometric measurement points in Hamdani sheep.

TL TU DL DW SH SW
TL 1
TU 0.92** 1
DL 0.73* 0.78* 1
DW 0.88** 0.92** 0.76* 1
SH 0.57 0.54 0.49 0.59 1
SW 0.89** 0.88** 0.80** 0.91** 0.70* 1

TL: Transversal Length, TH: Transversal Height, DL: Dorsal Length, DW: Dorsal Width, SH: Sagittal Height,
SW: Sagittal Width.
Green: P<0.01, Yellow: P<0.05, Red: P>0.05.

Discussion
This is the first study to determine the morphometric measurement values of right and
left glandula lacrimalis in female and male animals using computed tomography in Hamdani
sheep. Measurement values of glandula lacrimalis have been evaluated in many studies in terms
of sexual dimorphism and homotypic variations in many mammals (Cabral et al., 2005; Gedar
etal., 2018; Giingor and Urfalioglu, 2019; Nawaz et al., 2020; Park et al., 2016; Zwingenberger

etal., 2014). In the study, it was determined that the morphometric values of glandula lacrimalis
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of Hamdani sheep were higher in males than in females. In addition, when the measurement
parameters are examined in terms of homotypic variations, it has been determined that the right
side glandula lacrimalis measurement values are generally higher than the left side. In the study
conducted by Demircioglu & Yilmaz (2019) on Awassi sheep, it was observed that the right
bulbus oculi were larger at some measurement points, while the left bulbus oculi were larger at
some measurement points.

Yilmaz (2021), in his study on Van cats, reported that glandula lacrimalis is larger in
males than females, and the right gland is larger than the left gland. Abdelbaset-Ismail et al.,
(2022) found that while the total length was 16.09 + 1.6 mm in ultrasound, it was 25.1 = 3.9
mm in macro measurement in his study, in which he compared the ultrasonographic images and
macroscopic measurements of the glaucoma of donkeys. In the study, it was observed that the
transversal length was 15.80 + 0.37 mm at the highest and the highest dorsal length was 15.47
+ 0.04 mm. When studies were compared, it was seen that donkeys had a larger glandula
lacrimalis than Hamdani sheep in ultrasound and macroscopic measurements. Alsafy, (2010)
found that the length in camels, donkeys, and goats was 1.7-1.9 cm, 2.5-2.8 cm in goats, and
3.2 cm in donkeys. When the Hamdani sheep were examined, it was seen that while they were
close to the camel, they were smaller than the glandula lacrimalis lengths of the goats and
donkeys. Zwingenberger et al. (2014), in the study of dogs, reported the length as 11.61 + 1.98
mm in gross anatomical measurement and 9.35 + 2.34 mm in computerized tomography
measurement, with measurements taken on macro-anatomical and computerized tomography
images. Glandula lacrimalis of Hamdani sheep was found to have a larger gland than dogs in
measurements taken from both males and females on computed tomography images. Abdalla
et al. (1970) reported the transversal length as 40 mm and the sagittal width as 20 mm in their
study on humped camels. It was seen that the transversal length and sagittal width

measurements of males in Hamdani sheep were smaller than those of humped camels.

Conclusion
As a result, the statistical differences between the sexes of the measurement parameters
were taken from the glandula lacrimalis of Hamdani sheep on computed tomography images
were revealed. This study will contribute to the studies on anatomical, pathological and surgical

clinical sciences of sheep.

Financial Support

This research received no grant from any funding agency/sector.



Giizel & Demircioglul Vet. J. KU. 2022. 1(2): 1-9

Ethical Statement
This study was performed with the permission of the Experimental Animals Local Ethics
Committee in Harran University with 2022/002/05 dated 28/03/2022 approval number.

Conflict of Interest

The authors declared that there is no conflict of interest.

References

Abdalla, O., Fahmy, M.F.A., & Arnautovic, I. (1970). Anatomical study of the lacrimal apparatus of the one-
humped camel. Acta Anatomica, 75(4), 638-650. https://doi.org/10.1159/000143474

Abdelbaset-Ismail, A., Aref, M., Ezzeldein, S., Eisa, E., Gugjoo, M.B., Abdelaal, A., & Abd El Raouf, M.
(2022). Ultrasound, dacryocystorhinography and morphological examination of normal eye and
lacrimal apparatus of the donkey (Equus asinus). Animals, 12(2), 132.
https://doi.org/10.3390/ani12020132

Abdul-Rahman, F.Y., & Al-Barzinjy, Y.M.S. (2007). A study on the relationship between body weight and body
dimensions of lambs at weaning and selection of Hamdani ewes for milk production. Mesopotamia
Journal of Agriculture, 35(1), 58-67. https://doi.org/10.33899/magrj.2007.26459

Kaya, T., Adapmar, B., & Ozkan, R. (1997). Temel Radyoloji Teknigi. Nobel Kitabevi.

Alsafy, M.A. (2010). Comparative morphological studies on the lacrimal apparatus of one humped camel, goat
and donkey. Journal of Applied Biological Sciences, 4, 49-53. https://doi.org/10.1159/000143474

Baykal, B., & Oyar O. (2003). Tibbi Gériintiileme Fizigi. Rekmay Ltd Sti.

Bingol, E., & Bingdl, M. (2015). The growth of lambs and body measurement traits of Hamdani ewes. Yuzlnci
Yil Universitesi Tarim Bilimleri Dergisi, 25(2), 200-206.

Capello, V., & Cauduro, A. (2008). Clinical technique: Application of computed tomography for diagnosis of
dental disease in the rabbit, guinea pig and chinchilla. Journal of Exotic Pet Medicine, 17, 93-101.
https://doi.org/10.1053/j.jepm.2008.03.006

Cabral, V., Laus, J.L., Dagli, M., Pereira, G.T., Talieri, I.C., Monteiro, E., & Mamede, F.V. (2005). Canine
lacrimal and third eyelid superficial glands macroscopic and morphometric characteristics. Ciencia
Rural, 35, 391-397. https://doi.org/10.1590/S0103-84782005000200023

Demiraslan, Y., & Dayan, O. (2021). Veteriner Sistematik Anatomi. Nobel Kitabevi.

Demircioglu, 1., & Yilmaz, B. (2019). Ivesi Koyunlarda (Ovis aries) bulbus oculinin makroanatomik ve
morfometrik yapisi. Dicle Universitesi Veteriner Fakiiltesi Dergisi, 12(2), 108-111.

Dyce, K.M., & Wensing, C.J.G. (2010). Veterinary Anatomy. Elsevier.

Gedar-Totuk, O.M., Kalkay, A.B., Kabaday1, K., Demir, M.K., & Barut, C. (2018). Evaluation of lacrimal gland
dimensions with MR imaging in a Turkish population sample. International Journal of Morphology, 36,
1431-1438.

Gingor, G., & Urfaliogly, S. (2019). Assessment of lacrimal gland volume with computed tomography in a
Turkish population. Black Sea Journal of Health Science, 2, 5-8.

Koénig, H.E., & Liebich, H.G. (2014). Veterinary Anatomy of Domestic Mammals. Thieme.

Nawaz, S., Lal, S., Butt, R., Ali, M., Shahani, B., & Dadlani, A. (2020). Computed tomography evaluation of
normal lacrimal gland dimensions in the adult Pakistani population. Cureus, 12(3), e7393.
https://doi.org/10.7759/cureus.7393

Ozturk Y (1998): Van ve yoresinde Hamdani koyunlarinin verikleri ve morfolojik ézelliklerinin arastirilmast.
Doktora Tezi. Yiiziincii Y1l Universitesi Saglik Bilimleri Enstitiisii, Van.

Park, S.A., Taylor, K.T., Zwingenberger, A.L., Reilly, C.M., Toupadakis, C.A., Marfurt, C.F., Good, K.L., &
Murphy, C.J. (2016). Gross anatomy and morphometric evaluation of the canine lacrimal and third
eyelid glands. Veterinary Ophthalmology, 19, 230-236. https://doi.org/10.1111/vop.12288

Sarttag, M.Z. (2015). Adli tip uygulamalarinda 3D (ii¢ boyutlu) teknolojinin kullanimi. Doktora Tezi. Pamukkale
Universitesi Saglik Bilimleri Enstitiisii, Pamukkale.

Siu, A.S.C., Chu, F.C.S,, Li, T.K.L., Chow, T.W., & Deng, F. (2010). Imaging modalities for preoperative
assessment in dental implant therapy: An overview. Hong Kong Dental Journal, 7, 23-30.

Tuncel, E. (2007). Klinik Radyoloji: Radyolojik Yontemler. (2nd ed.). Nobel & Giines Tip Kitabevi.



Giizel & Demircioglul Vet. J. KU. 2022. 1(2): 1-9

Verhoff, M.A., Ramsthaler, F., Kréhahn, J., Deml, U., Gille, R. J., Grabherr, S., Michael, J.T., & Kreutz, K.
(2008). Digital forensic osteology possibilities in cooperation with the Virtopsy® project. Forensic
Science International, 174, 152-156. https://doi.org/10.1016/j.forsciint.2007.03.017

Yilmaz, O. (2021). Morphometric examination of the lacrimal gland from computed tomography images in Van
cats. Atattirk Universitesi Veteriner Bilimleri Dergisi, 16(1), 16-24.

Zwingenberger, A.L., Park, S.A., Murphy, C.J., (2014). Computed tomographic imaging characteristics of the
normal canine lacrimal glands. BMC Veterinary Research, 10, 116. https://doi.org/10.1186/1746-6148-
10-116



