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Central corneal thickness increases
with age in cattle
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SUMMARY
The aim of this study was to identify the physiological reference values for central corneal thickness (CCT) and the age-related
changes in CCT in healthy dairy cattle. The age of 50 dairy cows was recorded in days and the CCT values of both eyes were measured using an ultrasonographic pachymeter device. The mean age of the cows was 781.38 days and the mean CCT value was 799.44
µm. There was a positive correlation between age and CCT (p<0.001, y = 751.34 + 0.0616x, R2=0.2104). Knowing the corneal
thickness and age-related changes is important physiologically and pathologically. Medical treatment costs in eye diseases, injury due to extra procedure, decreased weight gain, decreased milk production and the transfer of animals that do not respond
to treatment cause economic loss. In literature searches, no studies were found on this subject, except for a few studies (one of
them postmortem) conducted about 25 years ago. The present study is the first study conducted on dairy cattle in the same environmental conditions in an organic farm. According to the presented study corneal thickness increases with age. In conclusion, corneal thickness in cattle changes over their lifetime and is similar to that reported in other mammals. Knowing the agerelated physiological change of corneal thickness has diagnostic, epidemiological and pathological importance.
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INTRODUCTION
The integrity of the optic surface against threats coming from
outside the cornea is important to be able to perform the act
of seeing. The structure of the corneal epithelium, and the cellular and chemical components of the conjunctiva and tear film
layer protect the corneal surface against pathogen agents and
micro-organisms1.
Light passes into the eye because of the clear and avascular structure of the cornea. Refracting light rays passing through the lens
are transformed to electrical and chemical energy by reaching
the retina. The signals obtained are analysed through transmission to the brain by the optic nerve and are perceived as an
image. As the external surface of the cornea is convex, it protects intra-ocular organs, maintains intra-ocular pressure, and
provides light refraction2 The cornea consists of 5 layers, which
from inner to outer are the epithelial layer, the lamina limitans
anterior, stroma layer, Descemet membrane, and endothelial
layer. The corneal surface has a specific structure. Although cells
in the corneal epithelium are non-keratinised, they are named
keratocytes, and are accepted as the continuation of the bulbar conjunctiva. Keratocytes are multi-layered. The corneal epithelium is formed of 3 different types of cells. These are 2-3
rows of surface cells, 2-3 rows of wing cells and 1 row of a columnar basal cell layer. Only basal cells show proliferation activity 3,4. The lamina limitans anterior is a thin and uniform structure of the epithelium expressed by basal cells. The Descemet
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membrane is the basal membrane of the epithelium. The endothelial layer is formed of a single layer of cells, and the anterior chamber is bordered 5.
Corneal thickness was first measured by Blix 6 on human eye
but until the mid 20th century, no studies were conducted related to corneal thickness. In 1951, David Maurice 7 designed
the pachymeter and for human cornea thereafter, many studies of corneal thickness were conducted. In two studies on
bovine corneal thickness, it was reported that measurements
were made by ultrasound after slaughter 8,9. The biological variations of corneal thickness depend on changes in the amount
of collagen fibrils and interfibrillar substance which form the
corneal stromal tissue in both human and veterinary ophthalmology. In healthy individuals, corneal thickness is therefore, a measure of tissue mass and corresponding biomechanical
parameters such as bending rigidity10.
There are many methods of measuring corneal thickness. The
ultrasonographic pachymeter device makes contact with the
cornea and measures corneal thickness with the principle of
ultrasonography. In literature, there are many comparative studies in veterinary and human subjects 11-14. The ultrasonographic
pachymeter device is extremely sensitive with up to 0.004 mm
difference in repeated measurements 15 .
Corneal thickness shows a difference according to species and
even according to breed. Age-related changes are seen in both
animal and human corneal thickness 1,4. It has been reported
that there is an increase in corneal thickness due to stromal hydration. This means that based on the data, corneal thickness
can be used as an index of endothelial damage16. Decreased
corneal thickness is seen in many corneal dystrophies and secondary to ulcerative inflammatory diseases of various origins.
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It is thought that in these situations, the decrease in corneal
thickness is caused by loss or re-distribution of corneal tissue.
The thickness of the cornea is not only related to physiology
and pharmacology, but variations in normal thickness are also
of diagnostic, epidemiological and pathological importance.
Therefore, great interest has been shown in sensitive and accurate measurement methods. Diseased eyes can cause a
great deal of pain to patients, as those who have personally experienced corneal erosions or other painful ocular conditions
will attest. In caring for cattle, treatments should be directed
at preventing ocular disease whenever possible.
The purpose of this study was to identify the physiological reference values for central corneal thickness (CCT) and the agerelated changes in CCT in healthy dairy cattle.

Figure 2 - Distribution of the central corneal thickness values for
the left and right eyes.

MATERIAL AND METHODS
The study was conducted on the Arif Gürdal Dairy Farm with
the approval of ADÜ - HADYEK (64583101/2020/095). Evaluation was made of 100 eyes of 50 healthy cattle aged 389-2970
days. The measurements for each eye were obtained using ultrasonographic pachymetry to determine CCT. All the measurements were taken by the same surgeon on the same day between 11:00 am and 3:00 pm (Figure 1).
Ophthalmological examination was performed before the cattle were included in the study. The ophthalmological examination and CCT measurements were made in head-lock barriers. All cattle eyes were free of inflammation or other ocular disease. Ultrasonographic pachymeter (Pocket II One
Touch Ultrasound Pachymeter) utilizes ultrasound energy to
measure CCT. The probe was gently touched to the central
cornea without pressure or indentation. The device automatically calculates the average value of 5 consecutive measurements.

Statistical Analysis
Data obtained in the study were analyzed statistically using SPSS
vn.22 software (Statistical Package for Social Sciences), Jamovi
(1.1.9) and Microsoft Excel programs. Conformity of the data
to normal distribution was examined with the Shapiro Wilk
test and the Levene test. Measurements of the right and left eyes
were evaluated with the Dependent Samples t-test and correlations between age and CCT with the Pearson Correlation test.
A value of p<0.05 was accepted as statistically significant.

Figure 3 - Central corneal thickness and age distribution.

RESULTS
All cattle eyes were free of inflammation or other ocular disease. Measurements were taken of 100 eyes of 50 cattle. The
study population consisted of healthy dairy cattle. The ages of
the cattle varied between 389-2970 days and CCT between 425960 µm. The results are shown in detail in Tables 1 and 2. The
mean age of the cattle was 781.38 days. The mean CCT value
was 799.44 µm. The mean CCT value was 806.58 µm (range
425-960 µm) for the right eyes and 792.30 µm (range 491-938
µm) for the left eyes (Figure 2). According to the Dependent
Samples t-test, no statistically significant difference was determined between the right and left eyes in respect of CCT
(p=0.363) (Tables 1, 2). The age distribution of the CCT of these
Table 1 - Central corneal thickness (CCT, µm) values in the left and
right eyes.
Right CCT (µm)

N

Left CCT (µm)

50

50

Mean

806,58

792,3

Std. error mean

11,99

12,81

Minimum

425

491

Maximum

960

938

Table 2 - The average central corneal thickness (CCT, µm) and age
of the animals.
Age (day)

N

Figure 1 - Central corneal thickness measurements.

CCT (µm)

50

100

Mean

781,38

799,44

Std. error mean

92,74

8,76

Minimum

389

425

Maximum

2970

960
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Figure 4 - Scatterplot demonstrating the age and corneal thickness values of the cattle.

subjects is summarized in Figure 3. A significant positive correlation was observed between age and CCT in these measurements of 50 dairy cows (p<0.001, y = 751.34 + 0.0616x,
R2=0.2104) (Figure 4). According to these results, it is seen that
the cornea gets thicker as the age increases. Based on the analyses, right and left CCT are similar.

DISCUSSION
The aim of this study was to establish the normal CCT values of dairy cattle and to investigate the relationship between
CCT and age. The ultrasound pachymeter device is widely
preferred for the measurement of CCT as it is inexpensive,
easy-to-apply and repeatable. Of the techniques available,
the ultrasound pachymeter shows the least variance and may
therefore be the most accurate method 17. Contact with the
cornea is the greatest disadvantage of this method, and
placement of the probe at the correct angle without pressing
the cornea is important for accurate measurement 18.
In comparisons of pachymetry and other CCT measurement
methods, there has been reported to be no difference in the
results, but unlike other methods, pachymetry does not require sedation 17,19,20. For these reasons, ultrasound pachymetry was selected for use in this study.
In previous studies in literature, CCT in cattle has been reported as 805 µm 21, 1015 µm 22, 725-936 µm 23. In the current study of 50 dairy cows aged 389-2970 days, the mean
CCT was determined as 799.44 µm, ranging from 425 µm to
960 µm.
This study was planned on the hypothesis that there could be
a correlation between age and corneal thickness in cattle. Just
as in all living creatures, tissues in cattle show age-related
changes 24. The repair capacity of corneal endothelial cells is
known to be extremely limited. Knowledge of the normal
values and age-related changes is necessary not only to determine the physiological limits, but also to reveal abnormal
conditions. Previous studies have shown that corneal thickness changes depending on age 25-27.
It has been reported in previous human studies that a decrease is seen in corneal thickness as age increases. Although
corneal thickness varies according to species and race, the
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mean corneal thickness is in the range of 0.5-0.8 mm. The
periphery is generally thicker than the centre. The cornea in
elderly animals can thicken up to 0.9 mm because of endothelial cell dysfunction. In studies performed on cattle
eyes collected after slaughter, values of 1.29 ± 0.03 mm8 and
1.4±0.011 mm9 were reported. In cats, the cornea continues
to develop until the age of 1-2 years. CCT increases together
with age, and has been reported to be 0.55 mm at 16 weeks
and 0.57 mm at 67 weeks. In dogs, there is thinning in the
cornea up to 6 weeks of age, after which thickening develops
together with age and the mean thickness is 0.56 mm1,4 25,2833
. While corneal thickness has been reported to be thinner in
young llamas than in older llamas, no significant age-related
difference has been observed in alpacas 34. Studies of horses
35,36
, sheep 37, dogs 38,39, and cats 40 have shown an age-related
increase in corneal thickness measurements. Another study
reported a negative correlation between age and corneal
thickness in horses 41.
In this study, the mean CCT value was 799.44 µm and the average age was 781.38 days. The results of the current study
showed a positive correlation between age and corneal thickness in dairy cattle, which was similar to the findings of other animal studies. The accumulation of new material in Descemet’s membrane over their lifetime may partially explain
this finding 16.
The ophthalmologic disease in the dairy farms can result in
significant economic losses to producers. Along with economic impacts, the ophthalmologic disease can lead to individual pain and suffering and therefore negatively affects animal welfare 42. In corneal diseases, the increase in corneal
thickness is due to hydration. A decrease in corneal thickness
is seen in corneal dystrophy and ulcerative inflammatory diseases. The thickness of the cornea is not only related to physiology and pharmacology, but a change in normal thickness
is also of diagnostic, epidemiological and pathological importance43. Therefore, it is important that the corneal thickness is measured definitively and accurately.
There were some limitations in conducting out study due to
the farm conditions. Only 50 cattle over 1 year old were included and under 1 year old could not be evaluated. However, the data obtained from the study clearly showed that
cornea thickness is related to age. In this context, this study
revealed the need of both to evaluate the corneal thickness
measured starting from the weekly age and whether gender
has an effect on the corneal thickness has to be evaluated.
Knowing CCT and its increase with age is important for diagnosing ocular diseases such as corneal damage and determining the prognosis. In pathological conditions such as hypoxia, keratitis, laceration, corneal thickness goes beyond
physiological levels16. According to results from the study at
different ages it is evident that different corneal thickness. It
will be useful to know physiological data in terms of provide
animal welfare and preventing economic losses. The presented study will contribute to the literature as it has been conducted on live cattle, unlike other studies on cattle eyes 8,9.
There are studies in literature that have shown a decrease in
the density of endothelial cells when an age-related increase
is forming in corneal thickness 16,44. Knowing that corneal
thickness increases with age is of diagnostic importance.
However, there is a need for further studies to fully clarify the
mechanism of age-related increase in thickness.

Busra KIBAR KURT imp_ok 27/07/21 14:42 Pagina 198

198

Central corneal thickness increases with age in cattle

References
1.

2.
3.

4.

5.
6.
7.

8.

9.

10.
11.

12.

13.
14.

15.

16.
17.

18.
19.

20.

21.
22.

23.

Gelatt KN, Gilger C K.T. (2013). Veterinary ophthalmology 5th Edn: Two
Volume Set.. 5th ed. Kirk N. Gelatt, Brian C. Gilger TJK, editor. 330-1049,
Oxford: Wiley-Blackwell.
Jirsova K. (2018). Light and specular microscopy of the cornea. [Online]
Light and Specular Microscopy of the Cornea. 1-217.
Brunelli A.T.J., Vicenti F.A.M., Oriá A., Campos C.F., Doria Neto F.A., Laus
J.L. (2006). Excision of sclerocorneal limbus in dogs and resulting clinical events: study of an experimental model. Arquivo Brasileiro de Medicina Veterinária e Zootecnia. 58(1), 52-58.
Maggs D., Miller P., Ofri R. (2008). Slatter’s Fundamentals of Veterinary
Ophthalmology. [Online] Slatter’s Fundamentals of Veterinary Ophthalmology. 33-215, Elsevier.
Watson P.G., Young R.D. (2004). Scleral structure, organisation and disease. A review. Experimental Eye Research. 78(3), 609-623.
Blix M. (1880). Oftalmometriska studier. Verlag nicht ermittelbar.
Maurice D.M., Giardini A.A. (1951). A Simple Optical Apparatus for Measuring the Corneal Thickness, and the Average Thickness of the Human
Cornea. British Journal of Ophthalmology. 35(3), 169-177.
Babrauskıen V., Žymantıen J., Anıulıen A., Juozaıtıen V., Malakauskıen
S., J. I.A. (2018). Comparative morphological evaluation of animal corneal
parameters. Medycyna Weterynaryjna. 74(1), 6010-2018.
El-Maghraby H.M., Nyland T.G., Bellhorn R.W. (1995). Ultrasonographıc
and Bıometric Evaluation Of Sheep and Cattle Eyes. Veterinary Radiology and Ultrasound. 36(2), 148-151.
Inomata T., Mashaghi A., Hong J., Nakao T., Dana R. (2017). Scaling and
maintenance of corneal thickness during aging. PLoS ONE. 12(10), 1-11.
Alario A.F., Pirie C.G. (2013). A spectral-domain optical coherence tomography device provides reliable corneal pachymetry measurements in
canine eyes. Veterinary Record.
Amano S., Honda N., Amano Y., Yamagami S., Miyai T., Samejima T., et
al. (2006). Comparison of Central Corneal Thickness Measurements by
Rotating Scheimpflug Camera, Ultrasonic Pachymetry, and Scanning-Slit
Corneal Topography. Ophthalmology. 113(6), 937-941.
Realini T., Lovelace K. (2003). Measuring central corneal thickness with
ultrasound pachymetry. Optometry and Vision Science.
Sadoughi M., Einollahi B., Einollahi N., Rezaei J., Roshandel D., Feizi S.
(2015). Measurement of central corneal thickness using ultrasound
pachymetry and Orbscan II in normal eyes. Journal of Ophthalmic and
Vision Research. 10(1), 4.
Tam E.S., Rootman D.S. (2003). Comparison of central corneal thickness
measurements by specular microscopy, ultrasound pachymetry, and ultrasound biomicroscopy. Journal of Cataract & Refractive Surgery.
29(6), 1179-1184.
Tuft S.J., Coster D.J. (1990). The corneal endothelium. Eye (Basingstoke).
Babbar S., R Martel M., B Martel J. (2017). Comparison of central corneal
thickness by ultrasound pachymetry, optical coherence tomography and
specular microscopy. New Frontiers in Ophthalmology. 3(3), 1-6.
Marsich M.M., Bullimore M.A. (2000). The Repeatability of Corneal Thickness Measures. Cornea. 19(6), 792-795.
Ollivier F.J., Brooks D.E., Komaromy A.M., Kallberg M.E., Andrew S.E.,
Sapp H.L., et al. (2003). Corneal thickness and endothelial cell density
measured by non-contact specular microscopy and pachymetry in Rhesus macaques (Macaca mulatta) with laser-induced ocular hypertension.
Experimental Eye Research. 76(6), 671-677.
LoPinto A.J., Pirie C.G., Bedenice D., Ayres S.L. (2017). Corneal thickness of eyes of healthy goats, sheep, and alpacas manually measured by
use of a portable spectral-domain optical coherence tomography device.
American Journal of Veterinary Research. 78(1), 80-84.
Herrmann H., Hickman F.H. (1948). Exploratory studies on corneal metabolism. Bulletin of the Johns Hopkins Hospital. 82(2), 225-250.
Doughty M.J., Petrou S., Macmillan H. (1995). Anatomy and morphology of the cornea of bovine eyes from a slaughterhouse. Canadian Journal of Zoology.
Lee R.E., Davison P.F. (1984). The collagens of the developing bovine
cornea. Experimental Eye Research.

24. Chen K.H., Azar D., Joyce N.C. (2001). Transplantation of adult human
corneal endothelium ex vivo: A morphologic study. Cornea.
25. Rao S.K., Sen P.R., Fogla R., Gangadharan S., Padmanabhan P., Badrinath
S.S. (2000). Corneal endothelial cell density and morphology in normal
Indian eyes. Cornea.
26. Nemesure B., Wu S.Y., Hennis A., Leske M.C. (2003). Corneal thickness
and intraocular pressure in the Barbados Eye Studies. Archives of Ophthalmology.
27. Niederer R.L., Perumal D., Sherwin T., McGhee C.N.J. (2007). Age-related
differences in the normal human cornea: A laser scanning in vivo confocal microscopy study. British Journal of Ophthalmology.
28. Lekskul M., Aimpun P., Nawanopparatskul B., Bumrungsawat S., Trakulmungkijkarn T., Charoenvanichvisit J., et al. (2005). The correlations between Central Corneal Thickness and age, gender, intraocular pressure
and refractive error of aged 12-60 years old in rural Thai community. Journal of the Medical Association of Thailand = Chotmaihet thangphaet. 88,
175-179.
29. Abib F.C., Barreto J. (2001). Behavior of corneal endothelial density over
a lifetime. Journal of Cataract and Refractive Surgery.
30. Sanchis-Gimeno J.A., Lleó-Pérez A., Alonso L., Rahhal M.S., MartínezSoriano F. (2005). Corneal endothelial cell density decreases with age in
emmetropic eyes. Histology and Histopathology.
31. Galgauskas S., Norvydaite D., Krasauskaite D., Stech S., Ašoklis R.S. (2013).
Age-related changes in corneal thickness and endothelial characteristics.
Clinical Interventions in Aging. 8, 1445-1450.
32. Foster P. (1998). Central corneal thickness and intraocular pressure in a
Mongolian population,. Ophthalmology. 105(6), 969-973.
33. Rüfer F., Schröder A., Bader C., Erb C. (2007). Age-Related Changes in
Central and Peripheral Corneal Thickness. Cornea. 26(1), 1-5.
34. Andrew S.E., Willis A.M., Anderson D.E. (2002). Density of corneal endothelial cells, corneal thickness, and corneal diameters in normal eyes
of Ilamas and alpacas. American Journal of Veterinary Research.
35. Ramsey D.T., Hauptman J.G., Petersen-Jones S.M. (1999). Corneal
thickness, intraocular pressure, and optical corneal diameter in Rocky
Mountain Horses with cornea globosa or clinically normal corneas. American Journal of Veterinary Research.
36. Pirie C.G., Alario A.F., Barysauskas C.M., Gradil C., Uricchio C.K. (2014).
Manual corneal thickness measurements of healthy equine eyes using a
portable spectral-domain optical coherence tomography device. Equine
Veterinary Journal. 46(5), 631-634.
37. Coyo N., Peña M.T., Costa D., Ríos J., Lacerda R., Leiva M. (2016). Effects
of age and breed on corneal thickness, density, and morphology of corneal
endothelial cells in enucleated sheep eyes. Veterinary Ophthalmology. 19(5),
367-372.
38. Gwin R.M., Lerner I., Warren J.K., Gum G. (1982). Decrease in canine
corneal endothelial cell density and increase in corneal thickness as functions of age. Investigative Ophthalmology and Visual Science.
39. Hoehn A.L., Thomasy S.M., Kass P.H., Horikawa T., Samuel M., Shull O.R.,
et al. (2018). Comparison of ultrasonic pachymetry and Fourier-domain
optical coherence tomography for measurement of corneal thickness in
dogs with and without corneal disease. Veterinary Journal.
40. Franzen A.A., Pigatto J.A.T., Abib F.C., Albuquerque L., Laus J.L. (2010).
Use of specular microscopy to determine corneal endothelial cell morphology and morphometry in enucleated cat eyes. Veterinary Ophthalmology. 13(4), 222-226.
41. Van Der Woerdt A., Gilger B.C., Wilkie D.A., Strauch S.M. (1995). Effect
of auriculopalpebral nerve block and intravenous administration of xylazine on intraocular pressure and corneal thickness in horses. American
Journal of Veterinary Research.
42. Irby N.L., Angelos J.A. (2018). Ocular Diseases. Rebhun’s Diseases of Dairy
Cattle: Third Edition.
43. Ehlers N., Hjortdal J. (2004). Corneal thickness: measurement and implications. Experimental Eye Research. 78(3), 543-548.
44. Coyo N., Peña M.T., Costa D., Ríos J., Lacerda R., Leiva M. (2016). Effects
of age and breed on corneal thickness, density, and morphology of corneal
endothelial cells in enucleated sheep eyes. Veterinary Ophthalmology. 19(5),
367-372.

