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Research article
Ερευνητικό άρθρο

ABSTRACT: The purpose of this study was to investigate the applicability of Rebound tonometer for the intraocular 
pressure measurement and to determine the correlation between intraocular pressure reference values and body weight 
in different raptor species.In the present study, intraocular pressure of 66 Long-legged buzzard (132 eyes), 20 Eurasian 
sparrowhawk (40 eyes), 13 Eurasian eagle-owl (26 eyes), 6 Golden eagles (12 eyes), 6 Common kestrels (12 eyes), 4 
Peregrine falcon (8 eyes), 2 Griffon vulture (4 eyes), which referred to Erciyes University, Faculty of Veterinary Med-
icine, Department of Surgery Clinic were evaluated. In the ophthalmologic examination there was no lesion detected 
related to eyes. The mean body weight raptors was 1.10±0.23 kg in Long-legged buzzard, 0.23±0.06 kg in Eurasian 
sparrow hawk, 0.27±0.10 in Eurasian eagle-owl, 3.30±0.80 kg in Golden eagles, 0,18±0.04 kg in Common kestrels, 
0,64±0,28 kg in Peregrine falcon and 2.28±0.43 kg in Griffon vulture. Rebound tonometer was used for measurement 
of intraocular pressure. Mean intraocular pressure of right and left eyes were in Long-legged buzzard 25.87±0.62-
26.61±0.71, Eurasian sparrow hawk 11.90±0.40-12.05±0.41, Eurasian eagle-owl 12.00±0.63-12.61±0.57, Golden ea-
gles 29.00±2.89-30.33±2.87, Common kestrels 11.75±0.17-10.83±0.47, Peregrine falcon 14.75±1.10-14.25±0.85 and 
Griffon vulture 15.00±1.00-14.50±0.50. As a result of the study, Rebound tonometer is a reliable method for measuring 
intraocular pressure in small eyes and minimizes stress, well tolerated by raptors in intraocular pressure measurements. 
While there was a positive correlation detected between body weight and IOP values among the species, no correlation 
was observed between body weight and IOP values within the same species. The intraocular pressure values obtained 
in this study will help veterinary ophthalmologists and wild animal veterinarians to evaluate changes intraocular pres-
sure in raptor and contribute to the literature.
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INTRODUCTION

Eyesight is very important for social interaction 
in domestic birds. In raptors, it is necessary for 

flying, feeding, adaptation to the habitat, reproduc-
tion, and survival (Moore, 2017). Raptors have well 
developed, relatively large, frontally directed globes, 
which give them a sharp sight necessary for preda-
tion. The globes are situated in the orbit and surround-
ed by periorbital structures (Davidson, 1997; Seruca 
et al., 2012). Trauma to the globe or surrounding 
structure is the most common ocular diseases of rap-
tors. The anatomy and location of eyes make them 
vulnerable to traumatic lesions (Seruca et al., 2012). 
Intraocular pressure (IOP) measurement is a part of 
the ophthalmic examination in animals and evaluat-
ed by tonometry (Barsotti et al., 2013; Reuter et al., 
2011). TonoVet is a new rebound tonometry device 
for determining IOP. It is widely used in animals with 
different modes (d, h, p). TonoVet has a probe covered 
with electric coils which create a magnetic field that 
presses the probe against the cornea. Voltage changes 
are converted to an electrical signal when the probe 
contacts the cornea. These voltage changes are used 
to calculate the IOP (Reuter et al., 2010, Reuter et al., 
2011). Congenital and developmental ocular diseases 
are rarely seen in raptors (Labelle et al., 2012). Ocu-
lar disorders are more common findings in free-living 
birds than in others (Moore et al., 2017). In wild birds, 
ocular trauma has been reported as a common cause 
of ocular morbidity (more than 30%) (Seruca et al., 
2012; Holt and Layne., 2008; Ress and Guyer., 2004). 
Kuhn et al., (2013) found ocular lesions in 50% of the 
eyes examined, even among captive raptors that were 
originally deemed unreleasable due to injuries unre-
lated to the eyes. A complete ophthalmic examination 
should be performed on every free-range raptor sub-
mitted for clinical evaluation. The assessment of IOP 
is crucial for a complete ophthalmic examination (Re-
uter et al., 2011).

The aim of this study was to investigate the appli-
cability of TonoVet for the IOP measurement and to 
determine the correlation between IOP reference val-
ues and body weight in different raptor species.

MATERIAL AND METHODS

Animals
A total of 117 raptors were included in this study. 

Sixty-six Long-legged buzzard (Buteo rufinus), 20 
Eurasian sparrow hawk (Accipiter nisus), four Per-
egrine falcon (Falco peregrinus), six Golden eagles 

(Aquila chrysaetos), 13 Eurasian eagle-owl (Bubo 
bubo), two Griffon vultures (Gyps fulvus), six Com-
mon kestrels (Falco tinnunculus) were referred to 
the Surgery Department of the Faculty of Veterinary 
Medicine at Erciyes University for general health 
status assessment between 2014 and 2017 (Figure 
1). Raptors had been previously free-living and had 
been brought to our hospital for health control and 
treatment by the Ministry of Forestry. Only healthy 
animals were included in the study. During the study, 
all birds were kept at the hospitalization unit of the 
Department of Surgery Training, Research and Prac-
tice Hospital of the Faculty of Veterinary Medicine at 
Erciyes University. All species were examined, and 
clinical signs were recorded.

Ophthalmic examination and IOP measurement
Before ophthalmic examination and IOP measure-

ment, the talons of all birds were wrapped in sticking 
plaster to avoid injury. The examination was carried 
out 10 minutes after transportation and all raptors 
were placed on the examination table to eliminate the 
stress effect after removal from the cage. The oph-
thalmic examination including palpebral and direct 
light reflexes was carried out before IOP measure-
ment. Sedatives and topical anesthesia were not used. 
The birds were held by their bodies by an assistant 
during the IOP measurement. Right eyes and then left 
eyes were measured with the use of TonoVet (RBT, I 
care, Vet, Helsinki, Finland) with the birds in dorsal 
recumbency position. The TonoVet with the dispos-
able probe was held horizontally and 4-5 mm from the 
central corneal surface. 

The TonoVet software is preprogrammed for six 
measurements, but the result can be seen from the 
first to the last measurement. The displayed IOP was 
an averaged value of six consecutive central corneal 
touches. After this, the letters d (calibration table for 
dogs and cats), h (for horses), or P (for not defined in 
any species) would appear on the display, followed by 
the IOP reading. The calibration of the device was set 
to ‘’P’’ mode. The IOP measurements were performed 
between 8am and 12pm to minimize diurnal varia-
tion. The mean values of repeating five measurements 
with TonoVet were recorded. All ocular examinations 
and tonometry measurements were performed by the 
same person (MKY).

Statistical analysis
Data were evaluated with the IBM SPSS Statis-

tics 21.0 package program. Summary statistics were 
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given as a number of units (n), percentage (%), mean 
± standard error (x ± SE). The Shapiro-Wilk test was 
used for normality. One-Sample t-test was done for 
the evaluation of x ± SE. The Pearson correlation test 
was done for the correlation between body weight and 
the IOP. P< 0.05 and P< 0.001 values were considered 
statistically significant.

RESULTS
In total, 234 eyes were included in the study. The 

mean body weight and number of animals are pre-

sented in Table 1.

The left, right eyes and their mean IOP are present-
ed in Table 2. The left eye IOP was higher than the 
right eye in Long-legged buzzards, Eurasian sparrow 
hawks, Eurasian eagle-owl, and Golden eagles. At 
the same time, the right eye IOP was higher than the 
left eye in Common kestrels, Peregrine falcons, and 
Griffon vulture. However, no statistically significant 
difference was found between right eye IOP and left 
eye IOP values in all evaluated raptors.

Figure 1. Distribution of raptors by years
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Table 1. Mean body weight of raptors
Species n kg

Long-legged buzzard 
 (Buteo rufinus) 66 1.10±0.23

Eurasian sparrowhawk
 (Accipiter nisus) 20 0.23±0.06

Eurasian eagle-owl 
 (Bubo bubo) 13 0.27±0.10

Golden eagle
 (Aquila chrysaetos) 6 3.30±0.80

Common kestrel 
 (Falco tinnunculus) 6 0.18±0.04

Peregrine falcon 
 (Falco peregrinus) 4 0.64±0.28

Griffon vulture 
 (Gyps fulvus) 2 2.28±0.43

Table 2. Mean IOP values by raptor species

Species n Right eye
Mean±SE n Left eye

Mean±SE p n Average
Mean±SE

Long-legged buzzard 
(Buteo rufinus) 66 25.87±0.62 66 26.61±0.71 >0.05 132 26.24±0.47

Eurasian sparrow hawk 
(Accipiter nisus) 20 11.90±0.40 20 12.05±0.41 >0.05 40 11.97±0.28

Eurasian eagle-owl 
 (Bubo bubo) 13 12.00±0.63 13 12.61±0.57 >0.05 26 12.30±0.42

Golden eagle
 (Aquila chrysaetos) 6 29.00±2.89 6 30.33±2.87 >0.05 12 29.66±1.95

Common kestrel 
 (Falco tinnunculus) 6 11.75±0.17 6 10.83±0.47 >0.05 12 11.29±0.27

Peregrine falcon 
 (Falco peregrinus) 4 14.75±1.10 4 14.25±0.85 >0.05 8 14.50±0.65

Griffon vulture 
 (Gyps fulvus) 2 15.00±1.00 2 14.50±0.50 >0.05 4 14.75±0.47

DISCUSSION
Perfect visual function is essential for raptors to sur-

vive in the wild. The IOP measurement is an essential 
part of a detailed ophthalmic examination and should 
be conducted very carefully in raptors. The alterations 
of IOP give information about ophthalmic diseases 
such as glaucoma and uveitis. There are not enough 
studies and information about raptors’ normal IOP val-
ue and ocular diseases (Moore et al., 2017; Reuter et 
al., 2011). The purpose of this study was to establish 
IOP values in different raptor species to determine the 
correlation between intraocular pressure reference val-
ues and body weight in different raptor species. 

The TonoVet and applanation tonometry (To-
nopen) are frequently used to measure IOP in ani-
mal. However, previous studies have reported that 
Tonopen causes stress and increase in systemic blood 
pressure due to pressure on the eyeball during the 

measurement. In addition, IOP measurement time is 
10 minutes due to the necessity of using topical anes-
thesia by using Tonopen (Dubicanac et al., 2018). On 
the contrary, TonoVet has advantages such as no need 
for local anesthesia, easy application and only 30 sec 
for conducting the measurement. These advantages 
minimize the stress and help to obtain reliable results 
in IOP measurements. In our study, we measured IOP 
in Common kestrel, Eurasian eagle-owl and Eurasian 
sparrow hawk species, which has small corneal diam-
eters, with TonoVet. There was no difficulty encoun-
tered during measurement in these species. TonoVet 
was well tolerated and measurements were carried out 
practically. This condition showed that TonoVet could 
be practically used in small corneal diameter raptor 
species.

In recent study, Karimi et al., (2020) compared the 
IOP in 8 different domestic bird species. They found 
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that the difference between IOP measurements of the 
largest (4.93±1.91 in African gray parrots) and the 
smallest bird species (5.90±2.11 in Zebra Finch) was 
less than 1 mmHg. In another study on raptor, Reuter 
et al., (2011) found statistically important difference 
in IOP values between Accipitridae and Falconidae, 
Strigidae families. IOP values of Accipitridae family 
were higher than Falconidae and Strigidae families (P 
.025). In the study, 18 mmHg difference were found 
between IOP of largest species (29.66±1.95 in Golden 
eagle) and the smallest species (11.29±0.27 in Com-
mon kestrel). The differences in IOP values of raptor 
species were more prominent than domestic ones. In 
the present study, IOP values of Accipitridae family 
were higher than Falconidae and Strigidae families. 
Therefore, the obtained data supported the results of 
the Reuter et al.’s study. Difference between IOP val-
ues of raptor species may be derived from differences 
in corneal curvature and corneal thickness between 
species. But this situation requires more investigation.

In the present study, the lowest IOP value was 
measured in Common kestrels (11.29±0.27) and the 
highest IOP value was measured in Golden eagles 
29.66±1.95. Considering the body weight averages, 
the lowest in the Common kestrels (0.18±0.04 kg) 
and the highest in the Golden eagles (3.30±0.80 kg) 
were determined. In heavy weighted species (Gold-
en eagle, Long-legged buzzard and Griffon vul-
tures) higher IOP values 29.66±1.95, 26.24±0.47, 
14.75±0.47 were measured, respectively. In light 
weighted species (Eurasian sparrowhawk, Eurasian 
eagle-owl, Common kestrel and Peregrine falcon) 
IOP values 11.97±0.28, 12.30±0.42, 11.29±0.27, 
14.50±0.65 were measured, respectively. There was 
a positive correlation detected between body weight 
and IOP values among the species included in our 
study. However, Griffon vultures were heavier than 
Long-legged buzzard, IOP values of Griffon vultures 
were lower than Long-legged buzzard. In addition, 
when body weight and IOP alterations were evaluat-
ed in birds within the same species, it was found that 
body weight had no effect on IOP.

Reuter et al., (2011) measured the IOP by Rebound 
Tonometry in ten raptor species. In our study, there 
were only 3 same species with Reuter et al.’s study 
(Common kestrel, Peregrine falcon, Eurasian sparrow 
hawk). They found 9.8±2.5 mmHg in the left eyes of 
Common kestrels, 12.7±5.8 mmHg in Peregrine fal-
cons and 15.5±2.5 mmHg in Eurasian sparrowhawks. 
However, Reuter et al., (2011) grouped the raptors as 

nestling, juvenile and adult. They reported that the 
IOP value in nestlings and juveniles is lower than 
adults, thus age affects the IOP value. In our study, we 
did not define the age of the animals. It was thought 
that differences between Reuter et al., (2011) and our 
data regardingthe same species might be due to un-
even age distribution of the raptors.

Stiles et al., (1994) measured the IOP of 3 differ-
ent raptor species with Tonopen. They measured the 
IOP 20.6 ± 3.4 mmHg in Red tailed hawks, 20.8± 
2.3 mmHg in Swainson’s hawks and 21.75±3 mmHg 
in Bald eagles. In our study, the IOP values of than 
Long-legged buzzards and Golden eagles were mea-
sured 26.24±0.47 mmHg and 29.66±1.95 mmHg, re-
spectively. The reason of obtained difference in the 
same family (Accipitridae) with Stiles et al.’s study 
may be attributed to different measuring techniques. 

To the authors’ knowledge, the IOP values mea-
sured using rebound tonometer have not previously 
been reported in Gyps fulvus, Buteo rufinus and Aqui-
la chrysaetos species. Backwith-Cohen et al., (2015) 
measured IOP 13.3±4 mmHg in Buteo rufinus with 
Tonopen. In another study, Stiles et al., (1994) mea-
sured IOP 21.5±3 mmHg in Aquila chrysaetos with 
Tonopen. In a recent study, Hwang et al., (2020) 
measured IOP 32.8±6.9 mmHg in another species 
of Vultures (Aegypius monachus) with Tonovet and 
20.7±4.5 mmHg with Tonopen. In our study, we mea-
sured IOP 29.66±1.95 mmHg in Griffon vultures, 
26.24±0.47 mmHg in Buteo rufinus and 29.66±1.95 
mmHg in Aquila chrysaetos with Tonovet. However, 
the number of the Griffon vultures and Golden eagle 
species (Griffon vulture: 2, Golden eagle: 6) included 
in the study is low, more data are needed to reveal 
reference values in these species.

IOP results could be variable using different mea-
suring devices and physiologic factors such as age, di-
urnal/nocturnal variation and other conditions (Kimet 
al., 2017; Reuteret al., 2011; Backwith-Cohen et al., 
2015). Moreover, the anatomic structure differences 
of eyes such as corneal curvature and thickness effect 
IOP values (Cheng et al., 2006; Murase et al., 2009; 
Tonnu et al., 2005). The model of the device, the ex-
perience of the researcher, the species of animals and 
transport stress could alter the intraocular pressure 
values in animals (Broadwater et al., 2007). In mice, 
cats, and horses, increase in IOP was achieved when 
the animal’s head was positioned under its heart level 
(Aihara et al., 2003; Kindler et al., 2009; Komaromy 
et al., 2006). Reuter et al., (2011) reported that body 
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position has a significant effect on Tawny owls and 
Common buzzards’ IOP values. In addition, pressure 
applied to the eye or neck during measurement and 
changes in blood pressure due body positions can 
be counted among the factors that affect IOP values 
(Pauli et al., 2006). The risk factors were minimized 
for the correct measurement in this study. The IOP 
measurements were performed in dorsal recumbency 
position in all species. In addition, no pressure was ap-
plied to the eyes and neck during the measurements. 
All measurements were carried out in the same time 
zones (9am-12pm) by the same researcher and the ex-
amination was carried out 10 minutes after the trans-
port process in order to eliminate the stress caused 
during the transportation of the animals. 

CONCLUSION
As a result of this study, there were seven raptors 

species evaluated in regard to IOP. Complications and 
problems did not occur during the measurement of 
IOP. We saw that using TonoVet to measure IOP is 
very easy in the eye examination of raptors. Rebound 

tonometry is a reliable method for measuring IOP in 
smaller eyes and minimizes stress, well tolerated by 
raptors. Measurements can be taken without topical 
anesthesia and results are given within seconds. While 
there was a positive correlation detected between 
body weight and IOP values among the species, no 
correlation was observed between body weight and 
IOP values within the same species. The IOP values 
obtained in this study will help veterinary ophthal-
mologists and wild animal veterinarians to evaluate 
changes IOP in raptor and contribute to the literature.

The absent of the determination the age and sex of 
the raptor species are limitations in this study. At the 
same time the low number of some species (Peregrine 
falcon, Griffon vulture) could affect the reference 
values of the IOP. Because of these more studies are 
needed to determine IOP reference values and factors 
affecting IOP of the raptor species.
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