Original Study

Journal of Avian Medicine and Surgery 40(1):4-12, 2026
© 2026 by the Association of Avian Veterinarians

Ultrasonographic Assessment and Ocular Biometry of
Brown Hawk Owls (Ninox scutulata)
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Abstract: Ocular trauma is a significant contributor to mortality in wild birds, particularly in owls.
Despite the critical role of vision in survival, ocular biometric data for brown hawk-owls (Ninox scutu-
lata) remain limited. This study establishes ultrasonographic reference values for ocular structures in
the brown hawk-owl. Using B-mode ultrasonography, biometric parameters including corneal thick-
ness, anterior chamber depth, lens thickness, vitreous chamber depth, axial length of the globe, and
pecten oculi height were measured in 64 eyes from 32 individuals (26 adults and 6 juveniles).
Correlations among these ocular biometric parameters were also analyzed. No significant differences
were observed between the left and right eyes or between the horizontal and sagittal imaging planes.
However, significant biometric differences were found between adult and juvenile owls, except for
pecten oculi height. No significant correlations were identified between body weight and most ocular
biometric parameters, except for a slight positive correlation with anterior chamber depth. Axial globe
length showed positive correlations with anterior chamber depth, lens thickness, and vitreous chamber
depth. Establishing normal ocular biometric values may enhance diagnostic accuracy and will serve as
a valuable reference for veterinary ophthalmology, wildlife rehabilitation, and species conservation in

brown hawk-owls.
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INTRODUCTION

The brown hawk-owl (Ninox scutulata) is a migra-
tory, nocturnal raptor that visits the Korean peninsula
during the summer breeding season. It is widely dis-
tributed across South and Southeast Asia and is desig-
nated as a Natural Monument in South Korea."! As a
mid-level predator, it plays a crucial role in maintain-
ing ecological balance by controlling populations of
small mammals and insects.

Ocular trauma is widely recognized as a primary
cause of ocular morbidity in wild birds, accounting
for nearly 90% of eye disorders diagnosed in raptors.
Among these cases, owls represented more than half,
highlighting their vulnerability to traumatic ocular
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injuries.z’3 Given that vision is the most critical sensory
modality for owls—essential for nocturnal hunting,
navigation, and survival—even minor ocular damage
can significantly impair their ability to function in the
wild.?> The integrity of the ocular system is an impor-
tant factor when deciding to release rescued avian spe-
cies, as it enables them to collect vital information
necessary for survival in their natural habitats.>*

Ocular evaluation methods include physical exami-
nation, ophthalmoscopy, and various imaging and
other diagnostic modalities, such as electroretinogra-
phy. Ocular ultrasonography is particularly valuable
for assessing intraocular and retrobulbar structures.
Numerous studies have been conducted across vari-
ous animal species to investigate the applications and
diagnostic utility of ocular ultrasonography.”2 It is
especially indispensable in cases of increased ocular
opacity caused by ocular blunt trauma or cataract, as
it remains a primary modality for visualizing internal
ocular structures, including the anterior chamber, vit-
reous chamber, and posterior segment.”!

An accurate assessment of ocular abnormalities
using ultrasonography necessitates a comprehensive
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understanding of the normal anatomical structures of
the eye. Therefore, recognizing the normal biometric
variations is crucial for accurate interpretation of
ultrasonographic findings. Although numerous studies
have been conducted on various avian species, includ-
ing chickens (Gallus gallus domesticus), cinereous
vultures (Aegypius monachus), great grey owls (Strix
nebulosa), snowy owls (Bubo scandiacus), and monk
parakeets (Myiopsitta monachus), among others,?!=!
there are no reference values for brown hawk-owls.

This study aimed to report the biometric values for
the normal reference range of each ocular parameter
and the ultrasonographic features of ocular structures
in brown-hawk owls. We hypothesized that ocular
biometric parameters would differ between juvenile
and adult brown-hawk owls.

MATERIALS AND METHODS
Animals

This study was approved by the Institutional Animal
Care and Use Committee of Jeonbuk National University
(Iksan-si, Jeollabuk-do, Republic of Korea; Approval
No. NON2023-178). Twenty-six adult brown-hawk
owls, weighing between 135 and 199 g, and 6 juve-
nile birds, weighing between 111 and 161 g, from the
Jeonbuk Wildlife Center in South Korea (Jeonbuk
National University, Iksan-si, South Korea) were
examined in this study. These birds were either
injured or orphaned and were presented to the center
for treatment and rehabilitation. They were housed in
aviaries or suitable enclosures and provided with an
appropriate carnivorous diet consisting of frozen day-
old chicks during their stay. The classification of
adults and juveniles was based on feather characteris-
tics. Birds with fully developed, mature plumage
were classified as adults, whereas individuals retain-
ing some immature down feathers were categorized
as juveniles. All juveniles included in this study were
in their hatch year and capable of limited flight. Birds
undergoing molt were not considered juveniles
because molting typically occurs in post-juvenile or
adult stages. The sex of each bird was unknown
because this species is not sexually dimorphic. A rou-
tine physical examination with ophthalmologic exam-
ination, including measuring the pupillary light
reflexes and intraocular pressures (IOP; rebound
tonometry, Tonovet, iCare, Raleigh, NC, USA), fluo-
rescein staining, and direct ophthalmoscopy (Zumax
Veterinary Ophthalmoscope Pro, Zumax Medical,
Suzhou, China) was performed. For all IOP measure-
ments, the birds were manually restrained in an
upright position with the body gently wrapped in a

towel, taking care to avoid any pressure on the head;
neither topical anesthesia nor sedation was used.
Examinations were conducted between 9:00 AM and
12:00 PM. Fluorescein staining and pupillary light
reflexes testing were normal for all birds included in
this study. No significant ocular abnormalities were
observed except for minor hemorrhage and debris in
a few individuals on direct ophthalmoscopy.

Ultrasonographic examination

A total of 64 eyes underwent B-mode ultrasono-
graphic examination using a 17-MHz hockey stick
transducer (Aplio i800; Canon Medical System,
Tokyo, Japan). A digital image measurement pro-
gram (Infinitt Vet PACS, Infinitt Healthcare Co., Ltd,
Seoul, South Korea) was used for all measurements.
All birds were gently and manually restrained in an
upright (vertical) position. The ultrasonographic
examination was performed approximately 30 seconds
after instillation of one drop of proparacaine 0.5%
(Alcaine eye drops 0.5%; Alcon Korea, Seoul,
Korea). No sedation or general anesthesia was used.
The transducer was positioned perpendicularly and
directly on the cornea with coupling gel (transonic gel;
Hansin, Seoul, Korea) for contract in a longitudinal
(sagittal plane) and horizontal (dorsal plane) position
(Fig 1). Biometric measurements were performed in
both longitudinal and horizontal position including
corneal thickness (CT), anterior chamber depth
(ACD), lens thickness (LT), vitreous chamber depth
(VCD), axial length of the globe (ALG), and height of
pecten oculi (PH) (Fig 2). Superb microvascular imag-
ing was performed to evaluate blood flow in the pecten
oculi using a color velocity scale of 3.1-5.0 cm/s.

Statistical analysis

Descriptive data analysis was performed using
computer software (IBM SPSS Statistics 22; IBM
Corporation, Armonk, NY, USA). The Kolmogorov-
Smirnov test was used to assess normality of the data
in both the adult and juvenile groups. The globe and
intraocular biometrics were described using the
mean, standard deviation (SD), and minimum and
maximum values. For comparisons between the hori-
zontal and sagittal planes, as well as between the right
eye (OD) and left eye (OS) of the same bird, a paired
samples z-test was used. An independent samples
t-test was used to compare measurements between
adult and juvenile birds. A value of P < 0.05 was
considered statistically significant. Additionally, a
Pearson bivariate correlation analysis was performed
to examine the correlation between weight and each
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Figure 1. Appearance of brown hawk-owl (Ninox scutulata)
and the orientation of the ultrasound probe for perform-
ing ocular ultrasound. (A) Horizontal plane, and (B) sagittal
plane.

biometric measurement, with P < 0.05 considered
significant.

RESULTS

The ultrasonographic characteristics were remark-
ably similar among all 64 eyes. The corneal echo was
highly reflective and curvilinear, followed by an
anechoic region corresponding to the anterior cham-
ber. The lens was visualized as 2 hyperechoic curved
lines, representing the anterior and posterior lens cap-
sules, with an anechoic center. The vitreous chamber
was anechoic, with the pecten visualized as a moder-
ately echogenic, long, and thin structure. The posterior
eye wall, comprising the retina, choroid, and sclera,
appeared as a highly reflective, slightly curvilinear

Figure 2. Ultrasonographic appearance of the eye of a
normal adult brown hawk-owl (Ninox scutulata) and mea-
surements of each biometric parameter. (A) Measurements
showing the corneal thickness (CT), anterior chamber
depth (ACD), lens thickness (LT), vitreous chamber depth
(VCD), and axial length of the globe (ALG), and (B) showing
the height of pecten oculi (PH).

echo. It was not possible to separate the retina, choroid,
and sclera on ultrasonography. Distal shadowing from
the scleral ring hindered visualization of the lateral
side of the eyes, preventing accurate measurement
and recording of the transverse diameter of the eye and
lens (Fig 3).

The IOP results are described in Table 1. Normal
reference values for the brown hawk-owls were not
previously established; therefore, published IOP values
for the Eurasian tawny owl (Strix aluco)—reported as
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Figure 3. Acoustic shadowing caused by the high reflec-
tivity of the intrascleral ossicle in the eye of a normal
adult brown hawk-owl (Ninox scutulata). A highly reflec-
tive intrascleral ossicle is observed on the lateral side of
the eye (solid arrow). Note the acoustic shadowing caused
by it (dashed arrow).

9.4 = 4.1 mm Hg—were used for comparative pur-
poses.>**? The biometric measurements for the sagittal
and horizontal planes for both the adults and juveniles
are summarized in Table 2.

Based on the paired #-test analysis, no statistically
significant differences were observed between the left
and right eyes for any biometric parameter except for
PH, which showed a statistically significant difference
between OS and OD in the adult group (P = 0.014). All
biometric measurements obtained in the sagittal and
horizontal planes showed no statistically significant dif-
ferences (all P > 0.05) in either the adults or juveniles.

There was no correlation found between body
weight and ocular biometry except for ACD (r =
0.329, P = 0.017). There were also positive correla-
tions found between ALG and ACD (r = 0.791, P <
0.001), ALG and LT (r = 0.540, P < 0.001), and ALG
and VCD (r = 0.499, P < 0.001). When comparing
adult birds and juveniles, there were significant differ-
ences in all ocular biometrics (all P < 0.001), except
for PH (P = 0.368).

DISCUSSION

This study was performed to establish reference
intervals for the size of ocular structures in brown-hawk

Table 1. Intraocular pressure measurements in millimeters
of mercury in adult and juvenile brown hawk-owls (Ninox
scutulata).®

10P

oS OD

Age Group Range Mean = SD Range Mean = SD

Adults (n =26) 9-13 11.1 £147 9-14 11.2=* 133
Juvenile (m =6) 7-11 9.0 *1.54 8-11 93 *1.50

Abbreviations: IOP, intraocular pressure; OD, right eye; OS, left eye;
n, number; SD, standard deviation.

# Measurements were obtained using rebound tonometry with the birds
manually restrained in an upright position.

owls using ocular ultrasonography. Owls are partic-
ularly susceptible to ocular injuries due to their distinc-
tive morphological features. Their disc-shaped, frontally
oriented faces, combined with a high globe-to-orbit
ratio, significantly constrain the space available for
extraocular muscles and other orbital soft tissues.” If a
collision happens, direct impact on the eye may occur
since there is a lack of means for cushioning impact.
After a collision event, hyphema and vitreous hemor-
rhage are common findings in birds,?* which makes
intraocular examination impossible with a standard
ophthalmoscope.

Ultrasound, which operates by transmitting high-
frequency sound waves and analyzing their echoes, is
a useful and effective noninvasive method for evalu-
ating ocular structures when anterior segment opacity
is present. In avian species, physical adjustment, such
as manual restraint, is required for ocular ultrasound
evaluation. However, it can be applied without the
need for sedation, particularly in brown-hawk owls,
as they generally tolerate the stress of handling. A
previous study has demonstrated that their heart
rate stabilizes significantly over the restraint
period.** Indeed, none of the birds in this study
showed any sign of stress, such as anorexia or leth-
argy, after ocular ultrasonography. However, this
may not be true for all owl species undergoing ocu-
lar ultrasound.

In B-mode ultrasound, the structures and intraocu-
lar chambers of the brown hawk-owl eye were similar
to those of other avian and mammalian species. A
bony structure called the scleral ring, composed of
multiple small ossicles within the sclera and present
in birds, reptiles, and many teleost fish—but absent in
mammals—creates distal shadowing during ocular
ultrasonography (Fig 3). This distal shadowing com-
plicates the measurement of the transverse diameter
of the eye and lens, a phenomenon typically observed
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Table 2. Ocular biometric measurements of the left and right eyes of brown hawk-owls (Ninox scutulata) in the sagittal

and horizontal planes.”

Sagittal Plane

OS (n = 26) OD (n = 26)
Adults Mean SD Minimum Maximum Mean SD Minimum Maximum
CT 0.40 0.02 0.38 0.45 0.41 0.02 0.38 0.46
ACD 2.97 0.21 2.46 3.37 2.98 0.23 2.40 3.31
LT 7.20 0.30 6.47 7.59 7.21 0.28 6.55 7.62
VCD 7.40 0.27 6.91 8.06 7.41 0.26 6.97 8.02
AGL 17.98 0.46 16.39 18.63 17.97 0.47 16.40 18.71
PH 3.15 0.25 2.76 3.69 3.08 0.24 2.52 3.66
OS (n = 6) OD (n = 6)
Juveniles Mean SD Minimum Maximum Mean SD Minimum Maximum
CT 0.36 0.01 0.35 0.38 0.36 0.01 0.35 0.37
ACD 2.13 0.40 1.57 2.73 2.03 0.39 1.45 2.57
LT 6.38 0.22 6.09 6.62 6.50 0.22 6.20 6.78
VCD 6.48 0.58 5.80 7.27 6.49 0.48 5.87 7.05
AGL 15.35 1.15 14.14 17.01 15.42 1.05 14.15 16.78
PH 3.06 0.11 2.95 3.20 3.04 0.11 2.86 3.17
Horizontal Plane
OS (n = 26) OD (n = 26)
Adults Mean SD Minimum Maximum Mean SD Minimum Maximum
CT 0.41 0.02 0.37 0.44 0.41 0.02 0.37 0.45
ACD 3.01 0.21 2.47 3.31 3.01 0.21 2.48 3.37
LT 7.21 0.24 6.69 7.68 7.23 0.25 6.68 7.74
VCD 7.37 0.22 6.96 7.95 7.37 0.25 6.87 7.96
AGL 17.98 0.50 16.23 18.67 17.99 0.48 16.31 18.76
PH 3.14 0.25 2.77 3.73 3.08 0.25 2.53 3.70
OS (n=6) OD (n =6)
Juveniles Mean SD Minimum Maximum Mean SD Minimum Maximum
CT 0.37 0.02 0.35 0.39 0.37 0.03 0.34 0.42
ACD 2.10 0.42 1.45 2.69 2.13 0.44 1.47 2.68
LT 6.39 0.24 6.14 6.78 6.38 0.19 6.16 6.68
VCD 6.41 0.52 5.88 7.00 6.30 0.50 5.86 7.05
AGL 15.31 1.15 14.03 16.89 15.37 1.11 14.12 16.69
PH 3.05 0.11 2.90 3.21 3.04 0.11 2.95 3.19

Abbreviations: OS, left eye; OD, right eye; n, number; CT, corneal thickness; ACD, anterior chamber depth; LT, lens thickness; VCD, vitreous
chamber depth; ALG, axial length of the globe; PH, height of pecten oculi; SD, standard deviation.

% All measurements are in millimeters.

when the eye’s diameter is smaller than the transducer
size.*?

We found no significant difference in ocular mea-
surements between data taken from the horizontal
and sagittal planes. This suggests that the shape of
the eyeball is relatively symmetrical. Therefore,
either the horizontal or the sagittal plane can be effec-
tively used for ocular biometry. Variability between
the right and left eyes within a single individual is

uncommon in the literature,* and these findings have

been attributed to small sample sizes. Currently, there
is no conclusive evidence of significant biometric dif-
ferences between the right and left eyes in avian spe-
cies. In this study as well, there was no specific
difference between the left and right eyes, which
agrees with previous studies in other avian species
and mammals.®?!?33%38 In owls, the asymmetric
placement of the external ear openings is a well-
known adaptation for sound localization. However,
our findings, consistent with other studies, indicate
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that this cranial asymmetry does not extend to ocular
anatomy: biometric parameters of the left and right
eyes show no significant differences, except for mea-
surements in PH. Although a statistically significant
difference in PH between the left and right eyes in
the adult group was observed, we cannot rule out the
possibility that the small sample size may influence
this finding, as previous studies have also indicated
that results may be affected by limited sample
sizes.?!%

We found no significant correlation between body
weight and ocular biometric measurements in adult
birds, except for a weak but significant positive corre-
lation with ACD. This finding can be interpreted in 2
ways. First, it suggests that ocular structures remain
largely consistent among adult birds, reflecting the
general uniformity in body size of fully matured
brown hawk-owls. Consequently, differences in body
weight among adults are unlikely to influence ocular
dimensions such as ALG. Second, the relatively small
SD of body weights in our sample population indicates
that individuals with similar body mass were collected,
which may have contributed to the observed lack of
correlation with body weight. Given this limitation,
future studies with larger sample sizes may be neces-
sary to draw more definitive conclusions.

However, as noted earlier, a slight positive correla-
tion was observed between ACD and body weight.
Previous studies in chickens have demonstrated a sig-
nificant positive correlation between body weight and
anterior segment parameters (the cornea-to-anterior
lens capsule distance). In contrast, other biometric
parameters, including ALG, remained independent of
body weight.22 Taken together, these findings suggest
that body weight may exert an influence on ACD by
modulating aqueous humor dynamics, as previously
described in human studies.*® These results underscore
the potential impact of systemic physiological factors
on anterior segment morphology, even in avian spe-
cies, and highlight the need for further research to elu-
cidate the relationship between body weight and
ocular morphometry.

The ALG and the ACD exhibited a positive corre-
lation. Likewise, ALG also demonstrated a positive
correlation with LT and VCD. This can be explained
by the fact that most of the ocular length is composed
of ACD, LT, and VCD, which accounts for the posi-
tive correlation between ALG and those parameters.
Typically, the eye grows evenly and uniformly as the
axial length of the globe increases.*! This uniform
and proportional growth of the eyeball ensures that
the structural balance among ocular components is

maintained as the eye develops. Because ACD, LT,
and VCD constitute most of the axial length, their
enlargement is a natural consequence of overall ocu-
lar growth. This proportionality is crucial for preserv-
ing the optical and functional properties of the eye,
such as maintaining proper refractive focus.*? With-
out such synchronized growth, imbalances in ocular
dimensions could lead to refractive errors or compro-
mise the stability of the eye’s architecture. The
expansion of ACD, LT, and VCD as integral parts of
axial length reflects the eye’s need to adapt uniformly
during development to ensure both visual efficiency
and mechanical integrity.

The pecten oculi is a vascularized structure in the
avian eye that supplies oxygen and nutrients to the
retina. Because birds lack retinal blood vessels,*? it
plays a crucial role in maintaining visual function. Its
unique structure and function are important in oph-
thalmology. Evaluation of the size and shape of the
pecten oculi using ultrasound is reported in multiple
raptor species.”*>%475% Although recent advances in
imaging technology suggest the potential to visualize
the pecten oculi with ocular computed tomography
and magnetic resonance imaging, previous studies
have consistently reported that it cannot be seen with
these modalities. Given the increasing capabilities of
high-resolution imaging equipment, further studies
using such advanced technologies are necessary to
explore the visualization and structural analysis of the
pecten oculi. Ocular ultrasound remains the only reli-
able modality for diagnosing pecten lesions, particu-
larly when opacities are present in the anterior
segment of the eye.*'*"**>! Accurate observation and
clinical diagnosis require a thorough understanding of
the morphologic features and biometric data of the
pecten, just as with many other ocular palrameters.45

When the pecten oculi is partially or completely
ruptured, it may lose its normal morphology and
blood flow pattern, and its length may also be
reduced.** Assessing the normal size, appearance,
and Doppler flow pattern of the pecten oculi is
essential for evaluating its structural integrity, par-
ticularly in cases of head trauma or vitreous hemor-
rhage. The ultrasonographical feature of the pecten
in brown hawk-owls was moderately echogenic
with smooth margins. The pecten exhibited a thin,
tall morphology, contrasting with the previously
documented broad, plane shape observed in some
other nocturnal birds.*®° A flame-like blood flow
pattern was identifiable along the longitudinal axis
of the pecten on superb microvascular imaging.
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When comparing adults and juveniles, significant
differences in ocular biometric parameters, except
PH, were observed, suggesting distinct growth-
related biometric characteristics. In juvenile birds, all
measured parameters, except for PH, exhibited
shorter distances between anatomical structures com-
pared to adults. This finding indicates that most ocu-
lar structures continue to grow as the bird matures,
while the development of the pecten oculi may be
completed early during the juvenile stage.>* Initially,
we planned to reassess the biometric data, especially
for the pecten oculi, after the juveniles had fully
matured. However, owing to a decision made by the
wildlife rescue center, they were released into the wild
before reaching adulthood to facilitate early adaptation
to their natural environment.*!>*° Despite this limi-
tation, the observed stability in PH values across age
groups strongly supports the hypothesis that the
growth of the pecten oculi is finalized during the juve-
nile stage, and this finding is consistent with previous
studies conducted in other species.52

There were several limitations in this study. First,
brown hawk-owls are migratory birds that visit Korea
only during the summer, and their migratory route
includes regions such as Southeast Asia, India, and Sri
Lanka,>®>’ making it challenging to obtain an adequate
sample size. Future studies could benefit from obtaining
a larger sample size across the species’ migratory
range to improve the robustness of the findings. Sec-
ond, because the species does not exhibit sexual
dimorphism, it was not possible to investigate differ-
ences between males and females. Other techniques,
such as endoscopic examination or behavior-based sex-
ing, were also not considered due to their limited appli-
cability to the study’s noninvasive imaging approach.
In particular, behavior-based sexing was not feasible, as
the subjects were rescued wild individuals undergoing
rehabilitation, making consistent behavioral assessment
difficult. Some studies have used polymerase chain reac-
tion assays to determine the sex of individual birds.!
However, in this study, polymerase chain reaction assays
were not performed due to limitations in resources, such
as the availability of genetic testing facilities and budget-
ary constraints. Additionally, the focus of this research
was on broader biometric parameters rather than sex-
specific differences, making polymerase chain reaction
testing less critical for the primary objectives. Third,
only healthy birds were included in this study, as the
purpose was to establish a normal reference range.
Consequently, it was not possible to compare the
findings with changes observed in birds with ocu-
lar abnormalities. Future studies comparing ocular

abnormalities could provide valuable insights, poten-
tially aiding in the diagnosis of these conditions.
Finally, as previously mentioned, follow-up obser-
vations were not feasible after their release into the
wild, thereby preventing the assessment of growth-
associated changes.

This study is the first to establish normal reference
intervals for ocular biometrics in brown hawk-owls
using B-mode ultrasonography. Given the significant
variability in biometric values across bird species,
species-specific studies are essential to develop accu-
rate reference intervals for diagnosing ocular lesions.
Additionally, further research with larger sample
sizes is necessary to validate and expand upon the
findings of this study.
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