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ABSTRACT

Background: Differences of the size of the adrenal glands, in healthy dogs or in endocrinopathies, undermine correct
diagnosis of endocrine disorders and evaluations of the adrenal cortex in relation to its size and possible correlation with
endocrinopathies are rare. The aim of the present study was to perform measurements of the length, width, thickness and
weight of the adrenal glands of young, adult and elderly mixed-breed dogs and correlate them with the age, sex and weight
of animals. In addition, the areas occupied by the zona glomerulosa, zona fasciculata, and zona reticularis of the adrenal
cortex were measured in order to establish a microscopic biometric pattern.

Material, Methods & Results: The right and left adrenal glands of 12 young (six females and six males), 12 adults (six
females and six males), and 12 elderly (six females and six males), all mongrels, derived from routine and necropsied in
the Animal Pathology Sector of the Veterinary Hospital of the Federal University of Espirito Santo (HOVET-UFES) were
weighed and the length, width, and thickness were measured. For the microscopic measurement of the adrenal cortex, 10
randomly selected samples were submitted to routine histological processing and the microscope slides were observed
under a light microscope at 5x and 10x objectives, photodocumented and measurements were obtained from a random
portion of the adrenal cortex and the zones composing the cortex were measured in triplicate with the aid of the computer-
ized image analysis software. The left adrenal showed a greater average length than the right adrenal in young, adult, and
elderly dogs. The size of the glands in the young and adult dogs is not influenced by the sex of the animals, but in older
dogs the females had a greater mean width than the males. The weight of the animals presented a positive correlation in
relation to the length and weight of the right and left adrenal glands in all studied groups. The age did not influence the
length and weight variables of the glands. However, some differences in thickness and width were observed in the elderly
group compared to those in other groups. For the microscopic measurements in the right adrenal gland, the cortex was
1.53 mm, being 0.21 mm for the glomerular zone (14.6% of the total adrenal cortex), 1.04 mm for the zona fasciculata
(66.9%), and 0.29 mm for the zona reticularis (18.5%). In the left adrenal gland, the cortex was 1.83 mm, being 0.23 mm
for the glomerular zone (13.2% of the total adrenal cortex), 1.23 mm for the zona fasciculata (63.96%), and 0.37 for the
zona reticularis (22.84%).

Discussion: Studies on the size of the adrenal gland in dogs using macroscopic biometrics are scarce, and the current study
presents results regarding mixed-breed (male and female) dogs of different ages, which presented variation in size and
weight, which could also influence the size of the adrenal gland. Thus, it can be observed that a variation of measurements
can be found, especially for dogs with no defined breed. These results demonstrate the importance of studies that perform
the macroscopic analysis of such glands. It was concluded that there was a clear variation in the size of the adrenal glands
in mixed-breed dogs of different ages and both sexes; the left adrenal showed greater lengths and weights than the right
gland. The sex of the animals did not influence the size of the glands in young and adult dogs, but in elderly dogs, the
females showed a greater mean width than the males. The right and left adrenal cortices are formed at a greater percentage
by the zona fasciculata, followed by the zona reticularis and zona glomerulosa.
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INTRODUCTION

The adrenal glands of dogs measure about 20-
30 mm in length, 10 mm in width, and 5 mm in height
[1,25]. However, was reported that adrenal size is dif-
ficult to determine since it appears to be influenced by
several factors; for a mean-size dog, the glands mea-
sure about 25 x 10 x 5 mm [8]. Nevertheless, several
authors have reported measuring the glands by means
of ultrasound examinations in healthy animals, or
even in the diagnosis of diseases affecting the adrenal
glands, finding values that diverge from each other
[2,6,10,12,15,19].

The sonographic error could vary from 0% for
the measurement of the length of the right adrenal gland
to 25.21% for the thickness of the left cranial pole.
These authors also observed that ultrasound measure-
ments underestimated the actual adrenal size. These
differences in the determination of the size of the
adrenal glands, whether in healthy dogs or in animals
with endocrinopathies, often undermine the correct
diagnosis of endocrine disorders [20].

In view of the above, the objective was to
establish macroscopic measures of length, width, and
thickness, as well as to determine the weight of adrenal
glands of young, adult, and elderly mixed-breed dogs,
and correlate them with the age, sex and weight of the
animals. In addition to measuring the areas occupied
by the zona glomerulosa, zona fasciculata, and zona
reticularis of the adrenal cortex in order to establish
a microscopic biometric pattern, as well as to obtain
morphological parameters that can be used in the
study of adrenal diseases and facilitation of diagnoses,
whether clinical or ultrasonographic.

MATERIALS AND METHODS

Animals

In order to carry out the study, 36 dogs were
used, 12 young (6 females and 6 males), 12 adults
(6 females and 6 males), and 12 elderlies (6 females
and 6 males), all mongrels, derived from routine and
necropsied in the Setor de Patologia Animal of the
Hospital Veterindrio of the Universidade Federal do
Espirito Santo (HOVET-UFES). The experiment was
developed following the ethical precepts of animal
experimentation.

The animals were sexed, weighed, and had
their age estimated by their dental arches: young

animals have deciduous teeth and premolars but not
molars, adults have premolars and molars but not de-
ciduous teeth, older animals have dental wear or are
even missing teeth [17].

Necropsy and sampling

Necropsy was performed according to the
technique established by the Setor de Patologia Animal
(HOVET-UFES), with the main alterations being ob-
served and the right and left adrenal glands collected.
The glands were accessed and identified in the medial
cranial pole of the corresponding kidney.

Initially, the adrenal glands were dissected,
weighed on a precision scale, and the length, width
(cranial pole and caudal), and thickness were measured
using a digital caliper. To perform the microscopic bi-
ometry of the adrenal cortex, the right and left adrenal
glands were randomly selected from 10 animals (dif-
ferent ages and sexes, without any diseases related to
the adrenal gland) and fixed in 10% formalin solution.

Histopathology analysis

The glands were sectioned longitudinally and
submitted to routine histological processing for inclu-
sion in paraffin and section of 5 um was subjected to
hematoxylin and eosin (H&E) staining.

The microscope slides were observed under
a light microscope at 5x and 10x objectives and pho-
todocumented for posterior measurement of the cortex
and its zones with the aid of the computerized image
analysis software DinoCapture 2.0".

Measurements were obtained from a photo-
microscopic image, where a random portion of the
adrenal cortex and the zones composing the cortex were
measured in triplicate. Measurements were obtained
from the right and left adrenal glands of each animal.

The measurement of the zona glomerulosa
was based on the histological characteristics [16]. The
measurements of the zona fasciculata and the zona
reticularis were based on the histological character-
istics [11].

Statistics analysis

For the statistical analysis of this study, non-
parametric tests were used. The Wilcoxon-Mann-
Whitney test (o = 5%) evaluated the influence of the
sex of the animal on adrenal size within each group
separately. The influence of weight on gland size was
studied using Spearman’s correlation (o = 5%). The
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influence of animal sex on gland size was determined
using the Kruskal-Wallis test followed by Dunn’s post-
hoc test (a. = 5%). For the microscopic measurement,
the coefficient of variation (CV%) and the percentage
of occupation of the histological zones of the adrenal
cortex were obtained. Furthermore, the Kruskal-Wallis
test followed by Dunn’s post-hoc test (o = 5%) was
used to evaluate the histological zones of the adrenal
gland cortex. The difference between the histological
areas of the right and the left gland was evaluated using
the Wilcoxon-Mann-Whitney test (o = 5%).

RESULTS

The average length of the right adrenal gland
was 19.92 mm in young dogs, while the left adrenal
gland showed an average length of 21.67 mm. The
average width of the cranial pole of the right adrenal
was 12.08 mm, while that of the left was 11.92 mm. For
the average width of the caudal pole, the right adrenal
gland presented 5.67 mm, while that of the left was
5.92 mm. The average thickness of the right adrenal
gland was 4.91 mm and that of the left was 4.58 mm.
The average weight of the right gland was 0.61 g and
that of the left was 0.75 g (Table 1).

In adult dogs, the right adrenal gland had an
average length 21.92 mm, mean cranial pole and caudal
pole widths of 12.92 mm and 8.08 mm, respectively,
average thickness of 5.25 mm, and mean weight of 0.84
g. The left adrenal gland had an average length of 23.83
mm, average cranial pole and caudal pole widths of 13
mm and 8 mm, respectively, average thickness of 5.35
mm, and mean weight of 0.89 g (Table 2).

In the group of older dogs, the average length
of the right adrenal was 22.33 mm and that of the left
gland was 25.42 mm. The average width of the cranial
pole of the right adrenal was 13.92 mm and that of the
left adrenal was 12.42 mm. The average width of the
caudal pole to the right adrenal gland was 6.75 mm
and that of the left adrenal was 7.17 mm. The average
thicknesses of the left and right adrenal glands were
both 6.08 mm. The average right adrenal weight was
1.05 g and the left adrenal weight was 1.22 g (Table 3).

The influence of the sex of the animals on the
size of the glands was also evaluated and no significant
difference was found in young (Table 4) and adult
(Table 5) dogs. However, in the group of elderly dogs,
females were significantly different from males in that
they showed a greater average caudal pole width of the

right adrenal and width of the cranial pole of the left
adrenal (Table 6).

It was also evaluated whether the weight of
the animals influenced the size of the gland (Table
7). The results obtained for the young dogs showed a
significant positive correlation with the right adrenal
length (r = 0.63, P < 0.05) and weight (r =0.73, P <
0.05). For the left adrenal, there was a significant cor-
relation between the gland weight and animal weight,
with a correlation of 0.84 (P < 0.05). In the adult dogs,
the correlations between the weight of the animals and
the length (0.69), caudal pole width (0.76), and weight
(0.82) of the right gland were significant (P < 0.05).

The correlation between the animal weight
and left adrenal length and weight was significant,
with values of 0.81 and 0.61 (P < 0.05), respectively.
For the elderly dogs, there was significant correlation
between the animal weight and all tested right adrenal
variables. For the left adrenal, significance was only
not observed in the caudal pole width.

The influence of age on the size (Ilength, width,
and thickness) and weight of the right and left adre-
nal glands was evaluated. The results demonstrated
that adult animals have a significantly higher mean
caudal pole width in the right adrenal than do young
and elderly animals. In addition, older animals have a
significantly thicker left adrenal gland than do young
and adult animals (Table 8).

The influence of the sex of the animals on
the length, width, thickness, and weight of the adrenal
gland was evaluated. The results showed that elderly
females, on average, have a thicker right adrenal gland
than young females, but did not differ from adult fe-
males (Table 9). For males, the analyses revealed that
elderly dogs differ from adult and young dogs in rela-
tion to the width of the caudal pole in the right adrenal,
a difference also observed for the width of the cranial
pole in the left adrenal (Table 10).

Microscopic measurement of the adrenal cortex and its
zones

The right adrenal cortex measured 1.53 mm:
0.21 mm for the zona glomerulosa, 1.04 mm for the
zona fasciculata, and 0.29 mm for the zona reticularis.
In the left adrenal gland, the cortex measured 1.83
mm: the zona glomerulosa zone comprised 0.23 mm,
the zona fasciculata 1.23 mm, and the zona reticularis
0.37 mm. The mean measurements of the right and left
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adrenal glands, as well as their histological zonings,
are shown in Figure 1.

The results obtained for each histological zone
in the cortex of the right adrenal gland and arranged as
the percentage of occupancy were 14.6% for the zona
glomerulosa, 66.9% for the zona fasciculata, and 18.5%
for the zona reticularis. For the histological zones of the
left adrenal cortex, 13.2% was the zona glomerulosa,
63.96% was the zona fasciculata, and 22.84% was the
zona reticularis.

Within the context of variation in the measure-
ment of the adrenal gland, either macroscopically or
microscopically, it was observed that in the right ad-
renal gland, the zone that presents the most variation
in size is the zona reticularis (CV 45.59%), followed
by the zona glomerulosa (CV 30.15%) and finally the
zona fasciculata (CV 25.56%). In the left adrenal gland,
the zona reticularis also showed the greatest variation
(CV 51.48%), followed by the zona fasciculata (CV
51.38%) and zona glomerulosa (CV 31.92%).

Table 1. Body weight, sex, length, width, thickness, and weight of the right and left adrenals of young dogs” necropsied in the Setor de Patologia
Animal of the Hospital Veterinario of the Universidade Federal do Espirito Santo (HOVET-UFES).

Right adrenal gland Left adrenal gland
ID Weight Sex Wi Wi
L T We L T ‘We
cranial caudal cranial caudal

ANO3 9 F 20 12 5 35 0.4 22 12 5 4 0.46
AN16 11 F 22 16 6 5 0.83 23 11 7 5 0.81
AN32 14 F 28 11 7 6 0.90 30 12 6 6 0.96
AN34 6 F 17 8 6 4 0.35 21 13 3 4 0.42
AN35 8 F 22 10 6 5 0.61 23 10 8 5 0.66
AN36 12 F 24 19 5 5 0.82 25 14 8 4 0.89
ANI13 13 M 18 12 5 4 0.5 19 12 5 4 1.7
AN28 9 M 21 16 6 5 0.81 24 12 7 5 0.84
AN29 12 M 18 10 7 6 0.66 20 15 5 5 0.70
AN30 2 M 12 10 5 5 0.30 13 10 4 5 0.36
AN31 10 M 24 12 6 6 0.89 26 15 9 5 1.0
AN33 2 M 13 9 4 3 0.21 14 7 4 3 0.22

ID: identification; L: length (mm); Wi: width (mm); T: thickness (mm); We: weight of the gland (g). *Identification according to the dental arch.

Table 2. Body weight, sex, length, width, thickness, and weight of the right and left adrenals of adult dogs* necropsied in the Setor de Patologia
Animal of the Hospital Veterinario of the Universidade Federal do Espirito Santo (HOVET-UFES).

Right adrenal gland Left adrenal gland
ID Weight  Sex L Wi - We L Wi - We
cranial caudal cranial caudal

ANO4 16 F 25 13 9 4 1 28 10 8 5 0.97
ANO09 15,3 F 19 12 12 5 0.74 21 13 7 7 0.88
AN17 12,0 F 25 17 10 6 1.14 28 20 5 7 1.16
ANI18 11,0 F 20 14 6 5 0.71 20 9 7 5 0.83
AN20 12,0 F 18 17 7 6 0.80 22 11 8 5 1.08
AN22 10,0 F 18 12 6 4 0.53 20 9 7 4 0.47
ANO1 9 M 20 9 6 4 0.5 21 13 5 45 0.56
ANO02 6,6 M 19 9 6 4.5 0.45 20 10 6 45 0.5
ANO06 24,5 M 30 18 12 5 1.63 32 23 13 5 1.8
ANO7 15,5 M 24 11 9 6.3 1 25 14 6 6 1
ANO8 17,7 M 25 10 7 6.2 0.82 28 12 7 5.2 0.77
AN10 13,8 M 20 13 7 7 0.73 21 12 8 6 0.71

ID: identification; L: length (mm); Wi: width (mm); T: thickness (mm); We: weight of the gland (g). *Identification according to the dental arch.
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Table 3. Body weight, sex, length, width, thickness, and weight of the right and left adrenals of elderly dogs* necropsied in the Setor de Patologia
Animal of the Hospital Veterinario of the Universidade Federal do Espirito Santo (HOVET-UFES).

Right adrenal gland Left adrenal gland
ID Weight Sex Wi Wi
L T We L T We
cranial caudal cranial caudal

ANO5 30 F 36 16 12 11 2.82 40 17 10 11 3.32
ANI12 30 F 25 16 6 7 1.48 28 15 5 8 1.61
AN14 31 F 28 16 10 6 1.66 29 12 10 6 1.60
AN21 11 F 20 14 6 5 0.80 22 11 7 5 0.70
AN24 13 F 17 10 7 6 0.48 21 15 6 4 0.65
AN27 19 F 21 11 7 7 1.03 27 12 7 6 1.34
AN11 11 M 18 8 5 5 0.41 19 10 5 4 0.34
ANI15 16 M 22 15 5 5 0.70 22 11 7 6 0.87
AN19 6 M 11 10 4 3 0.21 23 10 8 6 0.92
AN23 14 M 19 14 6 5 0.70 20 11 7 6 0.80
AN25 21 M 26 19 6 8 1.41 28 14 7 6 1.52
AN26 18 M 25 18 7 5 0.90 26 11 7 5 1.00

ID: identification; L: length (mm); Wi: width (mm); T: thickness (mm); We: weight of the gland (g). *Identification according to the dental arch.

Table 4. Comparison between the average length, width, thickness, and weight of the right and left adrenals of young mongrel dogs necropsied
in the Setor de Patologia Animal of the Hospital Veterindrio of the Universidade Federal do Espirito Santo (HOVET-UFES), in relation to the sex
of the animal (males and females).

Right adrenal gland Left adrenal gland
Sex L Wi T We L W T We
cranial Caudal cranial caudal
Female 22.17a 12.67a 5.83a 4.75a 0.65a 24.00a 12.00a 6.17a 4.67a 0.70a
Male 17.67a 11.50a 5.50a 4.83a 0.56a 19.33a 11.83a 5.67a 4.50a 0.80a

L: length (mm); Wi: width (mm); T: thickness (mm); We: weight of the gland (g). *Identification according to the dental arch. Averages followed
by the same letter in the column do not differ from each other by the Wilcoxon-Mann-Whitney test (considering o = 5%).

Table 5. Comparison between the average length, width, thickness, and weight of the right and left adrenals of adult mongrel dogs necropsied
in the Setor de Patologia Animal of the Hospital Veterindrio of the Universidade Federal do Espirito Santo (HOVET-UFES), in relation to
the sex of the animal (males and females).

Right adrenal gland Left adrenal gland
Sex Wi Wi
L T We L T We
cranial caudal cranial caudal
Female 20.83a 14.17a 8.33a 5.00a 0.82a 23.17a 12.00a 7.00a 5.50a 0.90a
Male 23.00a 11.67a 7.83a 5.50a 0.86a 24.50a 14.00a 7.50a 5.20a 0.89a

L: length (mm); Wi: width (mm); T: thickness (mm); We: weight of the gland (g). *Identification according to the dental arch. Averages
followed by the same letter in the column do not differ from each other by the Wilcoxon-Mann-Whitney test (considering o. = 5%).

Table 6. Comparison between the average length, width, thickness, and weight of the right and left adrenals of elderly mongrel dogs necropsied
in the Setor de Patologia Animal of the Hospital Veterindrio of the Universidade Federal do Espirito Santo (HOVET-UFES), in relation to the sex
of the animal (males and females).

Right adrenal gland Left adrenal gland
Sex Wi Wi
L T We L T We
cranial caudal cranial caudal
Female 24.50a 13.83a 8.00a 7.00a 1.38a 27.83a 13.67a 7.50a 6.67a 1.54a
Male 20.17a 14.00a 5.50b 5.17a 0.72a 23.00a 11.17b 6.83a 5.50a 091a

L: length (mm); Wi: width (mm); T: thickness (mm); We: weight of the gland (g). *Identification according to the dental arch. Averages followed
by the same letter in the column do not differ from each other by the Wilcoxon-Mann-Whitney test (considering o = 5%).
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Table 7. Spearman’s correlation results for the influence of the animal weight on the length, width of the cranial and caudal poles, thickness, and weight
of the right and left adrenal glands of mongrel dogs (males and females) necropsied in the Setor de Patologia Animal of the Hospital Veterindrio of the
Universidade Federal do Espirito Santo (HOVET-UFES).

Right adrenal gland Left adrenal gland

Weight ) .

Group L Wi Wi
) L i T We L . T We
cranial caudal cranial caudal

Young 9 0.63* 0.53 0.43 0.50 0.73* 0.51 0.52 0.41 0.32 0.84*
Adult 13.62 0.69* 0.35 0.76* 0.41 0.82% 0.81* 0.47 0.56 0.52 0.61*
Elderly 18.33 0.91* 0.75% 0.67* 0.78%* 0.93* 0.83* 0.72%* 0.28 0.64* 0.86%*

L:length (mm); Wi: width (mm); T: thickness (mm); We: weight of the gland (g). *Identification according to the dental arch. *Significant at the level of 5%.

Table 8. Comparison between averages of mongrel dogs of both sexes necropsied in the Setor de Patologia Animal of the Hospital
Veterindrio of the Universidade Federal do Espirito Santo (HOVET-UFES) in relation to the age of the animal.

Right adrenal gland Left adrenal gland
Group Wi Wi
L T We L T We
cranial caudal cranial caudal
Young 19.92a 12.08a 5.67a 491a 0.61a 21.67a 11.92a 5.92a 4.58a 0.75a
Adult 21.92a 12.92a 8.09b 5.25a 0.84a 23.83a 13.00a 7.25a 5.35ab 0.89a
Elderly 22.33a 13.92a 6.75ab 6.08a 1.05a 25.42a 12.42a 7.17a 6.08b 1.22a

L: length (mm); Wi: width (mm); T: thickness (mm); We: weight of the gland (g). *Identification according to the dental arch. Aver-
ages followed by the same letter in the column do not differ from each other by the Kruskal-Wallis test (o = 5%).

Table 9. Comparison between the mean length, width, thickness, and weight of the right and left adrenal glands in female mongrel dogs of differ-
ent ages necropsied in the Setor de Patologia Animal of the Hospital Veterinario of the Universidade Federal do Espirito Santo (HOVET-UFES).

Right adrenal gland Left adrenal gland
Group Wi Wi
L T We L T We
cranial caudal cranial caudal
Young 22.17a 12.67a 5.83a 4.75a 0.65a 24.00a 12.00a 6.17a 4.67a 0.70a
Adult 20.83a 14.17a 8.33a 5.00ab 0.82a 23.17a 12.00a 7.00a 5.50a 0.90a
Elderly 24.50a 13.83a 8.00a 7.00b 1.38a 27.83a 13.67a 7.50a 6.67a 1.54a

L: length (mm); Wi: width (mm); T: thickness (mm); We: weight of the gland (g). *Identification according to the dental arch. Averages fol-
lowed by the same letter in the column do not differ by the Kruskal-Wallis test (o = 5%).

Table 10. Comparison between the average length, width, thickness, and weight of the right and left adrenal glands of male mon-
grel dogs of different ages necropsied in the Setor de Patologia Animal of the Hospital Veterinario of the Universidade Federal do
Espirito Santo (HOVET-UFES).

Right adrenal gland Left adrenal gland
Group Wi Wi
L T We L T We
cranial caudal cranial caudal
Young 17.67a 11.50a 5.50a 4.83a 0.56a 19.33a 11.83a 5.67a 4.50a 0.80a
Adult 23.00a 11.67a 7.83a 5.50a 0.86a 24.50a 14.00a 7.50a 5.20a 0.89a
Elderly 20.17a 14.00a 5.50b 5.17a 0.72a 23.00a 11.17b 6.83a 5.50a 0.91a

L: length (mm); Wi: width (mm); T: thickness (mm); We: weight of the gland (g). *Identification according to the dental arch.
Averages followed by the same letter in the column do not differ by the Kruskal-Wallis test (o = 5%).

DISCUSSION Several authors have reported the measurement

Studies on the size of the adrenal gland in of the adrenal glands by means of ultrasound exami-

dogs using macroscopic biometrics are scarce and the nations in healthy animals or even in the diagnosis of
current study presents results regarding mixed-breed ~ diseases affecting the adrenal glands [6,10,12,15,25].
(male and female) dogs of different ages, which showed ~ On ultrasound examinations, the right adrenal gland
variation in size and weight, which could also influ- ~ can measure from 10 to 39.3 mm in length, 3.1 to 12
ence the size of the adrenal gland. Thus, we discuss ~mm in width at its caudal pole, and 2.0 to 5.0 mm in
the found results with ultrasound examination reports.  thickness, whereas the left adrenal gland can measure
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Figure 1. Values (mm) of the right and left adrenal glands of mongrel dogs of different ages and both sexes.
The zona fasciculata occupies the highest proportion of the adrenal cortex in both the right (P < 0.0001)
and left (P < 0.0001) adrenal glands. There was no significant difference between the right and left adrenal
glands as measured by the zona glomerulosa (P = 0.3270), zona fasciculata (P = 0.7213), zona reticularis (P

=0.2845) and total cortex (P = 0.2411).

from 10.7 to 50.2 mm in length, 1.9 to 12.4 mm in
width at the caudal pole, and 3.0 to 5.0 mm in thick-
ness [4]. However, an ultrasound study showed that
the right adrenal cortex of normal dogs had a length
of 12.4-22.6 mm and thickness of 3.1-6.0 mm, and the
left adrenal cortex had a length of 13.2-26.3 mm and
thickness of 3.0-5.2 mm [15]. On ultrasound examina-
tions, the length of the adrenal glands can range from
15 to 30 mm, the width can range from 4.0 to 20 mm,
and thickness can range from 3.5 to 11 mm [3]. One
study reported that the average thickness of the adrenal
gland of 10 healthy dogs was 6.0 mm in both the right
and left gland [12]. Thus, it can be observed that a
variation of measurements can be found by ultrasound
examination, the need to find homogeneous measures
that serve as a diagnostic parameter, especially for dogs
with no defined breed.

An ultrasonographic study comparing the mac-
roscopic size of the adrenal glands of dogs of different
breeds with a mean body weight of 17.5 kg (1.3-52
kg) and mean age of 10 years (1-17 years) found the
following averages for the macroscopic evaluations of
the right adrenal glands: area, 230.8 mm?; length, 25.49
mm; cranial thickness, 10.38 mm; mean thickness, 7.74
mm; and flow thickness, 6.17 mm. In the left adrenal,
the authors found the following results: area, 240.9
mm?; length, 25.41 mm; cranial thickness, 9.36 mm;
mean thickness, 5.85 mm; and flow thickness, 7.43
mm. In the ultrasound evaluations, the authors found
the following averages: right adrenal - area, 231.7 mm?;

length, 27.05 mm; cranial thickness, 11.47 mm; mean
thickness, 6.53 mm; and flow thickness, 5.96 mm; left
adrenal - area, 164.3 mm?; length, 26.36 mm; cranial
thickness, 6.95 mm; mean thickness, 4.69 mm; and
flow thickness, 7.17 mm. The results found by the au-
thors demonstrated that the accuracy of the ultrasound
measurements ranged from 0% to 25.21% (relative
error); the smallest error was found for the caudal pole
thickness, length, and area of the right adrenal [20].
These results demonstrate the importance of studies
that perform the macroscopic analysis of such glands,
as described in the present study.

When comparing the length, width of the
cranial and caudal poles, thickness, and weight of the
right and left adrenals analyzed in the study, there was
no significant difference for young, adult, and elderly
mongrel dogs, except for the caudal pole widths of the
right adrenal and adrenal cranial poles of the elderly
dogs, who presented a significant difference. In an
ultrasound study of the adrenal glands of adult dogs,
observed a significant difference only in the cranial
pole thickness and caudal pole width, with differences
observed for dogs weighing over 10 kg [23]. Thus,
there was a difference in the age at which the width of
the caudal pole showed a statistical difference between
the studies. Regarding the adrenal gland weight, adre-
nals of medium-sized male dogs had a weight of 1.14
g and no significant difference between weight of the
right and left adrenal gland was found [1], while in
the present study, the weight found was 0.865 g and
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significant difference between weight of the right and
left adrenal gland also was not found.

Adrenal size was higher in young individuals
than in adults [8]. However, this characteristic was not
observed in the present study. There is a correlation
between the age of the studied animals and the length
of the left adrenal gland [6], which was not detected in
the present experiment. Different from the findings of
the present study, was observed a significant difference
in the adrenal weight, length, and thickness between
the age groups, in which young dogs presented lighter
and smaller glands than did the adult and elderly dogs
(young < adult < elderly) [22]. The differences found
by these authors may have occurred because the num-
ber of animals with some type of disease was high. It
is important to study the measurements of the adrenal
glands of elderly animals, because animals of this
age group are the most susceptible to presenting with
histopathological lesions in this organ [21].

In the present study, the correlation between
the right adrenal gland length and animal weight
was significant for all groups: r = 0.63 for young, r
= 0.69 for adult, and r = 0.91 for elderly dogs. In the
left adrenal, the correlation was significant only in
adult (r = 0.81) and elderly (r = 0.83) dogs. A study
that evaluated the adrenal gland measurement and its
correlation with the weight of the animals by ultraso-
nography found a strong linear association between
the left adrenal length (r = 0.71) and the weight of the
animals and the similar significance between the right
adrenal length and the animals weight (r = 0.69) [6].
However, when used ultrasonographic examination to
perform measurements on the adrenal glands of adult
dogs found a moderate correlation between the gland
length and animal weight: for dogs weighing less than
10kg (r=0.6), dogs weighing 10-30 kg (r=0.59), and
dogs weighing more than 30 kg (r = 0.69) [23]. The
discrepancy between strong and moderate correlations
in studies may occur due to the number of animals and
even the accuracy of the examination. Thus, studies that
measure the organ directly, such as the one performed
here, may present a greater accuracy in the results.

The adrenal gland measurement results of
adult dogs in this study, with a mean weight of 13.62
kg (6.6-24.5 kg), differ from those found for length
(27 mm) and weight (2.55 g) reported in another study
[9], who carried out the experiment with adult German
Shepherd dogs with body weights ranging from 30-40

kg. However, the results found by the aforementioned
author for width (14 mm) and thickness (5 mm) of the
adrenals were close to those found in this study. Using
ultrasonography to measure the adrenal glands of adult
dogs with an average weight of 8.5 kg (2-15 kg), found
values of length (15.8 mm) and widths of the cranial
pole (4.15 mm) and caudal pole (4.7 mm) [10], smaller
than those found in the present study. According to the
results presented here, there is a positive correlation in
young, adult, and elderly animals for the animal weight
and adrenal length and weight, with the exception of
the left adrenal length in young animals. Two studies
also found that dogs with a higher weight had longer
and heavier adrenal glands, while smaller dogs had
shorter adrenal glands [9,10].

An ultrasound evaluation in dogs with several
adrenal gland changes, and found a positive correlation
between the body weight and adrenal length but did
not observe a correlation between the body weight and
gland thickness [24]. However, an ultrasonographic
comparative analysis of healthy dogs with adrenal
alterations and found no correlation between the
age of the animals and the gland length, and also no
correlation between the body weight and the adrenal
thickness and length [18].

In this study, when comparing the right and
left adrenal measurements of females and males of
different ages, a statistical difference was observed for
the right adrenal thickness; elderly females presented
higher values. For males, difference was observed
between the width of the right caudal pole and the
width of the left cranial pole, in which elderly males
presented lower values. In a study no difference be-
tween the measurements of the adrenal glands using
ultrasonography was found, considering the sex of the
animals [6].

There was no difference in the measurements
of the different zones of the right and left adrenal corti-
ces. The most prominent area was the zona fasciculata
at 66.9% and 63.96%, followed by the zona reticularis
at 18.5% and 22.84% and the zona glomerulosa at
14.6% and 13.2%, for the right and left adrenal glands,
respectively. Thus, the greatest proportion being the
zona fasciculata is in accordance to other reports of
[5,7,13], although these authors reported that the
proportions of this zona in the cortex were 80% and
60%, respectively. The results found here differ from
another studies that indicate that the zona glomerulosa
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(15%-25%) are more bulky than the zona reticularis
(5%-15%) [5,13,14]. However, these authors did not
mention the breed, weight, or sex of the animals in-
volved in the determination of the proportions of each
zone in the adrenal cortex.

The animals in this study had no clinical signs
compatible with any pathological process related to the
adrenal glands, especially in the zona reticularis of the
cortical layer, which resulted in data that diverged more
significantly than the other areas that were mentioned
[5,13,14].

The microscopic biometry of the cortical layer
and its zones is made from the histological evaluation
of the adrenal glands, thus requiring histological pro-
cessing in which tissue dehydration occurs; this reduces
the actual size of the organ. The various steps of this
procedure can distort the tissues, providing an image
that may differ from that presented when alive [16].
One cause of distortion is the retraction produced by
the fixing solution, ethanol, and the heat of the paraffin
used for inclusion, so these factors must be considered
during microscopic measurement for a better under-
standing of the histological picture.

CONCLUSIONS

Based on the results obtained in this study,
there was a clear variation in the size of the adrenal
glands of different groups of mixed-breed dogs, and
the left adrenal gland presented a greater mean length
and weight than the right gland. The sex of the animals

did not influence the size of the glands of young and
adult dogs, but in elderly dogs, the females had a mean
width greater than that of the males.

The weight of the animals presented a posi-
tive correlation in relation to the length and weight of
the right and left adrenal glands in all studied groups,
except for the left adrenal length in young dogs. Age
did not influence the length and weight of the glands;
however, some differences were observed in the elderly
group in the thickness and width, when compared to
the other groups.

The proportions of the right and left adrenal
cortices show that the zona fasciculata composes the
highest percentage, followed by the zona reticularis
and zona glomerulosa.

Although significant morphological variations
have been found in the adrenal glands of dogs of the
present study, it is believed that further research should
be directed towards the establishment of adrenal gland
biometry patterns in dogs.
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