
Spleen lies close to the stomach and gets affected
in different disease conditions. The radiographic image
of entire spleen is not easy to obtain due to its close
anatomical location over the stomach. Therefore,
ultrasonography is useful to study normal location and
anatomy of the organ (Nakamura et al., 2009). Different
pathological conditions such as splenomegaly, splenic
nodules, splenic neoplasm and splenic abscess can be
diagnosed by ultrasonography (Chen et al., 2005).
Although the spleen is better studied by the computed
tomography and magnetic resonance imaging but
ultrasonography of spleen is advantageous due to
widespread availability, lack of ionizing radiation, low cost
and lack of complications. Sonography of spleen is helpful
in measurement of spleen size and change in the volume
of spleen in patients of haematologic, infectious or
metabolic storage diseases (Benter et al., 2011). The
present study was undertaken to obtain and compare the
normal 2D and 3D ultrasonographic images of spleen at
different stages of development in dogs.

MATERIALS AND METHODS
Normal ultrasonographic picture of developing

spleen was studied in six apparently healthy mongrel pups
from the same litter, irrespective of their sex. These pups
were completely weaned from their mother at 15 days
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ABSTRACT

The present study was performed to compare 2D and 3D ultrasonography of developing spleen with advancement of age in
apparently healthy mongrel pups (n=6) from 15th day to 8 month of age using 3D ultrasound machine having 4D volumetric transducer.
First scanning was performed on 15th day of age, followed by at 15 days interval till two months of age and then at one month interval
till eight months of age. The images were acquired with 3-6 MHz 2D curvilinear transducer and 4.2 -6 MHz 4D volumetric curvilinear
transducer operated at 3-5 MHz frequency. For scanning of spleen, the animals were kept in right lateral recumbency. The splenic capsule
was hyperechoic, parenchyma appeared as hypoechoic and splenic hilus was seen as an anechoic structure. At the age of eight months a
distinct shadow of full sized spleen was observed. Mean longitudinal diameter of the spleen ranged from 39.17±0.76 mm to 74.97±0.66
mm and transverse diameter from 12.00±0.39 mm to 28.05±0.63 mm.
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of age and kept under similar management and dietary
conditions. During the entire period of study the pups had
satisfactory physical health. First scanning was done at
15th day of age. Subsequently scanning was done at 30th,
45th, 60th day and then at 3rd, 4th, 5th, 6th, 7th and 8th month
of age. The pups were kept off-feed for 12 h prior to
ultrasonography to allow clearance of the solid contents
from gastrointestinal tract and decreased flatulence, but
were provided ad-lib fluid just before scanning to get a
better acoustic window for scanning. Scanning area was
shaved properly and enough ultrasound gel was applied
over the site and the surface of transducer to have better
skin transducer contact. The pups were sedated with
xylazine @ 1mg/kg body weight (intramuscularly) and
restrained in right lateral recumbency. The ultrasound
machine used for this study was 3D ultrasound machine
(Nemio-XG: Toshiba, Japan) having 4D volumetric
transducer. The images were acquired with 3-6 MHz 2D
curvilinear transducer and 4.2 -6 MHz 4D volumetric
curvilinear transducer operated at 3-5 MHz frequency.
For scanning, curvilinear probe was placed below the left
rib cage to get longitudinal scan of spleen. Measurements
of the spleen were recorded in all pups. The
ultrasonographic images were frozen for measuring
longitudinal and transverse diameters of the organ. The
statistical analysis of data was done by one-way-analysis
of variance and Duncan’s multiple range tests was used
to compare the means.
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RESULTS AND DISCUSSION
The use of abdominal ultrasonographic imaging has

enabled in pre surgical assessment of animals with
splenic diseases (Ballegeer et al., 2007). The most
encountered splenic surgical affections in dogs diagnosed
by ultrasonography were splenic masses such as
hemangiosarcoma, carcinoma, nodular hyperplasia and
hematoma (Gomaa et al., 2010). Ultrasound guided fine
needle aspiration biopsy has been reported  to be an easy,
safe, accurate and reliable technique for diagnosing

Parameters Age (days)
15 30  45  60   90    120 150 180 210 240

Longitudinal 39.17
j

43.32
i

48.92
h

51.77
g

56.73
f

61.36
e

66.06
d

68.33
c

71.43
b

74.97
a

diameter (mm) ±0.76 ±0.58 ±0.46 ±0.37 ±1.23 ±0.39 ±1.23 ±0.41 ±0.36 ±0.66
Transverse 12.00

g
13.98

f
14.48

f
14.31

f
16.03

e
17.57

d
18.33

d
21.20

c
23.35

b
28.05

a

diameter (mm) ±0.39 ±0.32 ±0.29 ±0.66 ±0.26 ±0.47 ±0.49 ±0.39 ±0.82 ±0.63

Table 1
Measurements of the spleen with advancement of the age by ultrasonography

Different superscripts in a row indicate significant difference (P=0.05)

Figs 1-14. 1. 2D Sonogram of spleen at 30th day of age. Capsule of spleen is hyperechoic (yellow aroow). The pulp is hyperechoic in parenchyma
of spleen (blue arrow); 2. 2D Sonogram of spleen at 45th day of age. The parenchyma of spleen is hypoechoic (red arrow); 3. 3D Sonogram
of spleen at 45th day of age. The parenchyma of spleen is hyperechoic (black aroow); 4. 2D Sonogram of spleen at 60th day of age. The parenchyma
of spleen is anchoic (red arrow) present on dorsal surface of stomach. Lumen of stomach is anechoice (yellow arrow); 5. 3D Sonogram of spleen
at 60th day of age. No distinct image of spleen was observed on 3D ultrasonogram at 60th day of age; 6. 2D Sonogram of spleen at 90th day
of age. The parenchyma of spleen is anechoic (red arrow). The pulp is hyperechoic (yellow arrow); 7. 3D Sonogram of spleen at 90th day of
age. No distinct image of spleen was observed on 3-D ultrasonogram at 90th day of age; 8. 2D Sonogram of spleen at 120th day of age. The
parenchyma of spleen is hypoechoic (red arrow); 9. 3D Sonogram of spleen at 120th day of age. The parenchyma of spleen is hypoechoic (black
arrow); 10. 2D Sonogram of stomach at 150th day of age. The parenchyma of spleen is hypoechoic (yellow arrow in 2D sonogram and white
arrow in 3D sonogram). The capsule of spllen is hyperechoic (red arrow in 2D sonogram and blue arrow in 3d sonogram); 11. 2D Sonogram
of spleen at 120th day of age. The parenchyma of spleen is hypoechoic (yellow arrow). the capsule of spleen is hyperechoic (red arrow); 12.
3D Sonogram of spleen at 210th day of age. The parenchyma of spleen is hypoechoic (black arrow); 13. 2D Sonogram of spleen at 240th day
of age. The parenchyma of spleen is hypoechoic (red arrow); The capsule of spleen is hyperechoic (yellow arrow); 14. 3D Sonogram of spleen
at 240th day of age. The parenchyma of spleen is hypoechoic (black arrow).

splenic affections in dogs (Singh et al., 2010).
In present study, for scanning of spleen, the animals

were kept in right lateral recumbency as also reported
earlier (Gomaa et al., 2010). Imaging was performed
while the dog exhaled because the upper pole of the
spleen is otherwise covered by lung tissue. The 10th and
11th intercostal spaces constitute the ideal acoustic
window for ultrasound transmission. The spleen was
sonographically examined from the diaphragmatic end to
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the lower pole from this window as also opined by Benter
et al. (2011). A curved array transducer with a median
frequency of 5-6 MHz is best suited for sonographic
examination of the spleen (Benter et al., 2011). If air is
present, the ultrasonographer can apply gentle pressure
with the transducer to move the air away from the area
being scanned (Jones et al., 1997). Additionally, it is
important to minimise respiration effects while scanning
and this can be achieved by taking images throughout the
respiration cycle (Tarjan et al., 2000).

At 15th day of age, no clear image of the spleen
was seen. On 30th day of age, flattened ribbon shaped
spleen was seen toward one end of stomach. The wall
of spleen was thick and hyperechoic and toward one end
of stomach hyperechoic pulp was visible (Fig. 1). These
changes were similar in 3D ultrasonogram. On 45th day
of age, longitudinal image of spleen was marked toward
dorsal side of the stomach (Fig. 2). The same changes
were also observed on 3D ultrasonogram (Fig. 3). On
60th day of age, the shape and size of the spleen was
enlarged. The spleen was present towards dorsal side of
the stomach (Fig. 4). These changes were not clear on
3D ultrasonogram (Fig. 5). On 90th day of age, an
elliptical spleen was seen. The hyperechoic pulp was
visible toward one end of spleen. The rest of spleen was
anechoic in appearance (Fig. 6). The anechoic shadow
of spleen was not distinct on 3D ultrasonogram (Fig. 7).
On 120th day of age, a flat longitudinal shape of the spleen
could be seen. The anechoic shadow of the spleen
became hypoechoic (Fig. 8). These changes were not so
prominent on 3D ultrasonogram (Fig. 9). On 150th day,
a triangular shape of spleen with distinct boundary and
hypoechoic tissue was visible (Fig. 10). These changes
could also be seen on 3D ultrasonogram (Fig. 10). On
180th day of age, an image of well developed spleen was
seen. On 210th day of age, a longitudinal developed spleen
with hyperechoic wall and hypoechoic tissue was visible
toward dorsal surface of the stomach (Fig. 11). Similar
changes were observed on 3D ultrasonogram (Fig. 12).
On 240th day of age, a distinct shadow of full sized spleen
was seen (Fig.13). These changes were also observed
on 3D ultrasonography (Fig.14). The splenic capsule was
hyperechoic and splenic parenchyma appeared as
hypoechoic. The splenic hilus was seen as an anechoic
structure. Wood et al. (1990) reported the large splenic
vein as tubular anechoic structure within the splenic
parenchyma. The normal adult spleen decreases in size
with age in human being (Chen et al., 2005).

In this study, the longitudinal diameter of the spleen
varied from 39.17±0.76 mm to 74.97±0.66 mm and
transverse diameter from 12.00±0.39 mm to 28.05±0.63
mm (Table 1). Megremis et al. (2004) recorded
relationship between spleen length and age, height and
weight in different age groups in humans with older
children having longer mean spleen length. From this
study it can be concluded that at the age of 240th day
a distinct shadow of full sized spleen was observed in
dogs. Ultrasonography was very helpful to study the
anatomical details of the spleen such as splenic capsule,
splenic hilus and splenic parenchyma. 2D ultrasonography
was helpful for better imaging of splenic hilus but splenic
parenchyma was distinctly imaged by 3D ultrasonography.
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