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ABSTRACT

Aim: Main purpose of the study was to evaluate ratio of computed radiographic protruded liver length (RLLP) to
radiographic liver length (RLL) for setting up a quantitative index in clinically healthy dogs.

Materials and Methods: A total 104 dogs were examined through computed radiography. One year and above aged dogs of
10 breeds of different body weights were included in the study. Computed radiography was done for right lateral (RL) views
in all dogs. The ratio was evaluated according to age, sex, body weight, breed and neutering status.

Results: Breeds-wise measurements of ratio of radiographic protruded liver length (RLLP) to radiographic liver length (RLL)
were 0.02+0.01, 0.01£0.01, 0.02+0.01, 0.02+0.01, 0.02+0.01, 0.14+0.01, 0.10£0.03, 0.05£0.04, 0.11+0.01, and 0.10+0.01 as mean#S.E.
in groups of GSD, BSD, Husky, Doberman, GR, Lab, IM, Pom, Pug, and Beagle respectively. Age-wise measurements of ratio
of radiographic protruded liver length (RLLP) to the radiographic liver length (RLL) were 0.05£0.01, 0.11+0.02, 0.09+0.02 and
0.09£0.04 in 1-3 year, 3.1-6 year, 6.1-9 year and 9.1-12 year of age groups, respectively. Body weight-wise measurements of the
ratio of radiographic protruded liver length (RLLP) to radiographic liver length (RLL) were 0.09+0.01, 0.04+£0.01 and 0.14+0.05
in groups of 10-20 Kg, 21-30 Kg and 31-40 Kg respectively. Sex-wise measurements of the ratio of RLLP/RLL were measured
in male 0.08+0.01 and female 0.07£0.01. Neutering status wise measurements of the ratio of RLLP/RLL were 0.06+0.01 in intact
dogs and 0.10+0.02 in neutered (spayed/castrated) dogs.

Conclusion: It was concluded that the Radiographic morphometry of the liver varies according to signalment characteristics in
dogs. Ratio of radiographic protruded liver length (RLLP) to radiographic liver length (RLL) is set as a novel quantitative
index of radiographic liver size in dogs.
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Introduction

Liver is the largest gland and has a wide array of
metabolic functions as synthesis and secretion of
bile acids, plasma protein, lipid and lipoprotein,
vitamin storage, glucose homeostasis,
biotransformation, detoxification and excretion of
a vast number of endogenous and exogenous
compounds (Nelson et al., 1996 and Bermingham
et al., 2001). Liver failure does not occur until 20-
30 per cent of the liver's functional capability is
intact in animals (Bexfield and Watson, 2006).
Dogs primarily present with parenchymal
pathologies such as hepatitis (Watson, 2004 and
Center, 2009).
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The estimated frequency of canine hepatitis
depends on the investigated population and
accounts for 1% 2% of clinic referral population
(Poldervaart et al., 2009) and up to 12% in a
general population (Watson et al., 2010). Liver
affections i.e. hepatomegaly, microhepatica, liver
cyst, abscess, neoplasia and mineralisation of
liver etc. are commonly observed (Negasee,
2021). Causes of reduced liver size include
hepatic fibrosis, cirrhosis, congenital atrophy,
emaciation, and artifacts (Suter, 1982).

Measuring the size of the liver can assist in
screening for liver disease and in making
differential diagnosis (Cha et al., 2018). There is a
wide variation in liver size according to age and
breed of the dog. Changes in hepatic size are
frequently used as indicators of liver disease
(Wrigley, 1985; Choi et al., 2013; Cockett, 1986;
Lee and Leowijuk, 1982; Penninck and Berry,
1997). In veterinary practice, liver size is assessed
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radiographically by examining caudal Iliver
margins' position relative to costal arch and
stomach, although breed differences limit
accuracy (Bree and Sackx, 1987). Radiography
and ultrasonography are complementary
methods for diagnosing abdominal diseases
(O'Brien, 1978). Survey abdominal radiographs
can be used to assess morphologic abnormalities
in the liver's size, shape, density (mineralization/
radiolucency), position and presence of
abdominal effusion (Konde and Pugh, 1996).

In dogs with generalized liver enlargement,
the stomach axis is caudally shifted and
caudoventral liver margin is blunted or rounded,
extending past the costal arch (Wrigley, 1985;
Suter, 1982; Partington and Biller, 1995 and
Larson, 2018). The caudate lobe is primarily
located on the right side, which may facilitate
improved visualization of the liver when the
animal is positioned in right lateral recumbency
(Lee and Leowijuk, 1982).

The Ratio of radiographic protruded liver
length (RLLP) to radiographic liver length (RLL)
was intricated by quantifying liver size in dogs.
The aim of the current study was to evaluate the
normal range of ratio of radiographic protruded
liver length (RLLP) to radiographic liver length
(RLL) values in clinically healthy dogs.

Materials and Methods

It was included 104 dogs from ten different
breeds that encountered thoracoabdominal
computed radiography. The study included dogs
with good overall health, no history of chronic
illnesses or systemic disorders brought to the
hospital for a general check-up. The study
comprised of dogs aged one year or older and of
various body weights.

Radiographs were taken with a 500 mA X-
Ray machine (EP-CORSA 40kw/Epsilon Health
Care Solutions Pvt. Ltd.) at a focal film distance
of 90cm. for all dogs, Right lateral radiographs
were taken, examined and interpreted.
Radiographic liver length (cm) was measured as
the axis length from the ventral border of caudal
vena cava to the apex of hepatic caudo-ventral
border. Protruded length of liver (cm) was
measured through drawing a line from curve of
last rib of coastal arch to apex (Caudoventral tip
of liver/tip of the protruded liver part). Both
measurements were recorded using a computed
radiography CR system and the ratio of RLLP to
RLL was calculated.
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The data obtained were subjected to analysis
by independent sample t test and one-way
analysis of variance (ANOVA) technique
(Snedecor and Cochran, 2004) using the statistical
package SPSS software version 21.

Fig 1. Image showing radiographic measurement of RLL
and RLLP

Results and Discussion

The ratio of radiographic protruded liver length
to radiographic liver length was measured in this
study at 0.02+0.01, 0.01£0.01, 0.02+0.01, 0.02+0.01,
0.02+0.01,  0.14+0.01, 0.10£0.03,  0.05£0.04,
0.11+0.01, and 0.10+0.01 in GSD, BSD, Siberian
husky, Doberman, Golden retriever, Labrador
retriever, Indian mongrel, Pomeranian, Pug and
Beagle respectively. There was no significant
difference  (p<0.05) in  the ratio of
radiographically protruded liver length to total
radiographic liver length among the GSD, BSD,
Siberian husky, Doberman, Golden retriever,
Labrador retriever, Indian mongrel, Pomeranian,
Pug and Beagle groups. The LAB group recorded
the highest value for the ratio of protruded liver
length to total liver length, while the BSD group
had the lowest value. Similarly, Choi ef al. (2013)
compared Pekingese dogs to other breeds
revealed that Pekingese have a smaller normal
radiographic liver size. However, Thrall and
Robertson (2015) showed liver size decreased in
dogs with a deep thoracic cavity, as liver is
positioned more completely within the costal
arch.

The ratio of radiographic protruded liver
length to radiographic liver length was measured
in this study at 0.05a+0.01, 0.11a+0.02, 0.09a£0.02
and 0.09a+0.04 in 1-3 year, 3.1-6 year, 6.1-9 year
and 9.1-12 year of age groups, respectively.
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Table 1. Breed wise Mean + S.E. values of RLLP: RLL ratio
Ratio Breeds
GSD BSD HUSKY |DOBERMENN GR LAB M POM PUG
RLLP/ 0.02ab+ | 0.01a% 0.02abt 0.02abt 0.02ab+ 0.144% 0.10bed+ 0.05abet 0.11cdt
RLL 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.04 0.01

Mean superscripted in a column differ significantly (p<0.05).

No significant difference (p<0.05) was observed
in the mean value of the ratio of radiographic
protruded liver length to radiographic liver
length between these groups. Karir et al. (2024)
also reported radiographic liver length (RLL)
values across various age groups which were
consistent with the present study. Likewise,
Nyland et al. (2015) observed comparable results
with variations in liver size during radiographic
evaluations were largely influenced by
individual anatomical differences rather than
distinct group characteristics.

The ratio of radiographic protruded liver
length to radiographic liver length was measured
in this study at 0.09+0.01, 0.04+0.01 and 0.14+0.05
in groups of 10-20 Kg, 21-30 Kg and 31-40 Kg
respectively. The group of dogs with 31-40kg
weight reported the highest mean value of the
ratio of radiographic protruded liver length to
radiographic liver length, rather than this group
also showed a significant difference (p<0.05) with
the 10-20kg and 21-30kg body weight group.
Karir et al. (2024) also reported various ratios to
radiographic measurement of liver in dogs.
Likewise, Lamb (2016) revealed greater visible
liver protrusion in lateral radiographs in deep-
chested dog breeds. In present study, it was
observed significant variations in liver protrusion
ratio among different weight groups with larger
dogs exhibiting higher ratios of liver protrusion.
However, Kealy and McAllister (2010) noted less
liver protrusion in deep-chested dogs, even when
their overall body weight is significantly higher.
The observation presented a striking contrast to
the findings of the present study.

Table 2. Age wise Mean * S.E. values of RLLP:RLL ratio
Ratio Age

1-3 yr 31-6yr | 619yr | 9.1-12yr
RLLP/RLL |0.052£0.01 [0.112+0.02 | 0.092+0.02 | 0.092+0.04

Table 3. Body weight wise Mean+S.E. values of RLLP:RLL
ratio
Ratio Body weight (Kg)
10-20kg 21-30kg

RLLP/RLL| 0.092+0.01 0.04240.01

31-40kg
0.145+0.05
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Table 4. Sex wise Mean + S.E. values of RLLP:RLL ratio
Ratio Sex

Male Female
0.082+0.01 0.072+0.01

RLLP/RLL

Table 5. Status of neutering wise Mean+S.E. values of
RLLP: RLL ratio
Ratio Sex

Intact Neutered
RLLP/RLL 0.062+£0.01 0.102£0.02

Mean superscripted in a column differ significantly
(p<0.05).

The ratio of radiographic protruded liver
length to radiographic liver length was measured
in male 0.08+0.01 and female 0.07£0.01. Any
significant difference was absent (p<0.05)
between these groups. Similarly, Schwarz and
Johnson (2019) reported sex of dog had no
significant impact on hepatic measurements. In
contrast, Barr and Gaschen (2018) advocated
differences in liver parameters.

In the present study, the ratio of radiographic
protruded liver length (RLLP) to radiographic
liver length (RLL) was calculated 0.06£0.01 in
intact dogs and 0.10£0.02 in neutered
(spayed/castrated) dogs, according to the dogs'
neutering status. There was a lack of any
significant difference (p<0.05) between these two
groups. Similarly, Nyland et al. (2015) and
Schwarz and Johnson (2019) reported a link
between neutering and an increased protrusion
of the liver. Furthermore, the current results were
in agreement with the findings of Thrall (2020)
that favoured variation of radiographic liver
length according to the dog's neutering status.
The study introduced an innovative metric that
compared length of protruded portion of the liver
to overall length, both of which were measured
through radiographic imaging techniques. The
ratio served as a valuable indicator for assessing
liver conditions.

Conclusions

It was concluded that radiographic morphometry
of the liver varies according to signalment
characteristics in dogs. Ratio of radiographic
protruded liver length (RLLP) to radiographic
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liver length (RLL) is set as a novel quantitative
index of radiographic liver size in dogs.
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