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Simple Summary: The vertebral heart score (VHS) is the most frequent technique for evaluating the
canine cardiac size on thoracic radiographs. However, VHS values are varied among dog breeds,
possibly due to the characteristics of the thoracic vertebrae. The characteristics of the thoracic
vertebrae and the range of the VHS value of the healthy Welsh Corgi Pembroke (Corgis) have never
been reported. Therefore, the current study aimed to explore the characteristics of the thoracic
vertebrae of the Corgi in comparison with other small-to-medium breed dogs. Among the dog breeds,
the characteristics observed through the ratio between the vertebral length and height were different,
and the rank of these ratios among the breeds was correlated to the rank of the previously published
VHS values. Comparing among the dog breeds, the characteristics of the Corgi’s thoracic vertebrae
were more elongated in shape, and the Corgi-specific VHS was significantly lower than the original
reported value. Therefore, the characteristics of the thoracic vertebrae might be one of the main
factors affecting the normal VHS values among different dog breeds.

Abstract: The vertebral heart score (VHS) is the sum of the ratio of the cardiac dimensions to the
number of thoracic vertebrae, starting from the fourth thoracic vertebra (T4) to the intervertebral
disk space (IVS). Breed-specific VHSs, in most cases, were different from the original reference
value. Characteristics of the thoracic vertebrae and IVS may influence this variation. This study was
conducted to investigate the characteristics of the T4 and IVS on the thoracic radiographs of Corgis in
comparison with other small-to-medium breed dogs to evaluate the Corgi-specific VHSs in healthy
dogs. The ratio of the T4’s length/height (T4L/H) was significantly different among dog breeds but
not the IVS between the T4 and T5. The T4L/H was highest in the Shih Tzu and lowest in Beagle
dogs. The Corgi-specific VHS obtained from the ventrodorsal radiograph was significantly higher
than that from the dorsoventral radiograph, but a significant difference was not observed between the
right and left lateral radiographs. In contrast, the Corgi-specific VHS derived from the right lateral
thoracic radiograph was significantly lower than the reference value. This may be correlated with
the characteristics of the thoracic vertebrae of Corgis, which were slightly higher than those of the
other breeds.

Keywords: Corgi; healthy; heart; radiograph; vertebral heart score

1. Introduction

The common diagnostic procedures for cardiac diseases include the audible intensity level
of a heart murmur, thoracic radiography [1], electrocardiography, and echocardiography [2].
Despite echocardiography being the gold standard for evaluating cardiac dimensions [1–3],
survey thoracic radiographs are the first-line clinical diagnostic tool for canine patients with
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suspected cardiac enlargement due to cardiac disease and is a useful method for detecting
congestive heart failure in dogs [4,5] because of its ability to provide information on the
pulmonary parenchyma and pulmonary vessels (i.e., cardiogenic pulmonary edema and
pulmonary vein distension).

To evaluate the cardiac size on thoracic radiography, objective radiographic methods
are recommended, particularly for inexperienced veterinarians. Several objective meth-
ods, such as the cardiothoracic ratio (CTR), cardiac size-to-intercostal space, and vertebral
heart score (VHS), have been proposed. In addition, the radiographic left atrial dimen-
sion (RLAD) [6–8] and vertebral left atrial size (VLAS) [7–11] were recently proposed
to evaluate the left atrial size on the thoracic radiograph. The CTR was adapted from
human medicine [12] for use in dogs. This method was reported to be inconvenient for
veterinary clinical practice [13,14], particularly in cases affected by cardiovascular and
pulmonary problems [14,15]. Additionally, the cardiac size to intercostal space [16–18] was
also reported to be used with limitations because of several confounding factors, such as
the respiratory phase, interbreed variation with different body conformations, and the
superimposition of the ribs [18]. Generally, VHSs, which were first introduced in 1995 [14],
are commonly applied in clinical practice. Many VHS-related studies have been conducted,
including those focused on breed-specific VHSs [19–21], those examining VHSs for spe-
cific conditions, such as pericardial effusion [22] and canine heartworm disease [23], and
those evaluating VHS-related factors, such as sex [24], radiographic position [25], thoracic
conformation [26], and body weight (BW) [26], where some results were different from
the original study. Moreover, breed-specific VHSs have been continuously investigated
over the last two decades, with results reported for up to more than 28 breeds. Most
breed-specific VHSs were higher than the original VHS, which is 9.7 ± 0.5 vertebral unit (v),
calculated from 100 dogs with non-specific breeds [14]. The dog breeds that were reported
to have higher VHSs than the original value were the Beagle [27], Boxer [24], Cavalier King
Charles Spaniel [24], English Bulldog [28], Indian Spitz [29], Labrador Retriever [24,29],
Pomeranian [28], Pug [28], and Racing Whippet [30].

Recently, the Corgi has been one of the common companion dogs in several countries.
Corgis have been reported to experience cardiovascular diseases, both congenital, such as
patent ductus arteriosus [31], and acquired heart diseases. Furthermore, Corgis are clas-
sified as a chondrodystrophic breed, similar to Miniature Schnauzers and Dachshunds,
whose vertebral conformation may have variations. There is less information on the spe-
cific radiographic and cardiac parameters of Corgis, particularly the Corgi-specific VHS.
Therefore, this study was designed to characterize the fourth thoracic vertebrae of Corgis
compared with other small-to-medium popular chondrodystrophic dog breeds and to ex-
plore the VHS range in healthy Corgis. The hypothesis of this study was that Corgi-specific
VHSs might be similar to those previously reported on the Dachshund’s VHS because of
their similar body conformation and similar thoracic vertebral characteristics.

2. Materials and Methods
2.1. Part I: A Retrospective Study of Thoracic Radiographs to Compare the Vertebral
Characteristics of Corgis with Those of Other Small-to-Medium Dog Breeds

This part was a retrospective study to investigate the characteristics of the fourth
thoracic vertebrae of healthy Corgis on the right lateral (RL) thoracic radiograph and
compare them with those from four other small-to-medium dog breeds, such as Beagles,
Dachshunds, Schnauzers, and Shih Tzus. Lateral thoracic radiographs from 20 dogs
from each aforementioned breed taken between January 2018 and December 2020 in the
Digital Imaging and Communications in Medicine (DICOM) format were retrieved from
the Diagnostic Imaging Unit, the Small Animal Hospital, Faculty of Veterinary Science,
Chulalongkorn University. All data in this section were approved by the hospital board
committee, the Small Animal Hospital, Faculty of Veterinary Science, Chulalongkorn
University, with approval no. S152/2564. The inclusion criteria included lateral thoracic
radiographs from dogs of each breed whose age was between 1 and 8 years without a history
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and radiographic signs of vertebral and intervertebral diseases. In any case of the thoracic
radiographs presenting vertebral abnormalities, intervertebral diseases, or an improper
radiographic position and technique, the dog was excluded from this study. In addition,
Corgis with a history of cardiac diseases based on clinical signs, radiographic evidence of
cardiomegaly or pulmonary edema, and echocardiographic reports were excluded from
the study. The length and height of the T4 (T4L and T4H) and the IVS between the T4 and
T5 (T4-T5 IVS) were measured on lateral radiographs (Figure 1) using a digital caliper on
DICOM viewer version 5.6 software (OSIRIX®, Geneva, Switzerland) by an experienced
radiologist with more than 10 years of experience (TT). The T4L and T4H were measured
at the central area of the vertebral body of the T4, which was parallel and perpendicular
to the long axis, respectively. The T4 length-to-height ratio (T4L/H) was then calculated.
Because of the different body sizes of each dog breed, only the T4L/H and T4-T5 IVS were
compared among the dog breeds.
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Figure 1. The measurement method of the fourth thoracic vertebral (T4) length and height (A) and
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2.2. Part II: A Prospective Study to Investigate Corgi-Specific VHSs

The second part was designed as an observational prospective study. The study was
approved by the Institutional Animal Care and Use Committee of Chulalongkorn Uni-
versity (no. 2131020), and written consent was received from the dogs’ owners. Healthy
Corgis that visited the Diagnostic Imaging Unit, Small Animal Hospital, Faculty of Veteri-
nary Science, Chulalongkorn University, between August 2021 and February 2022 were
recruited for this study. The inclusion criteria were healthy Corgis, both male and female,
aged between 2 and 5 years, and with a body condition score (BCS) of 4–6/9. Dogs with
heart and/or other cardiovascular diseases, lung abnormalities, and immature or thoracic
vertebral abnormalities were excluded from this study. Subsequently, all signalments
and histories of the included dogs were then obtained. Then, all dogs underwent a full
physical examination, including appearance, body temperature, dehydration status, mucus
membrane color, heart and respiratory rates, heart and lung sounds, blood pressure, and
whole-body palpations. Subsequently, a complete blood count, biochemistry panel, and
thoracic radiographic and echocardiographic examinations were performed. If any dogs
revealed abnormal results based on physical or blood examinations, they were excluded
from this study.

2.3. Radiography and Screening Echocardiography

Four positions of thoracic radiographs, including the RL, the left lateral (LL), the
ventrodorsal (VD), and dorsoventral (DV) views of all dogs were taken without sedation
by an experienced cardiologist with more than 20 years of experience (KT). All dogs were
positioned carefully during the radiography in an attempt to obtain a radiograph at a full
inspiratory phase. All radiographs were obtained using a digital radiography system (Brivo
DR-F, GE Healthcare, Chicago, IL, USA) and saved in the DICOM format. Furthermore, an
echocardiographic examination was performed on all enrolled dogs without sedation to
confirm normal cardiac morphology and function. An M9 Mindray® ultrasound machine
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(Shenzhen, China) was used to record echocardiograms using a phased-array ultrasound
probe (Mindray® P7-3s) for all right and left parasternal axes. If any dogs showed any
abnormal radiographic or echocardiographic signs, they were excluded from this study.

2.4. VHS Measurement

The VHS was measured using a digital caliper in a digital format, as previously
reported [14] in all radiographic views using the similar DICOM viewer software as in
part I by an experienced radiologist with more than 10 years of experience (TT). In brief,
on a lateral radiograph, a long axis of the cardiac silhouette was drawn from the ventral
border of the left main stem bronchus to the cardiac apex, and a short axis was drawn from
a line perpendicular to the long axis at the same level of the mid diameter of the caudal
vena cava [14]. The long and short axes on the VD or DV radiograph were drawn from
the maximum length of the heart and the perpendicular widest dimension. Then, both
lines from each radiographic view were transposed over the thoracic spine, starting at the
cranial aspect of the T4 (parallel to the vertebral canal) on the RL view. The summation of
these lines was translated into vertebral units to the nearest 0.1 vertebrae (v). Subsequently,
VHSs were compared depending on each factor, such as radiographic positionings, sex,
and BW.

2.5. Statistical Analysis

All data in this study were analyzed by Prism7 software (GraphPad, La, Jolla, CA,
USA). The Shapiro–Wilk and D’Agostino–Pearson omnibus normality tests were used to
evaluate the normality of the data of the first and second parts of the study, respectively, and
the results were expressed as means ± standard deviations and 95% prediction intervals if
the dataset had a normal distribution. An analysis of variance and post hoc Tukey test were
used to compare the ratios of the T4L/H and T4-T5 IVSs among the breeds. A one-sample
t-test was used to test the difference between the VHS of Corgis and the mean reference
values proposed by Buchanan and Bücheler [14]. An unpaired t-test was used to compare
the T4L, the T4H, the T4-T5 IVS between the sexes in each breed, and the T4L/H between
the sexes, including the VHS between the sexes and the radiographic positions, RL, LL, VD,
and DV, respectively. A p < 0.05 was considered statistically significant.

3. Results
3.1. Part I: A Retrospective Study of Thoracic Radiographs to Compare the Vertebral
Characteristics of Corgis with Those of Other Small-to-Medium Dog Breeds

The clinical demographic data of Beagles, Corgis, Dachshunds, Schnauzers, and Shih
Tzus in part I are shown in Table 1. All the data in this part were normally distributed,
and the mean age of all the dogs was 7.37 ± 3.38 years. Significant differences in age were
observed among the breeds (p = 0.0025). The mean age of the Shih Tzus was the highest,
whereas that of the Beagles was the lowest. Additionally, the mean BW among the dog
breeds was 10.87 ± 4.62 kg. Moreover, significant differences in BW were observed among
the breeds (p < 0.0001). The mean BW of the Beagles was the highest, whereas that of
the Shih Tzus was the lowest. Furthermore, no statistical differences in age and BW were
observed between the sexes (p = 0.36 and p = 0.17, respectively).

On the RL radiographs, the mean T4L, T4H, and T4L/H of the Beagles, Corgis,
Dachshunds, Schnauzers, and Shih Tzus are shown in Table 2. The mean T4L and T4H
of all the dogs were 1.32 ± 0.17 and 0.88 ± 0.14, respectively. The mean of the T4L of the
Corgis and Schnauzers was the highest and lowest, respectively. The T4L values between
the sexes of all the dog breeds were not significantly different. In contrast, the Beagles and
Shih Tzus had the highest and lowest mean T4H values, respectively. The T4H between
the sexes of almost all the dog breeds was not significantly different, except for female
Dachshunds, which had a higher T4H than the male dogs (p = 0.0305). Additionally, the
T4L/H ratio was significantly different among the dog breeds. The highest T4L/H value
was found in the Shih Tzus, followed by those of the Corgis, Dachshunds, Schnauzers, and
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Beagles, respectively (p < 0.0001, Figure 2). Moreover, the T4L/H ratio between the males
and females in each dog breed was not significantly different (Shih Tzu, p = 0.12; Corgi, p =
0.08; Schnauzer, p = 0.49; Beagle, p = 0.43; and Dachshund, p = 0.24).

Table 1. Clinical demographic information, including sex, age, and body weight (BW) of all dog
breeds. Data were expressed as mean ± SD.

Beagle Corgi Dachshund Schnauzer Shih Tzu

Number 20 20 20 20 20
Sex

Male 12 9 7 9 8

Female 8 11 13 11 12
Age (years) 5.65 ± 3.05 a ** b * 6.60 ± 3.80 6.75 ± 3.65 8.65 ± 3.08 b * 9.20 ± 1.94 a **

BW (kg) 15.45 ± 2.96 d, f, g *** 14.09 ± 4.72 c, e *** i ** 10.47 ± 3.62 g *** h, i ** j * 7.43 ± 1.67 e, f *** j * 6.89 ± 1.59 c, d *** h **

* Significant difference at p value < 0.05; ** significant difference at p value < 0.01; *** significant difference at
p value < 0.001; a significant difference of age between Beagle and Shih Tzu. b Significant difference of age between
Beagle and Schnauzer. c Significant difference of BW between Corgi and Shih Tzu. d Significant difference of
BW between Beagle and Shih Tzu. e Significant difference of BW between Corgi and Schnauzer. f Significant
difference of BW between Beagle and Schnauzer. g Significant difference of BW between Beagle and Dachshund.
h Significant difference of BW between Dachshund and Shih Tzu. i Significant difference of BW between Corgi
and Dachshund. j Significant difference of BW between Dachshund and Schnauze.

Table 2. The length and the height of the fourth thoracic vertebrae (T4L and T4H; cm) and the T4
length-to-height ratio (T4L/H) and the intervertebral disc space (IVS; cm) on the lateral radiograph
among the Corgi, Shih Tzu, Schnauzer, Beagle, and Dachshund.

Beagle Corgi Dachshund Schnauzer Shih Tzu

T4L (cm) 1.33 ± 0.12 1.51 ± 0.08 1.39 ± 0.13 1.14 ± 0.07 1.23 ± 0.12

Male 1.35 ± 0.13 1.51 ±0.09 1.44 ± 0.16 1.17 ± 0.08 1.27 ± 0.15

Female 1.31 ± 0.13 1.51 ±0.08 1.36 ± 0.12 1.11 ± 0.05 1.20 ± 0.09

T4H (cm) 0.98 ± 0.11 0.93 ± 0.08 0.96 ± 0.12 0.80 ± 0.08 0.74 ± 0.08

Male 0.99 ± 0.10 0.97 ± 0.08 1.44 ± 0.15 a * 0.83 ± 0.08 0.75 ± 0.10

Female 0.95 ± 0.11 0.90 ±0.08 1.36 ± 0.12 a * 0.78 ± 0.08 0.74 ± 0.08

T4L/H 1.36 ± 0.14 e *, f * 1.62 ± 0.14 b *, d *, e * 1.46 ± 0.15 b *, c * 1.42 ± 0.11 d *, g * 1.66 ± 0.16 c *, f *, g *

Male 1.35 ± 0.11 1.56 ± 0.14 1.39 ± 0.13 1.41 ± 0.08 1.69 ± 0.07

Female 1.38 ± 0.18 1.67 ± 0.13 1.49 ± 0.16 1.43 ± 0.13 1.64 ± 0.20

IVS (cm) 0.15 ± 0.03 0.16 ± 0.03 0.17 ± 0.05 0.14 ± 0.03 0.16 ± 0.03

Male 0.15 ± 0.02 0.18 ± 0.02 h * 0.18 ± 0.04 0.14 ± 0.04 0.16 ± 0.03

Female 0.14 ± 0.03 0.14 ± 0.03 h * 0.16 ± 0.06 0.14 ± 0.03 0.15 ± 0.04

* Significant difference at p value < 0.05. a Significant difference in T4H between the sexes of Dachshunds.
b Significant difference of T4L/H between Corgis and Dachshunds. c Significant difference of T4L/H between
Shih Tzus and Dachshunds. d Significant difference of T4L/H between Corgis and Schnauzers. e Significant
difference of T4L/H between Corgis and Beagles. f Significant difference of T4L/H between Shih Tzus and
Beagles. g Significant difference of T4L/H between Shih Tzus and Schnauzers. h Significant difference of IVS
between the sexes of Corgis.

Additionally, the mean lengths of the T4-T5 IVS on the lateral radiographs of the
Corgis, Shih Tzus, Schnauzers, Beagles, and Dachshunds are also shown in Table 2. The
mean T4-T5 IVS of all the dogs was 0.16 ± 0.04; the mean T4-T5 IVS of the Dachshunds
was the highest, whereas that of the Schnauzers was the lowest. However, the length of the
T4-T5 IVS among the Corgis, Shih Tzus, Schnauzers, Beagles, and Dachshunds was not
significantly different (p = 0.13). Furthermore, no statistical difference in the T4-T5 IVS was
observed between the sexes, except for male Corgis, which had a wider IVS than female
Corgis (p = 0.03).
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3.2. Part II: A Prospective Study to Investigate the Corgi-Specific VHS

From September 2021 to December 2021, 31 Corgi dogs were enrolled in this study.
However, one dog was excluded because of radiographic evidence of thoracic hemiverte-
brae. Therefore, 30 healthy Corgis were included and divided into sex groups (15 male
and 15 female dogs). All the data in this part were normally distributed, and the mean age
and BW were 34.13 ± 17.68 months and 12.97 ± 2.99 kg, respectively. The mean BCS was
4.90 ± 1.12. In this study, the BW of the Corgi dogs was not significantly different between
the sexes (p = 0.16).

3.3. VHS on the Thoracic Radiograph

In this study, the mean Corgi-specific VHSs, including those on the RL, LL, VD, and
DV radiographs, are presented in Table 3. No significant difference in the VHSs was
observed between the RL and LL positions (p = 0.1913). Conversely, the VHSs on the
VD radiographs were significantly higher than those on the DV radiographs (p = 0.0212,
Figure 3). Furthermore, the VHSs between the sexes in all the radiographic positions were
not significantly different (RL, p = 0.84; LL, p = 0.92; VD, p = 0.43; and DV, p = 0.96).

The linear regression analysis showed no correlation between the VHS and BW in all of
the radiographic positions (RL, r = 0.27, p = 0.15; LL, r = 0.07, p = 0.73; VD, r = 0.13, p = 0.48;
and the DV position, r = 0.23, p = 0.20). Additionally, the breed-specific VHS from adult
Corgis observed on the RL thoracic radiographs was 9.36 ± 0.27 v., which was significantly
lower than the VHS from that reported in the original reference studies by Buchanan and
Bücheler (9.7 ± 0.5 v.) [14] (p < 0.0001). In contrast, the VHSs measured from the VD and
DV radiographs (10.02 ± 0.57 v. and 9.84 ± 0.64 v., respectively) were not statistically
different from the original values (10.02 ± 0.83 v. and 10.02 ± 1.45 v., respectively) (p = 1
and p = 0.13, respectively) [14].
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Table 3. Vertebral heart scores of Corgis on all radiographic positions of right lateral (RL), left lateral
(LL), ventrodorsal (VD), and dorsoventral (DV) projections.

Position Mean ± SD 95%CI

RL
All 9.36 ± 0.27 9.25–9.45
Male 9.36 ± 0.26 9.22–9.51
Female 9.34 ± 0.29 9.18–9.51

LL
All 9.42 ± 0.37 9.28–9.55
Male 9.42 ± 0.33 9.24–9.61
Female 9.41 ± 0.41 9.18–9.64

VD
All 10.02 ± 0.57 a 9.81–10.24
Male 9.94 ± 0.54 9.63–10.24
Female 10.11 ± 0.59 9.77–10.44

DV
All 9.84 ± 0.64 a 9.59–10.08
Male 9.84 ± 0.71 9.45–10.24
Female 9.83 ± 0.58 9.50–10.16

a VD and DV VHSs differed significantly (p = 0.0212) in Corgis.
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4. Discussion

Breed-specific VHSs are recommended to evaluate the radiographic cardiac size [32].
Currently, up to 28 dog breeds have been studied and reported on. However, there was
no report related to Corgi-specific VHSs. Therefore, this is the first study to investigate
Corgi-specific VHSs, one of the chondrodystrophic dog breeds. Additionally, this study
explained the variability in the size and shape of the T4, which may be the main factor
impacting the variability in the breed-specific VHS. The variation in breed-specific VHSs
may be because they are an objective radiographic method. The VHS is the sum of the
ratio between the length and the width of the cardiac silhouette to the number of thoracic
vertebrae, starting from the fourth thoracic vertebra (T4) to the intervertebral disk space
(IVS). Therefore, the interbreed variations in the thoracic vertebrae caused variations in the
VHS values, suspected to be because of the variations in the size and shape of the thoracic
vertebrae and IVS values. Several variations in the thoracic vertebrae have been reported,
such as naturally short vertebrae in Miniature Schnauzers [14,33] or normal dogs with a
long-chested look, such as Dachshunds. These breeds tend to have different VHSs from the
original value [14,34].
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In this study, the ratio of the T4L and T4H from the lateral radiographs was used for
two reasons. First, the VHS was described to compare the radiographic cardiac size with
the length of the thoracic vertebrae, starting from the T4, which is commonly observed on
lateral radiographs. The actual T4L is suggested not to be compared among dog breeds
because of the variability in body size that may directly be correlated with the dimensions
of the vertebral column. Furthermore, this study revealed no significant differences in the
T4L and T4H between the sexes in each breed, except for Dachshunds, where females had
a higher T4H than males. This discrepancy indicated that Dachshunds have one of the
dimorphisms bred between the sexes. However, further studies to investigate the vertebral
characteristics between the sexes that may affect the VHS should be conducted in a larger
population. Second, the actual size of the T4 on the VD view was difficult to measure
compared with those on the lateral radiographs because of the poor demarcation of the
vertebrae and superimposition with other skeletal structures, such as the sternum.

The T4L/H ratio was then selected to be compared and observed for breed variations.
The higher T4L/H ratios indicated that the vertebrae tend to be more rectangular in
shape. In contrast, the vertebrae tend to be square in shape when the T4L/H ratio is low.
Comparing the five breeds, Shih Tzus had the highest, followed by Corgis, Dachshunds,
and Schnauzers, whereas the lowest T4L/H ratios were detected in Beagles. This T4L/H
indicated that Shih Tzus tend to have the longest thoracic vertebrae, whereas Beagles
have the shortest T4. Schnauzers were reported to be a naturally short-vertebrated dog
breed [33], and the normal Schnauzer-specific VHS reached 11 [14]. Nevertheless, the exact
value of Schnauzer-specific VHSs has not yet been published. Furthermore, this finding was
correlated with previous breed-specific VHSs, reporting that normal Shih Tzus had a lower
VHS (9.30 ± 0.50 v.) [25] and normal Beagles had a higher VHS (10.50 ± 0.40 v.) [27] than
that (9.70 ± 0.50 v.) reported in the original study [14]. Additionally, the breed-specific VHS
of the Dachshunds was 9.70 ± 0.50 v. [28], which is similar to the reference values reported
in the original study. In this study, the T4L/H ratio of the Dachshund was 1.46 ± 0.16,
which was in the middle value among these breeds. Therefore, the T4L/H ratio may be
useful as a predictor in cases where breed-specific VHSs are unavailable. In this study,
the VHS tended to be lower than 9.70 ± 0.50 if the T4L/H ratio was higher than 1.46, and
the VHS tended to be higher than 9.70 ± 0.50 v. if the T4L/H ratio was lower than 1.46.
Furthermore, the T4L/H comparison between the sexes revealed no significant difference
in these five dog breeds, indicating that this parameter is useful for use without the effect
of sexual dimorphism. However, studies on this issue in a larger population with various
dog breeds are required.

In addition to the VHS being impacted by the characteristics of the T4, novel radio-
graphic objective methods, such as RLAD [6] and VLAS [9], also use the thoracic vertebral
length for the evaluation process. These methods were used to evaluate the heart size,
focusing on the left atrial dimension, which is commonly enlarged secondary to degener-
ative mitral valve disease. It has been reported that Cavalier King Charles Spaniels [35],
Chihuahuas [19], Maltese [11], and Pug-specific VLAS [7] have a lower value than the
original value reported by Malcolm [9]. Therefore, the LA assessment using these two tech-
niques should be warranted if there is a variation in the thoracic vertebral characteristics
indicated by the T4L/H ratio. In addition to the T4L/H ratio, the length of the IVS is a
possible factor that may affect the VHS. In this study, the IVS is varied among the dog
breeds, possibly due to a wide range of body sizes. Therefore, further investigation of the
IVS in a large population of dogs with different body sizes is also suggested. Nevertheless,
this study revealed no significant difference in the IVS among these breeds and between the
sexes in each breed, except for Corgis, in which male Corgis had a wider IVS than female
Corgis. According to the American Kennel Club, female Corgis can weigh up to 28 pounds,
whereas males may reach 30 pounds [36], indicating that there is a sexual dimorphism of
the body phenotype between the sexes.

The VHS of Corgis in this study was 9.36 ± 0.27 v., which is also lower than 9.70 ± 0.50 v.
Although the body conformation of Corgis is similar to that of Dachshunds, the VHSs
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were different. This evidence may correlate with the T4L/H ratio, where Corgis tended
to have a higher T4L/H value than Dachshunds and other breeds. In this study, no
statistically significant difference in Corgi-specific VHSs was observed between the RL
and LL radiographs. This finding was similar to that reported in previous studies using
several dog breeds, except for Whippets [30], Shih Tzus [25], Beagles [27], the Indian Spitz,
Labrador Retrievers [29], Dachshunds [20], and Australian Cattle dogs [21], where the
VHSs retrieved from the RL radiographs were higher than those on the LL radiographs.
Conversely, the Corgi-specific VHSs from the VD radiographs were significantly higher
than those obtained from the DV position, which was similar to those in the original
study [14], Whippets [30], and Australian Cattle dogs [21]. The dimensions of the cardiac
silhouette in the VD radiograph were increased by 7.2% and 5.3% in width and length,
respectively, compared with those on the DV view [14]. The most reliable explanation for
this result is the magnification associated with a greater cardiac distance in relation to the
cassette or digital detector on the VD view. However, a lateral radiograph was preferred
for several reasons, such as the feasibility of the radiographic positioning, particularly
in patients with dyspnea [37]. Furthermore, several dog breeds were reported to have
dimorphism effects, such as Boxers, Labrador Retrievers, Cavalier King Charles Spaniels,
Dobermans, German Shepherds [24], Yorkshire Terriers [24,28], and Dachshunds [20]. No
significant difference between the VHS and the sexes of Corgis was found in this study.
This indicated that Corgis had no dimorphism effect on the VHS between the sexes, similar
to several dog breeds.

There are some limitations to this study. The overall limitation for both study parts was
the small population size. In addition, all of the dogs were evaluated only for T4 character-
istics and were not evaluated for the self-VHS in the first part because a retrospective model
could not be used by the authors to confirm the normal cardiac morphology and cardiac
function of all the dogs through the echocardiographic examination. Therefore, further
VHS studies, including the T4L/H, among various dog breeds should be prospectively
conducted. Moreover, the T4L could also not be compared due to the different body sizes.
In part II, in addition to the limitation of the small population size, the correlation of the
Corgi-specific VHSs among the age groups and between healthy and diseased groups was
not evaluated.

5. Conclusions

In conclusion, thoracic vertebral characteristics are various among dog breeds and
may affect the VHS, including the other radiographic measurements that compare the
cardiac dimensions to the thoracic vertebrae. Corgis have a higher T4L/H ratio, which
means that the thoracic vertebrae are slightly longer, and revealed a significantly lower
VHS (9.36 ± 0.27 v.) than the previous original reference range (9.70 ± 0.50 v.).

Author Contributions: Conceptualization, T.T. and N.C.; Data curation, T.T. and N.C.; Formal analy-
sis, T.T., P.S. and S.S.; Funding acquisition, T.T. and N.C.; Investigation, T.T. and K.J.; Methodology,
K.T., C.T. and N.C.; Project administration, T.T.; Resources, N.C.; Software, T.T. and P.S.; Supervision,
K.T., C.T. and N.C.; Validation, K.T., C.T. and N.C.; Visualization, N.C.; Writing—Original draft, T.T.,
K.T. and N.C.; Writing—Review & editing, K.T., C.T. and N.C. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by the Graduate School of Chulalongkorn University through the
90th anniversary Chulalongkorn University Fund (the Ratchadaphiseksomphot Endowment Fund),
grant number GCUGR1125651070M,070, and the APC was funded by Chulalongkorn University.

Institutional Review Board Statement: The study was conducted in accordance with the Institu-
tional Animal Care and Use Committee of Chulalongkorn University (no. 2131020).

Informed Consent Statement: Written informed consent was received from the dogs’ owners to
publish this paper.



Vet. Sci. 2023, 10, 168 10 of 11

Data Availability Statement: Raw data that supported the finding of this study are available from
the corresponding author upon reasonable request.

Acknowledgments: The authors would like to acknowledge the Small Animal Hospital, the Faculty
of Veterinary Science, and Chulalongkorn University for all of the support during the experiment.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Lamb, C.R.; Boswood, A. Role of survey radiography in diagnosing canine cardiac disease. Compend. Contin. Educ. Vet. 2002, 24,

316–326. [CrossRef]
2. Kayar, A.; Gonul, R.; Or, M.E.; Uysal, A. M-mode echocardiographic parameters and indices in the normal German shepherd dog.

Vet. Radiol. Ultrasound. 2006, 47, 482–486. [CrossRef] [PubMed]
3. Mostafa, A.A.; Peper, K.E.; Berry, C.R. Use of cardiac sphericity index and manubrium heart scores to assess radiographic cardiac

silhouettes in large-and small-breed dogs with and without cardiac disease. J. Am. Vet. Med. Assoc. 2020, 256, 888–898. [CrossRef]
4. Hansson, K.; Haggstrom, J.; Kvart, C.; Lord, P. Reader performance in radiographic diagnosis of signs of mitral regurgitation in

cavalier King Charles spaniels. J. Small Anim. Pract. 2009, 50, 44–53. [CrossRef] [PubMed]
5. Schober, K.E.; Hart, T.M.; Stern, J.A.; Li, X.; Samii, V.F.; Zekas, L.J.; Scansen, B.A.; Bonagura, J.D. Detection of congestive heart

failure in dogs by Doppler echocardiography. J. Vet. Intern. Med. 2010, 24, 1358–1368. [CrossRef] [PubMed]
6. Sanchez Salguero, X.; Prandi, D.; Llabres-Diaz, F.; Manzanilla, E.G.; Bussadori, C. A radiographic measurement of left atrial size

in dogs. Ir. Vet. J. 2018, 71, 25. [CrossRef] [PubMed]
7. Wiegel, P.S.; Mach, R.; Notle, I.; Freise, F.; Levicar, C.; Merhof, K.; Bach, J.-P. Breed-specific values for vertebral heart score

(VSH), vertebral left atrial size (VLAS), and radiographic left atrial dimension (RLAD) in pugs without cardiac disease, and their
relationship to brachycephalic obstructive airway syndrome (BAOS). PLoS ONE 2022, 17, e0274085. [CrossRef] [PubMed]

8. Levicar, C.; Granados-Soler, J.L.; Freise, F.; Raue, J.F.; Nolte, I.; Bach, J.-P. Comparison of different radiographic scores with
associated echocardiographic measurements and prediction of heart enlargement in dogs with and without myxomatous mitral
valve disease. J. Vet. Cardiol. 2022, 44, 1–12. [CrossRef]

9. Malcolm, E.L.; Visser, L.C.; Phillips, K.L.; Johnson, L.R. Diagnostic value of vertebral left atrial size as determined from thoracic
radiographs for assessment of left atrial size in dogs with myxomatous mitral valve disease. J. Am. Vet. Med. Assoc. 2018, 253,
1038–1045. [CrossRef]

10. Mikawa, S.; Nagakawa, M.; Ogi, H.; Akabane, R.; Koyama, Y.; Sakatani, A.; Ogawa, M.; Miyakawa, H.; Shigemoto, J.;
Tokuriki, T.; et al. Use of vertebral left atrial size for staging of dogs with myxomatous valve disease. J. Vet. Cardiol. 2020,
30, 92–99. [CrossRef]

11. Baisan, R.A.; Vulpe, V. Vertebral heart size and vertebral left atrial size reference ranges in healthy Maltese dogs. Vet. Radiol.
Ultrasound. 2022, 63, 18–22. [CrossRef] [PubMed]

12. Michiue, T.; Ishikawa, T.; Sakoda, S.; Quan, L.; Li, D.R.; Kamikodai, Y.; Okazaki, S.; Zhu, B.-L.; Maeda, H. Cardiothoracic ratio in
postmortem chest radiography with regard to the cause of death. Leg. Med. 2010, 12, 73–78. [CrossRef] [PubMed]

13. Spasojevic, K.L.; Krstic, N.; Trailovic, R.D. Comparison of three methods of measuring vertebral heart size in German shepherd
dogs. Acta Vet. Scand. 2007, 57, 133–141. [CrossRef]

14. Buchanan, J.W.; Bucheler, J. Vertebral scale system to measure canine heart size in radiographs. J. Am. Vet. Med. Assoc. 1995, 206,
194–199. [PubMed]

15. Torad, F.A.; Hassan, E.A. Two-dimensional cardiothoracic ratio for evaluation of cardiac size in German shepherd dogs. J. Vet.
Cardiol. 2014, 16, 237–244. [CrossRef] [PubMed]

16. Tilley, L.P.; Owens, J.M. Manual of Small Animal Cardiology; Churchill Livingstone: New York, NY, USA, 1985; Volume 14, 447p.
17. Hamlin, R.L.; Smetzer, D.L.; Smith, C.R. Radiographic anatomy of the normal cat heart. J. Am. Vet. Med. Assoc. 1963, 143, 957–961.
18. Azevedo, G.M.; Pessoa, G.T.; Moura, L.D.; Sousa, F.D.A.; Rodrigues, R.P.D.; Sanches, M.P.; Fontenele, R.D.; Barbosa, M.A.P.S.;

Neves, W.C.; de Sousa, J.M.; et al. Comparative study of the vertebral heart scale (VHS) and the cardiothoracic ratio (CTR) in
healthy Poodle breed dogs. Acta Sci. Vet. 2016, 44, 7. [CrossRef]

19. Puccinelli, C.; Citi, S.; Vezzosi, T.; Garibaldi, S.; Tognetti, R. A radiographic study of breed-specific vertebral heart score and
vertebral left atrial size in Chihuahuas. Vet. Radiol. Ultrasound. 2021, 62, 20–26. [CrossRef]

20. Birks, R.; Fine, D.M.; Leach, S.B.; Clay, S.E.; Eason, B.D.; Britt, L.G.; Lamb, K.E. Breed-specific vertebral heart scale for the
Dachshund. J. Am. Anim. Hosp. Assoc. 2017, 53, 73–79. [CrossRef]

21. Luciani, M.G.; Withoeft, J.A.; Pissetti, H.M.C.; de Souza, L.P.; Sombrio, M.S.; Bach, E.C.; Mai, W.; Muller, T.R. Vertebral heart size
in healthy Australian cattle dog. Anat. Histol. Embryol. 2019, 48, 264–267. [CrossRef]

22. Guglielmini, C.; Diana, A.; Santarelli, G.; Torbidone, A.; Tommaso, M.D.; Toaldo, M.B.; Cipone, M. Accuracy of radiographic
vertebral heart score and sphericity index in the detection of pericardial effusion in dogs. J. Am. Vet. Med. Assoc. 2012, 241,
1048–1055. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1748-5827.2001.tb06024.x
http://doi.org/10.1111/j.1740-8261.2006.00166.x
http://www.ncbi.nlm.nih.gov/pubmed/17009513
http://doi.org/10.2460/javma.256.8.888
http://doi.org/10.1111/j.1748-5827.2009.00669.x
http://www.ncbi.nlm.nih.gov/pubmed/19765219
http://doi.org/10.1111/j.1939-1676.2010.0592.x
http://www.ncbi.nlm.nih.gov/pubmed/20840304
http://doi.org/10.1186/s13620-018-0137-x
http://www.ncbi.nlm.nih.gov/pubmed/30568788
http://doi.org/10.1371/journal.pone.0274085
http://www.ncbi.nlm.nih.gov/pubmed/36054125
http://doi.org/10.1016/j.jvc.2022.08.004
http://doi.org/10.2460/javma.253.8.1038
http://doi.org/10.1016/j.jvc.2020.06.001
http://doi.org/10.1111/vru.13027
http://www.ncbi.nlm.nih.gov/pubmed/34585453
http://doi.org/10.1016/j.legalmed.2009.11.007
http://www.ncbi.nlm.nih.gov/pubmed/20116320
http://doi.org/10.2298/AVB0703133S
http://www.ncbi.nlm.nih.gov/pubmed/7751220
http://doi.org/10.1016/j.jvc.2014.08.001
http://www.ncbi.nlm.nih.gov/pubmed/25438928
http://doi.org/10.22456/1679-9216.81108
http://doi.org/10.1111/vru.12919
http://doi.org/10.5326/JAAHA-MS-6474
http://doi.org/10.1111/ahe.12434
http://doi.org/10.2460/javma.241.8.1048
http://www.ncbi.nlm.nih.gov/pubmed/23039979


Vet. Sci. 2023, 10, 168 11 of 11

23. Litster, A.; Atkins, C.; Atwell, R.; Buchanan, J. Radiographic cardiac size in cats and dogs with heartworm disease compared with
reference values using the vertebral heart scale method: 53 cases. J. Vet. Cardiol. 2005, 7, 33–40. [CrossRef] [PubMed]

24. Lamb, C.R.; Wikeley, H.; Boswood, A.; Pfeiffer, D.U. Use of breed-specific ranges for the vertebral heart scale as an aid to the
radiographic diagnosis of cardiac disease in dogs. Vet. Rec. 2001, 148, 707–711. [CrossRef]

25. Choisunirachon, N.; Kamonrat, P. Vertebral scale system to measure heart size in radiographs of Shih-tzus. Thai J. Vet. Med. 2008,
38, 60.

26. Taylor, C.J.; Simon, B.T.; Stanley, B.J.; Lai, G.P.; Mankin, K.M.T. Norwich terrier possess a greater vertebral heart scale than the
canine reference value. Vet. Radiol. Ultrasound. 2020, 61, 10–25. [CrossRef] [PubMed]

27. Kraetschmer, S.; Ludwig, K.; Meneses, F.; Nolte, I.; Simon, D. Vertebral heart scale in the beagle dog. J. Small Anim. Pract. 2008, 49,
240–243. [CrossRef]

28. Jepsen-Grant, K.; Pollard, R.E.; Johnson, L.R. Vertebral heart scores in eight dog breeds. Vet. Radiol. Ultrasound. 2013, 54, 3–8.
[CrossRef]

29. Bodh, D.; Hoque, M.; Saxena, A.C.; Gugjoo, M.B.; Bist, D.; Chaudhary, J.K. Vertebral scale system to measure heart size in thoracic
radiographs of Indian Spitz, Labrador retriever and Mongrel dogs. Vet. World 2016, 9, 371–376. [CrossRef]

30. Bavegems, V.; Van Caelenberg, A.; Duchateau, L.; Sys, S.U.; Van Bree, H.; De Rick, A. Vertebral heart size ranges specific for
whippets. Vet. Radiol. Ultrasound. 2005, 46, 400–403. [CrossRef]

31. Kolm, U.S.; Amberger, C.N.; Boujon, C.E.; Lombard, C.W. Plexogenic pulmonary arteriopathy in a Pembroke Welsh corgi. J. Small
Anim. Pract. 2004, 45, 461–466. [CrossRef]

32. Keene, B.W.; Atkins, C.E.; Bonagura, J.D.; Fox, P.R.; Haggstrom, J.; Fuentes, V.L.; Oyama, M.A.; Rush, J.E.; Stepien, R.; Uechi, M.
ACVIM consensus guidelines for the diagnosis and treatment of myxomatous mitral valve disease in dogs. J. Vet. Intern. Med.
2019, 33, 1127–1140. [CrossRef] [PubMed]

33. Sohn, J.; Yun, S.; Lee, J.; Chang, D.; Choi, M.; Yoon, J. Reestablishment of radiographic kidney size in Miniature Schnauzer dogs.
J. Vet. Med. Sci. 2017, 78, 1805–1810. [CrossRef] [PubMed]

34. Mohammed Usman, M.B.; Bhuvaneshwari, V. Assessment of vertebral heart score using thoracic radiographs in ten different dog
breeds. Indian J. Vet. Pathol. 2017, 95, 76–78.

35. Bagardi, M.; Locatelli, C.; Manfredi, M.; Bassi, J.; Spediacci, C.; Ghilardi, S.; Zani, D.D.; Brambilla, P.B. Breed-specific vertebral
heart score, vertebral let atrial size, and radiographic left atrial dimension in Cavalier King Charles Spaniels: Reference interval
study. Vet. Radiol. Ultrasound. 2022, 63, 156–163. [CrossRef] [PubMed]

36. American Kennel Club. Pembroke Welsh Corgi 1884. Available online: https://www.akc.org/dog-breeds/pembroke-welsh-
corgi/ (accessed on 7 January 2023).

37. Lavin, L.M. Radiography in Veterinary Technology; Saunders: Philadelphia, PA, USA, 2003.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.jvc.2005.02.002
http://www.ncbi.nlm.nih.gov/pubmed/19083316
http://doi.org/10.1136/vr.148.23.707
http://doi.org/10.1111/vru.12813
http://www.ncbi.nlm.nih.gov/pubmed/31574571
http://doi.org/10.1111/j.1748-5827.2007.00531.x
http://doi.org/10.1111/j.1740-8261.2012.01976.x
http://doi.org/10.14202/vetworld.2016.371-376
http://doi.org/10.1111/j.1740-8261.2005.00073.x
http://doi.org/10.1111/j.1748-5827.2004.tb00265.x
http://doi.org/10.1111/jvim.15488
http://www.ncbi.nlm.nih.gov/pubmed/30974015
http://doi.org/10.1292/jvms.16-0003
http://www.ncbi.nlm.nih.gov/pubmed/27594274
http://doi.org/10.1111/vru.13036
http://www.ncbi.nlm.nih.gov/pubmed/34796576
https://www.akc.org/dog-breeds/pembroke-welsh-corgi/
https://www.akc.org/dog-breeds/pembroke-welsh-corgi/

	Introduction 
	Materials and Methods 
	Part I: A Retrospective Study of Thoracic Radiographs to Compare the Vertebral Characteristics of Corgis with Those of Other Small-to-Medium Dog Breeds 
	Part II: A Prospective Study to Investigate Corgi-Specific VHSs 
	Radiography and Screening Echocardiography 
	VHS Measurement 
	Statistical Analysis 

	Results 
	Part I: A Retrospective Study of Thoracic Radiographs to Compare the Vertebral Characteristics of Corgis with Those of Other Small-to-Medium Dog Breeds 
	Part II: A Prospective Study to Investigate the Corgi-Specific VHS 
	VHS on the Thoracic Radiograph 

	Discussion 
	Conclusions 
	References

