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Abstract

The present study was conducted on total 24 apparently healthy female Mehsana goats free from
cardiovascular disease. The animals were divided into four age groups (Group-1 to Group-1V) ranging
from 6 to 24 months, at 6 monthst£2 weeks interval. Thoracic radiography was performed on right
lateral (RL) recumbency.

The cardiac long axis (CLA) and cardiac short axis (CSA) values across the different age groups ranged
from 10.16+0.09 to 12.29+0.16 cm and 5.94+0.16 to 7.13+0.07 c¢m, respectively. The vertebral heart
size (VHS) values ranged from 8.45+0.08 to 8.93+0.12 vertebrae. The cardiac inclination angle,
cardiosternal contact, thoracic height and thoracic inlet diameter (TID) values ranged from 19.93+0.99
to 26.80+0.95 degree; 4.44+0.29 to 5.10+0.25 cm; 14.73+£0.19 to 18.13+0.18 cm and 7.35+0.18 to
9.3340.30 cm, respectively from 6 to 24 months age. The tracheal diameter (TrD) and tracheal angle
(TrA) values ranged from 1.18+0.03 to 1.31+0.03 cm and 20.08+0.89 to 23.53+0.64 degree. The values
of Ta length and Ts-Ts length ranged from 1.74+0.06 to 2.11+0.02 cm and 5.64+0.08 to 6.35+0.05 cm.
The caudal vena cava diameter (CVC) and aorta diameter (AO) values ranged from 1.11+0.05 to
1.52+0.03 cm and 1.29+0.06 to 1.59+0.07 cm, respectively. The values of cardiac long axis (CLA),
cardiac short axis (CSA), vertebral heart size (VHS), cardiac inclination angle, thoracic height, thoracic
inlet diameter (TID), caudal vena cava (CVC), aorta (AO) diameter, T4 length and Ts-Ts length
exhibited significant variation across different age groups. While, the values of tracheal diameter (TrD),
tracheal angle (TrA) and spino-phrenic angle did not show significant difference across age groups.
The study established baseline reference data of cardiothoracic parameters for Mehsana goats across
different age groups, useful for clinical diagnosis and research.
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1. Introduction

The goat (Capra hircus) is one of the important domestic livestock species in India. Goat
have been studied for their anatomical structures, as they are considered a key model for
understanding the biology, physiology of small ruminants and biomedical research (Mohan
et al., 2005) [*61. Radiographic anatomy provides detailed information regarding the normal
position, size and appearance of organs and structures (Abd-Elbasset et al., 2021) ™. The
thoracic radiography is a quick and commonly used diagnostic modality in small ruminants
because of its accessibility and cost-effectiveness. Thoracic radiography facilitates
information regarding normal lung fields, cardiac shape, size, position and vascularization
which can aid in diagnosis of suspected cases of cardiac disease, respiratory disease and
other thoracic disorders.

Radiographic biometry of the thorax involves measuring dimensions of the thoracic organs
such as heart, trachea, aorta and caudal vena cava on thoracic radiographs in different
radiographic positions. Radiographic evaluation across different age groups reveals marked
changes in the size and shape of cardiac silhouette, relative positioning of thoracic organs
and skeletal structures. In young individuals, the heart appears proportionally larger in
relation to the thoracic cavity size in comparison to adult animals (Kealy et al., 2011) 4,
The age related variation in heart size have been reported in various species in respect to the
normal radiographic anatomy, including dogs (Sleeper and Buchanan, 2001; Bhargavi et al.,
2018% Bhargavi et al., 2019; Swetha et al., 2020) 2% 5 21, cattle (Jilintai et al., 2006; Verma
etal., 2022) 9, puffalo (Verma et al., 2022) 1221, monkeys (Harada et al., 2010) !, alpacas
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(Nelson et al., 2011) 1 and lamb (Ulian et al., 2018) 2 to
create species and age specific base reference values. The
present study was planned to generate normal radiographic
biometric values of thorax and to evaluate correlation
between age and body weight with each radiographic
biometric values of the thorax in the Mehsana goat.

2. Materials and Methods

A general clinical examination was performed on all goats
to assess presence of any cardiopulmonary disease. Mehsana
goat without any signs of lethargy, abnormal appetite,
fainting, and respiratory distress were included in the
present study. The cardiac and pulmonary auscultation was
performed. Total 24 apparently healthy female Mehsana
goats were selected according to age.

For the purpose of age associated comparison of
radiographic biometric data, the Mehsana goats were
divided into four groups (Group-1 to Group-1V) from 6 to 24
months at 6 monthst2 weeks interval. In the present
investigation, the mean + SE value of body weight was
16.67+1.28 kg in Group-l, 26.50+1.18 kg in Group-II,
37.83+2.04 kg in Group-111 and 43.83+0.83 kg in Group-1V
for Mehsana goat.

The X-ray machine (Multimobil 10, Siemens) with
computed radiography system was used for imaging. All
radiographs were obtained without the use of anaesthesia or
sedation. Lateral thoracic radiographs were performed in
right lateral (RL) recumbency, with the thoracic limbs
extended cranially to expose the thoracic region.
Radiographic images of complete thoracic region from
thoracic inlet to diaphragm was obtained. The thorax of an
animal was kept directly on the X-ray plate to keep the
Object Film Distance (OFD) minimum. The Focal Film
Distance (FFD) was kept 90 cm constant for all animals.
The exposure factor ranged from 5 to 10 mAs and 55 to 60
kVp, adjusted according to the animal's body weight, age
and thoracic thickness. The radiographs were taken during
full inspiration to the greatest extent feasible. Exposed x-ray
plate was read using a computed radiography system.

2.1 Radiographic biometric parameters of thorax in

right lateral (RL) View

Each computed radiograph was interpreted and the

following parameters were measured from right lateral (RL)

radiographs using the digital scale provided in the software.

1. Cardiac Long Axis (CLA): The cardiac long axis was
measured from the ventral border of the carina at the
base to the most distant ventral contour of the heart
(Mattoon et al., 2001) [*91,

2. Cardiac Short Axis (CSA): The cardiac short axis
(cranial-to-caudal) was measured at the widest part of
the cardiac silhouette, perpendicular to the long axis
(Mattoon et al., 2001) (51,

3. Vertebral Heart Size (VHS): The vertebral heart size
(VHS) was determined by Buchanan and Bucheler
(1995) [ method. The cardiac long axis and cardiac
short axis were measured as described above, and these
measurements were transferred to the vertebrae, starting
at the cranial edge of T., and the number of vertebrae
that fall within the calliper points was counted to the
nearest 0.1 vertebra. VHS was calculated using
following formula VHS = CLA+CSA. One vertebral
unit was defined as the distance from one cranial end-
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plate to the beginning of the following vertebral cranial
end-plate.

4. Cardiac Inclination Angle: The cardiac inclination
angle was measured at the angle between the cranial
border of heart and dorsal margin of the sternum (Diniz
etal., 2013) (8],

5. Cardiosternal Contact: The cardiosternal contact was
measured from the cardiac apex to the point where the
cranioventral margin the cardiac silhouette diverges
from the sternum (Nelson et al., 2011) [,

6. Thoracic Height: The thoracic height was measured by
a line drawn from the cardiac apex to ventral margin of
the 4" thoracic vertebrae (Abdelhakiem et al., 2020)
[20]

7. Thoracic Inlet Diameter (TID): The thoracic inlet
diameter was measured from the ventral aspect of the
vertebral column at the midpoint of the most cranial rib
to the cranial border of the manubrium (Makungu and
Paulo, 2014) 114,

8. Tracheal Diameter (TrD): The tracheal diameter was
measured between the internal surface of the tracheal
wall perpendicular to the tracheal long axis at the point
where the thoracic inlet diameter crosses the midpoint
of the tracheal lumen (Makungu and Paulo, 2014) 4],

9. Tracheal Angle (TrA): The tracheal angle was
measured between the ventral margins of TiTs
vertebrae and the dorsal margin of the trachea at the
thoracic inlet (Nelson et al., 2011) [*71,

10. Caudal Vena Cava Diameter (CVC): The caudal vena
cava diameter was measured from its ventral to dorsal
limits in the region of greatest diameter, not
overlapping the heart or diaphragm (Lehmukhl et al.,
1997) 31,

11. Aorta Diameter (AO): The diameter of the descending
aorta was measured from its ventral to dorsal limit at
the same intercostal space where the CVC measurement
was taken (Lehmukhl et al., 1997) 31,

12. Spinophrenic Angle: The spino-phrenic angle was
measured between the ventral border of the caudal
thoracic vertebrae and the diaphragmatic crus dorsally
(Abdelhakiem et al., 2020) 29,

13. Length of the 4" Thoracic Vertebrae (T4 Length):
The length of the fourth thoracic vertebra (Ts) was
measured from the mid-point of the cranial endplate to
the caudal endplate (Kumar et al., 2019%) [*2,

14. Length of 3™ to 5% Thoracic Vertebral (Ts-Ts
Length): The length of thoracic vertebrae 37-5"" was
measured from the mid-point of the cranial end plate of
the 3" thoracic vertebra to the mid-point of the caudal
endplate of the 5™ thoracic vertebra (Kumar et al.,
2019?9) 21,

2.2 Statistical Analysis

The data generated in the present investigation were
described by mean and standard error (Mean * SE) for each
set of radiographic parameters. One-way analysis of
variance (ANOVA) was performed using R programme
software (R version 4.5.0) to compare the parameters across
four age groups.

Further, Pearson’s correlation was used to assess the
relationship between various radiographic parameters and
ratios with the age and body weight of the animals. The
level of statistical significance was set at p<0.05.
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Fig 1: Right lateral thoracic radiograph of goat showing the measurement landmark of cardiac long axis (CLA), cardiac short axis (CSA),
vertebral heart size (VHS), cardiac inclination angle (CIA), cardiosternal contact (CSC), thoracic inlet diameter (TID), tracheal diameter
(TrD), thoracic height (TH), tracheal angle (TrA), spino-phrenic angle (SPA), caudal vena cava diameter (CVC), aorta diameter (AO)
location of carina (a).

3. Results and Discussion

The mean = SE values of various radiographic parameters

and their correlation with age and body weight in Mehsana

goats are presented in Table.

Table 1: The mean £ SE values of various radiographic parameters and their correlation with age and body weight in Mehsana goats are

presented
— Experimental Age groups orrelation Correlation
Radiographic parameter ® montFr)15+2 Group 11 (12 Group 111 (18 Group IV (24 |p-value with aqe with body
weeks) ~7I months£2 weeks) | months+2 weeks) | months+2 weeks) 9 weight
Cardiac long axis (CLA) (cm) |10.16+0.092 10.71+0.28¢2 11.68+0.16° 12.29+0.16° 0.001 0.887" 0.847™
Cardiac short axis (CSA) (cm) | 5.94+0.162 6.11+0.162 6.73+0.19° 7.13+0.07° 0.001 | 0.799™ 0.796™
Vertebr?{/gf;‘gr?ez)e (VHS) | gas+0.08° | 8.93:0.120 8.87+0.15 8.78+0.09° | 0.031 | 0.333 0.283
Cardiac inclination angle (degree)| 26.80+0.95° |  25.80+0.87° 23.77+1.43° 19.93+0.992 0.001 | -0.708™ -0.654™
Cardio sternal contact (cm) 05.10£0.25 04.81+0.19 04.39£0.26 04.44+0.29 0.181 -0.427" -0.407"
Thoracic height (cm) 14.73+0.19? 15.14+0.35% 16.46+0.19° 18.13+0.18°¢ 0.001 | 0.899™ 0.860™
Thoracic '”'e(ifn';"memr (TD) | 47.3540.18t|  07.3740.172 07.85+0.16? 09.33+0.30 | 0.001 | 0.770" | 0.784™
Tracheal diameter (TrD) (cm) | 01.18+0.03 01.18+0.07 01.24+0.06 01.31+0.03 0.258 0.394 0.492"
Tracheal angle (TrA) (degree) | 20.08+0.89 22.35+0.10 22.28+1.54 23.53+0.64 0.106 0.469" 0.455"
Caudal vena cava diameter | 4 11,0052 | 1.18+0.042 1.500.08" 1.524¢0.03° | 0.001 | 0786 | 0.787™
(CVC) (cm)
Aorta diameter (AO) (cm) 1.29+0.062 1.63+0.08° 1.53+0.11% 1.59+0.07° 0.036 0.391 0.236
Spinophrenic angle (degree) | 43.13+1.26 41.22+2.18 40.03+2.31 39.25+1.89 0.536 -0.311 -0.299
T4 length (cm) 01.74+0.062 01.78+0.062 01.96+0.05° 02.11+0.02b 0.001 0.769™ 0.705™
T3 to Ts length (cm) 05.64+0.082 05.68+0.112 06.060.09° 06.35+0.05° 0.001 | 0.814™ 0.822™

ab. ¢ Means of row with different superscript showing significant differences at 5 % level or as otherwise mentioned specifically in table. **
indicates the level of significance at 1% *indicates the level of significance at 5%

3.1 Cardiac long axis (CLA) and Cardiac short axis
(CSA)

The radiographic cardiac long axis (CLA), cardiac short axis
(CSA) and vertebral heart size (VHS), are potential
parameters for evaluation of cardiac size. The mean cardiac
long axis (CLA) was 10.16+0.09, 10.71+0.28, 11.68+0.16
and 12.29+0.16 cm in Group-l to IV, respectively. The
values of cardiac short axis (CSA) were 5.94+0.16,
6.11+0.16, 6.73+0.19 and 7.13+0.07 cm in Group-I to 1V,
respectively.  Statistical analysis showed significant
difference (p<0.01) in cardiac long axis and cardiac short
axis measurements in different experimental groups. The
correlation analysis revealed statistically significant
(p<0.01), positive and higher correlation between cardiac

long axis (CLA) and cardiac short axis (CSA) with both age
and body weight of Mehsana goats.

The present findings of cardiac long axis (CLA) and cardiac
short axis (CSA) measurement was lower than the mean
values reported by Abdelhakiem et al. (2020) %, who
reported values of 13.17+1.44 cm and 7.70£1.26 cm in right
lateral (RL) view and 12.86+1.17 cm and 8.15+1.24 cm in
left lateral (LL) view, respectively in goats age of 2.9 years.
Similarly, Kumar et al. (2019?) [*2 documented cardiac long
axis and cardiac short axis of 10.55+0.48 cm and 6.47+0.35
cm in goat of Group-I (3-6 months) and 11.98+0.32 cm and
6.78+0.26 cm in Group-II (6-12 months), which were higher
than the present findings of corresponding group.
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3.2 Vertebral heart size (VHS)

The vertebral heart size (VHS) is widely accepted method
that provides the ratio of the heart size in comparison to the
thoracic vertebrae and it is helpful to evaluate the cardiac
silhouette size and quantitative progressive changes over
time as well as in cardiac disease (Buchanan and Bucheler,
1995; Sleeper and Buchanan, 2001; Birks et al., 2017) [7: 20
€. The vertebral heart size (VHS) values were 8.45+0.08,
8.93+0.12, 8.87+0.15 and 8.78+0.09 vertebrae in Group-I to
IV, respectively. A statistically significant difference in
vertebral heart size was observed across different groups
(p<0.05). The mean vertebral heart size value of Group-I
was significantly lower than Group-Il, Il and IV, while
there were no significant differences found among Group-II,
111, and IV. While, statistically non-significant (p>0.05) and
low positive correlation was observed between vertebral
heart size (VHS) with age and body weight. The present
study results were closely aligned with Abdelhakiem et al.
(2020) 1 who recorded mean vertebral heart size (VHS)
values of 8.88+0.58 vertebrae in right lateral (RL) view and
8.95+0.49 vertebrae in left lateral (LL) view in goat (mean
age 2.9 years). Babicsak et al. (2017) B! and Singh et al.
(2020) 91 reported VHS in almost same range to that of
present study, in Bergamasca sheep and Muzaffarnagari
sheep, respectively.

3.3 Cardiac inclination angle and Cardio sternal contact
The mean values of the cardiac inclination angle were
26.80+0.95, 25.80+0.87, 23.77+1.43 and 19.93+0.99 degree
for Group-I to 1V respectively in Mehsana goat. The mean
cardiac inclination angle values differed significantly
(p<0.01) across different experimental groups and
demonstrated progressive declining with advancing age. The
cardiac inclination angle (CIA) exhibited statistically
significant (p<0.01), high negative correlation with age and
moderate negative correlation with body weight. Kumar et
al. (2019%) 12 reported mean cardiac inclination angle of
23.00£2.31 degree in Group-I (3-6 months) and 22.33+£2.08
degree in Group-Il (6-12 months) in goats, the present study
demonstrated relatively higher values in corresponding
groups.

The cardio sternal contact values for Group-l to IV were
5.10+0.25, 4.81+0.19, 4.39+0.26 and 4.44+0.29 cm,
respectively. The difference in the cardio sternal contact
among groups was not statistically significant (p>0.05). The
cardio sternal contact showed a significant (p<0.05) low
negative correlation with age and body weight of Mehsana
goat. Cardiosternal contact values in the present study were
comparatively lower than those reported by Makungu and
Paulo (2014) M, who observed a mean value of 5.74+0.97
cm in east African goats.

3.4 Thoracic height and Thoracic inlet diameter (TID)
The values of the thoracic height were 14.73+0.19,
15.14+0.35, 16.46+0.19 and 18.13+0.18 cm in Group-| to
IV, respectively. The thoracic inlet diameter (TID) values
were 7.35+0.18, 7.37+0.17, 7.85+0.16 and 9.33+0.30 cm in
Group-I to 1V, respectively. There was a statistically high
significant difference (p<0.01) in thoracic height and
thoracic inlet diameter across different experimental groups.
There was statistically significant (p<0.01) and high positive
correlation between thoracic height and thoracic inlet
diameter with both age and body weight of experimental
Mehsana goat.

https://www.biochemjournal.com

Thoracic height measurements in the present study were in
accordance with Abdelhakiem et al. (2020) %, who
reported thoracic height and thoracic inlet diameter (TID) of
18.67+2.23 cm and 8.58+1.07 cm in right lateral (RL) and
18.41+2.4cm and 8.675£1.10cm in left lateral (LL)
radiographic view for goats of 2.9 years age. Kumar et al.
(2019?) 04 also reported almost similar thoracic height in
goats of Group-l (3-6 months) as 14.22+0.72 cm and in
Group-I1 (6-12 months) as 16.77+0.54 cm.

3.5 Tracheal diameter (TrD) and Tracheal angle (TrA)
The tracheal diameter, thoracic inlet diameter and its ratios
are essential for diagnosis of conditions such as tracheal
collapse, congenital tracheal stenosis and reduction in
luminal diameter by inflammation or accumulation of
exudate. Tracheal angle measurement is an indirect
parameter useful in radiographic evaluation, since a reduced
tracheal angle indicates a dorsal deviation of the trachea, a
radiographic sign usually evident in cardiomegaly,
tracheobronchial lymph node enlargement and mediastinal
mass (Mattoon et al., 2001) [*°],

For age groups | to IV, the mean tracheal diameter
measurements were 1.18+0.03, 1.18+0.07, 1.24+0.06 and
1.31+0.03 cm, respectively. The tracheal angle values in
Group-l was 20.08+0.89 degree, 22.35+0.10 degree in
Group-11, 22.28+1.54 degree in Group-lll, and 23.53+0.64
degree in Group-1V. The comparison of tracheal diameter
and tracheal angle across age groups did not show any
statistically significant difference (p>0.05). The tracheal
diameter and tracheal angle showed significant positive
correlation with both body weight and age.

The present study results were in accordance with
Abdelhakiem et al. (2020) 2%, who reported mean tracheal
diameter of 1.36+£0.26 cm in right lateral (RL) and
1.35+0.27 cm in left lateral (LL) radiographic view in goats
age of 2.9 years. In the present study groups the tracheal
diameter values were slightly higher than earlier reported by
Kumar et al. (2019%) % in goats of Group-I (3-6 months) as
0.89+0.03 cm and in Group-Il (6-12 months) as 0.97+0.08
cm. Reddy et al. (2024) 81 documented mean tracheal
diameter and tracheal angle of 1.52+0.03 cm and
21.66+0.39 degree, respectively in Nellore brown sheep.
Kumar et al. (2019%) (2 reported lower tracheal angle
measurements of 14.83+1.51 degree in Group-l (3-6
months) and 17.83+1.58 degree in Group-Il (6-12 months)
of goat.

3.6 Caudal vena cava diameter (CVC) and Aorta
diameter (AO)

Radiographic measurement of the caudal vena cava and
aorta diameter offer critical insight into the vascular system.
Alteration in the relative diameter of the caudal vena cava
and aorta are significant indicators of the right sided cardiac
enlargement (Lehmkuhl et al., 1997) 31 In the present
study, mean value of caudal vena cava diameter were
1.1140.05, 1.1840.04, 1.50+0.08 and 1.52+0.03 cm in
Group-l1 to 1V, respectively. A statistically significant
(p<0.01) difference in caudal vena cava diameter was
observed across different experimental groups. Correlation
analysis revealed statistically significant (p<0.01) and high
positive correlation was found between caudal vena cava
diameter with age and body weight in Mehsana goats.
Makungu and Paulo (2014) [**l reported similar caudal vena
cava diameter values of 1.42+0.13 cm in east African goats.
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On right lateral radiographic view, the aortic arch and
proximal portion of the descending aorta was visible as a
soft tissue opaque tubular structure dorsal to tracheal and
ventral to the thoracic vertebrae. The mean values of aorta
diameter were 1.29+0.06, 1.63+0.08, 1.53+0.11, and
1.59+0.07 cm in Group-I to IV, respectively. A statistically
significant (p<0.05) difference in aorta diameter was
observed across different the age groups. A low positive but
non-significant (p>0.05) correlation was found between
aorta diameter with body weight and age. The present
findings were comparatively lower than the value reported
by Abdelhakiem et al. (2020) %, who documented aorta
diameter of 2.1+0.43 cm in right lateral (RL) and 2.1+0.37
cm in left lateral (LL) radiographic view.

3.7 Spino-phrenic angle

The mean values of the spino-phrenic angle were
43.13+1.26, 41.22+2.18, 40.03+2.31, and 39.25+1.89 degree
for groups | to IV, respectively. There was no statistically
significant (p>0.05) difference in the spino-phrenic angle
among the experimental groups. There was non-significant
(p>0.05) and low negative correlation between the spino
phrenic angle with age and body weight. The findings of the
present study were in agreement with Abdelhakiem et al.
(2020) 201 who observed similar mean value of spino-
phrenic angle in goats was 39.25+7.496 in right lateral (RL)
and 37.59+6.5 degree in left lateral (LL) view.

3.8 Length of the fourth thoracic vertebra (Ti) and
Length of 3" to 51" Thoracic Vertebral (Ts-Ts Length)

The mean length of the fourth thoracic vertebra (T4) was
1.74+0.06, 1.78+0.06, 1.96+0.05 and 2.11+0.02 cm in
groups | to 1V, respectively, while the combined length of
the third to fifth thoracic vertebrae (Ts-Ts) measured was
5.64+0.08, 5.68+0.11, 6.06+0.09, and 6.35+0.05 cm across

https://www.biochemjournal.com

age groups. A statistically high significant (p<0.01)
difference was observed across different experimental
groups. There was statistically significant (p<0.01) and high
positive correlation between T, length and Ts to Ts length
with both age and body weight of experimental Mehsana
goats.

The mean values of T, length in the present study were
slightly lower than Kumar et al. (2019?) 4, who reported T4
length and T to Ts length of 1.92+0.09 cm and 6.0£0.25 cm
for Group-I (3-6 months) and 2.13+0.11 cm and 6.78+0.26
cm for Group-I1 (6-12 months) in goats.

Fig 2: Right lateral thoracic radiograph showing cardiac long axis
(CLA), cardiac short axis (CSA), vertebral heart size (VHS) and
thoracic height in goat.

Fig 3: Right lateral thoracic radiograph showing T4 length, Ts-Ts length, thoracic inlet diameter (TID), tracheal diameter (TrD), tracheal
angle, caudal vena cava diameter (CVC), aorta diameter (AO), cardiac inclination angle, cardio sternal contact and spino-phrenic angle in

4. Conclusion

Cardiac dimensions increase with age, with the decreasing
cardiac inclination angle. Thoracic skeletal parameters,
including thoracic height, thoracic inlet diameter, and
vertebral lengths, increase significantly with age. Tracheal

diameter, tracheal angle and their ratios remain relatively
stable, increase proportionally with skeletal growth.
Vascular structures, including the aorta and caudal vena
cava, show moderate growth proportional to thoracic
development. The present study on normal radiographic
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biometry of thorax in Mehsana goat provide baseline
reference data of different cardiothoracic parameters for
physio-anatomical and clinical applications.
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