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Abstract. Suharsono, Dhamayanti Y, Eliyani H, Sarmanu, Firdausy LW, Maslamama ST, Purnama MTE. 2025. Gross morphology and 

osteometry of the ribs of Etawah crossbred goats. Biodiversitas 26: 1691-1697. The ribs have several vital purposes, including protecting 

the contents of the mediastinum and thoracic cavity, moving superiorly, inferiorly, anteriorly, and posteriorly to aid in breathing, serving 

as a site for the origin or attachment of certain muscles, and aiding in erythropoiesis during development. However, ribs comprise the 

first to thirteenth bones with different areas. This study aimed to evaluate the gross anatomy and morphometry of the ribs of Etawah 

crossbred goats (Capra aegagrus hircus) using Multivariate Adaptive Regression Splines (MARS) modeling. A total of 299 ribs from 

23 adult male Etawah crossbred cadavers were investigated in this study. Each rib was identified in order from the first to the thirteenth 

ribs. Rib evaluation was performed on the following i.e., Width of the Tubercle Costochondral (WTC), Width of the Junction 

Costochondral (WJC), and Length of the Costochondral (LC). Data were calculated using Multivariate Adaptive Regression Splines 

(MARS) modeling. As a result, gross anatomically, all Etawah crossbred ribs were composed of the costal cartilage at the distal end and 

the head, neck, and tubercle at the proximal end, shaft, or body. The WTC and WJC sizes revealed an evident decrease from the first to 

the second rib and then a gradual decrease on the thirteenth rib. Meanwhile, the LC's size revealed a gradual increase from the first to 

the eighth rib and gradually decreased on the thirteenth rib. In conclusion, using the LC variable, the eighth rib was determined to be a 

transition location. The eighth rib may be used as a biometric orientation point in the thoracic region since it is identified as the widest 

bone, particularly for estimating body weight and body condition scores. 

Keywords: Capra aegagrus hircus, domesticated animals, Etawah crossbred goat, osteometry, ribs configuration 

Abbreviations: GCV: Generalized Cross-Validation; LC: Length of the Costochondral; MARS: Multivariate Adaptive Regression 

Splines; MBF: Maximum number of Basis Functions; MI: Maximum order of Interactions; MO: Maximum Order; WJC: Width of the 

Junction Costochondral; WTC: Width of the Tubercle Costochondral 

INTRODUCTION 

Among 34 provinces in Indonesia, there are an 

estimated 19.22 million goats documented by the Ministry 

of Agriculture of the Republic of Indonesia (Ditjenpkh 

2021), and Etawah crossbred goats (Capra aegagrus 

hircus) are more beneficial since they are more able to 

survive in extreme circumstances (Hariyono and Endrawati 

2023). Despite extreme seasonal changes, the birth rate of 

Etawah crossbreds reared using traditional methods ranges 

from 1.84-2.02 litter sizes/year (Amrullah et al. 2023a). 

Reproductive management is a crucial issue that must be 

well handled in order to increase reproductive efficiency 

(Hufana-Duran and Duran 2020). Etawah crossbreds are 

dual-purpose, meaning they can be used for both meat and 

milk (Belgania et al. 2023). Etawah crossbreds have large 

ears, convex facial features, and efficient weight gain 

(Andaruisworo et al. 2024). In a previous study, intensely 

reared Etawah crossbreds weighed 43±5.54 kg, semi-

intensive 46±1.96 kg, and extensive 49±5.93 kg. Goats 

have grown intensively measured 74±8.82 cm in length, 

semi-intensive 74±3.90 cm, and extensive 75±3.61 cm 

(Nafiu et al. 2020). Compared to the Etawah crossbred, 

Boer goats similar to Etawah are 10.07% larger in girth at 

the same age. In addition, generally the entire body of the 

Boer goat is white, reddish brown in the head area, and has 

curved horns, thus it can be distinguished from the Etawah 

crossbred (Nugroho et al. 2018). 

Numerous livestock attributes can be evaluated using 

animal biometrics based on size. Important data for 

development and reproduction, as well as another 

characteristic that may alter as a result of diet and 

environmental influences, may be obtained from these 

measurements (Acı et al. 2024). Subsequent attempts to 

estimate the shape of the ribs and thoracic cavity have used 

one of two broad approaches. The first employs a mix of 

Principal Component Analysis (PCA) and Generalized 

Procrustes Analysis (GPA) to measure changes in landmarks 

across populations. These landmarks are positioned 

strategically across the thoracic cavity from a series of rib 
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configurations. In a prior study on human ribs, 106 

landmarks from 63 adult male rib cages were analyzed 

using GPA. The results showed that the rib cage rounded 

with age (Slice and Stitzel 2004; Gayzik et al. 2008). A 

prior study in Sahiwal cattle (Bos taurus subsp. indicus 

(Linnaeus, 1758)) performed by Khan et al. (2018) employed 

a similar technique, using a more extensive collection of 

landmarks throughout the rib cage, to measure heritability 

estimates of more than 0.70 for height at the back, height at 

the hook bone, height at the peg bone, and height at the last 

rib. With this degree of genetic control, Sahiwal cattle's 

body frames may be sculpted as desired by genetic 

selection, and selection for specific body measures can be 

effective (Khan et al. 2018). In another study, the three 

thoracic measurements of the fifth rib—rib length, thoracic 

breadth, and dorsal depth—are logarithmically scaled on 

the anticipated body mass on Old World monkeys, New 

World monkeys, Hylobates, and Pongo. However, just the 

fifth rib's trends are a representative example because 

comparable trends were typically observed at various levels 

(Kagaya et al. 2008). 

It is possible to estimate the goat's weight using rib 

morphometry. The assumption of chest width and body 

length can be classified as factors that determine body 

weight (Purnama et al. 2019). Additionally, the chest cavity 

is also linked to the goat's capacity for the maximum 

volume of respiration (Castells et al. 2019). The configuration 

of the ribs can determine the goat's posture and quality 

assessment during breeding. The biomechanical activity 

between muscles and joints develops the ribs' muscular 

composition and their carcass tenderness traits (Lerch et al. 

2023). The widest area in the thoracic region must be 

revealed by osteometric evaluation because the ribs are 

composed of the first through thirteenth configurations. In 

light of the aforementioned problems, this study implemented 

the Multivariate Adaptive Regression Splines (MARS) 

modeling approach to evaluate the Width of the Tubercle 

Costochondral (WTC), Width of the Junction Costochondral 

(WJC) and Length of the Costochondral (LC) as landmarks 

for identifying the widest rib in the thoracic region of 

Etawah crossbred. In particular, the findings of biometric 

parameters on the ribs can be a landmark for estimating 

body weight, body condition score, and thorax volume for 

further application. 

MATERIALS AND METHODS 

Ethical approval 

Ethical approval is not required because this study did 

not involve experimental animals and there were no invasive 

actions on animals. All samples were obtained from the 

anatomy laboratory, Faculty of Veterinary Medicine, 

Universitas Airlangga and have been preserved as cadavers 

that have been fixed in 15% formalin concentration. 

Samples 

A total of 299 ribs from 23 adult male Etawah crossbred 

cadavers, aged 18-20 months were investigated. The rib 

configurations were the serial numbers from the first to the 

thirteenth rib. Some suspected cadaver samples did not 

have complete rib numbers due to previous autopsy 

activities. However, the rib order can be identified based on 

the connection between the rib head with two articular 

facets. In order to be easily recognized by the physical 

characteristics of the head, tubercle, costal groove, angle, 

and costochondral, the ribs were separated from the 

remaining muscles, tendons, and fascia. Rib evaluation was 

performed based on the following parameters, i.e., WTC 

parameters were observed from the head to the tubercle 

point, WJC parameters were observed from the 

costochondral point to the sternal bone, and LC parameters 

were observed as the distance between the right and left rib 

costochondral points (Figure 1). The measurement was 

performed using the tape measure and Vernier caliper 

Mitutoyo® scale in millimeters (mm). 

 

 

 

 
 

Figure 1. Gross anatomy of the ribs of Etawah crossbred goats: a. 

Head; b. Tubercle; c. Costal groove; d. Costochondral. WTC 

parameters were calculated from "a" to "b" points. WJC parameters 

were calculated between both right and left "d" points. LC parameters 

were calculated between both medial right and left "c" points 

Data analysis 

All parameters were analyzed using MARS modeling. 

The correlation between rib configurations with WTC, 

WJC, and LC in MARS modeling was computed on the 

following equation: 

 

Where: 

f (x) : Dependent variable of WTC, WJC, and LC 

am  : Coefficient basis function 

Km  : Interaction between configuration and position of 

the ribs 

H  : a step function 1 if 𝜂 ≥ 0 or 0 if otherwise 

Skm  : The intersection point of the segment (knots) in 

take on value -1 or +1 

tk  : The segment location 

Xv1km : The predictor variable of Km 
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The computational results are represented in figures to 

reveal the formula of y versus x and determine the 

optimum punctum of the rib configuration. The optimal 

statistical model was selected as the one with the lowest 

Generalized Cross-Validation (GCV) measure, Maximum 

Order (MO), Maximum order of Interactions (MI), and 

Maximum number of Basis Functions (MBF).  

RESULTS AND DISCUSSION 

Gross anatomy of the ribs 

A total of 299 ribs from 23 adult male Etawah 

crossbred goat cadavers, with 157 left ribs and 142 right 

ribs were identified and then separated from the muscles, 

tendons, and fascia. Although some ribs were not found 

completely in the cadavers, the bone configuration could be 

identified based on the connection between the rib head 

and the two articular facets (Table 1). The head, neck, and 

tubercle at the proximal end, shaft, or body, and the costal 

cartilage at the distal end made up each pair of Etawah 

crossbred ribs. There were two exterior surfaces and two 

boundaries on the curving shaft or body. The distal portion 

was slanted inward, while the top portion had a greater 

curve. It was discovered that the lateral surface had a broad 

groove at the top and was convex. It had a concave, smooth 

medial surface. The posterior border, which housed the 

costal groove for the intercostal vessels, was convex, 

whereas the anterior boundary was thick and concave. At 

the top, this groove was noticeable. Additionally, the head 

displayed two articular facets, with a costal groove between 

them. The costo-central articulation was created when these 

facets were formulated with the facets of the respective 

vertebrae's bodies. The tubercle was located behind the 

head, and it was discovered that a narrow section known as 

the neck divided the two structures. The neck's length was 

discovered to vary. The entire length of the neck displayed 

a groove. Except in the series' caudal region, the neck was 

lengthy and made a closer angle with the shaft or body. 

Below the rib's main tubercle near the caudal edge of the 

shaft was an auxiliary tubercle. In the ribs, there was 

variation in the distance between the two tubercles. 

Typically, the articular facet of the rib's primary tubercle 

had a concave form. Variations were noted, nevertheless, in 

the size and form of the tubercle's facets. This facet formed 

the costotransverse articulation by connecting with the 

homologous facet on the thoracic vertebra's transverse 

process (Figure 1). 

The ribs' distal end was slightly enlarged and connected 

to the costal cartilage. Cylindrical and slightly stretched 

from side to side, the cartilages were discovered. Both 

sides' ribs were structurally identical, and there were no 

gross differences between the sexes. The tubercle of the 

first rib had a facet that resembled a bicycle seat. At the 

first rib's proximal portion of the caudal edge, the costal 

groove was noticeable. Both morphological and anterior 

attachment to the costal cartilage are used to categorize 

ribs. Based on their anatomical characteristics, they are 

categorized as either regular or unusual morphologically. 

Typical ribs (ribs 3-9) include four main features: a head 

with two articular facets, a neck, a tubercle, and a shaft. 

They connect with the spinal column posteriorly and the 

sternum anteriorly along the costal cartilage. A single rib 

connects with the axillary spine posteriorly at the 

costovertebral joint, which has two distinct articulations. 

First, through two distinct articular facets, the head 

articulates with the immediately superior and numerically 

comparable vertebral bodies at the costocorporeal joint. At 

the costotransverse joint, the tubercle, which is situated 

where the neck and shaft meet, articulates with the matching 

vertebral transverse process. Despite a small amount of 

gliding motion, these joints are naturally stable and support 

the stability of the thoracic spine (Haase and Shaikh 2024). 

Rib evaluation using MARS modeling 

According to the MARS modeling, each segment's 

WTC (Figure 2), WJC (Figure 3), and LC (Figure 4) 

formed two linear functions in rib configuration. The WTC 

and WJC sizes revealed an evident decrease from the first 

to the second rib (WTC: [y = 12.17-2.01x]; WJC: [y = 

24.675-6.535x]), and then a gradual decrease on the 

thirteenth rib (WTC: [y = 8.98-0.24x]; WJC: [y = 14.58-

0.64x]) (Table 2, Figures 2-3). Meanwhile, the LC's size 

revealed a gradual increase from the first to the eighth rib 

(y = 86.623 + 10.922x) and gradually decreased on the 

thirteenth rib (y = 269.917-12.136x) (Table 2, Figure 4). It 

is evident from the osteometric evaluation results that the 

ribs are arranged in a funnel-like pattern, progressively 

narrowing to the thirteenth bone after widening from the 

first to the eighth. In certain animal biometric procedures, 

the eighth bone—which is arguably the widest punctum in 

the thoracic region—is used to predict lung volume, body 

weight, and body score conditions (Smith 2024). 

Discussion 

A typical technique for detecting each unique rib 

configuration, characterizing its shape concerning the 

thoracic cavity, and relating it to body mass estimation is 

basic osteometry. Several parameters include the use of an 

ellipse, an arc, a circular ring, and two superimposed arcs 

to indicate rib shapes (Kindig and Kent 2013; Pratiwi et al. 

2024). The ability to completely recreate the underlying rib 

structure using just the parameters of two recent models has 

been included. In earlier studies, a seven-parameter model 

featuring a circle and semi-ellipse connected by short 

patches was presented (Holcombe et al. 2019). In addition, 

other study performed by Holcombe et al. (2016) offered the 

extra advantages of employing specifications that represented 

themselves as direct geometrical attributes of ribs, such as 

their size, aspect ratio, and skewness, and simplified the 

parameter space (with one fewer parameter and joining 

patches) by using linked spherical as the model primitives. 

The average geometric qualities from within a population 

would be reflected in any rib that was constructed 

implementing statistically average coefficient values. 

The motion characteristics of the spine at various slopes 

were examined using the Qualisys Track Manager (QTM) 

gait analysis system in conjunction with the Saanen goat's 

normal gait cycle. It can obtain the changes of the goat 

spine under actual movement states, which serves as a 
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reference for the ensuing research on goat movement 

mechanism, in contrast to the conventional spine biological 

characteristics analysis method (Zhang et al. 2024). In the 

meantime, the various directions of the lumbar and 

thoraco-lumbar vertebral changes were analyzed using the 

Gaussian Mixture Model (GMM) clustering algorithm. It 

was discovered that the goat's lumbar and thoraco-lumbar 

vertebral motion was primarily represented by a left-right 

swing in the coronal plane, when combined with anatomical 

knowledge (Zhang et al. 2018). Ultimately, it was 

determined that the coupling motion of the thoraco-lumbar 

cooperative motion and the flexible swing of the lumbar 

vertebrae at the slope of 10° had the most significant effect 

on the motion stability based on the analysis of the 

maximin and variation range of the lumbar vertebrae and 

thoraco-lumbar vertebrae in the central plane. Angle 

variation data under various slopes were shown to exhibit a 

clear clustering effect when the covariance matrix was 

diagonal and when the covariance matrix was different. 

The primary way that the lumbar and thoracolumbar 

vertebrae moved in the coronal plane was as a left-right 

swing (Zhang et al. 2022). 
 

 

Table 1. Distribution of rib configuration samples in Etawah 

crossbred goats 

 

Rib no. 
Total rib sample 

Left side Right side 

1 17 17 

2 17 14 

3 17 13 

4 15 13 

5 14 13 

6 13 12 

7 12 11 

8 13 11 

9 14 13 

10 9 6 

11 6 5 

12 5 4 

13 5 10 

Total 157 142 

 

 

Table 2. Osteometry of ribs in Etawah crossbred goats 

 

Ribs no. WTC (mm) WJC (mm) LC (mm) 

1 10.41±1.87 17.00±4.04 86.63±11.72 

2 8.19±1.82 10.96±1.97 113.62±13.58 

3 9.07±3.40 12.07±2.05 126.50±14.77 

4 8.33±1.28 12.82±2.69 139.68±14.79 

5 7.55±1.29 12.07±2.47 149.68±16.37 

6 7.50±1.16 11.64±1.58 155.89±21.24 

7 7.08±1.24 10.72±1.83 157.95±20.12 

8 6.54±1.27 9.64±1.29 159.89±24.63 

9 6.68±0.90 7.92±0.86 164.23±26.86 

10 6.71±0.66 6.98±1.45 166.17±29.27 

11 6.44±0.60 6.28±2.01 157.33±36.48 

12 5.78±0.97 5.48±1.15 133.18±20.02 

13 5.09±1.80 5.18±1.72 90.03±37.06 

Notes: WTC: Width of the Tubercle Costochondral; WJC: Width 

of the Junction Costochondral; LC: Length of the Costochondral 

 
 

Figure 2. MARS modeling for WTC with MO: 0; MI: 1; MBF: 2; 

and GCV value: 2.396 

 

 

 
 

Figure 3. MARS modeling for WJC with MO = 0; MI = 1; MBF 

= 2; and GCV value = 6.245 

 

 

 

 
 

Figure 4. MARS modeling for LC with MO = 0; MI = 1; MBF = 

2; and GCV value= 6.245 

 

 

 

In graphic models of human cartilage, the seventh rib 

has the largest punctum pattern, whereas the next rib has 

the smallest (Joshua et al. 2014). Thirteen pairs of Etawah 

crossbred goats were used in this study to create a two-

segmented linear model. While WTC and WJC share the 

same pattern and are segmented in the second rib, the LC 

graph is segmented in the eighth rib. Because the eighth rib 

represents the boundary and transition point between the 

sternal and asternal ribs, this study highlighted the 

morphological characteristics of the Etawah crossbred goat. 
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In contrast, according to a prior study, the third through 

tenth ribs are categorized as normal from a morphologic 

standpoint because they feature articular facets and an 

extended body that is joined to the rib head by a tubercle 

and neck. Both of these joints are synovial; the head 

articulates with the vertebral body to produce the 

costovertebral joint, while the tubercle articulates with the 

vertebra's transverse process to form the costotransverse 

joint. Because they lack traits that the other ribs share, the 

first, second, eleventh, and twelfth ribs are regarded as 

unusual. The cervicothoracic junction is characterized by 

the first and second ribs. The third to tenth ribs are 

categorized as typical morphologically because they 

include articular facets and an extended body that is joined 

to the rib head by a tubercle and neck. The tubercle 

articulates with the vertebra's transverse process to produce 

the costotransverse joint, while the head articulates with the 

vertebral body to form the costovertebral joint. Both of 

these joints are synovial. Since the first, second, eleventh, 

and twelfth ribs lack traits that the other ribs share, they are 

regarded as unusual. The cervicothoracic junction is 

characterized by the first and second ribs. While the second 

rib is longer and thinner than the first, it possesses a 

tuberosity for fastening the anterior serratus muscle. The 

first rib is wider and shorter, with grooves associated with 

the subclavian arteries and a tubercle for fixing the scalene 

muscles. Because they lack a neck, a tubercle, and anterior 

articular facets, the eleventh and twelfth ribs are 

uncommon. In order to articulate with the nearby upper 

vertebral body, the second through ninth ribs have a second 

articular face on their heads. Each rib contains a lower 

costal groove that is connected to the intercostal 

neurovascular bundle (Talbot et al. 2017). 

The head (Caput costae) and tubercle (Tuberculum 

costae), attached to the spine, form up the proximal ribs. In 

the Processus transversus Thoracalis I-XIII, the 

Tuberculum costae is connected to the joint area (Fovea 

costae transversus). In contrast, the Caput costae is 

connected to the joint area (Fovea capitis costae cranial et 

caudal) (Musil et al. 2018). The epaxial muscles, the most 

medial vertebrae, and the ribs form the thoracic cavity, and 

the connection to the two joints is fully closed (Hudson and 

Hamilton 2017). The joint of cartilage-covered ribs and the 

sternum bone segment is known as the costochondral 

junction. According to Srour et al. (2015), the first rib 

segment's cartilage is bigger, more dense, and shorter than 

the subsequent rib segment. Five asternal ribs and eight 

sternal cartilages were observed in this investigation. The 

anterior rib configurations known as sternal ribs articulate 

and are joined to the sternum bone directly. Due to their 

firm attachment to the sternum bone, the first eight sternal 

ribs are less flexible (Khabyuk et al. 2022). A costal arch is 

formed by the posterior arrangement of the asternal ribs, 

which are indirectly attached to the sternum bone. The 

floating ribs that are not attached to the sternum bone are 

known as fluctuant ribs. The floating ribs, which are the 

other atypical ribs, are ribs 11 and 12. Similar to the first 

rib, they lack a tubercle and comprise a single facet on the 

head. To simple cartilages, their ends taper. The term 

floating ribs refers to the cartilage's complete lack of 

attachment to the rest of the rib cage. Several sheep and 

goat breeds have fluctuant bones in the last three rib 

configurations (Farghali et al. 2020). In a previous study, 

six specimens of adult Blue bulls (Boselaphus tragocamelus 

(Pallas, 1766)) of either sex had their first, second, and 

third pairs of ribs investigated. They had a head, neck, 

shaft, or body, tubercle at the proximal end, and costal 

cartilage at the distal end. On the caudal edge of the shaft, 

beneath the ribs' main tubercle, was an additional tubercle. 

In females, the accessory tubercle was located at the caudal 

boundary 4.1±0.08 cm below the proximal tubercle, while 

in males, it was 4.2±0.11 cm below. At the second rib's 

proximal end of the caudal border, the costal groove was 

noticeable. The second rib lacked the accessory tubercle. 

At the caudal boundary, the accessory tubercle was located 

3.3±0.13 cm below the proximal tubercle in females and 

3.5±0.10 cm below it in males. Up to the third rib, the shaft 

became more curved. There were no gross differences 

between the sexes, and the ribs on both sides had 

comparable characteristics. Major variations between the 

sexes of this species were reflected in the biometrical 

observations on several parameters of the first, second, and 

third pairs of ribs of the Blue Bull (Sathapathy et al. 2018). 

The superior and inferior angles of the rib are where it 

curves. They are also attachment points for ligaments and 

trunk muscles. Additionally, thoracic muscles and connective 

tissue join to the ribs through the superior and inferior 

crests, which are elevated edges. A rib's body is its major 

portion. Intercostal arteries and nerves can travel through 

the costal grooves inside the ribs, supporting thoracic 

function. The costovertebral joints are formed by the facets 

on the heads of the ribs that connect with the thoracic 

vertebrae (Amrullah et al. 2023b). A conspicuous, rounded 

projection that connects with the thoracic vertebrae is 

called the rib head. The costal margins act as attachment 

points for the thoracic muscles and establish the boundaries 

of the ribs. The area between the head and the body is 

called the rib's neck. The sternum or vertebrae articulate 

with the costal notches. Both articular and nonarticular 

tubercles are found on the ribs; the latter act as attachment 

sites for trunk muscles (de Farias et al. 2020). 

The external and internal intercostal muscles are based 

on the ribs. This muscle contributes to the breathing 

process. According to Wen and Lee (2018), the Serratus 

ventralis muscles are inserted in the sixth and seventh goat 

ribs, while the scalenus muscles are inserted in the third 

and fifth ribs. The asternale rib and xiphoid cartilage serve 

as attachment points for intercostal muscles and abdominal 

muscle fibers (Haase and Shaikh 2024). Depending on the 

rib configuration, the rib shaft's length, width, and number 

of curves change. The costal arch is shaped more gradually 

by the longer second rib, while the first rib is shorter and 

straighter (Levillain et al. 2019). A previous study reported 

that the chest circumference of Etawah crossbreds reared 

intensively was 37±7.32 cm, semi-intensive 37±6.31 cm, 

and extensive 39±5.60 cm (Nafiu et al. 2020). The findings 

of the earlier study on bone loss with aging are in line with 

the trends of declining rib bone volume proportion and 

mineralization with age. Age-related decreases in rib bone 

volume, rather than an increase in calcification mineral 
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density, were likely the cause of the mineralization ratio's 

apparent increase with age. Both calcification mineral 

density and calcification volume fraction were not well 

predicted by rib mineral density or rib volume fraction, 

respectively (Ikeda 2017). It's unclear to what extent costal 

cartilage calcification may be a compensatory strategy or 

linked to a shift in stress patterns brought on by a lower rib 

bone modulus, but both merit more research (Nourin et al. 

2024). In our perspective, since the sample of this study 

was a cadaver, the live goat weight parameter could not be 

evaluated and correlated with rib morphometry. Whereas 

this parameter may reveal a regression correlation related 

to body weight with rib morphometry. 

In conclusion, the eighth rib was identified as a 

transition site based on the LC variable. From the first to 

the eighth rib, the LC variable steadily grew; from the 

eighth to the thirteenth rib, it gradually decreased. In the 

meantime, the WTC and WJC models showed a similar 

trend. From the first to the thirteenth rib configurations, the 

WTC and WJC variables gradually displayed a minimizing 

trend. According to this study, the eighth rib can serve as a 

reference point for calculating chest girth to assess body 

weight and body condition score in Etawah crossbred for 

future applications. 
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