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Simple Summary 

Health screening for small animals is not common among pet owners. To encourage regular health 
screening, we aimed to develop a new method for assessing feline nutritional status that is available 
in general veterinary practices. Consequently, we developed a new method of assessing nutritional 
status in cats, including body fat percentage and muscle volume, using an ultrasound device and 
body length. This review focused on nutritional assessment methods used in routine veterinary 
practice and research and introduced the latest feline nutritional assessment techniques.  

Abstract 

Regular health screenings has not yet been widely recognized among pet owners. Thus, we aimed to 
establish clinical health diagnostic criteria for cats and develop objective, easy-to-use methods for 
calculating the obesity index and assessing body composition. This review focuses on body 
composition measurement techniques and introduces evaluation methods for animals. The Body and 
Muscle Condition Score were used to assess nutritional status. Although easy to measure, these 
techniques are subjective and dependent on the operator’s skills. Although objective methods for 
assessing obesity and body fat percentage, such as several body mass index and bioelectrical 
impedance analysis, have been established, they have not been widely adopted owing to complexity. 
The gold standard for body composition evaluation includes several techniques; however, their 
invasiveness and cost make them challenging to use in clinical settings. Consequently, we established 
a method for assessing body fat percentage and muscle mass using feline body mass index (fBMI) 
based on skeletal zoometry measurements, subcutaneous fat and specific muscle thickness measured 
by ultrasonography was established. These techniques are objective obesity evaluation methods that 
can be easily and stably used in clinical veterinary practice. 

Keywords: body composition; body mass index; ultrasonography; zoometry measurement; 
adiposity; muscularity; obesity; sarcopenia; frailty 
 

1. Introduction 

Daily health monitoring at home and veterinary care are important for assessing an animal’s 
health. Cat owners typically rely on signs, such as appetite, behavior, and stool consistency. However, 
these may not reveal all the health issues. 
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Regular health screening is recommended to assess animal health status accurately. In humans, 
the World Health Organization (WHO) has established guidelines and action plans, such as the 
“Global Action Plan for Prevention and Control of non-communicable diseases (NCDs) 2023–2030,” 
for the early detection and prevention of NCDs, such as cardiovascular diseases, diabetes, cancer, 
and chronic respiratory diseases [1]. Contrastingly, the AAHA’s “Nutritional Assessment Guidelines 
for Dogs and Cats” designates nutritional assessment as the “fifth vital sign” after body temperature, 
pulse rate, respiratory rate, and blood pressure, and incorporates nutritional screening assessments 
into regular health screenings [2]. Additionally, this is applied by WASAVA, which recommends it 
as part of a standard physical assessment [3]. Based on these guidelines, screening assessments 
focusing on visual inspection and palpation are routinely conducted alongside interviews in general 
veterinary practice. 

However, health screenings for small animals are voluntary and not widely valued among pet 
owners, partly due to the lack of standardized packages for health screening and inconsistent testing 
in primary care. Moreover, objective and reliable diagnostic techniques are still underdeveloped, and 
screening accuracy remains lower than that in human medicine. 

In Sweden, where pet insurance originated and enrollment is the highest, 90% of dogs are 
insured by law, but only 50% of cats are insured [4]. Moreover, the cost of health screenings and the 
stress caused by hospital visits to the cats are the key barriers to their widespread availability. 
Although the IFSM has created a guide for cat owners on veterinary visits, health screenings for cats 
remain limited, even globally, due to these challenges.  

Obesity and frailty are gaining attention, and the value of health screening in veterinary practice 
is increasingly being recognized. Although body weight is the simplest measure of nutritional status, 
it cannot distinguish between alterations in body fat, muscle mass, and bone mass. In human health 
screening, body mass index (BMI), calculated from height and weight, is commonly used. Obesity is 
linked to increased ectopic fat accumulation in organs, elevated triglyceride levels, high cholesterol 
levels, and sustained increases in plasma non-esterified fatty acid (NEFA) concentrations [5–8]. 
Consequently, it induces lipid toxicity in tissues, resulting in increased insulin secretion and impaired 
function of pancreatic beta cells, thereby contributing to the onset of severe metabolic disorders, such 
as diabetes [5,9–11]. 

Waist circumference is a recognized indicator of obesity, as it reflects abdominal ectopic fat 
accumulation and is useful for tracking changes within individuals [12]. Recently, advances in body 
composition analyzers have made the routine measurement of body fat percentage and muscle mass 
possible. 

Similar to human obesity indicators, efforts have been made to assess obesity and fat 
accumulation in cats. However, due to limited accuracy and insufficient data, these methods are not 
widely adopted in veterinary practice [13–18]. Consequently, there is a need for objective, user-
friendly methods for cat owners and more accurate body composition assessment methods for 
clinical use. 

Thus, our research group aimed to establish health diagnostic criteria for cats and develop 
objective, easy-to-use methods for calculating the obesity index and body composition assessment. 
This review highlights the morphology-based body composition measurement techniques reported 
to date and introduces evaluation methods relevant to veterinary practice. 

2. Previous Approaches 

2.1. Simple Evaluation Technique for Adiposity 

2.1.1. Body Condition Score (BCS) 

The Body Condition Score (BCS) is a diagnostic criterion for obesity based on visual inspection 
and palpation. Here, the visibility of the chest and spine, the presence of an abdominal waist, and 
palpation of abdominal fat accumulation are assessed. The WSAVA guidelines use the 9-point scale 
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developed by Laflamme [19]. This technique is cost-effective and easy to perform by veterinary 
professionals and pet owners. However, this is a subjective method, and the results may differ 
depending on the operator’s skill and experience, making it challenging to achieve consistently 
reliable diagnoses. 

Thus, efforts have been made to establish an objective method to evaluate obesity based on 
skeletal zoometric measurements. 

2.1.2. Body Mass Index (BMI) 

In humans, the body mass index (BMI = BW/(height)2 (kg/m2)), established by Matsuzawa et al. 
(1990), is commonly adopted [20]. Moreover, this has been incorporated into diabetes screening 
guidelines recommended by the WHO. Additionally, the Ministry of Health, Labour, and Welfare of 
Japan has adopted it in the health examination implementation standards established under the 
Labor Safety and Health Act. BMI is strongly associated with disease incidence, and ideal BMI values 
have been proposed. Furthermore, it is highly correlated with body fat percentage, abdominal fat 
accumulation (waist circumference), and hypertension [21–24]. Additionally, dyslipidemia 
prevalence (TG/HDL/LDL) increases with increasing BMI [24]. A BMI of 22 is considered appropriate 
based on disease prevalence [20]. The World Health Organization (WHO) defines a BMI of ≥ 25 as 
overweight and ≥ 30 as obese and classifies obesity into three categories: Class I (30–35), Class II (35–
40), and Class III (40 or higher) [25]. 

Therefore, height, which is based on external skeletal length, is less affected by weight 
fluctuations and can be used as an indicator of basic body size. Based on human BMI, several reports 
on cat BMI based on skeletal length have been published. 

 Nelson et al. [18] were the first to report cat BMI based on external measurements. The 
calculation formula is shown:[18] 

 
BMI ＝ BW൫kg൯ / Height(𝑚) 

 
However, the relevance of blood metabolites, accumulated fat, and metabolic syndrome remains 

unproven, and their validity has not been confirmed. Moreover, the measurement points for body 
length and height (including the joints) are unclear, and because cats lack a consistent upright posture 
like dogs, obtaining stable measurements in a standing position is challenging. Therefore, their 
clinical application is challenging. Consequently, external measurements for assessing feline obesity 
are not yet clinically practical or routinely used. 

2.1.3. Feline Body Fat Index (FBMI) 

Currently, FBMI is used in some veterinary clinics. Howthorine and Butterwick (2000) 
developed an indirect method for calculating the body fat percentage using external measurements 
based on skeletal length. In particular, they developed an FBMI table using chest circumference and 
leg index measurements (LIM: from the middle of the patella to the dorsal tip of the calcaneal process) 
[15]. This technique involves measuring the ninth rib circumference (chest circumference) and LIM 
using a standard measuring tape and subsequently estimating the body fat percentage indirectly 
based on these values. The formula for calculating the body fat percentage is described in the section 
on evaluation techniques for fat accumulation. This is considered an objective method for evaluating 
obesity. However, this study has several limitations. For instance, the calculation formula is complex, 
and the position of the ninth rib cannot be determined in cases of severe obesity, making it 
challenging to accurately measure chest circumference. Additionally, cats, being carnivorous 
animals, exhibit higher mobility than other animals, and their chest circumference can differ owing 
to breathing and posture, making it challenging to obtain stable measurements. Thus, some 
experience is necessary to obtain accurate measurements. However, owing to the complexity of the 
calculation formula, it is rarely used in clinical practice. 
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When considering the BMI of cats, the effects of body composition, such as fat accumulation and 
muscle mass, are crucial. Recent findings link ectopic fat accumulation in organs and muscles to 
metabolic syndrome, increasing interest in body composition assessment. The following section 
introduces methods for evaluating body fat accumulation. 

2.2. Evaluation Method for Fat Accumulation 

Methods for evaluating body composition based on the morphometric measurements in 
mammals, including humans, have been investigated for several years. Most of these methods were 
designed to assess subcutaneous fat accumulation. 

Skinfold calipers have been used since the 1950s, when body composition measurement gained 
importance [26]. It measures skin thickness by sandwiching it between two calipers and was once the 
most commonly used method for evaluating fat accumulation in humans. 

2.2.1. Impedance Method 

Body composition analyzers based on bioelectrical impedance analysis are commonly used in 
humans. To evaluate body composition, bioelectrical impedance analysis uses the characteristics of 
fat tissue, which demonstrates a lower electrical conductivity and fewer conduction pathways than 
other tissues. Moreover, it is noninvasive and combines safety and convenience. The assessment of 
body fat percentage using this method in cats has been reported by Stanton et al. (1992) [27]. 
Additionally, the following formula for calculating body fat percentage and fat mass in cats has been 
proposed: 

 
・Percentage body fat 

= −0.02(𝐿ଶ/𝐵𝑊) − 4.12𝑅𝐹 + 1.48𝑃𝐶 − 1.16𝐶𝑇𝐶 + 92.93 
 
・Fat mass (kg) 

= 0.04𝑃𝐶 − 0.0004(𝐿ଶ/𝐵𝑊) − 0.08𝑅𝐹 + 1.11 
 
BW, body weight; L, body length; RF, right forelimb length; PC, pelvic circumference; CTC, 

cranial thoracic circumference 
 
However, considering that this study used euthanized cats of normal weight, whether obesity 

or cachexia can be accurately evaluated in living cats has not yet been verified. Additionally, this 
method is impractical because it requires electrode insertion. 

In dogs, a noninvasive bioelectrical impedance-based body fat meter has been commercialized 
(Health Lab, Kao, Tokyo, Japan). However, the skin has a greater range of motion in cats due to their 
carnivorous defensive characteristics, making it challenging to obtain stable measurement values. 
Thus, bioelectrical impedance-based body fat monitoring in cats has not yet been commercialized. 

2.2.2. Evaluation method for fat accumulation by FBMI 

As mentioned in the BMI section, the FBMI charts were based on the following body fat 
percentage calculation formula: 

𝐵𝑜𝑑𝑦 𝑓𝑎𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 (%) =  
൬

𝑟𝑖𝑏 𝑐𝑎𝑔𝑒
0.7067 －LIM൰

0.9156 －LIM 

 
Additionally, German and Martin (2010) introduced the following equation:[28] 
 

𝐵𝑜𝑑𝑦 𝑓𝑎𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 (%)＝1.54 rib cage－1.58 LIM－8.67 
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These methods are indirect but can be utilized as objective methods to evaluate a cat’s body fat 
percentage. However, cats demonstrate a greater range of motion than other animals, and respiratory 
movements considerably affect their chest circumference, making it challenging to reliably measure 
them in a veterinary clinic [29]. Furthermore, these techniques require complex calculations. These 
limitations hinder their widespread adoption in veterinary practice. Thus, developing simple, 
reliable, and stable methods is necessary for assessing body fat in cats. 

2.3. Simple Evaluation Method for Muscularity 

The accumulated fat can mask the reduction in muscle mass in aging cats with sarcopenic 
obesity, resulting in an assessment that appears to indicate a normal weight. Thus, evaluating muscle 
mass along with a simple nutritional status assessment in aging animals is important. 

2.3.1. Muscle Condition Score (MCS) 

Dual-energy X-ray absorptiometry (DEXA), CT, and MRI are considered the gold standards for 
muscle mass assessment, but are impractical for clinical practice due to similar limitations as fat 
measurements. To address this, the WSAVA introduced the MCS, a simple, globally recognized 
method [30]. MCS is a 4-point feline muscle mass scoring system defined as follows: 3, normal muscle 
mass; 2, slight wasting; 1, moderate wasting; 0, severe wasting [29]. 

Similar to BCS, it is a subjective method based on visual inspection and palpation. Although pet 
owners can evaluate this, variations in judgment may exist depending on the evaluator’s skill. Similar 
to body fat assessment methods, establishing a muscle mass assessment method that is easy and 
clinically stable is necessary. 

2.4. Assessment of the Direct Body Composition 

2.4.1. DEXA, CT, and MRI 

DEXA, CT, and MRI are considered the gold standards for body composition evaluation. DEXA 
uses two photon types with different energy levels. It emits radiation into the body and helps estimate 
the type and quantity of each tissue based on the differences in its radiation attenuation 
characteristics. Speakman et al. (2001) reported the use of DEXA in cats [31]. DEXA can accurately 
evaluate accumulated fat mass, lean body mass (such as muscle), and bone mineral content with high 
accuracy. Furthermore, CT and MRI can distinguish between fat and lean body mass using two-
dimensional cross-sectional images of the trunk and can quantify each tissue area. 

However, these methods have limitations, including radiation exposure, requirement for 
anesthesia, and high invasiveness. Moreover, these devices are expensive. Given the high 
invasiveness of these techniques, our research team attempted to develop a clinically feasible 
approach for evaluating animal body composition. 

3. Development of a New Nutritional Assessment Method 

Our research team attempted to establish an objective obesity assessment method based on the 
skeletal zoometry measurements and a body composition assessment method that can be easily and 
stably measured in clinical veterinary practice. In this study, some unpublished figures and tables 
are reported using data from Iwazaki et al. (2022) [32]. 

4. Materials and Methods 

Ovariectomy, food intake, BW, BCS, blood collection, DEXA analysis, ultrasonography, and 
skeletal zoometry measurements were performed as described in a previous report [32]. All animal 
procedures were approved by the University of Illinois Institutional Animal Care and Use Committee 
prior to experimentation (IACUC #17264). 
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4.1. Statistical Analysis 

To evaluate the relationship between body composition measured using DEXA scanning and 
ultrasonography, linear regression analysis was performed to obtain a regression equation and the R 
value. Linear regression analyses were performed using R (version 2.8.1). Statistical significance was 
set at P < 0.05, with trends set at P < 0.10. 

5. Results 

Total fat mass was significantly correlated with fBMI, 13th BF, CFP1, CFP2, and BCS (R = 0.91, 
0.80, 0.74, 0.77, and 0.89) (P < 0.001) (Figure 1). 

Body fat percentage was significantly correlated with fBMI, 13th BF, CFP1, CFP2, and BCS (R = 
0.77, 0.84, 0.63, 0.62, and 0.79) (P < 0.001) (Figure 2). 

 The LBM was significantly associated with the 13th EM and 6th-7th EM (R = 0.79 and 0.84) 
(P<0.001) (Figure 3). 

Total fat mass was significantly correlated with the 13th and 6th-7th EM (R = 0.49 and 0.62) (P < 
0.001) (Figure 4). Additionally, the fat percentage was significantly associated with the 13th and 6th-7th 
EM (R = 0.31 and 0.43) (P < 0.01 and P < 0.001, respectively) (Figure 4). 

The regression formula ( 67.0 × 𝑓𝐵𝑀𝐼(𝑘𝑔/𝑚) − 995.1  and 2928.6 × 13௧௛𝐵𝐹(𝑐𝑚) − 159.3 ) 
allowed for the estimation of the approximate total fat mass (Figure 1). Additionally, the regression 
formula ( 1.1 × 𝑓𝐵𝑀𝐼(𝑘𝑔/𝑚) − 7.4  and 58.5×13௧௛𝐵𝐹(𝑐𝑚) + 3.2 ) facilitated the estimation of the 
approximate body fat percentage (Figure 1). 

The regression formula ( 1427.0 × 13௧௛𝐸𝑀(𝑐𝑚) + 236.3 ) facilitated the estimation of the 
approximate LBM (g) (Figure 3). 
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Figure 1. Relationships between fat mass (g) and each parameter in cats. Values are presented as the regression 
coefficients (R), and the relevant formula has been used. FM (g) was considered the dependent variable. The 
other parameters were set as independent variables. Statistical significance between fat mass and other 
parameters was set at P < 0.05 (the regression analysis). 

FM, total fat mass; fBMI, feline body mass index; 13th BF, back fat thickness on the 13th rib; CBF, 
calculated fat percentage; BCS, body condition score 
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Figure 2. Relationships between fat percentage (%) and each parameter in cats. Values are presented as the 
regression coefficients (R), and the relevant formula has been used. FP (%) was set as the dependent variable. 
The other parameters were set as the independent variables. Statistical significance between fat mass and other 
parameters was set at P<0.05 (the regression analysis). 

FP, fat percentage; fBMI, feline body mass index; 13th BF, back fat thickness on the 13th rib; CBF, 
calculated fat percentage; BCS, body condition score 
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Figure 3. Relationships between lean body mass (g) and each parameter in cats. Values are presented as 
regression coefficients (R), and the relevant formula has been used. LBM (g) was set as the dependent variable. 
The other parameters were set as the independent variables. Statistical significance between fat mass and other 
parameters was set at P < 0.05 (the regression analysis). 

LBM, lean body mass; 13th EM, epaxial muscle thickness on the 13th rib 
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Figure 4. Comparison of the fat mass, fat percentage, and epaxial muscle on the 13th or 6–7th rib. Values are 
presented as the regression coefficients (R), and the relevant formula has been used. Fat mass (g) and fat 
percentage (%) were the dependent variables. The epaxial muscle thickness of the 13th or 6–7th rib was set as 
the independent variable. Statistical significance between fat mass and other parameters was set at P < 0.05 (the 
regression analysis). 

FM, total fat mass; FP, fat percentage; 13th EM, epaxial muscle thickness on the 13th rib, 6th-7th 
EM, epaxial muscle on the 6–7th EM 

6. Discussion 

Adiposity and muscularity evaluation has gained traction for the early diagnosis of several 
nutritional conditions, such as obesity and sarcopenia, in veterinary practice. 

The results of this study demonstrated that fBMI and ultrasonography for adiposity and 
muscularity evaluation reflected total fat mass, fat percentage, and LBM using DEXA (Figure 1 and 
2).  
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In fBMI, R was higher than the R from conventional BCS, CFP1, and CFP2 (Figure 1), suggesting 
that fBMI allows for an accurate evaluation of body fat accumulation. 

fBMI is a new objective method for assessing nutritional status based on the skeletal length 
derived from zoometric measurement methods. Given that it does not include joints in skeletal 
length, it is less influenced by posture and is largely unaffected by fluctuations in body weight [33,34]. 
Additionally, it does not require blood sampling or anesthesia and has low invasiveness. 
Furthermore, it reflects alterations in blood lipids (TG and NEFA) during the early obesity stages 
(fBMI = 28.0) before metabolic syndrome onset, enabling precise evaluation of early-stage obesity 
[33,34]. 

The temporarily established evaluation criteria for fBMI in a previous study were updated based 
on these findings (Table 1) [33,34]. Each level of the FM criterion was calculated using the formula 
shown in Figure 1. Furthermore, given that the FP values for cats in the fBMI range of 23.0–27.9 were 
13.0–27.9; this range was temporarily designated as the appropriate FP range. This is typically 
consistent with the BCS criteria [35]. As the LBM values for cats in the fBMI range of 23.0–27.9 were 
approximately 2000–3100, this range was provisionally set as the appropriate LBM range. 

However, the 13th BF revealed a higher R value than the conventional BCS, CFP1, 2, and fBMI 
(Figure 2), suggesting that the 13th BF can estimate body fat percentage with higher accuracy. 
Furthermore, the 13th EM demonstrated a high R with the LBM (Figure 3), suggesting that it can 
estimate muscle mass with high accuracy. 

Ultrasonography is expected to replace DEXA, computed tomography, and magnetic resonance 
imaging. It has been confirmed to be accurate and reliable in bovines, sheep, rabbits, swine, dogs, 
and humans [36–38]. Moreover, ultrasonography availability and repeatability for feline adiposity 
and muscularity evaluation were confirmed in our previous study [39,40]. Additionally, three 
regression formulae to calculate the approximate total fat mass, body fat percentage, and LBM (g) 
were developed based on the relationship between DEXA and ultrasonography in our current study. 
This method facilitates a simple estimation of the approximate total fat mass, fat percentage, and LBM 
in veterinary clinics with higher accuracy than that of CFP1 and CFP2. 

Although the 6th-7th EM revealed a slightly higher regression coefficient than the 13th EM, it was 
more influenced by fat accumulation (Figure 4). This coincides with the differences observed in the 
beef grading systems between the Japan Meat Grading Association and the United States Department 
of Agriculture [41,42]. The Japan Meat Grading Association assesses intramuscular fat marbling 
using cross-sectional images of the longissimus muscle between the 6th and 7th ribs. Contrastingly, 
the grading system of the United States Department of Agriculture assesses muscularity and maturity 
more than intramuscular fat marbling using the muscles between the 13th rib. This suggests that the 
6th-7th EM is more influenced by overfeeding and adiposity than the 13th EM. The 13th rib 
measurement facilitates adiposity and muscularity evaluation in a single procedure, contributing to 
a decrease in animal and veterinarian stress. Therefore, the 13th rib, rather than the 6–7th ribs, is 
considered a suitable site for estimating adiposity and muscularity in cats using ultrasonography. 
This ultrasonographic method can be used to assess subcutaneous adiposity and longissimus 
muscularity when DEXA is unavailable in veterinary clinical practice. 

The criteria for the ideal 13th BF were calculated using the formula shown in Figure 2 by 
comparing it with the FP (Table 1). The criteria for the ideal 13th EM were calculated using the 
formula shown in Figure 3 by comparing it with the LBM. 

The maximum ratio of total fat mass was 30.8% at the end of the study, suggesting that most 
female cats exhibited early-stage obesity. Thus, blood lipid levels and hepatic injury markers were 
within the normal range, and no symptoms of ectopic fat accumulation were observed in the liver. 

Our study did not include lean or cachectic cats. Various body composition levels should be 
examined to improve the detection limit of ultrasonography.  
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Table 1. Comparison of new criteria for the nutritional status in cats. 

 BCS fBMI 13thBF 13thEM FM FP LBM 
 (/9) (kg/m) (cm) (cm) (g) (%) (g) 

Moderate lean ≤4 ≤22.9 ≤0.16 ≤1.24 ≤545.8 ≤12.9 ≤1999 
Ideal 5–6 23.0–27.9 0.17–0.42 1.25–2.00 545.9–880.9 13–27.9 2000–3100 

Overweight 7–8 28.0–33.9 0.43≤ - 881.0–1282.8 28.0≤ - 
Obese 9≤ 34.0≤ - - 1282.9≤ - - 

BCS, body condition score; fBMI, feline body mass index, 13th BF; back fat thickness on the 13th 
rib, 13thEM: epaxial muscle thickness on the 13th rib; FM, fat mass; PF, fat percentage; LBM, lean 
body mass 

Criteria for the fBMI were determined similarly to those used in a previous study [33]. 
Criteria for the 13th BF were determined using the FP. 
Criteria for the 13th EM were determined using the LBM. 
Criteria for the FM were determined using the fBMI. 
The FP criteria were determined based on the ideal fBMI range of cats in this study. 
The criteria for LBM were determined based on the range of ideal fBMI cats demonstrated in 

this study. 

6.1. Key Points for Measurement as per the New Nutritional Status Assessment Method 

6.1.1. Key Points for fBMI Measurement 

The following points describe the measurement of the PCL required for fBMI. 
① The cat was placed in the left lateral recumbent position. 
② To prevent the patella from moving owing to changes in the knee angle, the knee was bent 

at approximately 90°. At this point, the patella should be located on the tibial extension. 
③ The distance from the patella to the calcaneus was measured using a caliper or measuring 

tape. An extended caliper was placed against the patella, and the movable part of the caliper was 
gradually shortened for optimal measurement, given that applying pressure may cause discomfort.   

 

6.1.2. Key Points for Echo Measurement 

The following section describes the echo scanning procedure used to measure the subcutaneous 
fat and muscle thickness in cats. 

① The cat was placed in a left lateral recumbent position. 
② To the dorsal side of the 13th rib, 70% ethanol was applied, hair in the measurement area was 

combed, and a horizontal division line parallel to the rib was created. 
③ A linear probe was attached to the ultrasound device and set to 8–10 MHz. 
④ As a couplant, 70% ethanol was used and sufficiently applied to the division line. The probe 

was positioned on the hair division line so that it was horizontal to the ribs. 
⑤ The position was adjusted such that the longissimus dorsi muscle was fully visible on the 

screen and is subsequently stopped. 
⑥ The following subcutaneous fat and muscle thicknesses were measured using the built-in 

ruler of the ultrasound device or image measurement software. 
⑦ Subcutaneous fat thickness was measured as the maximum diameter between the dermis and 

upper fascia of the posterior serratus muscle. 
⑧ The thickness of the longissimus dorsi muscle was measured as the maximum diameter at 

the border between the dorsal and ventral sides. 

7. Conclusion 

In conclusion, an objective technique for assessing obesity and body composition in veterinary 
practice was established. 
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Significant reliability was observed between the 13th BF and total fat mass and between the 13th 
EM and LBM. Additionally, calculation formulae using subcutaneous adiposity and longissimus 
muscularity were developed to estimate the total fat mass, body fat percentage, and LM level. These 
methods may contribute to the diagnosis of body composition in veterinary clinical practice when 
DEXA is unavailable. 
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