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Abstract 

Background: Systems for estimating body condition score (BCS) are currently used in canine practice to monitor fat‑
ness levels. These tools are cheap and easy to use but lack the necessary precision to monitor small changes in body 
fat, particularly during weight control treatments or in research. The present work aims to study the application of 
real‑time ultrasonography (RTU) together with image analysis in the assessment of subcutaneous fat depots in dogs. 
Ultrasound images were collected from five anatomical locations (chest, flank, abdomen, thigh and lumbar) from 28 
healthy dogs of different breeds and with a body weight (BW) ranging from 5.2 to 33.0 kg. BCS was collected by visual 
appraisal using a 5‑point scale. Subcutaneous fat thickness (SFT) was estimated from RTU images, using the average 
of three measurements taken in fat deposits located above the muscles represented in each image. Correlations were 
established between SFT and BW or BCS as well as a classification of BCS‑based fatness [overweight (BCS = 4), ideal 
(BCS = 3) and lean (BCS = 2)].

Results: SFT was found to differ between the five regions considered (P < 0.001). Abdomen and thigh were the areas 
displaying the widest variation for the different dogs included in the study and also those correlating most with BW, 
in contrast to the chest, which showed the least variation. Overall, a strong correlation was found between BCS and 
SFT. The highest correlations were established for the flank, abdomen and lumbar areas. In every anatomical area, a 
decrease in SFT was observed across all three BCS classes, ranging from 48 to 65 % among overweight and ideal dogs, 
and from 46 to 83 % among ideal and lean dogs.

Conclusions: Preliminary data showed that within this population there was a strong correlation between BCS and 
SFT estimated from RTU images. It was also observed that RTU measurements for fat thickness differed among the 
anatomical points surveyed suggesting differences in their sensitivity to a change in BCS. The images displaying the 
best prediction value for fatness variations were those collected at the lumbar and abdomen areas.
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Background
Obesity is the most common nutritional disorder in dogs 
and is becoming a common health and welfare problem 
worldwide [1, 2]; it results from the intake of excessive 
dietary energy combined with poor lifestyle habits, par-
ticularly inactivity. According to different surveys, the 
prevalence of dog obesity ranges from 22 to 44 % [3]. In 
dogs, obesity is linked to both a shortened lifespan [4] 
and increased incidence of secondary diseases, including 
metabolic diseases, respiratory distress, hypertension, 
cardiac disease, neoplasia as well as orthopaedic and skin 
diseases [3, 5].

Surveying a dog’s condition is a key aspect of routine 
clinical examination. Estimating body condition score 
(BCS) is the most commonly used method to estimate 
fatness in dogs [6] and to monitor the response to weight 
loss programs in daily practice. Knowledge of body 
composition, in particular the percentage of body fat, 
provides useful information about the physical and meta-
bolic status of animals [7], allowing proper advice to be 
given on feeding and weight reduction programs [2, 8].

Over the years, several methods have been devel-
oped to accurately measure and estimate the percentage 
of body fat, and also to facilitate understanding of the 
causes and effects of obesity. These include dual-energy 
X-ray absorptiometry [7, 9], bioelectrical impedance [9], 
computed tomography [10] and magnetic resonance 
imaging [11]. Nevertheless, implementing such methods 
in clinical practice is difficult or expensive. Practition-
ers need simple, semi-quantitative methods to support 
their work, which may explain why body condition scor-
ing remains the tool mostly used on a routine daily basis. 
While this procedure is cheap, easy to use and repro-
ducible among operators [6], it is a subjective technique 
and lacks sharp sensitivity, being unable to detect minor 
variations in body composition over time and correlating 
poorly with body weight [6].

Several BCS charts for dogs are available, which use 
5-, 7- or 9-point scores to estimate the degree of fatness. 
Charts which give a higher score correlate better to the 
amount of body fat percentage obtained from more accu-
rate methods [2]. Although the accuracy of the 5-point 
scale may be increased by adding half-scores between the 
whole scores, the fact is that in Portugal, as in Japan [2], 
most veterinarians use the whole score 5-point scale in 
routine daily practice. However, BCS’s sensitivity regard-
ing a dog’s overall fatness is generally considered lower 
than more expensive methods, mainly due to the particu-
lar pattern of fat distribution in this species [2]. Notably, 
it is hard to quantify fatness levels in borderline cases 
between two consecutive scores.

A growing number of clinics now use alternative and 
more precise methods to assess body fat distribution in 

animals, such as computer tomography or magnetic reso-
nance imaging [7, 10, 11]. However, such techniques are 
generally not applied to BCS since the initial price, oper-
ating costs and the equipment’s lack of mobility severely 
limit its use on a routine daily basis.

Over the last two decades, real-time ultrasonography 
(RTU) has become an increasingly important tool for the 
measurement of body fatness. RTU is used today in sev-
eral domestic species to predict in vivo body fat covering 
[12–14]. It is widespread both in animal science and in 
clinical research, because of its relatively low cost, port-
ability, robustness and easiness of use as well as its ability 
to obtain precise and highly reproducible images; moreo-
ver, it is well tolerated by animals and is well accepted by 
the public. Nevertheless, little information is available on 
the use of RTU to assess body fatness in dogs [15]. As the 
5-point BCS system is not dependent on animals’ weight 
and essentially displays the thickness of their fatness cov-
ering [15], we hypothesised that SFT estimated through 
RTU images would reflect the level of fatness covering, 
and would thus also be relatively independent of the size 
of the dog.

Therefore, the present study intends to assess body 
fat depots from five different anatomical sites in dogs 
using RTU and image analysis, seeking to validate RTU 
as a predictor of body fatness by establishing a relation-
ship between BCS and subcutaneous fat measurements 
obtained by RTU.

Methods
Animals
Data were collected from 28 privately-owned mature 
dogs randomly recruited according to their BCS from 
among the patients at a private veterinary hospital. All 
the animals were indoor pet dogs or guide dogs for the 
blind that were assessed on routine veterinary visits, for 
treatments such as neutering, vaccination or deworming. 
All the animals were submitted to a physical examination 
and considered free of underlying pathologies. A positive 
pregnancy diagnosis was the sole additional excluding 
criterion imposed for the study.

Body size, weight and body condition score
The animals in the study were representative of both gen-
ders (14 males and 14 females) and also of different sizes 
(miniature-4; small-10; medium-14), weight (5.2–33.0 kg) 
and BCS (2–4, on a 5-point scale).

Two trained operators independently assigned the 
dogs’ BCS, using visual appraisal and palpation, accord-
ing to Hill’s 5-point scale [16]. In the present study, BCS 
in dogs ranged from 2 (lean or underweight) to 4 (over-
weight). Additionally, dogs weight was assessed using an 
electronic scale displaying a sensitivity of 1 g.
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Three morphometric variables were used to estimate 
the size of the dog, namely, height at withers, thoracic 
girth and the rump width. These were measured with the 
animal in standing position, looking straight ahead with 
the head in normal carriage position, using a measur-
ing stick, callipers or a tape as appropriate. In the case 
of crossbred dogs, the height at withers and thoracic 
girth were used to establish the size of the dogs, follow-
ing similarities with the body frame of breeds recognised 
by FCI (Fédération Cynologique Internationale) whose 
standards were used to define purebred size. In short, the 
height at withers and thoracic girth were used to distin-
guish between miniature and small sized dogs, while the 
height at withers was used to distinguish between small 
and medium sized dogs.

Ultrasound image acquisition
To obtain RTU images, a General Electric ultrasound 
scanner (GE logic book XP, General Electrics, Buck-
inghamshire, UK) was used which was equipped with a 
39  mm-long multifrequency linear transducer (8LRS, 
6–11  MHz; General Electrics, Buckinghamshire, UK), 
set to 10 MHz. RTU image acquisition was performed in 
right lateral recumbency, without the need for sedation 
or anaesthesia. There was no need for hair clipping at the 
image collection spots; ethanol and ultrasound gel served 
as a coupling medium.

Ultrasound image acquisition was performed from 
five anatomical sites (Fig. 1), selected according to their 
suitability from previous research on dogs [15] (flank, 
abdomen, thigh and lumbar) and also from the authors’ 
perception of changes in subcutaneous fat deposits in 
obese dogs (chest). The locations used were:

1. Chest—at the entry of the chest, from the midline to 
the left, the transducer transversal to the manubrium 
sterni, over the cleidocephalicus muscle;

2. Flank—on the dog’s left side, over the ninth intercos-
tal space, just above the costochondral junction, the 
transducer transversal to the ribs over the obliquus 
externus abdominis muscle;

3. Abdomen—on the left lateral wall of the abdomen, 
midway on the perpendicular line between the linea 
alba and the tip of the processus transversus of the 
lumbar vertebrae, the transducer in vertical position 
over the obliquus externus abdominis muscle;

4. Thigh—on the inner face of the right thigh, midway 
on a diagonal line traced from the tuber ischiaticum 
to the tuberositas tibiae, the transducer placed trans-
versal to the femur, between the gracilis and semi-
membranosus muscles;

5. Lumbar—between the third and the fifth lumbar ver-
tebrae, over the M. longissimus lumborum covered by 

the thoracolumbar fascia, 2–3  cm to the left of the 
midline, the transducer parallel to the processus spi-
nosus of the lumbar vertebrae.

All the RTU images were saved in 640 × 480 JPEG for-
mat for subsequent analysis.

Ultrasound image analysis and subcutaneous fat 
measurements
To eliminate subjective inter-operator bias, a single 
experienced operator analysed all the RTU images using 
ImageJ software (version 1.38x, NIH, USA; http://rsb.
info.nih.gov/ij/download.html). Measures of subcutane-
ous fat thickness were estimated from the thickness of 
fat deposits located above the muscles displayed in the 
images, at all five anatomical sites. The skin was included 
in all thickness measurements. For each image, the aver-
age of the measurements taken at the three different 
locations was considered, so as to eliminate possible fluc-
tuations that might exist in the thickness of subcutaneous 
fat. The first measurement was taken at the midline of the 
ultrasound image and the others were obtained equidis-
tantly, 1.5 cm to each side.

Statistical analyses
Data were analysed using the JMP statistical analysis 
software (SAS Institute, Cary, NC, USA). A descriptive 
data analysis for body weight, BCS and subcutaneous fat 
thickness (SFT) at each point of collection was carried 
out by mean, standard deviation (SD), range and coef-
ficient of variation (CV). The relationships between the 
BCS and SFT measurements obtained by RTU image 
analyses were computed using the correlation analysis 
procedure. The general linear model (GLM) procedure 
was used to fit two models showing the associations 
between BCS and SFT. The first model was developed 
to evaluate the effect of BCS on SFT at the five anatomi-
cal sites considered. In this model, three categories were 
used, based on BCS [overweight (BCS 4), ideal (BCS 3) 
and lean (BCS 2)], with the animal’s body size being used 
as a covariate. The second model included the anatomi-
cal region as a factor of influence over SFT. This model 
used BCS and rump width as co-variables. For both mod-
els, least square (LS) means were determined and com-
pared using an F-test protected LSD (least significant 
difference). A P value ≤0.05 was regarded as statistically 
significant.

Results
Overall values for body weight, BCS and subcutane-
ous fat thickness collected from the five selected ana-
tomical sites used in the current study are presented in 
Table 1.

http://rsb.info.nih.gov/ij/download.html
http://rsb.info.nih.gov/ij/download.html
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Dogs in this study displayed a mean body weight of 
17.5 kg, with values ranging from 5 to 33 kg. Median BCS 
in these 28 dogs was 3, ranging from 2 to 4 points (n = 4, 
n = 18 and n = 6, for BCS levels 2, 3 and 4, respectively). 
Animals displayed different body size, namely minia-
ture (n  =  4), small (n  =  10) and medium-sized dogs 
(n = 14). Body weight varied noticeably among the dogs, 

presenting a coefficient of variation of 55.4 %, in contrast 
with the lower variation observed for BCS (CV = 19.7 %).

Subcutaneous fat thickness varied among different ani-
mals and anatomical sites (Table  1). Overall SFT levels 
obtained with RTU ranged from 1.02 to 7.88  mm with 
a coefficient of variation between 33.2 and 51.2  %. The 
highest variations were found in the abdomen (51.2  %), 

Fig. 1 Real‑time ultrasonography (RTU) assessment of subcutaneous fat thickness (SFT) in dogs. a Schematic representation of the anatomical sites 
used in the study to assess SFT in dogs. The red box illustrates the transducer location in each of the five areas used in the study. b–f Representative 
RTU images from the five anatomical areas sampled. In each image, measurements of subcutaneous fat thickness (SFT) were taken at three different 
locations (white vertical lines) to estimate a mean SFT value. M muscle plan, B bladder, R ribs’ acoustic shadow
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and the lowest in the chest (33.2  %). The coefficient of 
variation for SFT measurements in the different anatomi-
cal sites showed a pattern allowing them to be divided 
into three groups (Table 1): the abdomen and thigh with 
the highest variations (CV  =  51.2 and 48.3  %, respec-
tively); the flank and lumbar area with intermediate 
variations (CV = 40.8 and 39.6 %, respectively), and the 
chest, the area with least variation (CV = 33.2 %). Overall 
SFT variation was considerably higher than the variation 
observed for BCS; even when considering only the chest, 
variation was about 40  % higher in SFT measurements 
compared to BCS.

Data concerning the correlations between BCS, BW 
and SFT from the five anatomical sites analysed are pre-
sented in Table 2. The correlation between BW and BCS 
was low (r = 0.230, P > 0.05). In general, the correlations 
between BW and SFT measurements were also low (r 
between 0.214, P > 0.05 and 0.598, P < 0.01). The highest 
correlations between BW and SFT were obtained from 
the abdomen (r = 0.415, P < 0.05) and thigh (r = 0.598, 
P < 0.01). However, the correlation between BCS and SFT 
measurements proved to be high (r between 0.708 and 
0.815, P < 0.01). A strong correlation was also obtained 
between SFT measurements collected from different ana-
tomical sites (r > 0.654, P < 0.01) with emphasis on the 

correlation between SFT from the abdomen and the lum-
bar region (r = 0.873, P < 0.01) or the flank (r = 0.847, 
P < 0.01).

Subcutaneous fat thickness was significantly affected 
(P < 0.001) by the anatomical region used to collect RTU 
images (Table  3). The abdomen displayed the highest 
SFT (SFT  =  3.15  mm), whereas the lumbar and thigh 
displayed similar SFT (2.89 and 2.63  mm, respectively), 
and the flank and chest showed the lowest SFT (2.28 and 
2.39  mm, respectively; P  <  0.05). No differences were 
found between SFT from lumbar and thigh regions or 
between SFT from flank and chest. Taking the difference 
between the largest and the smallest SFT value, a differ-
ence of 0.87 mm was observed, corresponding to a 28 % 
variation.

BCS categories (lean, ideal and overweight) signifi-
cantly affect SFT measurements (P < 0.001) (Table 4). In 
general, a decrease in SFT levels at all the five anatomic 
sites sampled was observed between the overweight and 
ideal classes of dogs (P < 0.05) and between the ideal and 
lean (P < 0.05) classes. The only exception was the thigh, 
where measurements remained similar in animals classi-
fied as ideal and lean (P < 0.05). To sum up, differences 
in SFT measurements between overweight and ideal ani-
mals ranged between 1.21 and 2.63 mm (in the chest and 
abdomen, respectively), which represented a variation of 
48–65 % in SFT levels among these two classes of fatness. 
Similarly, the variation in SFT between animals classi-
fied as ideal and lean ranged between 0.36 and 1.50 mm 
(in the thigh and abdomen, respectively), representing a 
variation of 46–83 % between those two BCS classes. In 
general, STF values increased between two to fourfold in 
overweight dogs, compared to lean dogs.

Discussion
The main purpose of the present study was to estab-
lish the association between BCS and subcutaneous fat 
thickness in five selected anatomic sites in dogs. Previ-
ous studies have confirmed the association between BCS 
and subcutaneous fat thickness estimated from thoracic 

Table 1 Body weight, BCS and subcutaneous fat thickness 
(SFT) in dogs (n = 28)

Mean, standard deviation (SD), minimum, maximum and coefficient of variation 
(CV)

Traits Mean SD Minimum Maximum CV (%)

Body weight (kg) 17.52 9.71 5.15 33.00 55.41

BCS (scores 1–5) 3.07 0.60 2.00 4.00 19.67

Subcutaneous fat thickness (mm)

 Abdomen 3.15 1.62 1.02 7.88 51.20

 Thigh 2.63 1.27 1.11 5.95 48.31

 Flank 2.28 0.93 0.98 4.21 40.83

 Lumbar 2.89 1.15 1.14 6.31 39.56

 Chest 2.39 0.79 1.22 4.02 33.19

Table 2 Correlations between body weight, BCS and subcutaneous fat thickness (in mm) in the five anatomical sites stud-
ied (n = 28)

Correlation coefficient values connected with ns P > 0.05; * P < 0.05; ** P < 0.01

BCS Abdomen Thigh Flank Lumbar Chest

Body weight 0.230 ns 0.415* 0.598** 0.214 ns 0.361 ns 0.268 ns

BCS 0.799** 0.708** 0.815** 0.781** 0.776**

Abdomen 0.807** 0.847** 0.873** 0.799**

Thigh 0.697** 0.744** 0.654**

Flank 0.818** 0.812**

Lumbar 0.839**
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radiographs [17] or two-dimensional ultrasound images 
[18], suggesting that both methods would be suitable for 
use in routine practice, for prediction of body fatness in 
dogs, besides that they are easily performed at clinics.

The coefficient of variation was higher for BW than 
BCS. The differences in the size of dogs used in the pre-
sent study could explain the coefficient of variation 
observed for BW. As expected the coefficient of varia-
tion was lower for BCS since the scores in BCS charts are 
independent of animals’ weight and essentially refer to 
the distribution of fatness covering [15]. On this basis, we 
hypothesised that SFT estimated in RTU images would 
likewise reflect fat covering and would, therefore, be 
relatively independent of the size of the dog, though per-
haps being dependent on the pattern of fat distribution 
in a breed. This hypothesis seems to be supported by the 
weak correlations between BW and BCS observed in the 
current work, which other studies have also shown [6], as 

well as those between BW and SFT. These weak correla-
tions could be explained by the size differences among 
the dogs enrolled in the present study though it cannot 
be ruled out that breed specificities may also be involved 
in the distribution of body fat [9]. Dorsteen and Cooper 
[6] recognised that BCS is not sensitive enough to be 
used for research, although it may be useful as a tool for 
routine evaluation of adiposity in management practices.

In this study, the areas used to generate the RTU images 
included certain areas described as being of predictive 
value (flank, abdomen, tight and lumbar) [15], as well as 
what the authors perceived to be the peripheral morpho-
logical changes associated with increased overweight sta-
tus and obesity (chest). Overall, the coefficient of variation 
differed among the anatomical sites assessed, in particular 
in the abdominal and thigh areas. These results agree with 
previous studies on body composition determined by dual-
energy x-ray absorptiometry [7] and on subcutaneous fat 
thickness showing that diverse body regions yield different 
correlations with BCS [15]. This could result from existing 
species-specific differences in the pattern of fat deposition 
among dogs with increased BCS scores. This issue raises 
an additional concern which should be addressed in future 
research, namely, to ascertain which anatomical area can 
best predict fat content across all BCS scores.

The study by Wilkinson and McEwan [15] used A-mode 
(one-dimensional) ultrasonography, coupled with a high 
frequency (20 MHz) probe, enhancing the ability to dis-
criminate small variations in SFT in different regions. 
However, in the present study, the use of a 10 MHz trans-
ducer set for small surface areas and in B-mode, was suf-
ficient to detect SFT changes in lean dogs. In their study, 
Wilkinson and McEwan [15] determined the thickness 
of subcutaneous fat located between the panniculus 
carnosus (cutaneous muscle) and skin, which was not 
included in measurements, whereas in the current study 
SFT measurements included the skin. Also, in that study 
euthanized animals from a shelter were used, with an 
increased representation of young animals (below 3 years 
old), in contrast to our study, which included only clini-
cally healthy privately-owned mature dogs. These major 
differences could explain the divergence in the results 
obtained in the present study regarding SFT in the four 
common anatomical sites assessed, which were particu-
larly notable for maximum and mean SFT values. It is 
also worth mentioning that mean SFT values obtained in 
the present study are closer to the values obtained from 
histological measurements of subcutaneous fatness by 
Wilkinson and McEwan [15].

Data gathered herein also highlight the need to identify 
the most suitable anatomical sites to use in RTU prediction 
of body fat deposits in routine daily practice or research. 
Seeking the best anatomical site to measure subcutaneous 

Table 3 Least squares means of  subcutaneous fat thick-
ness (in mm) from the five anatomical sites studied

BCS and rump width were used as co‑variables

SEM standard error of means
a,b,c Within a column, least squares means followed by a common letter are not 
significantly different (P > 0.05)

Subcutaneous fat 
thickness (mm)

Body region

 Abdomen 3.15a

 Thigh 2.63b

 Flank 2.28c

 Lumbar 2.89b

 Chest 2.39c

Probability 0.001

SEM 0.13

Table 4 Least squares means for  subcutaneous fat thick-
ness (in mm) from  five anatomical points according 
to body condition classes

Body size was used as co‑variable

SEM standard error of means
a,b,c Least squares means within a column that are followed by a common letter 
are not significantly different (P > 0.05)

Abdomen Thigh Flank Lumbar Chest

Fat classification

 Overweight 5.43a 4.54a 3.61a 4.48a 3.45a

 Ideal 2.80b 2.17b 2.08b 2.65b 2.24b

 Lean 1.30c 1.81b 1.19c 1.61c 1.49c

Probability 0.001 0.001 0.001 0.001 0.001

SEM 0.38 0.29 0.21 0.28 0.20
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fat has been a concern of other authors [18]. Morooka 
et al. [18], examining several points along the vertebral col-
umn, state that the lumbar region is the most suitable for 
sampling subcutaneous fat deposits with RTU.

This study revealed that strong associations exist 
between each of the five anatomical sites assessed; the 
highest associations were obtained for the abdominal and 
lumbar regions. Previous studies reported that the thick-
ness of fat deposits in the lumbar area was closely related 
to the degree of adiposity in dogs [15, 18].

In the present study, dogs were grouped into three 
main BCS classes; overweight, ideal and lean. According 
to previous studies, assigning a BCS score may be chal-
lenging when animals approach the extremes between 
two consecutive scores [2, 19]. SFT data gathered in the 
present study showed that, on average, the difference in 
fat thickness between overweight or lean animals com-
pared with ideal animals was higher than that reported to 
occur in body weight when BCS level changes, in accord-
ance with studies using the same scoring scale as the 
one used here [6]. An overall reduction of 48–65 % was 
observed in the thickness of subcutaneous fat between 
overweight and ideal weighing animals, while the differ-
ences between lean and ideal animals ranged from 46 to 
83 %. These results suggest that RTU is sensitive enough 
to detect smaller variations in subcutaneous fat than 
those perceived when using BCS in dogs.

All five anatomical regions used to collect RTU images 
were similarly sensitive to assess differences between 
categories. Nevertheless, the fat covering was thicker 
in the abdomen and the lumbar area, and thinner in 
the flank. Also, these two regions reveal strong cor-
relations with BCS levels, suggesting that they may be 
the most suitable areas to collect information on SFT. 
Nevertheless, additional anatomical areas need to be 
identified, particularly considering that the interest of a 
site may change according to the pattern of fat deposi-
tion throughout different dogs’ developmental stages 
(young, mature and old). Additionally, to strengthen the 
results obtained here, further studies should include the 
extremes of BCS levels.

Conclusions
In this preliminary study, it was demonstrated that RTU 
and image analysis can measure subcutaneous fat thick-
ness and detect its changes with higher sensitivity than 
results obtained with the 5-point scale used for BCS. 
Additionally, in spite of the high correlations between 
SFT and BCS in all five anatomic sites analysed, the 
abdomen and lumbar areas were those where the greatest 
differences were observed within each category of fatness 
(overweight, ideal and lean) and will thus be the most 
useful to distinguish differences in the adiposity of dogs.

Abbreviations
BCS: body condition scoring; BW: body weight; CV: coefficient of variation; FCI: 
Fédération Cynologique Internationale; LS: least square; LSD: least significant 
difference; RTU: real‑time ultrasonography; SD: standard deviation; SFT: subcu‑
taneous fat thickness.

Authors’ contributions
RP‑C and SRS conceived and designed the study. LM, SM and PO contributed 
to data collection from dogs. LM and SRS performed image analysis and 
extracted the corresponding data. SRS, LM and RP‑C contributed to writing 
the manuscript and reviewing the literature. SRS and RP‑C contributed to the 
revision and final approval of the manuscript. All authors read and approved 
the final manuscript.

Author details
1 Zootecnia Department, CECAV‑Centro de Ciência Animal e Veterinária, 
Universidade de Trás‑os‑Montes e Alto Douro, Quinta de Prados, 5000‑801 Vila 
Real, Portugal. 2 EUVG‑Escola Universitária Vasco da Gama, Campus Univer‑
sitário, Bloco B, Lordemão, 3020‑210 Coimbra, Portugal. 3 HVBV‑Hospital 
Veterinário do Baixo Vouga, Segadães, 3750‑742 Águeda, Portugal. 

Acknowledgements
This work was supported by the Portuguese Science and Technology Founda‑
tion (FCT) under Project PEst‑OE/AGR/UI0772/2014.

Competing interests
The authors declare that they have no competing interests.

Declaration
Publication charges for this article were funded by the research platform 
Future Animal Health and Welfare at the Swedish University of Agricultural 
Sciences.

About this supplement
This article has been published as part of Acta Veterinaria Scandinavica 
Volume 58 Supplement 1, 2016: Animal Obesity—causes, consequences and 
comparative aspects: current research. The full contents of the supplement 
are available online at http://actavetscand.biomedcentral.com/articles/
supplements/volume‑58‑supplement‑1.

Availability of data and materials
The generated data supporting the conclusions of this article are summarized 
in the tables. The dataset may be made available upon request.

Ethics approval and consent to participate
The study was performed without any invasive procedures, during routine 
veterinary examinations and at the time did not request particular ethical 
approval. Animal handling and data collection were performed with the 
informed consent of owners, in compliance with the national regulations 
and the European Council Guidelines (Directive 2010/63/EU) for protection 
of animals used for experimental purposes, and respecting Animal Care and 
Welfare protocols.

Published: 20 October 2016

References
 1. White G, Hobson‑West P, Cobb K, Craigon J, Hammond R, Millar KM. 

Canine obesity: is there a difference between veterinarian and owner 
perception? J Small Anim Pract. 2011;52:622–6.

 2. Li G, Lee P, Mori N, Yamamoto I, Kawasumi K, Tanabe H, Arai T. Sup‑
plementing five‑point body condition score with body fat percentage 
increases the sensitivity for assessing overweight status of small to 
medium sized dogs. Vet Med Res Rep. 2012;3:71–8.

 3. Gossellin J, Wren JA, Sunderland SJ. Canine obesity—an overview. J Vet 
Pharmacol Ther. 2007;30:1–10.

 4. Laflamme DP. Obesity in dogs and cats: what is wrong with being fat? J 
Anim Sci. 2012;90:1653–62.

http://actavetscand.biomedcentral.com/articles/supplements/volume-58-supplement-1
http://actavetscand.biomedcentral.com/articles/supplements/volume-58-supplement-1


Page 18 of 18Payan‑Carreira et al. Acta Vet Scand 2016, 58(Suppl 1):58

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

 5. German AJ. The growing problem of obesity in dogs and cats. J Nutr. 
2006;136:1940–6.

 6. Dorsten CM, Cooper DM. Use of body condition scoring to manage body 
weight. Contemp Top Lab Anim Sci. 2004;43:34–7.

 7. Speakman JR, Booles D, Butterwick R. Validation of dual energy X‑ray 
absorptiometry (DXA) by comparison with chemical analysis of dogs and 
cats. Int J Obes Relat Metab Disord. 2001;25:439–47.

 8. Elliott DA. Techniques to assess body composition in dogs and cats. 
Waltham Focus. 2006;16:16–20.

 9. Jeusette I, Greco D, Aquino F, Detilleux J, Peterson M, Romano V, Torre 
C. Effect of breed on body composition and comparison between 
various methods to estimate body composition in dogs. Res Vet Sci. 
2010;88:227–32.

 10. Purushothaman D, Vanselow B, Wu S, Butler S, Brown WY. Whole body 
computed tomography with advanced imaging techniques: a research 
tool for measuring body composition in dogs. J Vet Med. 2013. doi: 
10.1155/2013/610654.

 11. Gifford A, Kullberg J, Berglund J, Malmberg F, Coate KC, Williams PE, Cher‑
rington AD, Avison MJ, Welch EB. Canine body composition quantifica‑
tion using 3 tesla fat‑water MRI. J Magn Reson Imaging. 2014;39:485–91.

 12. Silva SR, Gomes MJ, Dias‑da‑Silva A, Gil LF, Azevedo JMT. Estimation 
in vivo of the body and carcass chemical composition of growing lambs 
by real‑time ultrasonography. J Anim Sci. 2005;83:350–7.

 13. Quaresma M, Payan‑Carreira R, Silva SR. Relationship between ultrasound 
measurements of body fat reserves and body condition score in female 
donkeys. Vet J. 2013;197:329–34.

 14. Scholz M, Bünger L, Kongsro J, Baulain U, Mitchell D. Non‑invasive 
methods for the determination of body and carcass composition in 
livestock: dual‑energy X‑ray absorptiometry, computed tomography, 
magnetic resonance imaging and ultrasound: invited review. Animal. 
2015;9:1250–64.

 15. Wilkinson MJA, McEwan NA. Use of ultrasound in the measurement 
of subcutaneous fat and prediction of total body fat in dogs. J Nutr. 
1991;121:4–7.

 16. Alexander L, Buckley C, Merill R, Morris PJ, Stevenson A. WALTHAM® 
pocket book of healthy weight maintenance for cats and dogs. 2nd ed. 
In: German AJ, Butterwick R, editors. London: Beyond Design Solutions 
Ltd; 2010. p. 7. https://www.waltham.com/dyn/_assets/_pdfs/waltham‑
booklets/WALTHAMPocketBookOfHealthyWeightMaintenanceForCat‑
sAndDogs.pdf. Accessed 15 June 2015.

 17. Linder DE, Freeman LM, Sutherland‑Smith J. Association between 
subcutaneous fat thickness measured on thoracic radiographs and body 
condition score in dogs. Am J Vet Res. 2013;74:1400–3.

 18. Morooka T, Niiyama M, Saito M. Measurement of the back fat layer in bea‑
gles for estimation of obesity using two dimensional ultrasonography. J 
Small Anim Pract. 2001;42:56–9.

 19. Burkholder WJ. Use of body condition scores in clinical assessment of the 
provision of optimal nutrition. JAVMA. 2000;217:650–4.

http://dx.doi.org/10.1155/2013/610654
https://www.waltham.com/dyn/_assets/_pdfs/waltham-booklets/WALTHAMPocketBookOfHealthyWeightMaintenanceForCatsAndDogs.pdf
https://www.waltham.com/dyn/_assets/_pdfs/waltham-booklets/WALTHAMPocketBookOfHealthyWeightMaintenanceForCatsAndDogs.pdf
https://www.waltham.com/dyn/_assets/_pdfs/waltham-booklets/WALTHAMPocketBookOfHealthyWeightMaintenanceForCatsAndDogs.pdf

	In vivo assessment of subcutaneous fat in dogs by real-time ultrasonography and image analysis
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Animals
	Body size, weight and body condition score
	Ultrasound image acquisition
	Ultrasound image analysis and subcutaneous fat measurements
	Statistical analyses

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




