
Open Journal of Veterinary Medicine, 2013, 3, 1-5 
http://dx.doi.org/10.4236/ojvm.2013.31001 Published Online March 2013 (http://www.scirp.org/journal/ojvm) 

Computed Tomographic Assessment of Body Fat in 
Dachshunds: A Pilot Study 

Jeffrey F. Comstock1, Jennifer L. Wardlaw1*, Erin L. Brinkman-Ferguson1, Dennis E. Rowe2 
1Department of Clinical Sciences, College of Veterinary Medicine, Mississippi State University, Mississippi, USA 

2Experimental Statistics, Mississippi Agricultural and Forestry Experiment Station, Mississippi, USA 
Email: *wardlaw@cvm.msstate.edu 

 
Received November 14, 2012; revised December 14, 2012; accepted December 26, 2012 

ABSTRACT 

Obesity has not been linked to causing intervertebral disc degeneration, but has been shown to influence time to ambu- 
lation, a strong long-term prognostic indicator in dogs with intervertebral disc disease. However, monitoring obesity to 
date is imprecise and subjective in the clinical setting. Having an objective formula based on morphometric measure- 
ments would potentially be more precise to track our patients’ weights. Dogs have been shown to gain weight along 
their lumbar spine more rapidly than other areas. Varying body conformations make extrapolation from nonchondro- 
dystrophic dogs to Dachshunds difficult. This study aimed to establish the region of fat accumulation along the thora- 
columbar spine in Dachshunds. Retrospective computed tomographic (CT) analysis was performed on healthy Dachs- 
hunds that presented for intervertebral disc disease (IVDD). Fat area measured at L3 and L5 using attenuation ranges 
−135/−105 Hounsfield units (HU) was the most dependent on body weight (p = 0.05). There appeared to be no differ- 
ence between subcutaneous, visceral or total percent body fat with weight agreement. T13, L3 and L5 all had linear 
relationships with patient weight and will likely be helpful for body mass index (BMI) formula creation (p < 0.01). This 
study indicates that any consistent location between L3 and L5 will give an accurate representation of the abdominal 
circumference and most obese area of the Dachshund with the umbilicus used as a landmark. 
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1. Introduction 

Obesity is the most common nutritional disorder in com- 
panion animals. Current estimates indicate 25% - 40% of 
pets in the United States are overweight [1,2]. Specifi- 
cally, 40% of dogs, ages 6 to 10 years, are overweight or 
obese [3]. Generally speaking, overweight is considered 
5% - 19% above ideal body weight and more than 20% is 
considered obese [4].  

Dachshunds are a chondrodystrophic breed with a spe- 
cifically unique body conformation. This breed is at ex- 
treme risk for degenerative or ruptured intervertebral 
discs due to their conformation and genetics [5-7]. Dach- 
shunds represent greater than half of the dogs presented 
for intervertebral disc disease (IVDD), with a reported 
breed frequency between 19% - 62% [6,7]. While obesity 
does not appear to lead to disc degeneration, it does ap- 
pear to increase the risk of disk protrusion or extrusion 
due to increased thoracolumbar biomechanical stress [5, 
8,9]. Obesity has also been associated with an increased 
time from injury to ambulation following surgery, which 
is the strongest long term prognostic indicator [10,11]. 

Therefore, monitoring the weight in these chondrodystro- 
phic dogs is more important than just to prevent meta- 
bolic and arthritic disease.  

There are several experimental approaches to evaluate 
body mass in dogs, but few are realistic for the clinical 
setting. Dual-energy X-ray absorptiometry (DEXA) and 
deuterium oxide (D2O) dilution have been shown to have 
excellent correlation with each other for body fat assess- 
ment [12]. However, these methods require specialized 
facilities and expensive equipment and are therefore not 
readily available to most veterinary practices. The cur- 
rent method of body fat estimation in dogs is the body 
condition score (BCS) which has been described previ- 
ously [13]. It is a nine point scale with one being emaci- 
ated and nine being grossly obese. BCS has been shown 
to have a good correlation with DEXA and D2O, with a 
coefficient of determination of 0.92. BCS uses the ex- 
aminer’s eyes and hands to assign the patient a numerical 
value from the scale, so no special equipment is needed. 
However, it has been show to take 2 to 4 months for the 
BCS to change one increment and as much as 8% body 
mass change to be detected with this scale [14]. This lack 
of sensitivity makes this scale a good estimator of body *Corresponding author. 
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fat but poor for long term management effectiveness of 
weight and body mass. 

Fat attenuation in computed tomographic (CT) images 
has a specific density that can be quantified with pixel 
values, and is used as the gold standard in human obesity. 
Hounsfield units (HU) are used to express the pixel val- 
ues within a standard scale, relative to the attenuation of 
water. The published range of fat attenuation is −135 to 
−105 Hounsfield units (HU) for dogs [15]. This range 
can be used to diagnose obesity, specifically the amount 
of visceral fat which is closely associated with various 
diseases in dogs and humans. However, regular use of 
CT scans in our veterinary patients for obesity manage- 
ment is unreasonable due to expense and availability. 

This pilot study uses the CT gold standard to evaluate 
the proper area to obtain morphometric measurements in 
dachshunds for weight management. The long term goal 
of the authors is to design an accurate body mass index 
(BMI) formula, using the current human scale, by obtain- 
ing objective morphometric body measurements in Dach- 
shunds. This pilot study was undertaken to define the 
“waist” of a dachshund, a consistent site of fat accumula- 
tion, for the later creation of a BMI formula.  

2. Materials and Methods 

A retrospective medical records search was performed to 
identify Dachshunds that had spinal CT scans between 
August 2008 and May 2011. Dogs were excluded if they 
had a metabolic disease, their medical record was incom- 
plete, the CT scan did not include the outer body wall, or 
did not include the third thoracic vertebra to the sacrum. 
Dogs imaged before March 2010 (n = 20) were scanned 
using a third-generation, single slice Picker PQ-5000 CT 
machine1. Dogs imaged from March 2010 through June 
2011 (n = 4) were scanned using a 4 slice Toshiba Aquil- 
ion CT machine2. Because of the retrospective nature of 
this study, scanning parameters were not standardized for 
each patient. Age, weight, and gender were recorded for 
each dog. ImageJ software was used to draw manual re-
gions of interest (ROI) at the levels of T13, L3, and L5 
by surrounding the entire body (Figure 1) and then an 
additional ROI surrounding the visceral cavity on the CT 
image of each dog (Figure 2), at each spinal level3. 

All ROIs were drawn by one of the authors (JFC). Us- 
ing the CT images at the level of the 13th thoracic verte- 
bra (T13), the third lumbar vertebra (L3) and the fifth 
lumbar vertebra (L5) the fat area was estimated by count- 
ing the number of pixels within a limited range of atten- 
uation values. The attenuation range used was −135/−105 
Hounsfield units as previously published for canine fat in 

 

Figure 1. A manually drawn region of interest (ROI, dotted 
yellow line) was drawn around the visceral cavity using Im- 
ageJ. All pixels that fall within the designated range of 
Hounsfield units for fat are red in the image. 
 

 

Figure 2. A manually drawn region of interest (ROI, dotted 
yellow line) was drawn around the entire body using Im- 
ageJ. All pixels that fall within the designated range of 
Hounsfield units for fat are red in the image. 
 
the area [15]. The subcutaneous fat area was calculated 
as the difference between the visceral fat area from the 
total fat area. 

Mean visceral, subcutaneous, total and percent subcu- 
taneous fat values were compared as a function of gender, 
age, ROI location and weight in a covariate and regres- 
sion analyses performed using Statistical Analysis Sys- 
tems programs PROC GLIMMIX and PROC REG (SAS 
Institute Inc.). Correlation analysis was performed with 
the SAS CORR procedure. Quality of fit was determined 
as coefficient of determination and best regression mod- 
els were selected, where appropriate, maximizing the 

1Picker PQ 5000 Universal Medical Systems, Cleveland, Ohio, USA. 
2Toshiba Aquilion 4, Toshiba American Medical Systems Inc.,  
Tustin, CA, USA. 
3ImageJ, NIH Image, United States Government,  
http://rsb.info.nih. gov/ij/ 
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adjusted coefficient of determination. All calculations 
were performed using the SAS System for Windows, 
Version 9.1 (SAS Institute Inc.) with a statistical signifi- 
cance at α = 0.05.  

3. Results 

Of 108 Dachshunds with CT scans in the specified date 
range, 24 dogs fit the study inclusion criteria. Table 1 
shows the total, visceral and subcutaneous fat areas mea- 
sured in the study for T13, L3 and L5. The maximum 
body fat area with minimal variation was at the L3 loca- 
tion, but was not statistically different from L5. The 
means of L3 and L5 for total fat and subcutaneous fat 
distribution were not significantly different from each 
other but were different from those at T13.  

Subcutaneous fat was dependent on body weight (p < 
0.01) and highly affected by to ROI location (p = 0.02). 
Total body fat was also dependent on ROI location and 
body weight (p = 0.01). Dogs weighing more were much 
more likely to have higher total body fat area measure-
ments (p ≤ 0.01). Visceral body fat area was highly de-
pendent on body weight and ROI location (p = 0.01) but 
was also affected when weight and gender were taken 
together (p = 0.02). The amount of total fat, visceral fat, 
and subcutaneous fat were dependent on weight and ROI 
location but not statistically different between L3 and L5 
(p = 0.05) (Figure 3). 

The total number of subcutaneous fat pixels was uni- 
que at all three sites without a clearly superior location 
for measurement. However, the percentage of subcuta- 
neous body fat when compared to total body fat was 
highly correlated when measured at ROI L3 (r = 0.53, p 
< 0.01). Similar measurements for percentage of subcuta- 
neous fat were found at L3 compared to T13 (r = 0.68, p 
< 0.01), and L3 compared to L5 (r = 0.52, p < 0.01). 

However, the percent subcutaneous fat measured at 
T13 and L5 were least similar from each other (r = 0.29, 
p = 0.2). Patient weight was not correlated with the per-
centage of subcutaneous fat at T13, L3 or L5 (r = −0.1, 
0.11, −0.2 respectively, p > 0.6).  

Covariate analysis revealed total body fat, visceral 
body fat and subcutaneous body fat for all three ROI to 
be linearly associated with weight (p ≤ 0.01). However 
the least square means of L3 and L5 ROI were not sig- 
nificantly different for total fat, visceral fat or subcuta- 
neous fat with relation to dog weight (Figure 3). Con- 
versely, T13 was significantly different from both L3 and 
L5.  

4. Discussion 

Body weight does not alter the risk of IVDD in Dachs- 
hunds, as calcification is predominantly a result of in- 
herent chondrodystrophic abnormalities [16]. Disk calci- 

 

 

 

Figure 3. Correlation between patient weight with total bo- 
dy fat, visceral fat and subcutaneous fat were compared at 
the three regions of interest (L3, L5 and T13). Fat area was 
measured by computed tomography (CT) using the atten- 
uation range of −135/−105 hounsfield units. 
 
fication is relatively evenly distributed throughout the 
vertebral column of these dogs [8]. However, disk extru- 
sion tends to occur at high-motion sites such as the tho- 
racolumbar junction, suggesting biomechanical stress 
factors into the role of extrusion or protrusion of degen- 
erated disks [5]. Previous studies have also shown the 
thoracolumbar area to be the area of the spine where 
dogs accumulate adipose tissue most rapidly. The authors 
used CT assessment in healthy adult Dachshunds to de- 
termine where fat is most consistently distributed along 
the thoracolumbar spine of this chondrodystrophic breed. 

Measurements are likely to be consistent if the same 
anatomic location is used for each measurement. Our stu- 
dy indicates that measurements at L3 are most consistent 
between dogs. Because of this consistency, and because  
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Table 1. Pixel counts according to fat type and region of interest. 

T13 L3 L5 

Total Visceral Subcutaneous Total Visceral Subcutaneous Total Visceral Subcutaneous 

1424.8 707.2 717.6 1888.4 736.5 1151.9 1731.6 700 1031.6 

6240.6 2631.6 3609 7700 3308.6 4391.4 7615.9 3283.9 4332 

1682.1 899.6 782.5 1885.6 1036.9 848.7 1690.7 666 1024.7 

2406.1 1031.9 1374.2 3094.4 1937.5 1156.9 3224.9 1860.1 1364.8 

2873.4 1152.7 1720.7 3690.7 1794.4 1896.3 2855.8 937.2 1918.6 

1403.7 587.8 815.9 2925 1406.7 1518.3 2661.7 1349.2 1312.5 

2065.1 729.9 1335.2 2893 1475.6 1417.4 3395 1885 1510 

1217.3 563.4 653.9 1331.6 691.2 640.4 1360 757.3 602.7 

1029.3 350.8 678.5 1393.2 452.2 941 1487.4 704.6 782.8 

1113.1 452.4 660.7 1432.2 699.3 732.9 1307.7 417.2 890.5 

2892.3 650.2 2242.1 2689.1 807.5 1881.6 3229.4 1830.1 1399.3 

3361.5 2246 1115.5 3167.4 1953 1214.4 2901.3 1758.7 1142.6 

5377.7 2590.5 2787.2 6646.6 3466.6 3180 6022.3 2965.2 3057.1 

1712.4 771.6 940.8 1989 954.6 1034.4 2023 1131.4 891.6 

834 268.6 565.4 1516.9 993.8 523.1 1033.1 639.5 393.6 

836.8 377.1 459.7 1284.2 770.5 513.7 1063.5 620 443.5 

1892.7 673.5 1219.2 1899.9 741.3 1158.6 1987.8 996.3 991.5 

2923.4 1123.4 1800 4825.9 2498.9 2327 5174 2402 2772 

2135.5 1274.8 860.7 1774.1 790.5 983.6 2285.8 1411.7 874.1 

2515.3 1520.4 994.9 2341.5 1413.4 928.1 1996.9 665.2 1331.7 

694.3 123.5 570.8 778 137 641 1182.5 291.2 891.3 

721.9 143.7 578.2 798 114.5 683.5 1191.8 246.6 945.2 

2418.5 1032.1 1386.4 3870 2193.5 1676.5 3392 1521.6 1870.4 

2522.2 1581.8 940.4 2340.1 1345.2 994.9 1987.5 849.8 1137.7 

Correlation between the type of body fat measured and body weight at the ROI. Fat area was measured by computed tomography using the attenuation range of 
−135/−105 Hounsfield units at T13, L3 and L5 and compared with body weight. Pixel counts refer to the number of image pixels counted by the computer 
within the manually drawn region of interest. Region of interest (ROI), 13th thoracic vertebra (T13), 3rd lumbar vertebra (L3), 5th lumbar vertebra (L5). 

 
the umbilicus, an easily located anatomic landmark, is 
found at this location, we conclude the level of L3 is the 
best area to measure body fat in Dachshunds when as- 
sessing BMI. However, any consistent, repeatable loca- 
tion used between L3 and L5 would appear to be valu- 
able. Also, since weight and obesity of all three compart- 
ments (total body fat, visceral and subcutaneous) were 
linearly associated with body weight, this anatomic meas- 
urement of L3 body wall circumference will likely prove 
valuable to creating an objective BMI formula. 

Obesity is a rising medical concern in dogs. This sub- 
ject may be sensitive because many of the owners are 
overweight. However, education of owners and veterina- 

rians is paramount to address proper diet and exercise to 
avoid the inducible medical conditions associated with 
canine obesity. Development of a consistent, objective 
scale of body mass that owners can understand, utilize 
and accept may remove the emotions of the owner and 
subjectivity from the weight conversation and lead to 
healthier and happier owners and patients.  

Research is ongoing to determine what other anatomic 
body measurements should be taken in the dog to formu- 
late a BMI formula similar to the human index. Potential 
markers include leg height, shin height, body length, 
trunk length, weight, and carpal circumference [12]. This 
study demonstrated the best lumbar region to acquire 
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waist measurements, which may be the most consistent 
area of weight gain, and will be an important objective 
measurement for the development of a Dachshund BMI 
formula. This technique may be used for further obesity 
research. The results obtained in this study will be used 
to move forward with obtaining morphometric measure- 
ments in Dachshunds using the waist to help create a re- 
presentative BMI formula. 
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