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ABSTRACT 

The availability of computed tomography (CT) in veterinary clinic has increased the last 

decade and there is an increasing interest in quantification of canine muscle volume for 

diagnostic and scientific purposes. Physiotherapy is a large treatment area in modern 

orthopedics among post-operative canine patients. There is no current scientifically 

validated method to evaluate physical training after surgery. The aim of this study is to 

explore if there is a veterinarian clinically feasible and accurate way to quantify canine 

hind muscle volume. 

Methods for assessing canine muscle volume on weight-bearing hind limb muscles 

using high-resolution (0.22 mm) CT has previous been developed as a part of a 

pharmacological study. The quantification method developed is time consuming and 

implies a relatively high exposure (~20 mS) and is not optimal for clinical use. High 

resolution CT scans from 13 healthy female canines was randomly selected from the 

obtain CT scans and analyzed. The reproducibility of the high resolution scans were 

compared to reproducibility of CT scans with lower resolution (0.44 mm) and the 

reproducibility of assessment of individual muscles. 

There was a high correlation (r > 0.99) between the quantification of the high-resolution 

CT scans performed by two independent observers. The inter observer reproducibility 

was high (r >0.99) with low resolution CT volume, suggesting that a lower resolution 

scan with a lower dose is feasible. Segmentation of vastus muscles, grasilis and 

gastrocnemius were feasible. There was a good reproducibility of the vastus muscles 

volume (r > 0.99). The reproducibility of gracilis and gastrocnemius were not analyzed. 
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INTRODUCTION 

 

There is veterinary clinical interest in being able to quantify canine muscle volume for 

diagnostic and scientific purposes. Muscle volume on weight-bearing hind limb muscles 

has previously been assessed with high accuracy using high-resolution CT as a part of a 

pharmacological study. However, the quantification method used is time consuming and 

implies a relatively high exposure (~20 mS). A faster and easier method with lower 

radiation exposure is needed in order to be of routine veterinary clinical use.  

 

BACKGROUND 

 

Physiotherapy has been an important treatment area in modern orthopedics among post-

operative canine patients (1). Evaluation of lameness and stiffness in canine is originally 

developed for humans and not suited to be adapted directly to canine. The surgery 

performed today on animals require a rehabilitation solution, but with lack of methods 

for evaluation of the therapy it is impossible to correctly judge the outcome of the 

therapy (2-5). There is no current scientifically validated accurate method to measure 

hind limb muscles on canine in order to evaluate physical training after surgery. The 

results of the rehabilitation are arbitrary and methods used are subjective. The methods 

in studies are commonly used in clinical environment are, visual evaluation of 

movements, palpation, using digital scale and measuring-tape (6). Both visual 

evaluation and the methods of measurement with tape are subjective and need to be 

developed to be credible. The scale method is one of the most common, but results 

show it is not valid. All these methods are weak when it comes to evaluating muscle 

volume and rehabilitation results (1, 7). 

 

Previous research 

There is very little research done in assessing canine muscle volume using CT scans.  

Magnet resonance Imaging (MRI) has been used for quantification of muscle volume as 

a tool to identify muscle injury and evaluation of the therapy in human care (8, 9) and 

there have been reports of MRI segmentation of canine hind muscles (10, 11). Other 
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methods commonly used in order to evaluate muscles in humans are; biopsies, 

ultrasound, elastography and palpation, but the methods are either invasive or 

subjective. A damaged muscle does not behave or response to the same patterns of 

movement as a healthy muscle which makes it necessary with a trustworthy evaluation 

of the rehabilitation (8, 9).  

 

Musculoskeletal structure 

The muscle performance is dependent on what kind of fiber the muscle is made of. The 

canines´ front limbs bears the majority of the static weight and the hind limbs provide 

for dynamic activity such as running and jumping (12). There are a variety of fibers and 

the traditional classification system and the primary fibers persist as, type I slow- twitch 

or oxidative in adult canine and type II fast- twitch or glycolytic. The classification is 

based on adenosine triphosphate (ATP) hydrolysis which muscle contraction is 

dependent on. ATPase is commonly used to differentiate theses fibers, in histologic 

sections and based on myosin isoform were ATP oxidative type I is slow and glycolytic 

type II is fast (13). Muscles like the quadriceps femoral contains oxidative type I fibers 

that generate slow and sustain contraction. Canine skeletal muscle has in general high 

mitochondrial density, oxidative capacity and adapt to the canine activities (14). 

Different muscle fibers have been observed in different kind of canine breeds (15). The 

difference in muscle fibers between individuals in both females and males canines has 

been shown, but the difference in muscle fibers between the sexes could not be seen nor 

between same individual right and left legs (16). 

 

AIM 
To explore if there is a feasible and accurate way to quantify canine hind muscle 

volume usable in veterinarian clinic  
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METHOD AND MATERIAL 

Methods for CT scan    

The material used in this study collected May 2015 to August 2015 has previously been 

developed as a part of a pharmacological study. High resolution CT scans from 13 

healthy female of the breed Beagles was randomly selected from the obtained CT scans 

and hind limb muscles was analyzed. The canines have been living under the same 

conditions and they are all from the same kennel environment with a normal range of 

exercise. Their age is 6 ± 2 years and weight 15 kilo ± 2 kilo and the same sex were 

chosen to not be an issue for the result evaluation.  

The canines were given an injection of sedation with active substance butorfanol and 

dexmedetomidinhydroklorid according to the pharmacological recommended 

distribution dose per kilogram weight. The canine was placed on an air crash pillow 

formed after the canines’ body shape to make sure they all were positioned in the same 

way. The legs were stretched and taped straight with 13 ± 1 cm space between the knees 

during the exam (Fig1). All canines went back to the kennel after the scan. 

The CT scan was performed on a Philips Brilliant 16 (Koninklijke Philips N.V. USA). 

Protocols used were made especially for this exam as follows: skeleton window 500 - 

2000 with a soft reconstruction window of 50 - 800, slice thickness 0, 8 mm with an 

overlap of 0, 4 mm, 1 pitch 0,688, rotation time 0, 75 sec, collimation 16 x 0, 75, matrix 

1024 x 1024, 120 KV, 270 mAs, field of view 220mm, skeleton filter D-Detail, D-dom 

and adaptive filter, soft tissue filter C- sharp filter. CT volume was obtained from 

vertebra lumbalis five to tarsus. Estimated exposure during each scan was ~20 mSv.  

     
Figure 1. Position of the canine during the CT scan.  Photo R.Lintonsson 
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Muscle volume segmentation of high resolution CT scans 

13 canines were randomly selected from previously obtained CT volumes. Amira 

Dicom reader 5.4.5 (arch-Win64VC9-Optimize) software segmentation was used in 

order to segment and quantify selected muscles. Threshold values were chosen from 

earlier experience in segmenting muscle volume. The choice of muscles quantification 

started with scans from the total muscle volume of the back part of the canine which 

contains weight bearing muscles. The outline was abdominal wall to distal tibia 

muscular ligament attachment excluding; rectus abdominis, obliquus internus abdomen, 

middle gluteal and deep gluteal muscle (Fig 2, Fig.4). 

Segmentation was done in five steps. The volume of the body was first defined as CT 

pixels above -400 HU. The selected volume was then filled and then eroded (seven 

times 3x3x3 pixels kernel) to exclude the skin. Manual restriction of the selected 

muscles were done for each tenth slice in XY- axial view (Fig 3), windowing -200 to + 

200 HU, and interpolated to intermediate slices. Thresholds of 200 HU were used to 

define bones. Regional growing with a seed in the selected muscles using a lower 

threshold of -20 was used to select muscles. Selected volumes were eroded four times to 

ensure disconnection to surrounding tissue, followed by a dilatation of the muscle 

volume. The high resolution CT volume contained approximately 900 slices per series. 

The time for quantification was approximately 30 minutes per volume. 

 
 

Figure 2. Total muscle volume coronal. 

 

Figure 3. Total muscle volume axial. 
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Figure 4. 3D rendering of  muscle volume segmented high resulution Ct scan.  

 

Muscle volume segmentation of low resolution CT scans 

The high resolution (0.22x0.22x0.22 mm) CT scans were resampled 2x2x2 times 

(0.44x0.44x0.44mm) and segmented with same parameters and anatomic structures, 

except using 3 pixel erosions. The time for segmentation was approximately the same as 

for the high resolution scans (25-30 minutes). 

 

Muscle volume segmentation for three single muscles 

The third stage in this study was made of segmentation at three different separate 

muscles. The muscles were chosen to quantify separate muscle parts that are anatomical 

different. The quadriceps are made of four parts, rectus femoris that was excluded in 

this study. Vastus lateralis on the lateral side of the femur, vastus medialis on the medial 

side of the femur and vastus intermedius between vastus lateralis and vastus medialis on 

the front of the femur but under the rectus femoris, those will be refereed to vastus or 

vastus muscles in this paper (17). These muscles contain most oxidative type I fibers 

that generates slow and consisted contraction on the muscle. The muscle gracilis is a 

long slender muscle on the inner side of the thigh, which generate rapid and forceful 

contractions and contains type II fibers. The gastrocnemius is the largest muscle of the 

calf of the leg, arising from femur and merging with the achilles tendon a muscle that is 
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connected at both ends to a bone and move parts of the skeleton, this muscle is 

characterized by transverse stripes. It contains subgroups of type II fiber which 

generates both forceful and consistent contraction (18).  

Segmentation of all individual muscles were manually outlined, windowing -200 to 

+200 HU in XY axial view, for each tenth slice and interpolated to intermediate slices. 

Pixels thresholds between -20 and 200 HU were then selected as muscle. The time for 

segmentation was approximately 15 minutes per muscle.   

The section of quadriceps chosen was the three vastus muscles sampled from the total 

volume of the proximal attachment at femoralis to distal attachment above the stifle. 

The vastus muscles in the left limb were segmented with same parameters and anatomy. 

Gracilis was segmented from the distal ligament attachment on pubis to proximal 

ligament attached at medial femur condyle. Gastrocnemius was segmented from distal 

ligament attached to lateral supracondylar tuberosity to the proximal ligament attached 

to calcaneus (Fig 5). The results are analyzed in Excels with excels correlation analysis 

program and the results are expressed in linear function and ± Standard Error of Mean 

(SEM). Statistical test were done with unpaired two tail t-test with p < 0.05 considered as 

significant. 

 

Figure 5. 3D rendering of segmented Vastus, Gracilis and 
gastrocnemius.  

 

Vastus Lateralis 
Vastus Medialis 
Vastus Iintermedius 
 

Gracilis 

Gastrocnemius 
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ETHICS  

The material used in this study has previously been developed as a part of a 

pharmacological study. The canines did not come to any harm during the sedation or the 

CT scanning. They were all treated according to the ethical committee’s regulations. 
This study was approved by the Ethics Committee of Gothenburg (35/2015 D:nr 31-

5373/11). 

RESULT 

Quantification of total hind muscle volume from high resolution scan 

There was an excellent inter observers correlation > 0.99 for the high resolution CT 

scans (Fig 6). The mean inter observer difference was 0.04 ±0.07% with a mean 

absolute error of 0.21 ±0.04% (Table 1). 

 

 
Figure 6. High resolutions CT inter observers’ variation of muscle volume. 
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Table 1.  High resolution inter observers’ variation 
  O1 O2 Mean O2/O1 Abs O2/O1 

Mean 1314 1314 1314 0,04 % 0,21 % 

Max 1661 1661 1661 0,36 % 0,55 % 

Min 1090 1088 1089 -0,55 % 0,24 % 

SEM 43 43 43 0,07 % 0,04 % 

Observer 1(O1), observer 2 (O2), Standard Error of Mean (SEM), Absolut Error (Abs). The 

mean of each observers variation and the differences between them both, the lowest (Min) and 

highest (Max) variation between the two observers segmentation. 
 

 

Quantification of total hind muscle volume from resampled Ct volume 

The segmented muscle volume from resampled low resolution CT volume was 

compared to the high resolution CT scans. The correlation between original and 

resampled CT scans correlation r was > 0, 99 (Fig 7) with a mean inter segmentation 

variation of 0, 27 ±0, 18 % and a mean absolute error of 0. 56 ±0, 11% (table 2)  

 
Figure 7. High resolution verses low resolution variation in muscle volume cm³. Low resolution 

verses high resolution scan same observer reproduction, with a high correlation 0,997 
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Table 2. High resolution to low resolution variation.  

 Mean High/Low Abs H/L 

Mean  1317 0,27 % 0,56 % 

Max 1656 1,04 % 1,45 % 

Min 1095 -1,45 % 0,60 % 

SEM 42 0,18 % 0,11 % 

Mean of one observer’s variation and the differences between high and low resolution CT scan, 

the lowest (Min) and highest (Max) variation between the two segmentations.  Standard Error of 

Mean (SEM) 0, 18% between high and low resolution.  Absolut Error (Abs) for high to low 0, 

56 ± 0, 11%.  

 

 

Quantification of vastus muscles volume 

Vastus Volume. 

Inter observer’s correlation of right vastus muscles was >0.99 (fig 8. left) with a mean 

inter observer difference of -0.45 ±0.1% and mean absolute difference of 0.52 ±0.07%. 

Intra observer’s correlation of vastus muscles was >0.99 (fig 8. right). Mean intra 

observer difference was -0.04 ±0.23% and mean absolute difference of 0.59 ±0.16% of 

the right vastus muscle (table 3). Corresponding difference for the left vastus was 0.7 

±0.3% and 0.2 ±1.1%. 

 

Figure 8. Vastus Inter (left)two observers correlation of the segmentation of vastus right and 
left limb and Intra- (right) observer variations for one observer with two observations  in of the 
vastus muscle volume. 
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Table 3. Vastus dx Inter and Intra observer variation 

 O1 dx O2a dx O2b dx Mean O2/O1 O2 b/a Abs O2/O1 Abs b/a 

Mean 110 110 110 110 -0,45% 0,04% 0,52% 0,59% 

Max 135 134 134 134 0,41% 2,20% 0,91% 2,20% 

Min 95 95 95 95 -0,91% -1,20% 0,05% 0,05% 

SEM 3 3 3 3 0,10% 0,23% 0,07% 0,16% 

Observer 1(O1 dx), observer 2 (O2a dx), Observer 2 (O2b), table shows mean for each 

segmentation variation and the differences between them, the lowest (Min) and highest (Max) 

variation of Vastus muscle from two observer O1 and O2, the mean from each segmentation 

and comparing  of the segmentation O2a and O2b. Absolut difference (Abs) 0, 59± 0,16% and 

Standard Error of Mean (SEM) for O2/O1 0,10% and for segmentation O2 a/b 0,23%  

 
 

Vastus Lateralization. 

Lateralization was calculated from the mean of two observations (Fig. 9, Table 4). Mean 

difference was 0.62 ±0.68% (p=0, 4). The SD was 2.4%, thus suggesting that a 

lateralization of up to 5% (2SD) could be considered normal.  

Correlation for the lateralization for two independent observations was >0.85 with mean 

absolute difference of 0.95 ±0.25%. 

 
 

Figure 9.  Vastus Lateralization (left), mean of two observation of Vastus dexter and sinister. 

 Correlation for two independent observers’ (right) variation vastus lateralization. 
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Table 4 Lateralization Vastus 

 

 Sin/dx 

(a+b) 

Sin /dx a Sin /dx b b-a Abs b/a 

Mean -0,62% -0,79% -0,13% 0,65% 0,95% 

max 4,27% 4,25% 4,91% 2,93% 2,93% 

Min -4,01% -3,73% -3,93% -1,03% 0,05% 

Sem 0,68% 0,67% 0,75% 0,29% 0,21% 

Lateralization of muscle volume of vastus left (sin) and right (dx) limb. Mean for each 

combination variation of sin and dx Vastus. Sin /dx compares of first segmentation (a) 

and Sin/dx second segmentation (b). Different between b-a, Absolut difference (Abs) 

for vastus dx limb segmentation and vastus sin limb segmentation. The mean of one 

observer’s variation and the differences between sin and dx limb the lowest (Min) and 

highest (Max) variation between the two segmentations.   

 

 

Quantification of Gracilis and Gastrocnemius muscles volume 

Segmentation of single muscle volume of gracilis and gastrocnemius indicate that the 

method is feasible (table 5). Reproducibility has not been done so that is left to be 

validated for the method. 

Table 5 Vastus (V), Gracilis (G), Gastrocnemius (GC) verses total muscle volume 

 V cm³ G dex cm³ GC dex cm³ 

Mean 109 28 47 

Max 133 39 55 

Min 95 21 39 

SEM 3 1 1 

The mean of one observer’s variation for three separated muscles volume, lowest 

(Min) and highest (Max) variation in separate segmentations. Standard Error of Mean 

(SEM) for each muscle variation 

 

Correlation of total hind muscle volume verses Vastus, Gracilis and 

Gastrocnemius 

Correlation of vastus muscle volume right hind limb to the mean of the high 

resolution CT scan was(r >0, 68) (Fig10. left). Correlation of vastus muscles 

sinister hind limb the mean of the total muscle volume was > 0, 69 (Fig10 

right) The variation mean for vastus muscle volume with segmentations from 

two observers compared with the mean from segmentation of high resolution 

muscle volume was >0,69. (Fig 11). For segmentations of vastus compared to 
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 high resolution CT scan the correlation was weaker than inter- and intra-

observation made at vastus muscle volume.  

 

Figure 10. Mean for dx  vastus (left) and  mean for sin (rigth) vastus verses mean of 

the total muscle volume 

 

 

Figure11. Mean for Vastus from two segmentations verses mean of the total muscle 

volume. 
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Segmentation of gracilis and gastrocnemius muscle from one observer compared with 

the mean of the high resolution CT scan was for gracilis > 0,85 (12 left) and for 

gastrocnemius > 0,86 ( Fig 12 right) All three vastus, gracilis and gastrocnemius mean 

of muscle volume compared to the mean of high resolution muscle volume was > 0,96 

(Fig.13) suggest a better correlation than each separately.   

 

  
 

Figure12.  Gracilis (left) and Gastrocnemius (right) verses mean of the mean of high resolution 

CT scan 
 

 

Figure13. Vastus (V), Gracilis (G), Gastrocnemius (GC) verses mean of high resolution CT 

scan 
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Discussion  
The possibility to measure and quantify skeleton muscle in vivo and find a method to 

understand its complexity, physiology and pathology behavior is very important. There 

are no gold standard techniques. Methods used have their limitations and are not 

accessible enough or not validated for the rehabilitation evaluation. This is the same in 

human medicine as in veterinary medicine (19, 20). The result suggests that 

quantification of high-resolution muscle volume CT scan can be done and there is a 

great access for this technology in veterinary clinics. The evaluation was made with 

high correlation for two independent observers. Despite that few of the segmentations 

didn’t match the rest in the group for the high resolution CT scan, it didn’t seem to have 

a great impact on the result, and neither could that be seen in the low resampled CT 

scan.  Low resolution segmentation had the similar high correlation >0, 99 as the high 

segmentation scans (Fig 5, Fig 6). The absolute difference was slightly higher in the low 

segmentation than in the high segmentations result. Explanations for this could be that 

the pixel size might have had an effect, as the outline is not as define as it is with a 

smaller pixel size. Depending on the question for the quantification of the muscle 

volume, the choice for the resolution can be different as for the choice of the muscle 

volume. However the segmentation of the reduced segmentations, suggests that high 

segmentations might not be needed for this kind of segmentation of muscle volume. The 

difficulty in segmenting the total muscle volume was to separate the rectus abdominis, 

obliquus internus abdomen. Segmentation was made in axial view as this was 

experienced as the best view to outline the subcutaneous fat and surrounding muscles. 

Time for total volume segmentation was approximately 30minutes this has to be 

shortened to be clinically useful. The segmentation program needs to be more automatic 

and specified in the interpolation for the segmentation in order to separate muscles from 

subcutaneous fat. The method indicates that it is well defined and that there is a 

possibility to quantify muscle volume with CT scans and both resolutions are suitable. 

With anatomy skills, a consisted outlining of the muscle and some training, the time can 

be reduced for this evaluation method.  Further in the study three different types of 

muscles were chosen. The muscles are one of the most plastic tissues in the body and it 

adapts to different task and functional changing (21) Analyzes shows that vastus 

lateralis is active during most of the take-off and activity, this indicates that these 
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muscles carries a great body weight in moving canines (22). When one leg is out of 

function the total vastus muscle increased the activity significantly and shows how 

important those are for the knees flexion and extension (23).  

With our knowledge of treatment in veterinary orthopedic surgery and research we 

found that vastus muscles were one choice to be quantified excluding rectus femoris. 

Gastrocnemius has a location at the lower part of the limb and gracilis is a small muscle 

at medial side the upper limb all those three have different kinds of muscle fibers and 

different kinds of physical functions. The results for reproducibility for intra 

observations gave nine samples out of ten below ten percent systematic difference in 

segmentation. There is a correlation between vastus with two observers and the mean of 

high resolution total volume (Fig 13). Not as high as for the total volume segmentation 

and not as high as the comparing with all three single muscle volumes (Fig 15). 

Interesting is that the segmentation of the intra observer and the inter observer and 

lateralization of vastus looks the same with two groups of scattering (Fig 7, Fig 8). 

Reason for this could be that the definition of the muscle has not been consistent as they 

were made blinded. This problem might have been different if there had been more time 

for practicing or the left vastus muscle had been done at same sheet as the right muscle 

segmentation. In clinic a comparison with the earlier segmentation would be the 

obviously choice. Most difficulty in the segmentation of the vastus muscles was the 

section were biceps femoralis is in contact with the lateral vastus muscle (Fig.14). After 

the resegmentation it was concluded that this area needed an artistic eye and had to be 

modified in sagittal (Fig.15) or coronal view were the subcutaneous fat was outlined 

better to be matched. Still, when comparing two observers lateralization of vastus 

muscles there are a high correlation that confirms that two independent observers can 

correlate segmentation with a suggested normal range of five percent difference in 

volume.   
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Grasilis is a small muscle located medial at the cranial part of the upper limb. The 

difficult segmentation area for this muscle was close to semimembranosus (Fig.16). 

Segmentation time was 8 -12 minutes an absolute acceptable time. Gracilis correlated 

well with total muscle volume better that vastus. It could have been the size of the 

muscle volume that made the difference as with gastrocnemius, with correlation to the 

high resolution volume was also high. Gastrocnemius position is in the lower part of the 

limb, starts above the stifle and ends at achilles tendon, the difficult parts for the 

segmentation were at muscle flexor hallucis longus as it rises from the inner part of the 

stifle at the same time as gastrocnemius works its way out lateral (Fig.17). Time for 

segmentation was 10-15 minutes and that is an acceptably time to be scheduled. These 

small muscle volumes verify the results for the other quantifications made with this 

method. Gracilis and gastrocnemius was segmented once and if there had been more 

time the optimal would have been to segment those muscles twice, to get a higher 

validity to this study. 

  

Figure 14. Vastus muscle difficulty axial 

Biceps femoralis      

                     

Figure 15. Vastus Sagittal view  

 



19 
 

  

Figure 16. Gracilis difficult area axial 

Semimembranosus   
Figure 19. Gastrocnemius difficult area axial 
Flexor hallucis longus    

 

This result suggests there are a correlation and a feasible method to use for 

quantification of muscle volume that can be used for evaluation in clinic rehabilitation. 

To reduce the high resolution to a lower resolution might be important for clinical use. 

For the low resolution we estimated exposer of ~ 5mS however an exposer at ~ 10 mS 

would not be a problem for veterinary clinical use. The low resolution had a   satisfying 

correlation suggest that higher exposition won’t be necessary for all segmentations of 

muscle volume. Physical therapy in veterinary clinics needed new evidence-based 

methods for the measurement and evaluation of canines. Measurement methods used 

today are not unbiased enough to measure muscle volume and strength (24). To get a 

stronger validity to the study, more research has to be done. Segmentation of muscle 

volume on different kind of breeds and sexes, in this studied only one breed and female 

canine has been used and this result shows a scattering at vastus muscle among same 

breed and sex. MRI has a benefit as it can outline subcutaneous fat and liquid more 

precisely than a CT scan can do. A gain of weight is not always muscle mass several 

things can affect the result.  In CT scans is it more difficult to evaluate if there has been 

an increase of fat in the muscles or if the canine has develop edema.  Further research to 

find out if it’s possible to normalize the muscle volume is needed. There are reports 

from human were measurement of tibia or femur length has been done to evaluate 

muscle volume, the anatomy on canines makes it impossible to transfer the method 
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directly to canine. This could make pathological difference and a veterinary clinic study 

would be useful to evaluate this matter.    

 

Conclusion 
CT scans is a feasible and usable way to accurately quantify canine hind muscle volume 

in veterinary clinic. The correlation in the results is high in almost all muscle volume 

segmentations. The quantification of the lower segmentation was as accurate as the high 

definition method using ~ 20mS therefore there is no need to use higher exposure. 

Single muscle volume is suggested to be significant and well defined method for 

measurement of muscle volume. CT scanning is an accessible method today in 

veterinary medicine. Despite that the method is time consuming one out of ten samples 

has a systematic difference fewer than ten percent and that could indicate a clinical use 

for evaluation of rehabilitation on canine.  
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APPENDIX 

Results of high resolution total muscle volume 

 

High Resolution Total 

 O1 O2 Mean O2/O1 Abs O2/O1 

1 1146 1147 1146 0,15 % 0,15 % 

2 1396 1397 1396 0,05 % 0,05 % 

3 1292 1293 1292 0,09 % 0,09 % 

4 1189 1185 1187 -0,34 % 0,34 % 

5 1414 1416 1415 0,16 % 0,16 % 

6 1385 1387 1386 0,16 % 0,16 % 

7 1090 1088 1089 -0,24 % 0,24 % 

8 1475 1480 1477 0,35 % 0,35 % 

10 1220 1223 1222 0,26 % 0,26 % 

11 1223 1224 1223 0,03 % 0,03 % 

12 1661 1661 1661 0,03 % 0,03 % 

13 1251 1255 1253 0,36 % 0,36 % 

14 1336 1329 1332 -0,55 % 0,55 % 
Observer1 (O1), Observer 2 (O2), results from segmentation from two observers and the mean 

for O1 and O2 segmentation.  O2/O1 the different in segmentation. Absolute error (Abs) O2/O1 

between O1and O2 

 

 

Low resolution total muscle volume 

 

Low Resolution Total 

 O2 low High/Low Abs H/L 

1 1146, -0,1 % 0,11 % 

2 1402 0,4 % 0,37 % 

3 1301 0,7 % 0,67 % 

4 1187 0,2 % 0,18 % 

5 1429 0,9 % 0,88 % 

6 1389 0,1 % 0,14 % 

7 1095 0,7 % 0,71 % 

8 1483 0,2 % 0,23 % 

9 1227 0,3 % 0,30 % 

10 1236 1,0 % 1,04 % 

11 1656 -0,3% 0,33 % 

12 1266 0,8 % 0,83 % 

13 1309 -1,5 % 1,45 % 
Observer 2 (O2) results from segmentation from 

Low (L) resolution total muscle volume. Difference in  

Segmentation between High (H) and L resolution  

and the absolute error (Abs) for H vs L. 
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Vastus dexter segmentation volume  

Vastus Dexter 

 O1 dx  O2a dx O2b dx  Mean O2/O1 O2 b/a Abs 2/1 Abs b/a 

1 100 100 100 100 -0,28% -0,1% 0,3% 0,1% 

2 117 115 118 117 0,41% 2,2% 0,4% 2,2% 

3 95 95 95 95 -0,64% -0,4% 0,6% 0,4% 

4 112 111 111 111 -0,55% -0,5% 0,5% 0,5% 

5 120 118 119 119 -0,65% 0,5% 0,6% 0,5% 

6 113 111 112 112 -0,80% 0,8% 0,8% 0,8% 

7 101 100 101 101 -0,49% 0,6% 0,5% 0,6% 

8 116 116 116 116 -0,05% 0,4% 0,0% 0,4% 

9 97 97 96 96 -0,15% 0,0% 0,1% 0,0% 

10 111 111 110 111 -0,91% -1,2% 0,9% 1,2% 

11 135 134 134 134 -0,58% -0,2% 0,6% 0,2% 

12 102 102 102 102 -0,33% -0,4% 0,3% 0,4% 

13 114 113 113 113 -0,88% -0,4% 0,9% 0,4% 
Observer1 (O1) dx, Observer 2 (O2) a dx and b dx, results from segmentation from two 

observers and the mean of O1 and O2 segmentation.  O2/O1 the different in segmentation. For 

segmentation b dx true segmentation of a dx, absolute error (Abs) for O2/O1 segmentation, 

absolute error between O2 a dx and b dx.  

 
 
Vastus sinister segmentation volume 

Vastus Sin 

O2a O2b Mean O2 b/a Abs b/a 

97 97 97 -0,5% 0,5% 

116 117 117 1,2% 1,2% 

94 95 95 0,4% 0,4% 

107 109 108 1,1% 1,1% 

123 125 124 1,1% 1,1% 

115 118 116 2,3% 2,3% 

101 103 102 1,8% 1,8% 

115 116 115 0,8% 0,8% 

95 98 96 2,9% 2,9% 

109 108 108 -0,5% 0,5% 

132 132 132 -0,5% 0,5% 

100 99 100 -0,4% 0,4% 

109 108 108 -0,7% 0,7% 

Results segmentation from Vastus sinister (sin) from two observer 
Comparing segmentation of Vastus sin and dexter (dx). Absolut error 
(Abs) for sin and dx segmented volume. 
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Vastus Sinister (sin) and Dexter (Dx) segmentation 

Vastus Sin/Dx 

 Mean s/d a s/d b b-a Abs b/a 

1 -2,6% -2,31% -2,65% -0,34% 0,3% 

2 0,0% 0,78% -0,25% -1,03% 1,0% 

3 -0,4% -0,66% 0,21% 0,87% 0,9% 

4 -3,1% -3,73% -2,17% 1,55% 1,6% 

5 4,3% 4,25% 4,91% 0,65% 0,7% 

6 3,4% 3,03% 4,59% 1,55% 1,6% 

7 1,0% 0,69% 1,82% 1,13% 1,1% 

8 -0,5% -0,99% 0,00% 0,99% 1,0% 

9 -0,1% -1,51% 1,43% 2,93% 2,9% 

10 -2,1% -2,31% -1,67% 0,64% 0,6% 

11 -1,6% -1,30% -1,57% -0,27% 0,3% 

12 -2,5% -2,51% -2,46% 0,05% 0,0% 

13 -4,0% -3,65% -3,93% -0,28% 0,3% 

 
Lateralization of muscle volume of vastus left (sin) and right (dx) leg. Total mean for each of sin 
and dx Vastus. Sin /dx compares of first segmentation (a) and Sin/dx second segmentation (b).  
Difference between b-a, and a Absolut Error (Abs) for vastus dx limb segmentation and vastus 
sin limb segmentation.  
 
 
Vastus Gracilis & Gastrocnemus segmentation 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mean from muscle volume of vastus 
dexter limb and sinister limb from 13 canines. 
Segmentation volume results from 

Vastus, Gracilis & Gastrocnemus 

 Vastus G dex GC dex Tot 

1 98,5 25,1 41,7 232,0 

2 116,3 29,3 52,5 279,8 

3 94,7 27,6 48,8 247,5 

4 109,3 23,0 41,5 238,4 

5 121,1 30,1 52,4 286,0 

6 113,4 27,2 50,4 268,5 

7 100,8 21,1 39,2 221,4 

8 114,5 31,2 53,4 283,7 

9 95,8 27,9 44,7 241,1 

10 109,7 22,8 45,4 246,1 

11 133,2 38,8 54,9 320,4 

12 101,1 27,9 42,8 242,3 

13 110,8 26,8 45,6 255,7 
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Gracilis (G) and Gastrocnemus (GC)  
Total (Tot) mean of those three muscles. 


