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Muscle Segmentation plug-in
Muscle Segmentation

The Muscle Segmentation plug-in from MIPAV is a semi automatic tool for 
segmenting different muscles and muscles and fat in Computed 
Tomography (CT) images of the thigh and abdomen. Of particular interest 
is the lean to fat tissue ratio in the quadriceps, hamstrings, and Sartorius, 
while the remaining muscles are grouped together into the abductors. The 
Muscle Segmentation plug-in uses CT images of the thigh as this imaging 
modality provides the best muscle discrimination compared to other 
imaging options. The method incorporates several algorithms that 
interactively identify the Fasceal border and borders of the muscles of 
interest it also uses additional methodologies for preventing the same tissue 
being identified as belonging to two different muscles.

Background
The method uses the LiveWire tool for delineating boundaries in images. 
Specifically, the LiveWire tool allows users to identify a starting location on 
the boundary and then it automatically determines the minimum cost path 
between that starting point and current location of the cursor. The user 
accepts the LiveWire path by identifying an ending point. LiveWire then 
inserts additional points along the minimum cost path so that a piece wise 
linear approximation closely matches the minimum cost path. Once the 
boundary of a muscle is identified, the enclosed region is set to a uniform 
background color. This re-coloring prevents the LiveWire tool from 
including pixels already identified as belonging to one muscle while the user 
identifies additional adjacent muscles. 

OUTLINE OF THE METHOD 

The method is composed of a sequential set of different processing steps. A 
block diagram is shown in Figure 1. The input image is a CT image 
containing both the left and right thighs and also a phantom containing 
water and some other material with known density values. The output is a 
pseudo colored image, where different muscles and tissues correspond to 
different colors or shades of gray. The final image is referred to the 
segmented or label image. See Figure 9.
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The steps are as follows:

1 “Water calibration”  using a phantom

2 “Skin identification” 

3 Applying “LiveWire”  and “Level set tool”  to outline the VOIs on the 
image

4 “Fasceal detection and subcutaneous fat detection” 

5 “Threshold classification and quantification” 

6 “Tissue Classification” 

7 “Bone and bone marrow identification” 

8 “Quadriceps identification, classification, and quantification” 

9 “Hamstring and Sartorius identification, classification, and 
quantification” 

10 Showing results, refer to “Results” on page 58

WATER PHANTOM

The water phantom is included in the image so that an offset can be 
computed for each image in the study set, and it is used to correctly adjust 
the Hounsfield Units (HU) within the image. Figure 2 shows a typical image 
processed by the plug-in.

Figure 1.  A block diagram of the thigh muscle segmentation method
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WATER CALIBRATION

The processing begins with the user identifying a rectangular region-of-
interest (ROI) completely inside the water phantom and free of any partial 
volume pixels. The median value of this region is then determined and used 
as the Hounsfield value of water. Since this value should be zero in CT, the 
median value is subtracted from all image pixels. 

LIVEWIRE

The LiveWire tool implemented in the plug-in is used as an interactive 
boundary finding optimization. A local cost function involving a weighted 
combination of gradient magnitude, gradient direction, and zero-crossings 
of the Laplacian operator is computed for each pixel in the image. As the 
user moves from a selected starting point the result is a pixel-to-pixel path 
with a total minimum cost from the anchor point to the current cursor 
location as shown in Figure 3.

LiveWire produces a weighted directed graph across the image of the costs 
is generated via a minimum-spanning tree of the graph computed using 
Dijkstra's graph searching algorithm. Figure 3-b shows a graph of intensity 
values across the green line drawn in Figure 3-a to evaluate the accuracy of 

Figure 2.  A typical image processed by the Muscle Segmentation plug-
in. Visible in the figure are the right and left thigh as well as the water 
phantom, which appears as the gray rectangular block at the bottom 
center of the image
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LiveWire. Figure 3-c and Figure 3-d provide an analysis of the location of 
the LiveWire VOI.

HOW LIVEWIRE WORKS

First, the grayscale image is modeled as a rectangular matrix whose pixel 
values are integers ranging from 0 to 255 (if the image is a color one, it 
might be converted to a grayscale one and use the algorithm the same way, 
although it's better to maximize the costs on each color channel). Each pixel 
of the matrix is a vertex of the graph and has edges going to the 8 pixels 
around it, as up, down, left, right, upper-right, upper-left, down-right, 
down-left. The edge costs are defined based on a cost function.

(a) (b)

(c) (d)

Figure 3.   LiveWire produced VOI (Orange), LevelSet produced VOI 
(Red); Plot of intensity values along green line; Magnitude of gradient 
along the green line perpendicular to thigh edge; Intensity values when 
all the pixels inside the livewire detected VOI have been set to 1
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Since a minimum cost path should correspond to an image component 
boundary, pixels (or more accurately, links between neighboring pixels) 
that exhibit strong edge features should have low local costs and vice-versa. 
Thus, local component costs are created from the various edge features:

• Laplacian Zero-Crossing fZ

• Gradient Magnitude fG

• Gradient Direction fD

The local costs are computed as a weighted sum of these components. 
Letting l(p,q) represent the local cost on the directed link from pixel p to a 
neighboring pixel q, the local cost function is where each w is the weight of 

the corresponding feature function1. 

EQUATION 1

The Laplacian zero-crossing is a binary edge feature used for edge 
localization. Convolution of an image with a Laplacian kernel approximates 
the 2-nd partial derivative of the image. The Laplacian image zero-crossing 
corresponds to points of maximal (or minimal) gradient magnitude. Thus, 
Laplacian zero-crossings represent “good” edge properties and should, 

Figure 4.  Each pixel of the matrix is a vertex of the graph and has edges 
going to the 8 pixels around it, as up, down, left, right, upper-right, 
upper-left, down-right, down-left

1.  Empirically, weights of wZ = 0.43, wG = 0.43, and wD = 0.14 seem to work well in a wide range of 
images.

l p q,( ) wZ fz× q( ) wG fG q( )× wD fD× p q,( )+ +=
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therefore, have a low local cost. If IL(q) is the Laplacian of an image I at 

pixel q, then

EQUATION 2

fZ(q)=o, if IL(q)=o and fZ(q)=1, if IL(q)!=0

However, application of a discrete Laplacian kernel to a digital image 
produces very few zero-valued pixels. Rather, a zero-crossing is represented 
by two neighboring pixels that change from positive to negative. Of the two 
pixels, the one closest to zero is used to represent the zero-crossing. The 
resulting feature cost contains single-pixel wide cost where “canyons” used 
for boundary localization.

Since the Laplacian zero-crossing creates a binary feature, fZ(q) does not 

distinguish between strong, high gradient edges and weak, low gradient 
edges. However, GRADIENT MAGNITUDE provides a direct correlation 
between edge strength and local cost. If IX and IY represent the partials of 

an image I in the X and Y directions respectively, then the gradient 
magnitude G is approximated with

EQUATION 3

G=(Ix
2+Iy

2)

The gradient is scaled and inverted, so high gradients produce low costs and 
vice-versa. Thus, the gradient component function is

EQUATION 4

fG=(max(G)-g)/max(G)=1-(G/max(G))

giving an inverse linear ramp function. 

Finally, gradient magnitude costs are scaled by Euclidean distance. To keep 
the resulting maximum gradient at unity, fG(q) is scaled by 1 if q is a 

diagonal neighbor to p and by  if q is a horizontal or vertical 
neighbor. The gradient direction adds a smoothness constraint to the 
boundary by associating a high cost for sharp changes in boundary 
direction. 

The gradient direction is the unit vector defined by Ix and Iy. Letting D(p) be 

the unit vector perpendicular (rotated 90 degrees clockwise) to the gradient 

1 2( )⁄
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direction at point p (i.e., for D(p) = (IY(p), -IX(p))), the formulation of the 

gradient direction feature cost is

EQUATION 5

where

EQUATION 6

and

EQUATION 7

are vector dot products and

EQUATION 8

L(p,q)=q–p, if D(p)*(q–p) >=0

L(p,q)=p–q, if D(p)*(q–p),< 0

is the bidirectional link or edge vector between pixels p and q. Links are 
either horizontal, vertical, or diagonal (relative to the position of q in p's 
neighborhood) and point such that the dot product of D(p) and L(p, q) is 
positive. The neighborhood link direction associates a high cost to an edge 
or link between two pixels that have similar gradient directions but are 
perpendicular, or near perpendicular, to the link between them. Therefore, 
the direction feature cost is low when the gradient directions of the two 
pixels are similar to each other and to the link between them.

fD p q,( ) 2
3π
------ dp p q,( ) )( )acos dq p q,( ) )( )acos+( )⋅=

dp p q,( ) D p( ) L p q,( )⋅=

dq p q,( ) L p q,( ) D q( )⋅=
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LEVEL SET TOOL

The level set tool is a less interactive tool that can be used for automatic 
segmentation of thigh components. Distance from the given contour to the 
nearest boundary is computed for all pixels from the user-specified point to 
all points along a path of pixels with close intensity. The level set extraction 
described for lattices of 3D data produces a collection of unique vertices, 
edges, and triangles. These components can be stored as a triangle mesh 
that is represented by a vertex-edge-triangle data structure. The data 
structure supports various topological and geometrical queries about the 
mesh. Refer to the LevelSet tool in the MIPAV User Guide Volumme 2.

Muscle Segmentation steps

SKIN IDENTIFICATION

The skin in the thigh image is identified by interactively isolating the outer 
boundary using the LiveWire algorithm. Typically, the user needs to identify 
only three or four points spaced around each thigh and the LiveWire 
algorithm inserts additional points on the boundary. Once a closed region is 
identified, a mask image is computed where all pixels inside and on the 
boundary are assigned a value of one and all other pixels are assigned a 
value of zero. This mask image is then eroded four times using a binary 
mathematical morphology operator creating another mask image. All pixels 
outside the eroded mask image are set to background value equals to –1024 
HU.

TISSUE CLASSIFICATION

Threshold classification of CT images allows identification of muscle and fat 
tissue within the thigh. Potential partial voluming effects are decreased by 
adopting a schema that is more exclusive than the Hounsfield scale assigns 
to normalized CT intensities:
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190 more or equal fat pixel more or equal –30

 0 more or equal muscle pixel more or equal 100

–30 more partial volume pixel more 0

FASCEAL DETECTION AND SUBCUTANEOUS FAT 
DETECTION

The fasceal is a very thin, broken boundary that appears very faint and 
surrounds the muscles of the thigh. Because of these characteristics, we 
chose to interactively enter points on this border, which are then joined as a 
closed polyline. The fasceal boundary separates the subcutaneous fat from 
the muscles, interstitial fat, and other tissues within the muscles. Therefore, 
all the non-background pixels outside the fasceal boundary are by definition 
classified as subcutaneous fat pixels.

BONE AND BONE MARROW IDENTIFICATION

Bone is easily identified in CT images because corresponding pixels are 
significantly more intense (dense) than those found in the soft tissue. 
Therefore, we used a threshold value of 176 HU and above to classify the 
bone pixels. Once these pixels are identified, they are set to background 
value. The bone marrow pixels are then identified as those pixels above the 
background value that are inside the bone pixels. All bone marrow pixels 
are also set to the background value.

THRESHOLD CLASSIFICATION AND 
QUANTIFICATION

The result of all the processing described above is an image containing only 
muscle, interstitial fat, partial volume pixels, and perhaps blood vessels. 
Furthermore, the quantification results include the total thigh area and 
average Hounsfield value for both muscle and fat. These values are 
determined by applying a threshold operation, where 
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• fat pixels are between -190 and -30 HU inclusive, 

• muscle pixels are between 0 and 100 HU inclusive, 

• and the partial volume muscle and fat pixel correspond to all the values 
between these ranges. 

We refer to the resulting image as the total thigh label image.

QUADRICEPS IDENTIFICATION, 
CLASSIFICATION, AND QUANTIFICATION

The quadriceps is interactively identified with the LiveWire tool using an 
image that results by blending the total thigh label image with the gray scale 
image. Once a closed VOI for each quadriceps has been identified, they are 
classified using the same threshold regions for fat, muscle, and partial 
volume pixels as described above. The left and right quadriceps are 
quantified separately and the results of each are saved in an output file. An 
image with unique values for muscle, fat, and partial volume is also saved 
and is called the quadriceps label image. 

HAMSTRING AND SARTORIUS 
IDENTIFICATION, CLASSIFICATION, AND 
QUANTIFICATION

Identifying the hamstrings follows the processing steps for identifying the 
quadriceps, except that the pixels corresponding to the quadriceps are first 
set to the background value. This prevents the LiveWire tool from including 
pixels from a region that has already been identified as a different muscle. 
This insures there will be no overlapping pixels belonging to two different 
muscles. The Sartorius is similarly determined in an image with both the 
quadriceps and hamstrings set to background. Finally, the pixels 
corresponding to the other muscles (the abductors) are identified as those 
pixels not already classified.
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RESULTS

Figure 5 shows the segmented resulting from the Muscle Segmentation 
plug-in for the image shown in Figure 2. The different muscles are shown in 
different colors, as well as the subcutaneous and interstitial fat.

The fat/ lean statistics for chosen thigh (or abdomen) objects (e.g. the left 
and right thighs including all bones and muscles) appears in the Output 
window and also can be saved as a PDF file.

Figure 5.  Segmented image that results from the Muscle Segmentation 
plug-in. The different muscles and fat regions are assigned different 
values
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IMAGE TYPES

TBD. Ask Justin.
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Figure 6.  Plug-in output
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Applying the Muscle Segmentation method
To run the plug-in do the following:

1 Start MIPAV.

2 Install the plug-in (in order to learn how to do that, refer to the MIPAV 
User’s Guide Volume 1, “Developing Plug-in programs”).

3 Open an image of interest (a thigh or abdomen image).

4 Call Plugin > General >Muscle Segmentation to run the plug-in.

5 The plug-in window appears with the image open in the window. See 
Figure 7.

Figure 7.  The plug-in user interface with, first, the Thigh tab selected, 
then the Bone tab selected, and finally, the Muscle tab selected. All VOIs 
are available for editing
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VOI SELECTION

The left pane in Figure 7 contains three tabs that represent different 
processing steps. When a tab is pressed the display shows its particular VOI 
set. Each VOI shown in the right pane has an associated checked button in 
the left pane. When any given button is pressed, that VOI is available for 
editing. In Figure 7, all muscle VOIs are filled. Based on these VOIs the 
plug-in generates a zero intensity image mask, which is then used by the 
LiveWire tool to guarantee non-overlapping segments. 

THIGH

To draw a VOI around a chosen thigh,

1 Open the Thigh tab. See Figure 7.

2 To select a thigh, press an object button (Left Thigh or Right Thigh).

3 The VOI tab appears prompting you to draw a VOI around the chosen 
thigh, e.g. the left thigh.

4 Draw a VOI and then press OK

5 The VOI appears on the thigh.

To calculate VOI statistics and fat/lean ratio for the whole thigh, press 
Calculate. Refer to Analysis section to learn how to show results in the 
Output window.

BONE

To highlight a bone sample, press the Bone Sample button. The VOI 
appears selecting the bone sample on the phantom. 

To delineate a VOI around a chosen thigh bone,

1 Open the Bone tab. See Figure 7.

2 To select a bone, press an object button (Left Bone or Right Bone),
MIPAV User’s Guide, Volume 2, Algorithms 61

3/14/08 



M   I   P   A   V
M e d i c a l   I m a g e   P r o c e s s i n g, A n a l y s i s,   &   V i s u a l i z a t i o n

Muscle Segmentation plug-in
3 The VOI tab appears prompting you to draw a VOI around the chosen 
bone, e.g. the left bone.

4 Draw a VOI and then press OK

5 The VOI appears around the bone.

Repeat the same steps for a bone marrow. Refer to Analysis section to learn 
how to show results in the Output window.

MUSCLES

To highlight a muscle sample, press the Water Sample button. The VOI 
appears selecting the water sample on the phantom.

To delineate VOIs around chosen muscles,

1 Open the Muscle tab. See Figure 7.

2 To select a muscle, press a corresponding object button e.g. Left Fascia 
or Right Fascia.

3 The VOI tab appears prompting you to draw a VOI around the chosen 
muscle, e.g. the let bone.

4 Draw a VOI and then press OK

5 The VOI appears around the chosen muscle.

6 Repeat the same steps for another muscle. 

After you've done with VOIs, click Calculate. This opens the Analysis tab. 
Refer to Analysis section to learn how to show results in the Output window.

SAVING SEGMENTATION VOIS

Each VOI is saved automatically in a separate XML file with publicly 
available schema. These files are saved in the image directory and can be 
viewed and modified outside of this tool and MIPAV. The file name for a 
VOI file looks like Right Object Name.xml or. Left Object Name.xml. See 
Figure 8.
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ANALYSIS

Use the Analysis tab options to select the thigh muscles using VOIs and 
output VOI statistics for selected VOIs. The statistics include the calculated 
Fat Area, Lean Area and Total Area for a chosen muscle. The Analysis tab is 
hidden when you run the plug-in, It appears only when you press the 
Calculate button in the Thigh, Bone or Muscle tab. See Figure 9.

To run the fat/lean ratio calculation for the thigh

1 Select the thigh object(s) (a thigh, a bone, a bone marrow, a muscle) by 
pressing the corresponding button. Note that you can select as many 
objects as you wish.

2 If you want to calculate a fat/ lean statistics for a single object (e.g. the 
left hamstring), select that object and then press Output. The fat/ lean 
statistics for the left hamstring appears in the output window.

3 If you want to calculate a fat/ lean statistics for a set of objects (e.g. the 
left thigh, left hamstring, and left quads), select these objects by 
pressing the corresponding buttons, and then press Output. The fat/ 
lean statistics appears in the output window.

Figure 8.   The catalogue where segmentation VOIs are stored
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4 If you want to calculate a fat/ lean statistics for all objects (e.g. the left 
and right thighs including all bones and muscles) press Output All. This 
will output a whole fat/lean statistics for both thighs in the Output 
window. See Figure 9.

5 To save the fat/ lean statistic as a PDF file, press Save. The PDF file 
appears in the same catalogue where VOIs for a selected image are 
stored.

TO SHOW/HIDE LUT:

To show the LUT, press Show LUT button, the image appears highlighted by 
LUT. To hide the LUT, press Hide LUT. See Figure 10.

Figure 9.  Fat/Lean ratio for the thigh and thigh muscles in the Output 
window. Use the scroll bar to view the whole statistics
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Figure 10.  Show and Hide LUT options
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