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A new OCCA phantom using Oblique Cylinders and Contrast Adjustment for me~u~ng the accuracy of
brain lesion volume estimation schemes is described. It uses obliquely oriented cylinders made from acrylic
rod, mounted in a water bath, to give realistic partial volume errors. Image intensities are inverted, scaled,
and shifted, and noise is added, to form images that have realistic values of lesion-white matter contrast
(530% ) and contrast-to-noise ratio (3-20% ). Artiilcial gray matter, CSF (cerebrospinal fluid), and scalp
lipid are added because these bright areas may determine bow the gray level display window is set. The
performance of manual and contouring methods for estimating lesion volume was measured for three
observers and nine lesions with in~vidu~ vol~es from 0.3 to 6.2 ml. There was a large variation, depending
on the choice of method, the observer, and the lesion contrast. Volumes were usually overestimated, with
the error increasing at high contrasts. The average error in estimating total lesion volume was 17% (range
-16% to +36%). The OCCA phantom may have a role in training observers to improve their accuracy
(and hence inter- and intraobserver reproducibility).
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measurement to the true value? Accuracy is much
harder to measure, and relies on the existence of a
“gold standard” that defines the true value. Manual
outlining by an experienced radiologist is often used
as a gold standard. However, this may not be reproducible; and there is no evidence that the method is accurate. To our knowledge, there has been only one serious
attempt to measure accuracy in a realistic way; this is
based on superimposing known software lesions on
normal images.’ In this note we present a new way of
estimating the accuracy of schemes for measuring lesion volume based on a realistic OCCA phantom
(OCCA-Oblique
Cylinder Contrast-Adjusted), which
embodies the principle difficulties in observing real
brain lesions, and gives a lower limit to inaccuracies
likely to be present in observing real lesions. We pres-

INTRODUCTION
Recently there has been much interest in schemes to

measure the total volume of visibly abnormal brain
tissue (i.e., total lesion volume, or load) to assess the
response of patients with multiple sclerosis (MS) to
putative treatments. ‘-5 In particular, lesion volume
measurement of abnormalities present on yearly Tzweighted images of the brain are being used as secondary end points in large-scale phase III trials. More
recently, lesion volume measmement of Ed-enh~cing
lesions has been proposed as a primary end point in
phase II trials. These schemes generally consist of measuring each visible lesion by a semiautomated or manual method, and have generally been judged according
to the criterion of reproducibility, measured by making
several observations (both by the same observer and
by different observers) of the same or repeated sets of
image data.5-7 However a second important criterion
is the accuracy of the method, i.e., how near is the
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ent preliminary results on several volume estimation

methods as examples of how the OCCA phantom may
be used. An OCCA phantom has also been used to
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accuracy in measuring the cross-sectional area
of the spinal cord, as part of a cross-sectional study of
cord atrophy.g
The two largest sources of error in measuring real
lesions are probably the partial volume effect and low
contrast-to-noise ratios; these are both present in the
OCCA phantom.
The partial volume effect causes the boundary of a
lesion to be blurred over several pixels, even if the
lesion has a biologically sharp boundary. The apparent
size of a lesion then depends on the setting of the
display window gray level and width controls. Reducing the window level increases the apparent size of the
lesion (“blooming”),
particularly if the window width
is small; this is a phenomenon that confounds any
attempt to draw a boundary around a lesion in a reproducible way. The amount of blurring is almost impossible to predict, because it depends on the shape of the
lesion and the orientation and position of the slice. A
cylindrical phantom oriented with its axis perpendicular to the slice will have very little partial volume error,
except at its ends. The curved edges will be sharp and
their position easily (and reproducibly) defined. The
first novel aspect of the OCCA phantom is that the
lesions consist of cylinders mounted oblique to the
slice direction, so that all the surfaces are subject to
partial volume errors in a way that more closely approximates to the situation in real lesions. A convenient
by-product of the oblique orientation is that the lesions
can be attached to the inside of an annulus with a very
small area of contact, so that the artificial lesions are
effectively isolated in space with very little visible
interaction with their support.
The contrast-to-noise ratio in phantom images is
usually unrealistically high, and usually of the wrong
sign. An NMR-invisible
object (such as a plastic rod)
in a water bath gives a dark lesion, which clinical
observers often state is harder to report than a bright
lesion (as seen on conventional PD- and T,-weighted
images). The second novel aspect of the OCCA phantom is the contrast adjustment, which is made to the
images to provide artificial lesions that are brighter
than the background and have a range of realistic values of contrast to noise.
estimate

LATERALS

AND METHODS

Construction
Cylinders of known dimensions were cut from clear
acrylic resin plastic rod (a proprietary brand is Plexiglass; Perspex and Lucite brands are similar). Diameters ranged from 8 to 18 mm, and lengths ranged from
0.6 to 1.5 times the diameter. The cylinder ends were
finished to ensure a well-de~ned length. New tools

with no fe~omagnetic particles from previous use were
employed. A total of nine artificial lesions with true
volumes ranging from 0.3 to 6.2 ml were made; the
total lesion volume was 19.9 ml. The dimensions of the
cylinders were measured with an estimated maximum
error of 0.05 mm. The diameter was measured at several places along the length to ensure constant crosssectional area. The cylinders were then fixed inside
vertically oriented acrylic annuli 50 mm in internal
diameter (see Figs. 1 and 2). For each cylinder the
axis was either horizontal (so that its axis did not
intersect with the axis of the annulus, i.e., in the plane
of an coronal image slice-see Fig. 2b), or obliquely
vertical (so that its axis did intersect with the axis of
the annulus-see
Fig. 2~). The cylinders were
attached to the inside of the annuli using dichlorome~ane (methylene dichloride), which dissolves a thin
film of each surface to be joined; it then evaporates
very quickly to form a permanent weld. The amount
of acrylic is unchanged at the end of the attaching
operation; no extra volume has been added, as would
be the case with a conventional glue. A glass eye-drop
dispenser was used to place a single small drop of the
dichlorome~ane
at the point of contact between the
cylinder and the annulus; the cylinder was then held
in place until the dichloromethane
had evaporated
(about 1 min). The annuli were immersed in doped
water contained in an oblong polythene food container,
size 255 mm long, 90 mm wide, and 85 mm high, with
a detachable lid. Foam pads were used to keep the
annuli in place, and to protect the artificial lesions from
breaking off with vibration (the supporting joint has a
small cross-sectional area and is probably quite vulnerable to mechanical stress). The total time required to
m~ufacture the phantom was about 2 h. The whole
phantom was imaged at 1.5 T on a General Electric
Signa using the head coil with 5 mm thick contiguous
coronal slices (pixel size 1 X 1 mm) and a SE24001
30 sequence.
We estimate the maximum possible error in the calculations of “true volume” to be 1.5-4.5%, depending
on the size of the cylinder (and being larger for the
small cylinders). This is based on assuming an absolute maximum measurement error of 0.1 mm in the
diameter and the length. These volume errors are insignificant compared to the errors produced by the MRI
volume estimation techniques (see below).
Contrast Manipulation
The image intensities were postprocessed to make
the acrylic cylinders look as much like multiple sclerosis lesions as possible. In a typical SE2400/30 spin
echo image of the brain of a patient with multiple
sclerosis collected at 1.5 T we measured the follow-
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Fig. 1. (a) View of OCCA phantom from above. Insidethe oblong~lythene food containerare dark papertowelsprotecting
the four annuli from movement.Inside the annuli can be seenthe individual cylindrical artificial lesions(four in the upper
annulus,one in the secondannulus,and four in the third annulus); their appearanceis distorted by the water bath. (b) A
singleannulus(the upper one in Fig. a), viewed from the side,with four obliquely positionedcylinders glued to the inside
of the annulus.The cylinders have volumesof 0.5, 0.6, 1.4, and 4.9 ml.

ing normal signal intensities (in arbitrary units}:
white matter (S,,,,): 650; gray matter: 682; CSF:
622; scalp: 646. The noise in the brain (1 SD) was
estimated to be 10, based on a measurement in the
background air, and assuming the mean value in the

air in a magnitude image is 1.25 times the standard
deviation in a high signal-to-noise ratio region.‘*.”
The signal intensity in MS lesions varied over a wide
range above the white matter value. In the phantom
images the contrast-to-noise ratio was initially
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330: 1. The following manipulations
were made to
the signal intensities (SI) to produce the final images
for observation:
1. SIs were shifted and scaled to give the required
values of lesion-white matter contrast, using the
viewit programI (from C. Potter, NCSA Biological
Imaging Group, University of Illinois at UrbanaChampagne, Urbana, IL 61801; e-mail cpotter @ncsa.uiuc.edu) . Let the SIs in the raw (i.e., ph~tom)
image S ’ and in the transformed (i.e., ready to be
observed) image S be related by:
S = as’ + b,

(1)

where a and b are constants. We require that the
water is transformed to white matter, i.e., S,, =
as’ water + b. Letting the lesion signal be S,,( 1 +
c), where c is the required lesion to white matter
contrast, then the acrylic rod signal S& (= 0) is
~ansfo~ed to lesion, i.e., S,,( 1 + c) = b. Solving
for a, we find the SI in the transformed image S in
terms of the required contrast c and the signal in
the raw image S ’ :

s = s,,[c(sLlter - S’YKV,, + 11.

(2)

Note that the water signal (S’ = S&,,,,,) then transforms to white matter (S = S-), and the acrylic
cylinder (S’ = 0) transforms to the S,,( 1 + c),
as required. Contrast values of 5, 10, 20, and 30%
were chosen (i.e.- c = 0.05, 0.10, 0.20, 0.30) in
order to give image datasets with realistic values
of lesion-white matter contrast. Note that the sign of
the second term on the right-hand side of Equation 2
(i.e., the coefficient of S’) is negative; this gives
the required inversion of the SIs, and hence, bright
lesions. Note that the partial volume effects remain
unaltered after this global scaling operation.
2. Surrounding gray matter, bone, scalp lipid, and
air were manually “painted in” with the masking
facility of DispImage, I3 using the values measured in brain, to give realistic values for the minimum and maximum Sfs. This is necessary be-
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cause these tissues often determine how the gray
level display window is set. For this particular sequence (SE2400/30) the lesions or the gray matter
were the brightest tissues (depending on the lesion
contrast) ; however, in other sequences the lipid or
CSF could dominate, in which case their signal intensities should be present in the final image.
3. Gaussian noise (SD = 10, as in the brain image)
was added to give realistic values of contrast-tonoise ratio (CNR), using the /usr/image package
(from A.G. Gash, University of North Carolina; email gash@cs.unc.edu). The CNR in the raw images (330: 1) was high enough that noise in the raw
images did not contribute significantly to noise in
the transformed image. For the 5, 10, 20, and 30%
contrast images the measured CNR values for lesions with respect to white matter were 3.4, 6.8,
13.6, and 20.4, respectively. Actual contrast values
were measured in the transformed (noisy) images
and found to be 5, 10, 21, and 32%.
The volume of each artificial lesion was measured
by experienced observers (MF, MGC, and ML), referred to as observers A, B, and C (not necessarily in
that order) in order to present results anonymously.
The following MRI techniques that were already available for real lesions were used:
1. “Manual”:
each lesion is manually outlined. The
data from observer B are the mean of two sets of
measurements.
2. “Manual (high)” (observer C only): manual outlining designed to deliberately overmeasure by including any pixels of visibly higher intensity than
the surrounding white matter.
3. “Contour”:
in the contouring method a starting
pixel is marked on the edge of the lesion and a
contour of pixels at the same signal intensity is
generated automatically. If the contour is not considered satisfactory by the observer, a different
starting pixel is marked. The method is therefore
equivalent to using a local threshold. The data from
observer B are the mean of two sets of measurements.

Fig. 2. (a) A coronal image of the phantom shown in fig. la, after processing to obtain a lesion-white matter contrast of 30%
(contrast-to-noise ratio = 20). Note the bright lesions, artificial gray matter (surrounding the four annuli), bone (dark ring))
scalp lipid and ah. In the upper annulus can be seen two small lesions of volume 0.6 ml (at 10 o’clock position) and 0.5 ml
(at 8 o’clock), and a large lesion of volume 4.9 ml (at 4 o’clock). In the third annulus from the top is seen a large lesion of
volume 3.2 ml. (b) An enlarged part of fig. la, showing an oblique cylinder with its axis in the coronal imaging plane. This
is the large 3.2 ml lesion seen in the third annulus in fig. la. (c) An oblique cylinder with its axis oriented obliquely vertically,
so that it intersects the axis of the annulus. This is the small 0.6 ml lesion seen in the upper annulus in Fig. la. The realistic
partial volume effect is evident. The slice is positioned 5 mm above that shown in fig. 2a and b.
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appearance in terms of both the contrast-to-noise ratio
with respect to the surrounding artificial white matter
and the indistinct edges of the artificial lesions. Thus,
partial volume errors in estimating the cylinder volumes are expected to be similar to those encountered
in estimating lesion volumes.
A total of about 34 regions of interest over the nine
lesions were reported for each multislice image dataset
(the exact number of regions depended on the particular observer and technique). The fractional error in
estimated volume is shown in Fig. 3 and Table 1 for
the observations by one observer (C). A general tendency to measure larger volumes at higher values of
contrast-to-noise can be seen,
The error in the total volume (over the nine lesions)
is shown in Fig. 4 as a function of lesion contrast for all
methods and observers. The tendency to overestimate
volume at higher contrast is evident for nearly all the
methods. The fractional inaccuracy in estimating total
volume by MRI had a mean value of 17%, with a
range of - 16% to 136%. The average values for each
method and contrast value are shown in Table 2.
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Fig. 3. Typical plots of error in MRI-measuredvolume vs.
true volume, for observerC. (a) Contou~ng;the consistent
ove~s~~tion of voiume is evident. (b) Manual outlining;
the accuracyis better, althoughthere is a clear dependence
on contrast,with low-contrastIesionsunderestimated.VaIuesare shownfor nominal lesion-whitematter contrastsof
5, 10, 20, and 30% (contrast-to-noiseratiosof 3, 7, 14, and
20, respectively).

All the methods used the Dispunc display program,
part of the DispImage13 family of programs (from David Plummer; e-mail dlp~medphys.ucl.a~.~),
to display the images and generate the lesion outlines. Measurements were made in London (ML, MGC) and in
Milan (Ml?). The observers were blinded to the true
lesion volumes. The total cross-sectional area for each
lesion was multiplied by the distance between slice
centres (5 mm) to obtain the estimate of lesion volume.
RESULTS
Images of slices through the annuli (Fig. 2) showed
blurred edges for the cylinders, while the edges of the
annuli were distinct and presented a very small area of
contact with each cylinder. The images have a realistic

This OCCA phantom, using Oblique acrylic Cylinders in a doped water bath, with Contrast Adjustment
of the MR image, provides a way of measuring the
absolute accuracy of methods for estimating lesion volume. More complex shaped artificial lesions could be
made up from simple solids glued together. The total
volume of such a complex lesion could be calculated
from the individual volumes of the constituent simple
parts. Alternatively the density of the acrylic material
could be determined by weighing a rod of known volume; the volume of any irregular artificial lesion could
then be determined from its mass. Lesion heterogeneity

Table 1. Error in estimatedlesionvolume for a rangeof
artificial lesions(seealsoFig. 3)
True lesion
volume (ml)

Mean percenterror
bin, mm) @I

Mean absoluteerror
w

0.3
0.5
0.6
1
1.4
2
3.2
4.9
6.2

8 (-30,49)
38 (-53,87)
-3 (-43,34)
6 (-37,39)
12 (-9,33)
20 (-24,62)
15 (-6,32)
6 (-17,18)
6 (-1222)

0.02
0.19
-0.02
0.06
0.16
0.40
0.49
0.27
0.39

Valuesareaverages
over threemethods(all observer C) and four

contrast values.
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Fig. 4. The error in estimating total lesion volume by MRI,
for various schemes and observers. Values are shown for
nominal lesion-white matter contrasts of 5, 10, 20, and 30%
(contrast-to-noise ratios of 3, 7, 14, and 20, respectively).
Symbols joined by lines denote the contour method, as does
the + symbol.

and background (i.e., white matter) heterogeneity are
not included explicitly in this phantom. Of these, lesion
heterogeneity (i.e., the presence of a range of lesion
contrasts within the lesion border) is likely to be the
larger, and its effect is assessed to some extent by using
a range of homogeneous lesion contrasts, as shown in
Fig. 4. A scheme that gives a volume estimate that
varies with lesion contrast is unlikely to measure a
heterogeneous lesion correctly; conversely, a scheme
that gives accurate volume estimates independent of
lesion contrast is likely to deal with heterogeneous
lesions correctly.
Gel phantoms have been proposed for artificial lesions. However, they may be unstable (agarose gel
diffuses into the surrounding medium over a period of
days) ; they are time consuming to manufacture, and
their volumes may be hard to measure accurately.
Acrylic cylinders used in this design have the advantages over gel phantoms of being absolutely stable and
easy to construct, with well-defined lesion volumes.
Whatever the lesions are constructed from, some postprocessing to obtain realistic values of contrast-to-
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noise will almost certainly be necessary; this also has
the advantage of enabling a range of contrast values
to be produced from a single phantom object.
There are two possible ways to overcome the problem of gel diffusion. The first is to contain small
amounts of gel (or doped water) in a thin-walled container made for example from a polythene bag. Rusinek
and Char&al4 used this technology, with bags of volume from 14-50 ml, to test an MRI method for measuring volumes of white matter, gray matter, and CSF.
However, the authors state that the bags did not reflect
the partial volume effect seen in real brain, and that
they floated on the CSF-like saline. There are two problems with this kind of artificial lesion, First, if the wall
is at all visible then the lesion is not realistic, because
the task of outlining the lesion is then unrealistically
easy. We have observed the dark border produced by
a gel contained within a polythene bag. Indeed, a wall
thickness as small as 10 pm could be expected to produce a visible dark ring, because the CNR value of
330 measured for the OCCA phantom before contrast
adjustment suggests that a CNR of 3:l would be obtained in a 1 mm thick pixel, if the polythene wall
were aligned perpendicular to the slice. However, if
noise was added to the image, a larger wall thickness
could probably be tolerated. Second, such lesions
would not have a stable position within the “brain.”
They would tend to float or sink to the boundary of
the brain, and they might move during the scanning
procedure. They would probably have to be set into a
gel background matrix in order to stabilise their position. A second way to overcome gel diffusion is to use
one that is not based on agarose, and that does not
diffuse, for example that used by quinsy
and
Gore.” No doubt sufficiently realistic and complex
artificial lesions could be produced with enough effort
in the chemistry laboratory and machine shop. The
choice between making them in hardware or using the
OCCA phantom may depend on whether facilities are
available for the simple software manipulations required to make the OCCA phantom images.
The accuracy of the MRI lesion volume estimation

Table 2. Error in estimating total lesion volume (true value 19.9 ml) for a range of contrast values
Lesion contrast

5%

10%

20%

30%

Manual method

6% (-16%,18%)
11.3 ml]
18% (5%, 27%)
13.5 ml]
3

9% (-4%,21%)

15% (5%,25%)
[2.9 ml]
25% (24%,25%)
14.9 ml]
2

23% (7%,36%)
[4.6 ml]
26% (25%,28%)
[5.2 ml]
3

Contour method
No. of observes

11.7 ml]
22% (18%,25%)
[4.3 ml]
2

Note that the manual errors are consistently lower than the contour values, and that the high-contrast lesions are overestimated more than low
contrast lesions (see aIso Fig. 4). Values are shown as percent mean (minimum, maximum) [absolute error in ml].
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schemes tested here clearly depend on the lesion contrast (Figs. 3 and 4)) on the observer (Fig. 4) and
probably on the size of the lesion (Fig. 3 and Table
1) . The wide range of errors in the measured volumes
indicates that the phantom is indeed realistic. Although
the mean error in total lesion volume was 17%, this
represents an artificial average over the particular range
of lesion sizes and contrasts used in this study, and is
not necessarily indicative of the in vivo situation. This
figure is dominated by the accuracy of the measurements on the very large lesions, which may be more
accurately measured than the small lesions (Fig. 3 and
Table 1). The large range ( - 16% to -l-36%) probably
represents the range of possibilities in vivo, depending
on the distribution of lesion sizes and contrasts in the
brain, and the observer and method used. The lesions
with high contrasts were all overestimated, while those
with low contrast could be underestimated or overestimated, depending on the observer. Presumably the observers differed in their strategies for reporting lesions,
and in how they dealt with lesions of different contrasts. The intraobserver measurement variation can be
large (up to 18%); 7 in principle, this could have a
significant effect on the results. However, a clear trend
of increasing volume with contrast can be seen in Fig.
4; this would not be evident if there was large intraobserver variation, and we conclude that the effects of
intraobserver variation are small in this study, perhaps
because each observer made all their measurements
over a short time. The mean difference between repeated observations of total lesion volume for observer
B (two methods, four contrast values) was 1.9%
(range O-l-4.5% ) .
Small lesions may have very large fractional error
(Fig. 3 and Table 1 ), and there is more lesion-to-lesion
variability for small lesions, presumably because a
higher proportion of the voxels are affected by partial
volume. The second and third lesions (volumes 0.5
and 0.6 ml) produced very different errors, in a consistent way. This was probably because their o~entations
were different, and also related to how well sampled
they were by the multislice dataset. Presumably a repeated scan with slices in different position or orientation would produce very different results for the
smaller lesions. Although the fractional errors are large
for small lesions, part of this error is almost random,
and averages out for an ensemble of many lesions,
giving a smaller fractional error for the total lesion
volume (Fig. 4 and Table 2).
The manual (high) results are close to those of the
contouring method for the same observer (observer
C-see Fig. 4); this is to be expected, because contouring also tends to overinclude partial volume pixels.
The conventional “manual” method gives results that

are more accurate than contouring, particularly for observer C (Fig. 4 and Table 2), but at the expense
of poorer reproducibility.’
The dependence on lesion
contrast is interesting, because it is present to a differing degree for each observer. Observer C shows a
dramatic reduction in volume at lower contrast (Fig.
4), while observers A and B have less dependence
on contrast (although they are also less accurate). It
appears that observers B and C have consistently different strategies on how to deal with low contrast lesions, regardless of which method they are using. Presumably, discussion between the observers in the light
of these results would enable them to harmonise their
strategies, and hence, their volume estimates.
The results of this preliminary study do suggest that
there is a consistent overestimation of the volume of
the lesion. The amount is variable but in part appears
to depend upon the size of the lesion and its contrast
with respect to normal appearing white matter. Low
contrast lesions are underestimated; therefore, an increase in lesion load arising from low contrast lesions
would produce less measured effect than the same increase in lesion load arising from high contrast lesions.
Small lesions may be overestimated more than large
ones; in this case an increase in lesion load arising
from many small lesions would produce more measured effect than the same increase in lesion load arising from a single large lesion.
After the volume observations were made it was
discovered that the region-of-interest (ROI) area calculation in the Dispunc display program was probably
overestimating areas by about half a pixel all around
the circumference of the lesion. This is because a pixel
that is only part included in the polygon that is drawn
by the observer (joining the centres of pixels that have
been marked) is counted as a whole pixel in the calculation of the area. On average only half of a circumferential pixel is within the drawn polygon, but a whole
pixel is included in the area sum. Simple geometry
shows that the percent error in the area estimate, for
a circular lesion, is (2~%/lesion
diameter in pixels);
thus, a 1 cm diameter lesion, imaged with 1 mm pixels,
would be overestimated by about 20%. The phenomenon can easily be seen by using the “mask” facility
to highlight the selected pixels in the ROI, and superimposing the drawn polygon. It may be that once the
observer is aware of the phenomenon, she can compensate and draw smaller polygons. Alte~atively, the program could be altered to be more self-consistent, although discussion amongst colleagues has shown us
that there is no solution that would be uncontroversial
and widely accepted. The overestimate seen in this
study (an average of 17%), and the suggestion of
greater fractional error in smaller lesions (see Fig. 3))
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are probably both largely caused by this phenomenon,
and give an example of how OCCA is able to provide
more insight into the volume measurement process.
The accuracy in measuring real brain lesions cannot
be directly inferred from this study. There are additional effects in vivo: ( 1) lesions are probably more
complex in shape than the simple cylinders used here;
(2) lesions are heterogenous, and may be surrounded
by a demyelinating
“penumbra;“16-‘8
this may produce unexpected effects as the slice thickness is reduced; l9 (3) lesion in patients have a dist~bution of
size and contrast that varies from patient to patient,
and is almost certainly different from that used here. If
most lesion volume was in small, low-contrast lesions
(about 1 ml and 5%) then it is conceivable that the
contouring method would give an accurate result
within about 10% (see Fig. 3A). The study has shown
that the errors are of the order of (if not greater than)
the expected natural change3 and those induced by
treatment,4 and that the error depends on the lesion
contrast. It is, thus, conceivable that a treatment that
reduces the lesion contrast, for example, but not the
true lesion volume, would still produce an apparent
reduction in lesion load.
When using these schemes in treatment trials, the
same observer should. be used for each observation of
the patient, or even for all observations in the study
(i.e., all patients) if possible. The error in total lesion
volume will vary from patient to patient (since it depends on the distribution of lesion size, shape, contrast,
and heterogeneity within the patient), although it may
not affect the sensitivity of serial m~surements in detecting the effect of trea~ent. If possible, a volume
estimation scheme with better accuracy should be used,
because this will give a result that depends less on the
lesion contrast and the observer. Clearly, a scheme that
gives perfect accuracy (i.e., no error) must also then
be perfectly reproducible.
The OCCA phantom may have roles in the following areas:
Training observers to improve their accuracy (and
also identifying what their current strategy is, and
reconciling the strategies of different observers to
improve interobseI~er v~iation) ;
Evaluating current and improved acquisition methods (e.g., the use of thinner slices l9 and three-dimensional sequences). The evaluation could include accuracy and reproducibility after rescanning.
The effects of altering the slice thickness, offset
and orientation can be found. Although the phantom
is not completely realistic, many questions can be
answered using it. Collecting large amounts of data
on patients is often prohibitive, because of patient
intolerance and movement.
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3. Evaluation of new techniques for estimating lesion
volume.
In conclusion, the OCCA phantom is quick to manufacture, provides lesions of well-defined volume that
are realistic in their partial volume errors, and enables
images with a range of realistic contrast values to be
produced, Current schemes for estimating lesion volume may be in error by values of about 17%, depending on the lesion con~ast and size and the observer, and possibly up to 36%.
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