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Introduction

Description
The Gammex 467 Tissue Chartacterization Phantom is used in

conjunction with a CT scanner to establish the relationship between
the electron density (ρe) of various tissues and their corresponding
CT number in Hounsfield Units (HU). Such information can be
entered in treatment planning computers capable of reading CT
images and used to enable accurate corrections for tissue hetero-
geneities (on a pixel-by-pixel basis, if necessary).

The Gammex 467 consists of a 33 cm diameter Solid Water®
disk approximating the size of an average pelvis. A matrix of six-
teen 2.8 cm diameter holes in the disk hold interchangeable rods of
various tissue and water substitutes (Figure 1). The physical density
(g/cm3) and electron density relative to water of the rod materials
are listed in Table 1 with a corresponding graph in Figure 3.
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Figure 1: Schematic diagram and cross section of the Gammex 467.
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Air Holes
To assist in checking the accuracy of the scanner’s caliper, a

pattern of eight 1 mm diameter holes with 50 mm spacings are
positioned around the center of the phantom.
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Figure 3: Density vs. electron density relative to water of tissue substituting
materials in the Gammex 467.

Figure 2: Air hole pattern for caliper check. Note 50 mm spacing of holes.
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Nominal Electron/Physical Densities of Rod Materials

Note: Electron density and physical density values shown on the
rods are nominal values based upon prior measurements.
Actual values for each phantom are provided on a data
sheet included with each phantom.

Rod Materials
Electron
Density
Relative to
Water

Physical
Density g/cm3

GAMMEX
Model
Numbers

LN-300 Lung

LN-450 Lung

AP6 Adipose

BR-12 Breast

CT Solid Water

BRN-SR2 Brain

LV1 Liver

IB Inner Bone

B200 Bone Mineral

CB2 - 30% CaCO3

CB2 - 50% CaCO3

SB3 Cortical Bone

(Optional)

Titanium Insert Rod

Muscle

0.29

0.44

0.93

0.96

0.99

1.04

1.06

1.09

1.10

1.28

1.47

1.69

3.79

1.02

0.30

0.45

0.94

0.98

1.02

1.05

1.10

1.14

1.15

1.34

1.56

1.82

4.59

1.05

455

485

453

454

451

481

482

456

487

484

480

450

N/A

452

Table 1: Electron density relative to water and physical density of the
phantom’s rod materials. Phantom’s rod materials with correlating
GAMMEX product model numbers.



Table 2: CT numbers of rod materials as measured with a GE CT/i ™ scanner.
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CT Numbers of Rod Materials

Note: The CT numbers given for the materials used in the
Gammex 467 Tissue Characterization Phantom are the
result of measurements made with a specific scanner and
sample holding fixture. Data obtained from other scan-
ners may vary due to differences in the filtration and
reconstruction algorithms used.

LN-300 Lung

LN-450 Lung

AP6 Adipose

BR-12 Breast

CT Solid Water

BRN-SR2 Brain

LV1 Liver

IB Inner Bone

B200 Bone Mineral

CB2 - 30% CaCO3

CB2 - 50% CaCO3

SB3 Cortical Bone

80 kVp 100 kVp 120 kVp 140 kVpRod Materials

-683.0

-565.1

-104.7

-46.3

6.2

14.6

87.1

283.6

308.8

575.1

1057.6

1602.0

-692.4

-574.51

-98.2

-46.5

-0.5

20.3

82.5

230.3

255.0

494.3

900.9

1360.6

-684.9

-568.2

-90.0

-44.1

-0.8

25.6

79.2

196.4

218.7

438.4

790.0

1188.6

-689.3

-571.6

-86.2

-42.6

-2.7

29.6

78.9

176.5

198.4

407.6

727.6

1092.0
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Phantom Specifications
Disk

Material . . . . . . . . . . . . . . . . . . . . . . . . . . .451 Solid Water
Dimensions . . . . . . . . . . .33x5 cm (13x2 in.) dia. x height

Rods
Dimensions . . . . . .2.8x7 cm (1.125x2.75 in) dia. x height
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . .451 Solid Water rods
12 . . . . . . . . . . . . . . . . . . . . . . . . . . . .Tissue substitute rods

Combined weight phantom and rods . . . . . .4.85 kg (10.7 lbs.)

Gammex Rod Name
BRN-SR2 Brain
BR-12 Avg. Breast
LN-300 Lung
LN-450 Lung
LV1 Liver
IB Inner Bone
B200 Bone Mineral
SB3 Cortical Bone
CT Solid Water
Water Plug
CB2 Resin - 30% CaCO3
CB2 Resin - 50% CaCO3
AP6 Adipose
Titanium Insert (Optional)
Muscle (Optional)

Due to our philosophy of continuous quality improvement, all
specifications are subject to change.
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Using the Phantom

Phantom Setup
You may arrange the phantom’s rods in any way you like.

However, it is important to evenly distribute the high density tissue
substitute rods (i.e., bone materials) throughout the phantom to
minimize artifacts. A recommended rod arrangement is shown
below (r = ρe

w).

Figure 4: Suggested arrangement of tissue substituting rods.
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4. Using a 1 cm diameter Region of Interest (ROI), measure and
record the HU value for each rod. Record the HU value at sev-
eral different points in the Solid Water disk, noting the distance
of each ROI from the center of the disk.

5. Plot HU vs. ρe
w for each of the rods (as shown in Figure 3)

using the known ρe
w and the measured HU values.

6. Enter the resulting calibration data into your treatment plan-
ning computer.

Collecting Data

Procedure
1. Place the phantom (standing on its side) onto the gantry.

Position the phantom by aligning the crosshair decals with the
lasers.

2. Use a circumferential line to scan a slice through the center of
the phantom.

3. Measure the spacing of the eight 1 mm air holes to check the
accuracy of the scanner’s caliper. The holes are spaced 50 mm
apart.

Figure 5: Check that the distance between air holes is 50 mm.
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Correcting for Position - Dependent Errors
A plug’s position within the phantom will have a small but pre-

dictable effect on the plug’s CT number. This is caused in part by
changes in the effective energy of the beam as it passes through the
phantom’s Solid Water disk and the other plugs. One can easily
obtain a position-based correction factor by performing the follow-
ing procedure:

1. Position the phantom’s two Solid Water plugs (ρ=1.000) in the
holes as shown below.

2. Adjust the scanner settings to those normally used with the
Gammex 467 phantom.

3. Record the CT number of each plug and the distance of the plug
from the center of the phantom. The CT number of the Solid
Water plugs under ideal conditions is 0, therefore, any change
from 0 is due to a change in the energy of the beam as it passes
through the different thicknesses of the phantom. The correc-
tion noted on the plug positioned on the inner circle should only
be applied to theother plugs positioned at the radius. The same
holds true for the corrections made on the plugs positioned on
the outer radius.

4. The change in CT number from one plug to the next is the cor-
rection factor.

Figure 6: Positioning two Solid Water plugs.
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Calibrating the scanner with the Gammex 467 establishes the rela-
tionship ρe

w = f(HU). Once the ρe
w of a voxel is known, a correction

factor can be computed, e.g., using the Batho formula:

CF = TAR{ TAR(d2,A) / TAR(d1,A) }(ρe)-1

where A is the field area and d1 and d2 the distances of the point of
interest to the top and bottom of the heterogeneity (see Figure 7).

Figure 7: Parameters used in the Batho formula.

Discussion
Accurate corrections for tissue heterogeneities are a critical part

of isodose treatment planning. Studies have shown that errors in
uncorrected treatment plans can exceed 30% of the prescribed dose
(Ref. 2, 3). Although many computerized treatment planning sys-
tems currently in use can utilize CT image data, these systems fre-
quently use empirical formulae in computing correction factors for
tissue heterogeneities.

In order to correct for tissue heterogeneities on a voxel-by-
voxel basis, one must establish the relationship between the
Correction Factor (CF) and the CT number (in Hounsfield Units,
HU). Because the relationships between the CF and electron density
relative to water (ρe

w) of various tissues are well known, a direct
computation of the CF can be made if the relationship between the
CT number and electron density relative to water is found.

CT Number
HU

Correction Factor
CF

Electron Density
ρe
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Computing Correction Factors
Scanning the Gammex 467 Tissue Chartacterization Phantom

on a GE CT/i scanner produced the HU vs ρe
w data shown in

Figures 8 - 11. (Data from two GE 8800, two GE 9800, a second
Siemens DR3, and a Siemens DR1 are also available in Reference
1.) It is important to recognize that the slope of the two straight por-
tions of the graph, as well as the point of inflection, change from
scanner to scanner (even among machines from the same manufac-
turer).

Figure 8: Relationship between the relative electron density and CT number
(in HU) of materials in the Gammex 467 as measured at 80 kVp by
a GE CT/i scanner.

Figure 9: Relationship between the relative electron density and CT number
(in HU) of materials in the Gammex 467 as measured at 100 kVp
by a GE CT/i scanner.



Figure 11: Relationship between the relative electron density and
CT number (in HU) of materials in the Gammex 467
as measured at 140 kVp by a GE CT/i scanner.
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Figure 10: Relationship between the relative electron density and
CT number (in HU) of materials in the Gammex 467
as measured at 120 kVp by a GE CT/i scanner.
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The day-to-day variation in the CT number of a given rod in
the same position may not be significant for soft tissues (~5 HU).
In the case of cortical bone, however, variations of up to 40 HU
have been observed. Changing the position of the rod relative to
the center of the phantom may cause variations of up to 15 HU for
lung and 80 HU for cortical bone1. When rod positions are varied
and scanners from different manufacturers are used, the differences
for cortical bone can exceed 200 HU. These differences clearly
illustrate the importance of scanner-specific calibrations of CT-
based treatment planning computers and make the need for a tool
like the Gammex 467 obvious.

Errors in Uncorrected Plans
The magnitude of errors in uncorrected treatment plans can be

significant. (Refer to Table 3.) Notice that the number of monitor
units required to deliver 100 rads to the hot spot of the distribution
in the uncorrected plan is 20.1% higher for 6 MV and 14.9% higher
for 10 MV X-rays than the monitor units calculated from the CT-
corrected plan. Failing to correct for the lung resulted in a dose 15 -
20% higher than the prescribed dose of 100 rads.

Table 3: Relative “Hot Spot” doses.

Although the empirically corrected plan was in this case only off
by a few percent, the dosimetry of empirically corrected plans should
be compared to measurements made with ion chambers and TLD
dosimeters to determine the plan’s level of uncertainty. Such uncer-
tainties are drastically reduced when calibration data obtained with
the Gammex 467 is used.

6 MV 10 MV
CT Corrected 100.0 100.0
Empirical Correction 102.1 101.2
Uncorrected 120.1 114.9
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Product Warranty
WARRANTY, DISCLAIMERS AND LIMITATION OF LIABILITY:
The Products are covered by the warranty set forth in the following paragraphs. The
warranty is extended only to the purchaser of the Products directly from Seller (or an
authorized dealer of Seller) as new merchandise. For a period of twelve (12) months
from the date of original delivery to Buyer, the Products are warranted to be free from
functional defects in materials and workmanship, provided they are operated under con-
dition of normal use, and that repairs and replacements are made in accordance here-
with. Seller does not warrant bulbs. The foregoing warranty shall not apply to Products
that have been disassembled, altered or repaired (other than proper replacement bulbs)
other than by Seller or if the Product has been subject to abuse, misuse, negligence or
accident.

Seller’s sole and exclusive warranty obligation and Buyer’s sole and exclusive warranty
consists of Seller, at its option, repairing or replacing free of charge Products: (a) which
contain a defect covered by the above warranty; (b) which are reported in writing to
Seller not later than seven (7) days after the expiration of the twelve month warranty
period; (c) which are returned to Seller promptly after discovery of the defect; and (d)
which are found to be defective by Seller upon Seller’s examination. Buyer shall pay all
transportation charges. SELLER SHALL NOT BE OTHERWISE LIABLE FOR ANY
DAMAGES, INCLUDING BUT NOT LIMITED TO INCIDENTAL DAMAGES,
CONSEQUENTIAL DAMAGES OR FOR ANY OTHER LOSS, DAMAGE, PENAL-
TY OR EXPENSE OF ANY KIND, INCLUDING WITHOUT LIMITATION, LOSS
OF PROFITS OR OVERHEAD, REIMBURSEMENT, PERSONAL INJURY OR
PROPERTY DAMAGE. THE AFORESAID WARRANTY OBLIGATION OF SELLER
CONSTITUTES ITS SOLE LIABILITY, AND UNDER NO CIRCUMSTANCES,
SHALL THE MAXIMUM LIABILITY OF SELLER UNDER ANY LEGAL THEORY
(e.g. CONTRACT, WARRANTY, NEGLIGENCE, PROMISSORY, ESTOPPEL,
STRICT LIABILITY, MISREPRESENTATION, TORT) AND FOR ANY REASON
WHATSOEVER (e.g. DEFECT, DELAY OR OTHERWISE) EXCEED THE PUR-
CHASE PRICE OF THE DEFECTIVE PART, REGARDLESS WHETHER THE
CLAIM IS ASSERTED BY BUYER OR ANY OTHER PERSON OR ENTITY. THE
LIABILITIES OF SELLER, AS ABOVE SET FORTH, SHALL NOT BE EXTENDED
BECAUSE OF ADVICE GIVEN BY IT IN CONNECTION WITH THE DESIGN,
INSTALLATION OR USE OF THE PRODUCTS OR PARTS THEREFOR.

THERE ARE NO EXPRESS OR IMPLIED WARRANTIES WHICH EXTEND
BEYOND THE WARRANTIES SET FORTH ABOVE. SELLER MAKES NO WAR-
RANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE
WITH RESPECT TO THE PRODUCTS OR ANY PARTS THEREOF.

© 2004 GAMMEX 006328-00-04
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Sales and Service
GAMMEX is committed to satisfying our customers’ needs. If

you have any questions, comments, or suggestions regarding our
products and service, please call or fax us.

Our Sales Department is open Monday through Friday, 7:30 am
to 5:00 pm Central Time.

1-800-GAMMEX-1 (426-6391)
1-608-828-7000

1-608-828-7500 Fax
e-mail: sales@gammex.com

Our Service Department is open Monday through Friday,
7:30 am to 5:00 pm Central Time.

1-800-232-9699
1-608-828-7000

1-608-828-7500 Fax
e-mail: support@gammex.com

GAMMEX
7600 Discovery Dr.
P.O. Box 620327

Middleton, WI 53562-0327 U.S.A.

http://www.gammex.com
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