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Abstract
The purpose of this study was to compare computed tomography density (rCT) obtained using typical clinical computed
tomography scan parameters to ash density (rash), for the prediction of densities of femoral head trabecular bone from
hip fracture patients. An experimental study was conducted to investigate the relationships between rash and rCT and
between each of these densities and rbulk and rdry . Seven human femoral heads from hip fracture patients were com-
puted tomography–scanned ex vivo, and 76 cylindrical trabecular bone specimens were collected. Computed tomogra-
phy density was computed from computed tomography images by using a calibration Hounsfield units–based equation,
whereas rbulk , rdry and rash were determined experimentally. A large variation was found in the mean Hounsfield units of
the bone cores (HUcore) with a constant bias from rCT to rash of 42.5 mg/cm3. Computed tomography and ash densities
were linearly correlated (R2 = 0.55, p \ 0.001). It was demonstrated that rash provided a good estimate of rbulk (R2 =
0.78, p \ 0.001) and is a strong predictor of rdry (R2 = 0.99, p \ 0.001). In addition, the rCT was linearly related to
rbulk (R2 = 0.43, p \ 0.001) and rdry (R2 = 0.56, p \ 0.001). In conclusion, mineral density was an appropriate predic-
tor of rbulk and rdry, and rCTwas not a surrogate for rash. There were linear relationships between rCT and physical densi-
ties; however, following the experimental protocols of this study to determine rCT, considerable scatter was present in
the rCT relationships.
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Introduction

The success of surgical interventions in orthopaedics

depends heavily on the quality of the bone in the region

of interest.1–5 Bone quality, which refers to the physical

and mechanical properties of the bone, has been esti-

mated clinically through densitometry measurements

using dual-energy X-ray absorptiometry (DXA).6 DXA

measures bone mineral content (expressed in grams)

and areal bone mineral density (expressed in grams per

square centimetre) and is widely used clinically to diag-

nose osteoporosis in the hip and spine.7 Despite its

widespread clinical use, and the low radiation exposure

for patients, the main limitation of DXA is that it is a

projected two-dimensional measurement of X-ray

attenuation.
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Computed tomography (CT) has emerged as a clini-
cal and research tool to evaluate bone quality and as a
basis for finite element (FE) analysis of bone. It pro-
vides three-dimensional (3D) distributions of X-ray
attenuation (Hounsfield units, HUs) allowing not only
the analysis of a 3D geometry but also the measurement
of volumetric mineral content;8–12 and thus, the bone
mineral density can be estimated using solid calibrated
standards of known density. Previous studies have
shown that in addition to mineral density, bone quality
is affected by the spatial distribution of mineral.12,13

These characteristics have motivated studies aimed at
relating mineral density derived from CT data (rCT) to
other physical and mechanical properties.11,14–17

Ultimately, the goal is to assess the mechanical pro-
perties for fracture risk evaluation,13,18–21 surgical
planning22 or subject-specific FE modelling.19–21,23–28

While patient-specific FE models have been used in
pre-surgical planning28 and to assess a clinical condi-
tion,21 patient-specific models are not yet reliable
enough to consistently use clinically because of their
limited accuracy in modelling the non-homogeneous,
anisotropic mechanical properties of bone.23 These FE
models incorporate two independent relationships, one
from HU to density and a second from density to mod-
ulus of elasticity, to define material properties from CT
scans. These two relationships are independent and can
each act as a source of error in the FE model.23

Several researchers have related HU or rCT directly
to elastic modulus or strength,2,15,16,29–32 while others
have analysed the relationship between rCT and bone
density for subsequent estimation of mechanical prop-
erties.17,26,33 Lotz et al.31 determined a linear relation-
ship between rCT and rehydrated apparent density
(rapp) of trabecular bone from the human proximal
femur (R2 = 0.73), as have other groups for human
trabecular bone (R2 = 0.60–0.89).2,15 In addition,
mineral ash density (rash)

33,34 and dry apparent density
(rdry)

33,35 have been considered as effective predictors
of bone strength and stiffness and linearly related to
rCT.

17,26,36 For example, Schileo et al.26 found a strong
relationship (R2 = 0.937) between mineral density and
rCT for trabecular bone. However, many of the
reported relationships for predicting density from
image data have a wide variation in their coefficients,
particularly the predicted rapp at 0 CT density (13.2–
170 mg/cm3), as well as the statistical strength of the
relationships (R2 = 0.60–0.99) (Table 1). This variation
in the mathematical relationships limits the use of medi-
cal image data as a predictor for density and mechanical
properties to investigate bone quality. Additionally, most
previous studies have been performed on cadaveric bones
with no radiographic evidence of bone disease.
Therefore, the purpose of this study was to quantify the
ability of CT density obtained using typical clinical CT
scan parameters to predict the density of femoral head
trabecular bone from hip fracture patients.

In this study, four types of densities, including bulk,
dry apparent, ash and CT densities, were measured and
their empirical relationships were critically examined.
The purpose of this study was to compare CT and ash
densities for the prediction of dry and bulk densities of
bone cores from the human femoral head, explicitly:
(1) the relationships between rash and both rbulk and
rdry and (2) the clinically relevant relationship between
rCT and both rbulk and rdry. In addition, this study
assessed the coefficient of variation (CV) of the mean
HUs of the bone cores (HUcore) as a statistical para-
meter to represent texture and heterogeneity. CT scan
data were assessed in empirical relationships to predict
physical properties of human trabecular bone (Table 3
in Appendix 2).

Methods

Scan calibration

In a previous study, we validated a method for deter-
mining a repeatable scanner-specific density calibration
to determine the relationship between HUs and density.
Details for this calibration procedure can be found else-
where.37 In brief, four hydroxyapatite mineral content
standards (phantoms) were imaged in air using a helical
multi-slice CT scanner (LightSpeed Plus; General
Electric Medical Systems, Milwaukee, WI, USA) with
the following parameters: bone reconstruction algo-
rithm, 120 kVp, 250 mA s, 2.5 mm slice thickness, 1.25
mm spacing and 200 mm field of view resulting in a
pixel size of 0.422 3 0.422 mm2. This is the standard
clinical CT scan protocol used for hip fractures at the
collaborating hospital, Kingston General Hospital,
Kingston, ON, Canada. The mineral contents of the
standards were 100, 400, 1000 and 1750 mg/cm3 (CIRS
Inc., Norfolk, VA, USA), encompassing the density
range of human long bone.38,39 The two standards with
the lowest mineral content were custom-made (32.4
mm base diameter, 1.5% taper and 80 mm long) and
the remaining two were manufactured as plugs (10 mm
diameter and 80 mm long) within a water-equivalent
material (1000 mg/cm3, part 06217; 1750 mg/cm3, part
06221).

To measure the mean HU of the standards, the CT
data from the four standards were segmented from the
images using Mimics (version 11.00; Materialise, Ann
Arbor, MI, USA). The segmented regions were edited
to close any open internal holes and then the surface
voxels were removed from the mask. These edits
ensured that the mean HU was measured without any
partial volume effects.37 A repeatability study deter-
mined no significant difference in the mean HU when
scanned seven times over 19 weeks (inter-class correla-
tion coefficient, ICC(2,1) = 0.9998, 95% lower limit =
0.9993). A linear regression was used to determine the
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relationship between mean HU and mineral content for
each standard.

Patient recruitment and specimen retrieval

This study was approved by the Queen’s University
Research Ethics Board. Over the course of 5 months,
patients who suffered a low energy subcapital or trans-
cervical femur fracture were scheduled for hip arthro-
plasty. Seven patients (five females; age range 66–87
years) provided written informed consent to participate
in this study. During surgery, the exposed femoral head
was notched on the superior surface, excised from the
acetabulum using an extraction screw and wrapped in
saline-saturated gauze for storage at 240 �C.

Specimen preparation, scanning and registration

Each femoral head was thawed for 24 h and CT-

scanned ex vivo in air along with the standards, using

the same clinical scan parameters as were used for the

scan calibration. Although it is known that soft tissue

surrounding bone affects X-ray attenuation37, the

femoral heads were scanned in air. To obtain a reason-

able HU to CT density calibration, the standards were

also scanned in air. The calibration equation from HU

to CT density is specific to the parameters of this study

including the scanner, scan parameters and the envi-

ronment in which the objects were scanned. The effects

of scanning media were investigated in a previous

study, which provided experimental support for the

Table 1. Published relationships between physical densities and medical image data from human trabecular bone: the anatomical
site, subjects, samples sizes, specimen sizes, CT scan parameters, regression equations and coefficients of determination.

Study Bone Equation R2

Hannson (1986)35 3 subjects, 78 6 6.5 yo, 12 vertebrae, n =
231, 10 3 10 3 10 mm, 1000 m3

rdry = 1.614rash + 2 0.988

Mosekilde (1989)16 17 m, 13f, 43–95 yo, 60 vertebrae, n = 30,
whole vertebral body, 140 kV, 60 mA, 3 s,
2 mm3

rash = 0.4HU + 63 (L3)
rash = 0.4HU + 88 (L2)

0.66
0.58

Hvid (1989)33 5 m, 5 f, 60–83 yo, 10 p. tibiae, 7.5 dia 3
7.5 mm, 331 mm3, 120 kVp, 50 mA

rash = 0.688HU + 61.3 (n = 215)
rdry = 1.20HU + 101 (n = 215)
rdry = 1.81rash2 17.0 (n = 255)

0.91
0.88
0.97

Ciarelli (1991)30 3 m, 1 f, 55–70 yo, 10 bones, n = 723, 8 3
8 3 1–4 mm, 64–256 mm3, 130 kV, 100
mA, 4 s, 1–1.5 mm thickness and spacing

rapp = 1.14HU + 118.37
rash versus rapp

rash versus HU

0.821
0.84
0.89

Rho (1995)32 7 m, 1 f, 45–68 yo, 8 p. femurs, n = 128,
10 3 10 3 10 mm, 1000 mm3, 120 kVp,
150 mA s, 10 mm thickness

rapp = 1.067HU + 131 0.84

McBroom (1985)15 8 vertebrae, n = 48, 9.5 dia 3 9–13 mm,
0.638–0.921 cm3, 5 mm thickness and
spacing

rapp = 0.983rCT + 13.2 0.89

Esses (1989)2 4 m, 4 f, 62–92 yo, 8 p. femurs, n = 49,
9.5 dia 3 5 mm, 354 mm3, 120 kVp, 5 mm
thickness

rapp = 1.9rCT + 105 0.60

Lotz (1990)31 2 m, 2 f, 25–81 yo, 4 p. femurs, n = 49, 9 dia
3 5 mm, 318 mm3, 120 kVp, 240 mA s,
0.7 mm pixel

rapp = 1.2rCT + 170 0.73

Keyak (1994)36 1 m, 1 f, 40–45 yo, 4 p. tibiae, n = 36, 15 3
15 3 15 mm, 3375 mm3, 140 kVp, 70 mA,
3 s, 1.5 mm thickness, 1.08 mm pixels

rash = 0.953rCT + 45.7
rdry = 1.58rCT + 80.4 (derived)
rapp = 1.71rCT + 93.7 (derived)
rapp = 1.79rash + 11.9
rdry = 1.66rash + 4.57

0.986
–
–
0984
0.922

Kaneko (2004)17 1 m, 2 f, 67–88 yo, 4 d. femurs, n = 22, 15
3 15 3 15 mm, 3375 cm3, 80 kVp, 280 mA
s, 1 mm thickness and spacing, 0.488 mm
pixels

rash = 0.792rCT + 79.8, 114 \ rash

\ 311
0.978

Schileo (2008)26 3 subjects, 3 femurs, 4% formalin
large: n = 15, 10 dia 3 19 mm, 1490 mm3

small: n = 5, 10 dia 3 5 mm, 393 mm3,
120 kVp, 160 mA, 0.625 mm spacing and
thickness, 0.3125 mm pixels

rash = 1.02rCT + 51.0
rapp = 3.76rCT + 188 (derived)
rapp = 3.69rash2 0.26, large
rapp = 1.64rash + 0.01, small

0.937
–
0.843
0.572

This study 2 m, 5 f, 66–87 yo, 7 p. femurs, n = 76,
10 dia 3 5 mm cores, 393 mm3, 120 kVp,
250 mA s, 2.5 mm thickness, 1.25 mm
spacing, 0.422 mm pixels

rash = 0.694rCT + 111
rdry = 1.07rCT + 147
rbulk = 0.799rCT + 908
rbulk = 1.19rash + 768.6
rdry = 1.52rash2 19.6

0.545
0.562
0.426
0.780
0.993

m: male; f: female; yo: years old; p.: proximal; d.: distal.

All density values are in milligram per cubic centimetre.
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practice of imaging the calibration standards in the

same environment as the target bone.37

After the initial ex vivo CT scan, the femoral heads
were sectioned perpendicular to the femoral neck under
slow, continuous water irrigation using a diamond-
coated band saw (EXAKT 311; Norderstedt,
Germany). This orientation was identified using the
fovea, the angle of the femoral neck fragment and the
superior surgical notch. One to three 7-mm thick slices
were obtained from each head. Each slice was sub-
merged in cool water and held using a custom-made
jig. A diamond-tipped coring bit was used to remove
10-mm-diameter cylindrical cores from each slice. The
position of each core within the slice was mapped with
respect to the anterior and superior surfaces of the
femoral head. The cores were then placed in a custom-
made stainless steel clamp and milled (BF400; Präzi
Inc., Plymouth, MA, USA) under cool water to a
height of 5 mm (1 mm removed from each end) to
ensure parallel planes. A total of 86 cores were
machined; 10 were excluded due to damage during
machining, resulting in 76 cores. From each femur
head, 5–19 cylindrical cores were extracted and subse-
quently tested (Table 2).

To find the X-ray attenuation of cores as located
within the femoral head, the CT data from the initial ex
vivo CT scan were used to determine the mean of the
voxel HUs within a bone core (HUcore) for each core.
After the cores were removed, the slices of the femoral
head were re-assembled, and the remaining bone was
CT-scanned (LightSpeed 16; General Electric Medical
Systems) using the same imaging parameters as the pre-
machined, ex vivo scans. Image segmentation was per-
formed using HU-based thresholding, and 3D geome-
tries were generated from the pre- and post-machined
scans with the cores removed (Mimics version 11.00;
Materialise). A combination of in-house, pair-point
and surface matching algorithms was used to align the
pre- and post-machined geometries.40 The latter was

registered to the pre-machined scan using point regis-
tration and subtracted from the pre-machined, ex vivo
model. The 3D solid of the post-machined head with-
out the cores was subtracted from the 3D solid of the
pre-machined head. This resulted in 3D solids of only
the cores and the machining remains (Figure 1), thus
enabling identification of each core. The number of
voxels, HUcore mean and standard deviation for each
core were recorded, excluding boundary voxels to avoid
edge artefacts.26

To determine the average magnitude of alignment
errors between the two CT datasets, pre- and post-
machined, the root mean square error between 160
evenly distributed points on the surfaces (pre- and post-

Table 2. Results from the physical properties of human trabecular bone specimens from CT data and measured experimentally.

ID femur HUcore Density (mg/cm3)

CT Bulk Dry Ash

ALL (n = 74) 260 6 115 181 6 82 1061 6 118 354 6 132 245 6 87
ALL F (n = 39) 222 6 105a 157 6 73a 1090 6 99 363 6 121 252 6 79
ALL M (n = 35) 303 6 111a 209 6 83a 1070 6 137 377 6 142 260 6 93
68 F (n = 5) 231 6 80b,c 171 6 58b,c 1017 6 136c 365 6 134 253 6 87
87 F (n = 10) 266 6 114d 183 6 83d 1104 6 109d,k 374 6 112d 262 6 75d

86 F (n = 13) 132 6 45b,d,e,f,g,h 98 6 33b,d,e,f,g,h 1023 6 48d,g 246 6 76d,e,f,g 175 6 49d,e,f,g

81 F (n = 5) 271 6 64e,i 185 6 48e,i 1058 6 90i 360 6 83e 242 6 57e,i

77 F (n = 6) 296 6 117f 206 6 85f 1058 6 134 405 6 152f 273 6 100f

79 M (n = 16) 354 6 106c,g,i,j 247 6 79c,g,i,j 1168 6 72c,g,i,j 452 6 109g,j 312 6 70i,j

66 M (n = 19) 261 6 99b,h,j 177 6 74b,h,j 987 6 123j,k 314 6 138j 217 6 90j

HU: Hounsfield units; CT: computed tomography.

The specimen ID in the left column designates age (number, in years) and gender (‘F’ or ‘M’). ‘ALL’ indicates the dataset with pooled data. Although

there are differences between samples (as designated by superscripts), there are no statistically significant differences in bulk, dry and ash densities

between genders (p \ 0.05).

Figure 1. The three-dimensional image of one of the femoral
head specimens following the subtraction of the post-machining
scan from the pre-machining scan. Note that only the cores and
the slicing remains result from the subtraction operation.
Manual segmentation was required to separate areas between
slices where the cores seemed to overlap.
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machined) of each femoral head was calculated.41 A
sensitivity analysis was performed on the HUcore of
three cores from different femoral head specimens to
determine the effect of altering the position of the core
by three increments of 1 mm (in each slice) and three
increments of 1.25 mm between slices.

Physical density measurements

To determine the wet bulk volume and bulk densities,
the bulk dimensions and wet weight of the cores were
measured using vernier calipers (resolution 0.01 mm;
Canadian Tire Corporation, Ltd, Toronto, ON,
Canada) and an analytical scale (resolution 0.1 mg;
Mettler-Toledo, Inc., Columbus, OH, USA). The dia-
meter, height and weight of each core were determined
from the mean of three measurements. Hence, bulk
density (rbulk) was calculated by dividing wet mass by
bulk volume. Envelopes of folded filter paper were
placed in a muffle oven (Blue M Electric, Watertown,
WI, USA) at 65 �C for 1 h to dry any excess moisture
and then placed in a desiccator (Corning Incorporated,
Lowell, MA, USA; desiccant: anhydrous calcium sul-
phate; W.A. Hammond Drierite Company, Xenia, OH,
USA) for 12 min, after which each envelope was weighed.
The cores were then secured inside the corresponding
envelopes and dried in the oven at 70 �C for 24 h.
Enveloped cores were placed in the desiccator for 12 min,
immediately after which each core and envelope were
weighed. The dried cores were defatted by wrapping the
enveloped cores in cheese cloth and placing them in a
modified Soxhlet extractor (Corning Incorporated) with
ethyl ether for 24 h. After 24 h, the cores were removed
from the Soxhlet and left in a fume hood for a further 24
h. The cores were left in the oven at 70 �C for another 24-
h period and then placed in the desiccator, as described
above, prior to weighing. The dry, defatted bulk dimen-
sions and mass were measured and used to determine the
dry apparent density (rdry) of each cores.

To determine the mineral density (rash), the ash
weight of the cores was determined. Each core was con-
tained in a pre-weighed crucible and placed in the oven
at 100 �C oven for 24 h. Following this initial drying,
crucibles with cores were placed in the desiccator for
25 min and then removed and weighed immediately.
This step was then repeated for another 24-h period at
100 �C, followed by desiccation and weighing. The cru-
cibles were left in the 700 �C oven for 24 h and then left
to cool for 5 h, following which they were placed in a
100 �C oven for 1 h. Once removed from the oven, the
crucibles were placed in the desiccator for a period of
25 min and then weighed immediately. This mass, cor-
rected for the mass of the crucible, was divided by dry,
defatted bulk volume to calculate rash.

Data analysis

All results were expressed as mean 6 standard devia-
tion and analyses were conducted using the statistics

package Minitab 14 (Minitab Inc., State College, PA,
USA). Two methods for obtaining mineral density,
namely, rash and rCT, were compared by using the
Bland–Altman (BA) analysis42 with rash as the refer-
ence measurement. The difference between the two
measurements was plotted against the mean of the two
measurements. The difference between the means was
calculated to represent the bias, and 95% limits of
agreement were determined. The Shapiro–Wilk nor-
mality test was used to test the assumption of normality
of the difference between means.

The empirical relationships between rash and both
rbulk and rdry were analysed with a linear regression
model. For each regression, the regression coefficients
(slope and intercept) were estimated by the least-
squares fit method. Analysis of variance (ANOVA)
was performed to test the significance of the valid
regression models, whereas the strength of each model
was analysed by their coefficient of determination (R2).
In all cases, significance level was set at p = 0.05. For
each regression, the standardized residuals were verified
as independent normally distributed random variables
with 0 mean and constant variance. The significance of
slope coefficients with their respective confidence inter-
vals was also reported.

The CV of the HUcore was calculated from the stan-
dard deviation over the mean of the voxel HUs within
each core. The HUs of each voxel from ex vivo, regis-
tered scans were converted to rCT using equation (1). A
negative rCT was considered not representative of bone
tissue and was therefore set to 0.43,44 The mean rCT
was found for each of the cores and plotted with
respect to rbulk and rdry. Linear regressions were per-
formed to determine the predictability of rbulk and rdry
from rCT using the same method described above. As a
measure of texture and heterogeneity, the HUcore CV
was included in a multiple regression model in conjunc-
tion with rCT to determine predictors of rdry and rash.

Results

The linear regression between HU and mineral content
from the standards was found (equation (1)) (R2 =
0.99, p \ 0.05)

rCT =0:751HU� 19:3 ð1Þ

where rCT has units of milligram per cubic centimetre.
The root mean square error between points on the

surfaces of the registered CT datasets for all the femoral
heads ranged from 0.589 to 0.993 mm. The sensitivity
analysis performed on the core positioning yielded a
change in the HUcore by 0.095%–19.4%, for changes in
the position of up to 3.75 mm.

Although the mean HUcore and CT density for the
female cores were significantly lower (25%) than the
male cores (p = 0.002), there were no statistically sig-
nificant differences between sexes for the bulk (p =
0.474), dry (p = 0.648) and ash (p = 0.693) densities
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(rbulk, rdry, rash). A pairwise comparison found that all
mean densities of the two male hips were significantly
different (p = 0.000–0.012) from each other, and the
mean densities of the bone cores from the 86-year-old
female’s hip were significantly lower (p \ 0.00001)
than the other hips.

Two of the samples had drastically different HUcore

CVs than the other samples (CV of 3.41 and 212.4 ver-
sus a mean CV of 0.486). These cores also had more
than 10% of their voxels with HU less than that of fat
(approximately 280)44 and therefore were considered
as unrepresentative of bone tissue and excluded.
Consequently, for the CT density evaluation, only 74
cores were considered. The overall HUcore of 74 cores
was 260 (6115) with a range of 45–564 (Table 2).

The comparison of rash and rCT methods to deter-
mine mineral density is shown in the BA plot
(Figure 2). The difference between methods was con-
stant and consistent as the average rash increased with
a bias of 42.5 mg/cm3 across the mean values. This
comparison shows that the rCT value falls between 74.9
and 160 mg/cm3 for a given rash (95% confidence
interval).

A strong, linear relationship was observed between
rash and rbulk (R

2 = 0.78, p \ 0.05; Figure 3)

rbulk =1:19rash+769 ð2Þ

Similarly, rash was strongly related to rdry (R2 = 0.99,
p \ 0.05; Figure 3)

rdry=1:52rash � 19:2 ð3Þ

In contrast, the relationships were moderate between
rCT and rbulk (R2 = 0.43, p \ 0.05; Figure 4), rdry
(R2 = 0.56, p \ 0.05; Figure 4) and rash (R

2 = 0.54,
p \ 0.05; Figure 5)

rbulk =0:799rCT +909 ð4Þ
rdry=1:07rCT +147 ð5Þ

Figure 2. Bland–Altman plot for comparing two methods of
obtaining mineral density: from ash density (rash) and from CT
density (rCT) (N = 74).

Figure 3. Bulk density (rbulk, stars) and dry apparent density
(rdry, squares) of all cores plotted with respect to the ash
density (rash) and fitted with a linear regression, with coefficients
of determination of 0.78 and 0.99, respectively.

Figure 4. Bulk density (rbulk) and dry apparent density (rdry)
measurements plotted with respect to the CT density (rCT)
calculated from the mean HUcore of each core and fitted with a
linear regression.
CT: computed tomography.

Figure 5. Ash density (rash) measurements plotted with
respect to the CT density (rCT) calculated from the mean
HUcore of each core and fitted with a linear regression.
CT: computed tomography.
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rash =0:694rCT +111 ð6Þ

All density values in equations (2)–(6) are in milligram
per cubic centimetre.

Discussion

This study evaluated the ability of CT data to predict
the experimentally measured density of human trabecu-
lar bone, focusing on the relationships of rCT versus
rbulk and rdry. A bias was found between the mineral
density measurement methods. Strong relationships
were found between rash and both rbulk and rdry. On
the other hand, correlations of CT density with respect
to experimentally measured densities, although statisti-
cally significant, only explained between 40% and 60%
of the variance. The strongest relationship was found
for predicting rdry from rCT.

The BA analysis is a statistical method to present
and compare data collected by two different methods42

to evaluate whether the methods are interchangeable.
In this study, rash was assumed as the reference mea-
surement, and a constant bias of 42.5 mg/cm3 was
found between rash and rCT such that rash measures of
mineral density exceed rCT measures of mineral den-
sity. This result was expected since voxels in the CT
data included non-bone material, such as fat. Due to
averaging effects, HUs of such voxels were lower and
yielded a lower rCT. Limits of agreement show the cer-
tainty at the 95% level that rCT values are within
75 mg/cm3 below and 160 mg/cm3 above rash. An
underestimation of rCT by 42.5 mg/cm3 would cause a
decrease of 14% in the estimate of rdry, based on equa-
tion (5). Using similar linear relationships from previ-
ous studies,2,31 and for example, by Rho et al.,32 for
elastic modulus versus apparent density in the proximal
femur (mediolaterally) E=0:01r1:86

app , the estimate of
the elastic modulus would have a decrease by 24% with
a decrease in rCT of 42.5 mg/cm3. Based on this analy-
sis, it was concluded that the two methods for mineral
density measurement, rash and rCT, were not inter-
changeable. Schileo et al.26 drew similar conclusions
from regression analyses of their data.

The results from this study illustrated that rash was
an excellent predictor of rdry, as has been found in sev-
eral previous studies.33,35,36 Several researchers have
shown a relationship between rapp and elastic modu-
lus;32,39,45,46 therefore, the prediction of rapp from rash
allows for estimation of mechanical properties of bone,
useful, for example, in the definition of mechanical
properties in bone FE models. However, it has been
reported that rdry yields better correlation to mineral
density, as specimens for rapp are prone to error due to
specimen size.26 Also, Keyak et al.36 found that there
was no significant difference between the use of rdry
and rapp, with the latter introducing an additional level
of experimental complexity and source of error. Taken
together, these findings support the measurement of
mineral density to estimate rdry.

As expected, the relationship between rash and rdry
(R2 = 0.99) was stronger than the relationship between
rash and rbulk (R2 = 0.78). The rbulk measurements
have increased variability due to inclusion of collagen,
fat and water in the cores compared to rash measure-
ments of mineral content only. Similarly, high variabil-
ity in the data was observed in the relationships
between rCT and rbulk and rdry. Again, this was
expected due to the trabecular bone’s heterogeneity.
Moreover, the CT scan resolution was able to capture
some of this variation within each core. Correlation
equations between CT data and physical density vary
greatly among research studies reported in the litera-
ture. Table 1 presents several relationships determined
between the rbulk, rapp, rdry or rash of human trabecular
bone samples and HU or rCT; the corresponding coeffi-
cients of determination; the sites of the bone samples;
the sizes of the material test specimens and the CT scan
parameters. In most studies, voxel HUs were converted
into mineral density rCT by a respective calibration
curve. This table illustrates the variation in the reported
relationships, the slopes (m) and particularly the y-
intercepts (b), as well as the variation in the correla-
tions (R2) of the relationships. For example, Mosekilde
et al.16 found a good correlation between rash and the
HUcore of cores of trabecular bone from vertebral bod-
ies, concluding that CT data yielded valid predictions
of the vertebral trabecular bone mass, as have others
for trabecular bone (R2 = 0.58–0.91, m = 0.4–0.7,
b = 61–88 mg/cm3).16,30,33 Strong correlations between
rash and rCT for human trabecular bone have been
found by several research groups (R2 = 0.94–0.99,
m = 0.79–1.02, b = 46–188).17,26,36 Strong correlations
between rapp and rCT for trabecular bone have also
been reported (R2 = 0.60–0.89, m = 0.98–3.7, b = 13–
188).2,15,26,31,36 In comparison, the results of this study
found similar regression coefficients, but lower correla-
tions for predicting density from rCT. The two unique
features of this study that could contribute to the lower
R2 values are as follows: (1) the bone came from hip
fracture patients and (2) the CT scan protocol was
adopted from the standard protocol used in the clinic.
Previous studies have chosen bone and CT scan proto-
cols with the aim of reducing variation; in contrast, this
study used bone and scan parameters from the clinic.

Several limitations are acknowledged in this study.
The trabecular specimens in this study were retrieved
from proximal femurs of elderly, hip fracture patients;
therefore, results and conclusions are to be applied to
this particular population. It is possible, due to the spe-
cific patient group, that the marrow space had a higher
fat content, which may have decreased the HUcore and
increased its variation. The machining, drying and ash-
ing protocols may have caused errors in the measure-
ments of volumes and weights; however, the high
correlations found between the bulk, dry apparent and
ash densities (equations (2) and (3)) indicate that the
errors in these densities, especially rash and rdry, were
small. The machining of the bone specimens resulted in
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loss of bone due to the slicing, coring and milling proce-
dures. The post-machined, re-assembled femoral heads
would therefore have lost height (the dimension perpen-
dicular to the plane of the slices) in comparison to their
pre-machined geometry. This change in geometry is
reflected in the root mean square error (0.589–0.993
mm) between the registration of the pre- and post-
machined scans. The effect of the registration error on
determining a core’s HUcore was determined (0.095%–
19.4%) assuming a worst-case positioning error of 3.75
mm. Each core’s HUcore was determined from the mean
HU of all voxels completely within a core (885–5141
voxels per core); however, due to the bone’s heterogene-
ity, the bone cores had large variances associated with
their mean HUcores. The mean of all the cores CVs was
62%. The main sources of error in the HUs of the vox-
els were the scan parameters, slice spacing and thick-
ness. These parameters were chosen to mimic clinical
scan parameters, not to minimize voxel size partial vol-
ume effects. The combination of the inherent variance
in the material and sources of error in determining
HUcore would have directly affected rCT (the dependent
variable in Figures 4 and 5) and contributed to the low
coefficients of determination in equations (4)–(6).

Another potential weakness of rCT is the limitations
in defining property–density relationships from in vitro
rather than in vivo bones.20 Due to these limitations in
defining physical and mechanical properties from HU,
an alternate material mapping strategy has been pro-
posed by Helgason et al.24 They found decreased error
in surface strain predictions when mechanical proper-
ties including elastic modulus are distributed within the
elements as compared to the conventional method of
constant mechanical properties per element.

This study assessed the CV in HUcore as a statistical
parameter to represent texture and heterogeneity of the
trabecular cores. This parameter was included in a mul-
tiple regression model in conjunction with rCT to deter-
mine predictors of rdry and rash. In both cases, HUcore

CV obtained from CT data was not a significant inde-
pendent predictor of density. Thus, it was concluded
that the CT data from the trabecular cores of this study
did not convey important structural information for
density estimation.

Conclusion

In conclusion, this study determined a strong linear
relationship between the mineral density and bulk and
dry apparent densities, concluding that mineral density
is an appropriate predictor of both. Through a BA
analysis, it was concluded that rCT and rash were not
adequate surrogates of each other. The relationships
between CT density and physical densities were linear;
however, due to the limitations of this study, consider-
able scatter was present. Following the experimental
protocol of this study, it was concluded that CT density
could not be implemented to accurately predict bulk or

dry densities. Therefore, the limitations of this study, in
implementing CT data as a means of estimating bone
physical properties, lie in the relationship between the
CT data and the mineral density estimate and not in
the use of the mineral density to estimate the material
properties of trabecular bone.
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Appendix 1

Notation

b y-intercept of regression equation
HUcore mean of the voxel Hounsfield units within

a bone core
m slope of regression equation
R2 coefficient of determination

rapp wet apparent density considered mass of
intact core excluding fat, over bulk
volume

rash ash density considered mineral mass over
bulk volume

rbulk bulk density defined as the mass of the
intact core, including fat and water, over
specimen bulk volume

rCT computer tomography density derived
from Hounsfield units by means of a
calibration equation from mineral
standards (equation (1))

rdry dry apparent density considered mass of
the intact core excluding fat and water,
over specimen bulk volume

Table 3. CT scan data, number of voxels, mean, standard deviation and coefficient of variation in HUs and different densities
expressed in milligram per cubic centimetre of human trabecular bone specimens.

ID femur ID core No. of voxels HUcore Standard
deviation HU

Coefficient of
variation HU

Density (mg/cm3)

rCT rbulk rdry rash

68 F 213 2311 144 153 1.06 105 801 161 125
231 1811 154 177 1.15 116 988 338 227
233 2214 260 262 1.01 195 1156 526 359
234 2447 327 205 0.626 235 1094 422 292
235 2026 272 227 0.832 205 1045 376 263

87 F 411 1902 230 132 0.573 156 1006 347 238
412 1902 329 121 0.368 228 1187 519 359
413 2059 401 132 0.330 282 1107 352 246
421 1376 104 122 1.173 71 1073 310 212
422 1791 232 115 0.497 156 1116 373 261
423 1862 284 123 0.433 195 1175 391 279
424 1761 213 111 0.520 143 1214 472 332
425 2267 349 123 0.352 244 1063 286 193
426 1614 88 89 1.01 55 869 160 129
427 1833 425 159 0.374 301 1226 527 366

86 F 511 4250 180 157 0.870 132 1061 275 197
512 3231 121 117 0.967 83 980 210 145
521 3047 129 140 1.08 95 996 249 169
522 3083 148 136 0.922 105 958 179 138
523 3618 45 95 2.13 33 1027 160 123
524 3750 131 136 1.04 94 1036 267 196
525 3623 140 142 1.02 103 1084 377 257
526 3256 232 179 0.770 171 1089 404 278
531 4972 149 167 1.12 116 1090 268 194
532 4740 128 155 1.21 97 984 164 122
534 5141 125 153 1.22 94 1042 253 167
535 4170 74 138 1.86 61 974 204 154
536 4413 116 151 1.30 90 978 188 138

81 F 611 2487 193 102 0.529 127 977 254 169
613 2891 324 116 0.360 224 1066 414 264
621 1448 211 110 0.521 140 958 290 197
622 2688 297 136 0.457 204 1126 401 274
624 3210 329 125 0.380 228 1162 442 305

77 F 712 3109 377 161 0.428 265 1179 556 373
713 2462 280 116 0.415 192 1124 446 302
714 2319 102 107 1.052 66 837 163 112
722 3817 361 160 0.442 254 1088 352 231
724 2922 234 136 0.580 158 955 348 244
726 3112 422 195 0.463 299 1162 568 379

79 M 311 1668 260 118 0.454 177 1142 391 275

(Continued)
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Table 3. (Continued)

ID femur ID core No. of voxels HUcore Standard
deviation HU

Coefficient of
variation HU

Density (mg/cm3)

rCT rbulk rdry rash

312 1952 450 125 0.278 319 1224 488 344
321 1554 278 101 0.364 189 1171 394 284
322 1612 465 147 0.317 330 1185 479 320
323 1601 417 146 0.349 294 1208 494 333
324 1542 309 104 0.336 212 1205 501 342
325 1755 377 137 0.365 264 1206 501 343
326 1520 223 112 0.501 150 1014 324 224
327 1625 564 187 0.332 404 1285 672 456
331 1900 374 174 0.466 262 1174 487 325
332 1781 355 122 0.344 247 1139 464 314
333 1486 284 145 0.512 195 1090 363 256
334 1368 227 124 0.549 152 1100 355 252
335 1448 299 106 0.353 205 1134 355 251
336 1225 252 145 0.577 171 1115 304 213
337 1333 524 164 0.313 374 1300 667 453

66 M 811 2394 258 129 0.500 174 905 205 153
812 3029 310 162 0.522 214 1065 415 282
821 2270 273 93 0.339 186 1119 430 293
822 2207 337 98 0.290 234 1162 526 356
823 2307 287 99 0.384 196 962 325 232
824 2838 358 117 0.328 249 938 242 169
825 2168 403 91 0.227 283 992 250 177
826 1893 146 64 0.441 90 975 220 156
827 2001 320 124 0.387 221 1080 379 254
831 2045 287 120 0.418 196 1032 325 212
832 2029 147 87 0.589 91 973 250 162
833 885 93 53 0.573 51 1063 237 186
834 2500 177 84 0.477 113 806 159 109
835 3000 220 88 0.401 146 739 135 97
836 3334 190 75 0.396 123 776 125 98
837 2172 155 81 0.523 97 910 272 187
838 1942 172 88 0.514 110 1052 437 304
839 3428 416 182 0.439 293 1008 380 258

8310 3477 405 127 0.313 285 1188 656 435

HU: Hounsfield units.

The specimen ID in the left column designates age (number, in years) and gender (‘F’ or ‘M’).

626 Proc IMechE Part H: J Engineering in Medicine 228(6)

 by guest on December 18, 2014pih.sagepub.comDownloaded from 

http://pih.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /Freestylescript
    /FreestyleScript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /NLD <>
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


