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Abstract [ntroduction: It has been suggested that bone
mineral density (BMD) measurements should be made at
multiple sites, and that the lowest T—score should be taken
for the purpose of diagnosing osteoporosis. Purpose: The
aim of this study was to examine the use of BMD
measurements at the femoral neck and lumbar spine alone
and in combination for fracture prediction. Methods: We
studied 19,071 individuals (68% women) from six pro-
spective population-based cohorts in whom BMD was
measured at both sites and fracture outcomes documented
over 73,499 patient years. BMD values were converted to
Z-scores, and the gradient of risk for any osteoporotic
fracture and for hip fracture was examined by using a
Poisson model in each cohort and each gender separately.
Results of the different studies were merged using
weighted (-coefficients. Results: The gradients of risk
for osteoporotic fracture and for hip fracture were similar in
men and women. In men and women combined, the risk of
any osteoporotic fracture increased by 1.51 [95% con-
fidence interval (CI)= 1.42—-1.61] per standard deviation

J. A. Kanis (D<)

WHO Collaborating Centre for Metabolic Bone Diseases,
University of Sheffield Medical School,

Beech Hill Road, S10 2RX Sheffield, UK

e-mail: w.j.Pontefract@shef.ac.uk

Tel.: +44-114-2851109

Fax: +44-114-2851813

O. Johnell
Department of Orthopaedics, Malmo University Hospital,
Malmo, Sweden

A. Oden - H. Johansson
Consulting Statistician, Gothenburg, Sweden

J. A. Eisman

Bone & Mineral Research,

Garvan Institute of Medical Research,
Sydney, NSW, Australia

S. Fujiwara
Radiation Effects Research Foundation,
Hiroshima, Japan

(SD) decrease in femoral-neck BMD. For measurements
made at the lumbar spine, the gradient of risk was 1.47
(95% CI= 1.38-1.56). Where the minimum of the two
values was used, the gradient of risk was similar (1.55;
95% CI=1.45-1.64). Higher gradients of risk were
observed for hip fracture outcomes: with BMD at the
femoral neck, the gradient of risk was 2.45 (95% CI=2.10—
2.87), with lumbar BMD was 1.57 (95% CI= 1.36-1.82),
and with the minimum value of either femoral neck and
lumbar spine was 2.11 (95% CI=1.81-2.45). Thus, selecting
the lowest value for BMD at either the femoral neck or
lumbar spine did not increase the predictive ability of BMD
tests. By contrast, the sensitivity increased so that more
individuals were identified but at the expense of specificity.
Thus, the same effect could be achieved by using a less
stringent T-score for the diagnosis of osteoporosis.
Conclusion: Since taking the minimum value of the two
measurements does not improve predictive ability, its
clinical utility for the diagnosis of osteoporosis is low.
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Introduction

The internationally agreed upon description of osteoporo-
sis is a progressive systemic skeletal disease characterised
by low bone mass and micro-architectural deterioration of
bone tissue with a consequent increase in bone fragility and
susceptibility to fracture [1]. This description identifies low
bone mineral density (BMD) as a central component but
recognises the contribution of other skeletal and non-
skeletal factors in the pathogenesis of fracture.

In 1994, the World Health Organisation (WHO) [2]
provided an operational definition of osteoporosis in terms
of BMD since this can be measured with some accuracy
and precision whereas this is not the case for other deter-
minants of osteoporotic fracture risk. Osteoporosis was
defined as a decrease in BMD in postmenopausal women
that was equal to or greater than 2.5 standard deviations
(SD) below the average value for young healthy women
(i.e. a T-score <—2.5 SD). The same criteria for osteopo-
rosis are also applied to men [3]. With the development of
more densitometry technologies, a reference standard has
been proposed using dual energy X-ray absorptiometry
(DXA) at the proximal femur. The reference value for
computing the T—score is based on young healthy women
(aged 2029 years) using the National Health and Nutrition
Examination Survey (NHANES) III reference base [4, 5].

There is still some ambiguity over the region of the hip
to be used (femoral neck or total hip) although the femoral
neck may be preferred since most data are available for this
site and meta-analyses have characterised carefully the
gradient of fracture risk provided at this site [6, 7]. A view
has recently emerged that BMD should be measured not
only at the hip but also at the lumbar spine in all patients for
the purpose of diagnosing osteoporosis; where there are
technical problems at any of these sites, the forearm should
be additionally measured. The position statements of the
International Society for Clinical Densitometry (ISCD) [8,
9] recommend that osteoporosis be diagnosed on the basis
of the lowest T—score for BMD found at the spine, total hip,
femoral neck or trochanter (or distal one third of the
radius). The reason for recommending assessment of mul-
tiple regions is not clear but may relate to an assumption

that the combined use of two or more sites may improve the
prognostic value of the BMD test to predict fractures. The
aim of this study was to test this assumption.

Methods

We studied 19,071 men and women from six prospectively
studied, population-based cohorts in whom BMD measure-
ments were available at the femoral neck and lumbar spine.
Details of the cohorts studied have been previously
published [5] but are summarised below and in Table 1.

Canadian Multicentre Osteoporosis Study (CaMos)

The Canadian Multicentre Osteoporosis Study (CaMos) is
an on-going prospective age-stratified cohort. The study is
documenting the incidence of fractures and risk factors in a
random sample of 9,424 men and women aged 25 years or
more selected by telephone listings. The sampling frame is
from nine study centres in seven provinces [10]. Charac-
terisation of individuals was by interview. BMD was
measured by DXA at the femoral neck and lumbar spine
(Hologic QDR 1000) in 8,307 individuals.

Dubbo Osteoporosis Epidemiology Study (DOES)

The Dubbo Osteoporosis Epidemiology Study (DOES) is a
population-based study with multiple assessments of
skeletal status in men and women aged 60 years or more
from Dubbo, Australia [11, 12]. Participation in the study
was 56% of the population. Baseline measurements
included BMD at the femoral neck and lumbar spine as-
sessed using DXA (GE-Lunar, DPX and Prodigy).
Fractures are identified through radiologists’ reports from
the two centres servicing the region. Measurements of
BMD at the femoral neck and lumbar spine were available
in 2,038 of 2,071 individuals.

European Vertebral Osteoporosis Study (EVOS)

The European Vertebral Osteoporosis Study (EVOS)
comprised age- and gender-stratified random samples

Table 1 Details of cohorts studied. CaMos Canadian Multicentre Osteoporosis Study, EVOS European Vertebral Osteoporosis Study, EPOS
European Prospective Osteoporosis Study, DOES Dubbo Osteoporosis Epidemiology Study

Cohort Sample size % women Person-years Mean age ( years) Any fracture  Osteoporotic fracture  Hip fracture
CaMos 8,307 69 23,678 60.9 508 261 27
EVOS/EPOS 3,391 52 9,850 63.9 179 179 13
DOES 2,038 61 15,634 70.3 506 398 104
Hiroshima 2,593 69 9,793 65.1 186 89 31
Kuopio 1,750 100 8,360 522 177 - —
Rochester 992 65 6,182 56.7 285 240 42
Totals 19,073 68 73,499 62.0 1,841 1,167 217




from 36 centres in 19 European countries [13]. Equal
numbers of men and women were drawn in each centre
within six 5—year age bands (50-54 up to 75-79 years).
BMD was measured in 3,391 men and women from 13
centres by DXA at the lumbar spine and femoral neck using
pencil beam machines that were cross-calibrated using the
European spine phantom. The sample provided the frame-
work for the European Prospective Osteoporosis Study
(EPOS) where repeated assessment was undertaken in 29
of the centres [14, 15].

Hiroshima

The Adult Health Study (AHS) was established to doc-
ument the late health effects of radiation exposure among
atomic bomb survivors in Hiroshima and Nagasaki. The
original AHS cohort consisted of about 15,000 atomic
bomb survivors and 5,000 controls selected from residents
in Hiroshima and Nagasaki using the 1950 national census
supplementary schedules and the Atomic Bomb Survivors
Survey. AHS subjects have been followed through biennial
medical examinations since 1958 with a participation rate
of approximately 80% throughout this period. BMD at the
spine and femoral neck was measured at each examination
using DXA (Hologic QDR-2000) in 1994. Trained nurses
interviewed the subjects about fracture at each examination
[16, 17].

Kuopio

The Kuopio Osteoporosis Risk Factor and Prevention
(OSTPRE) study in Finland comprised a postal enquiry
sent to all 14,220 women aged 47-56 who were residents
of Kuopio province in 1989 [18]. Of those women, 13,100
responded to the enquiry, of whom 938 were excluded for
incomplete information. This left a study population of
12,162 women. A random stratified sample of 1,750 women
underwent bone densitometry at the femoral neck and
lumbar spine using the Lunar DPX [19].

Rochester

The Rochester cohort was recruited from two random
population samples stratified by decade of age, one com-
prising women who were subsequently followed for up to
20 years [20] and another sample of women and men
followed for 8 years [21]. BMD of the right femoral neck
and lumbar spine was measured by dual photon absorpti-
ometry in the first cohort (cross-calibrated to DXA) and by
DXA (Hologic QDR 2000) in the second group. Fractures
were ascertained by periodic interview combined with
review of the inpatient and outpatient medical records of all
local care providers.
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Baseline and outcome variables

Since BMD was assessed by multiple techniques, the Z-
score of BMD at each site for each gender and each cohort
was computed from the regression of BMD by age. The
variance of BMD by age was homogenous. Fracture as-
certainment was undertaken by self-report (Kuopio, EVOS/
EPOS, Hiroshima) and/or verified from hospital or central
databases (CaMos, DOES, Kuopio, EVOS/EPOS, Roch-
ester). The EPOS study also included sequential systematic
radiography to define incident vertebral deformities, but
only reports of clinical fractures were used. In addition,
fractures considered to be due to osteoporosis were an-
alysed, and finally, hip fracture alone was considered sep-
arately. An osteoporotic fracture was one considered to be
due to osteoporosis by the investigator. For the EVOS/EPOS
study, osteoporotic fractures comprised hip, forearm, hu-
meral or limb fractures. For the CaMos study, they com-
prised fractures of the spine, pelvis, ribs, distal forearm,
forearm and hip. In the other cohorts, fractures at sites
considered to be characteristic for osteoporosis [22] were
extracted by the authors.

Statistical methods

The risk of fracture was estimated by the use of Poisson
regression applied to each cohort and each gender sep-
arately. Covariates included time since the start of follow-
up and current age. We additionally tested interactions with
age and BMD Z-scores in the model. The (3-values for each
coefficient are age dependent, 3, [3y.age. The estimated
value of 3, i.age was determined for each age from 50-85
years, together with the variance. The results of each anal-
ysis and the two genders were weighted according to the
variance and merged to determine the weighted mean and
standard deviation. The risk ratios at different BMD Z-
scores are then given by e(Wcightcd mean coefficient) and
expressed as a risk ratio per SD decrease in BMD where the
SD was gender specific. We additionally computed a risk
ratio per unit change in BMD (0.1 g/cm?) so that the
gradient of fracture risk in men and women could be
compared using the same denominator.

We used a fixed-effects model rather than a random-
effects model since the latter gives undue weight to the
effects of smaller cohorts. In addition, the fixed-effect model
generally gives a more conservative (i.e. lower) point es-
timate for the risk ratio, albeit with wider confidence es-
timates. Heterogeneity in outcome variables between cohorts
was tested by means of the I statistic [23], and where more
than moderate heterogeneity was found (>50%), risk ratios
were re-computed using the random-effects model to de-
termine whether the significance of estimates had changed.

The effect of measuring two sites and selecting the low-
est Z-score value on the proportion of the population
selected was computed from the correlation coefficient
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between the femoral-neck BMD and lumbar spine BMD,
as given in the Appendix.

Results

Details of the cohorts are provided in Table 1. The total
sample studied was 19,071 men and women who were
followed for 73,499 person years. During this time, there
were 1,841 fractures, 1,167 of which were considered to be
due to osteoporosis, and 217 hip fractures. For hip fracture
outcomes, there was a low degree of heterogeneity
(I’=11% 95% CI=0-53), but heterogeneity was more
marked for all osteoporotic fractures (I’=51%; 95% CI=5—
75) and for any fracture (’=58%; 95% CI=14-79). When
current age was used with BMD Z-score as an interaction
term (age x BMD), there was low heterogeneity for any
fracture (I’=10%; 95% CI=0-50; p >0.3), osteoporotic
fracture (I°=0%; 95% CI=0-63; p >0.3) and for hip fracture
outcomes and BMD (12:0%; 95% CI=0-98; p >0.3), and
the interaction term was retained in all analyses.

Gender

The gradients of risk determined by BMD at the femoral
neck for the prediction of any fracture, any osteoporotic
fracture and hip fracture alone are shown in Table 2.
Relative risk per SD decrease in BMD were highest for hip
fracture, lowest for any fracture and intermediate for oste-
oporotic fracture. For measurements at the lumbar spine,
gradients of risk were similar to those noted at the femoral
neck for any fracture and for any osteoporotic fracture but
somewhat lower for the prediction of hip fracture. There
was no difference in the gradient of risk between men and
women at any site for any fracture outcome although
relative risk per SD change was marginally higher in men
than in women for hip fracture. These differences were even
less apparent when gradients of risk were examined by unit
change (0.1 g/cmz) in BMD (Table 3).

Table 3 Relative risk (RR) per unit (0.1 g/cm?) decrease in bone
mineral density (BMD) in men and women. CI confidence interval

Outcome Femoral neck Lumbar spine
Fracture Gender  RR/unit 95% CI ~ RR/unit 95% CI
Any Men 1.36 1.26-1.48 1.21 1.15-1.28
Women 1.27 1.22-1.33 1.22 1.18-1.26
Combined 1.29 1.25-1.34 1.22 1.18-1.25
Osteoporotic Men 1.45 1.31-1.59 1.27 1.19-1.35
Women 1.31 1.24-1.38 1.23 1.18-1.28
Combined 1.34 1.28-1.40 1.24 1.20-1.28
Hip Men 1.98 1.57-2.51 1.37 1.18-1.59
Women 1.90 1.66-2.17 1.27 1.15-1.39
Combined 1.92 1.70-2.16 1.29 1.19-1.40

Combining measurements

The Z-score at the lumbar spine was lower than that at the
hip in 34% of cases, a fraction that was constant irre-
spective of whether or not a fracture event occurred. Five
percent of individuals had a Z-score for BMD of —2.5 or
less at either the lumbar spine or femoral neck, and 0.7%
had a Z-score of <—2.5 at both sites. When the lowest value
of BMD at the lumbar spine and femoral neck was taken,
gradients of risk for any fracture and for any osteoporotic
fracture were similar to those afforded by measurement at
the femoral neck or lumbar spine alone. For hip fracture
risk, mid-point estimates lay intermediate between the
gradients of risk provided by each of the techniques alone
(see Table 2). Thus, there was no increase in predictive
ability by selecting the lowest Z scores from the femoral
neck and lumbar spine BMD measurements.

Where the best linear combination of femoral neck and
lumbar spine BMD was modelled, the combination gave a
gradient of risk of 2.47 (95% CI=2.12-2.89/SD) for hip
fracture risk, which is not an improvement on the use of
femoral-neck BMD alone (see Table 2). The same
conclusion was reached for the prediction of osteoporotic
fracture [relative risk (RR)=1.59/SD] and for any fracture
(RR=1.48/SD).

Table 2 Relative risk (RR) per standard deviation (SD) decrease in Z-score of bone mineral density (BMD) in men and women. CI

confidence interval

Outcome Femoral neck Lumbar spine Combined minimum Z-score
of the two sites

Fracture Gender RR/SD 95% CI RR/SD 95% CI RR/SD 95% CI

Any Men 1.52 1.36-1.69 1.45 1.31-1.62 1.48 1.33-1.64
Women 1.42 1.34-1.49 1.41 1.34-1.49 1.45 1.37-1.53
Combined 1.43 1.37-1.51 1.42 1.35-1.49 1.45 1.38-1.52

Osteoporotic Men 1.67 1.46-1.91 1.61 1.41-1.84 1.64 1.44-1.88
Women 1.47 1.37-1.57 1.43 1.34-1.54 1.52 1.52-1.63
Combined 1.51 1.42-1.61 1.47 1.38-1.56 1.55 1.45-1.64

Hip Men 2.54 1.83-3.52 1.92 1.42-2.60 2.13 1.58-2.87
Women 2.43 2.03-2.90 1.48 1.26-1.74 2.10 1.77-2.50
Combined 2.45 2.10-2.87 1.57 1.36-1.82 2.11 1.81-2.45




Table 4 Proportion of the population identified as osteoporotic on
one or two tests according to the correlation coefficient between
tests

Prevalence Correlation coefficient®
of osteoporosis 0.40 0.64 0.80
Percent® (This study)

1.0 2.1 1.9 1.7
10.0 16.8 154 14.0
20.0 34.1 31.1 28.6
50.0 68.5 64.1 60.3
75.0 90.0 86.6 83.8
90.0 97.5 96.0 94.6

*The left-hand column gives a range of prevalences of osteoporosis
with one test

The correlation coefficients between bone mineral density (BMD)
at the lumbar spine and femoral neck was 0.64. The effect of a
lower and higher correlation coefficients is also shown

Impact on selection of patients

The correlation coefficient between measurements made at
the lumbar spine and femoral neck was 0.638. From the
correlation coefficient, if 10% of individuals in a popula-
tion were characterised as having osteoporosis on the basis
of BMD at the femoral neck alone, the prevalence of
osteoporosis would increase to 15.3% with the addition of
lumbar spine measurements and taking the minimum value
to dichotomise the population. Further examples are shown
in Table 4. The effect is more marked the lower the
correlation coefficient.

Impact on relative risk

Individuals were characterised as having ‘low’ or ‘high’
BMD according to a T-score of <—2.5 or >—2.5. For men,
95% had a T-score >—2.5 at both the lumbar spine and
femoral neck, and 0.7% had a T-score of <—2.5 at both
sites. For women, the frequencies were 81% and 5.5%,
respectively. The relative risk of fracture increased with the
number of low BMD sites (Table 5). For hip fracture
prediction, for example, the RR was 7.3 in men and 3.0 in
women in the presence of one low BMD site. The RR was
increased still further to 17.5 and 4.5, respectively, with
two abnormal sites. Thus, the greater the number of low
sites, the higher the RR but the lower the prevalence in the
population.

In the presence of two low sites, the prevalences were
0.7% and 5.5% in men and women, respectively. In the
case of femoral-neck measurements alone, prevalences of
0.7% and 5.5% are equivalent to T-scores of —3.22 and
—2.94 in men and women, respectively. At these T-scores,
the relative risk for hip fracture was 22.3 in men and 6.1 in
women. Thus, the relative risks using hip BMD alone were
similar or higher than those provided by both lumbar spine
and femoral-neck BMD combined at the same prevalence.
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Table 5 Risk ratio (RR) [£95% confidence interval (CI)] for
fractures at the sites shown in men and women according to the
number of bone mineral density (BMD) sites (lumbar spine or
femoral neck) with a T-score of <-2.5

Number of abnormal Outcome Men Women
BMD sites fracture RR 95% CI RR 95% CI
0 Any 1.0 - 1.0 -

1 33 2444 19 1721
2 6.5 35-12 22 1.8-25
0 Osteoporotic 1.0 — 1.0 -

1 37 2554 21 1824
2 9.9 4.8-20 3.0 25-3.7
0 Hip 1.0 - 1.0 -

1 73 3.5-15 3.0 2.1-43
2 18 59-52 45 3.0-6.8
Discussion

The present analysis derives similar values as found in
previous meta-analyses [4, 5] that examined the gradients of
risk for hip fracture or for osteoporotic fracture from BMD
measurements at the femoral neck or lumbar spine. An
advantage of the present study is that the meta-analysis is
based on individual data from each cohort and not on
published values with summary statistics. The homogeneity
of'the data further suggests that these findings can be applied
generally. The present analysis also indicates that the
gradients of fracture risk in men and women are broadly
similar for BMD measurements at the hip or lumbar spine,
as shown in other population-based studies [24-29] and in a
previous meta-analysis for femoral-neck measurement using
a larger number of cohorts [5]. Thus, if there are differences
in fracture risk prediction between men and women using
DXA at either site, these differences are small.

The principal aim of the present study was to determine
whether the incorporation of more than one site would
improve the gradient of risk for fracture prediction. The
results suggest that combining BMD at the lumbar spine
and femoral neck and selecting the lowest value does not
increase predictive ability compared with a measurement
from either site alone, as predicted by Blake et al. [30].
Indeed, for hip fracture prediction, the combination had a
somewhat lower predictive value than measurements made
at the hip alone. The same may hold true for vertebral
fracture risk: an independent study examined the risk of
vertebral fracture in the placebo arm of a large multi-
national study [31]. When patients in this latter study were
categorised according to the presence or absence of
osteoporosis, as judged by the T-score, the risk ratio for
vertebral fracture was 2.47 (95% CI=1.79-3.42) using the
T-score at the femoral neck, 1.84 (95% CI=1.19-2.85) at
the lumbar spine, and 1.75 (95% CI=1.23-2.49) using the
minimum T-score at either site.

The lack of additive value in the example given in this
paper may relate to progressive osteoarthrosis at the lumbar
spine with age. Sclerosis will contribute to the BMD result
but is unlikely to strengthen the bones of the spine or to be
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associated with stronger bones at another site. Irrespective
of any mechanism, BMD tests at the lumbar spine may be
of more value for monitoring treatment since the spine is
considered to be the most responsive site to pharmacologic
intervention.

The use of the minimum Z-score did have an important
effect on the number of individuals considered to have
osteoporosis, an effect that depended upon the correlation
coefficient between the two BMD measurements. Since the
gradient of risk is not improved (gradient of risk is
proportional to the area under the ROC curve), the
sensitivity of the technique is improved but at the expense
of specificity. Thus, the net effect is to use a less stringent
criterion for diagnostic purposes. The effect would be more
marked the more sites used for diagnostic purposes. The
same effect can be achieved by the use of a single BMD
measurement and using a less stringent diagnostic criterion,
say a T-score of —2.0 SD. This strategy erodes, therefore,
the WHO concept of an international reference standard for
diagnosis since the prevalence of osteoporosis and the risk
associated therewith will vary according to the number of
sites measured. It is for this reason that the International
Osteoporosis Foundation has recommended that diagnostic
criteria should be confined to DXA at a single site (the
femoral neck) using a single reference base [3].

The results should not be interpreted to mean that there is
no value in combining indices of fracture risk. Indeed, the
converse is true. There are, in principle, two consider-
ations; the first where the combined gradient of risk is equal
to that of either measurement, and the second where there is
an improved gradient of risk.

In the present study, the former situation applies. For
example, the gradient of risk for the production of os-
teoporotic fractures was approximately a 1.5/SD decrease in
Z-score for BMD, irrespective of the site or combination
used (see Table 2). If the prevalence of osteoporosis were
10% in a given population with the use of one test, the
prevalence increases to 15.4% when two tests are used (see
Table 5). The risk in the former population compared with
that of the general population (PRR) is 1.91, and the PRR in
the latter is lower at 1.75. This is the expected trade-off
between sensitivity and specificity. However, in that pop-
ulation with osteoporosis at both sites (approximately 3%),
then the PRR is 2.33. Thus, the presence of two abnormal
tests gives a higher PRR because a smaller proportion of the
population is selected. Indeed, when the proportion of the
population was fixed, the use of femoral-neck BMD alone
gave risk ratios that were similar to those found with the use
of the two BMD sites.

A somewhat different situation pertains to the combina-
tion of risk factors that improves the gradient of risk of the
test. If it was desired to treat 10% of the population, a test
with a gradient of risk of 1.5/SD would identify a pop-
ulation with a PRR of 1.91, as given above. With an
improvement in gradient of risk from 1.5 to 1.8/SD by the
addition of an independent risk factor, the PRR is 2.44.
Thus, improvements in gradients of risk with the com-
bination of BMD and independent risk factors [32] in-
creases the risk in any selected population whereas in the

Table 6 Population relative risk (PRR*, i.e. risk of a segment of the
population compared with the general population) according to the
proportion of the population selected and the gradient of risk/
standard deviation (SD) change in risk score

Gradient of risk ~ Proportion of population selected (%)

10 20 30 40
1.5 1.91 1.66 1.51 1.40
2.0 2.78 2.20 1.89 1.67
2.5 3.57 2.65 2.17 1.87
3.0 4.27 3.01 2.39 2.00
35 4.89 3.30 2.56 2.10

PRR = (1 —¢(¢"'(1 —p) — 1n(GR)) /p

where ¢ is the standardised normal distribution function, p is the
proportion of the population selected, and GR is the gradient of
risk/SD

first situation improvements in PRR are related to a de-
crease in the population selected. Further examples are
given in Table 6.

We conclude that BMD measurements at the lumbar
spine predict any fracture and any osteoporotic fracture as
well as measurements at the femoral neck. For hip fracture,
the predictive value is less with lumbar-spine BMD than
with femoral-neck BMD. No advantage is afforded by
combining the values of femoral neck and lumbar spine and
using the lowest of these two for the diagnosis of os-
teoporosis although they may be of value in the assessment
of fracture risk.
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Appendix

The proportion of individuals with at least one type
of BMD measurements below a cut off

Let Ai denote the event that the measurement of type 1 is
below a cut off g. We use the symbols u and N for the union
and the intersection of events, respectively. The probability
that any of n measurements is below the cut off is

P(A; U Ay U...U A,)

The following notations are used

S =) P(A)

Sy =Y P(ANA)

S3=> P(AiNAjNAY)
Sh =P(AINA; ... NA))



Then the relationship below holds

P(Aj UA U ...UAH):Z(_I)iHSi

The argument (—1)""! obviously can only take the values
+1 or —1. This is because the first argument of the sum-
mation (S;) double counts some combination areas of A,
A, Aj etc. Those probabilities have to be subtracted in the
second argument, but since too much is subtracted, there
needs to be some adding in the third argument and so on...

When only two sites of measurement are considered
(e.g. BMD at lumbar spine and femoral neck), the rela-
tionship can be written

P(A U B)=P(A) +P(B) —-P(ANB)

The last term of the above expression, P(ANB), is the
probability that both measurements are below the cut-off
limit g. We assume that the scale of the measurements is
standardised so their means and SDs are O and 1,
respectively. If the correlation coefficient between the
measurements is p, then the probability that both of two
measurements, X and Z, are below the limit g and can be
written

P(ANB)=P({X <g}N{Z <g})
=P({X<gin{p-X+Y <g}),

where X and Y are independent and X has a normal
distribution with the mean 0 and the standard deviation 1,
and Y has a normal distribution with the mean 0 and the
variance 1—p”. Then the variance of p - X+Y is 1 and the
covariance between X and p - X+Y is p, so the correlation
coefficient is also p. Let ® denote the standardised normal
distribution function. We then obtain

_exp(—x*/2)

dx
V2

P(AﬂB):/g o LY

Vi-p?
and
P(A) +P(B) =2 ®(g)

Thus, the probability that any of the two measurements

is below the limit g, P(A U B) can be calculated by the two
last-mentioned relationships.

References

1. Anonymous (1993) Consensus development conference: diag-
nosis, prophylaxis and treatment of osteoporosis. Am J Med
94:646—650

2. World Health Organisation (1994) Assessment of fracture risk
and its application to screening for postmenopausal osteopo-
rosis. Technical Report Series, vol 843. WHO, Geneve

11

12.

13.

14.

15.

16.

17.

533

. Kanis JA, Gluer CC, for the Committee of Scientific Advisors,

IOF (2000) An update on the diagnosis and assessment of
osteoporosis with densitometry. Osteoporos Int 11:192-202

. Looker AC, Orwoll ES, Johnston CC, Lindsay RL, Wahner

HW, Dunn WL et al (1997) Prevalence of low femoral bone
density in older US adults from NHANES III. J] Bone Miner
Res 12:1761-1768

. Looker AC, Wahner HW, Dunn WL, Calvo MS, Harris TB,

Heyse SP (1998) Updated data on proximal femur bone mineral
levels of US adults. Osteoporos Int 8:468-486

. Marshall D, Johnell O, Wedel H (1996) Meta-analysis of how

well measures of bone mineral density predict occurrence of
osteoporotic fractures. Br Med J 312:1254-1259

. Johnell O, Kanis JA, Oden A, Johansson H, De Laet C, Delmas

PD et al (2005) Predictive value of bone mineral density for hip
and other fractures. J] Bone Miner Res 20:1185-1194

. Lewiecki EM, Kandler DL, Kiebzak GM, Schmeer P, Prince

RL, El Hajj Fuleihan G, Hans D (2004) Special report on the
official positions of the International Society for Clinical
Densitometry. Osteoporos Int 15:779-784

. Lewiecki EM, Watts NB, McClung MR et al for the

International Society for Clinical Densitometry (2004) Official
position of the International Society for Clinical Densitometry.
J Clin Endocrinol Metab 89:3651-3655

. Kreiger N, Tenenhouse A, Joseph L et al (1999) The Canadian

Multicenter Osteoporosis Study (CaMos): background. Ratio-
nale. Methods. Canadian J Aging 18:376-387

. Jones G, Nguyen TV, Sambrook PN, Kelly PJ, Gilbert C,

Eisman JA (1994) Symptomatic fracture incidence in elderly
men and women. The Dubbo osteoporosis epidemiology study
DOES. Osteoporos Int 4:277-282

Nguyen TV, Eisman JA, Kelly PJ, Sambrook PN (1996) Risk
factors for osteoporotic fractures in elderly men. Am J
Epidemiol 144:255-263

O’Neill TW, Felsenberg D, Varlow J, Cooper C, Kanis JA,
Silman AJ (1996) The prevalence of vertebral deformity in
European men and women: European vertebral osteoporosis
study. J Bone Miner Res 11:1010-1017

Felsenberg D, Silman AJ, Lunt M, Ambrecht G, Ismail AA,
Finn JD, Cockerill WC, Banzer D, Benevolenskaya LI, Bhalla
A, Bruges Armas J, Cannata JB, Cooper C, Dequeker J, Eastell
R, Ershova O, Felsch B, Gowin W, Havelka S, Hoszowski K,
Jajic 1, Janot J, Johnell O, Kanis JA, Kragl G, Lopez Vaz A,
Lorenc R, Lyritis G, Masaryk P, Matthis C, Miazgowski T,
Parisi G, Pols HAP, Poor G, Raspe HH, Reid DM, Reisinger W,
Scheidt—Nave C, Stepan J, Todd C, Weber K, Woolf AD, Reeve
J, O’Neill TW (2002) Incidence of vertebral fracture in Europe:
results from the European Prospective Osteoporosis Study
(EPOS). J Bone Miner Res 17:716-724

Ismail AA, Pye SR, Cockerill WC, Lunt M, Silman AJ, Reeve
J, Banzer D, Benevolenskaya LI, Bhalla A, Bruges Armas J,
Cannata JB, Cooper C, Delmas PD, Dequeker J, Dilsen G,
Falch JA, Felsch B, Felsenberg D, Finn JD, Gennari C,
Hoszowski K, Jajic 1, Janott J, Johnell O, Kanis JA, Kragl G,
Lopez Vaz A, Lorenc R, Lyritis G, Marchand F, Masaryk P,
Matthis C, Miazgowski T, Naves—Diaz M, Pols HAP, Poor G,
Rapado A, Raspe HH, Reid DM, Reisinger W, Scheidt—Nave
C, Stepan J, Todd C, Weber K, Woolf AD, O’Neill TW (2002)
Incidence of limb fracture across Europe: results from the
European prospective osteoporosis study (EPOS). Osteoporos
Int 13:565-571

Fujiwara S, Fumiyoshi K, Masunari N, Naito K, Suzuki G,
Fukunage M (2003) Fracture prediction from bone mineral
density in Japanese men and women. J Bone Miner Res
18:1547-1553

Fujiwara S, Kasagi F, Yamada M, Kodama K (1997) Risk
factors for hip fracture in Japanese cohort. J] Bone Miner Res
12:998-1004

. Honkanen R, Tuppurainen M, Kroger H, Alhava E, Saarikoski

S (1998) Relationship between risk factors and fracture differ
by type of fracture: a population-based study of 12,191
perimenopausal women. Osteoporos Int 8:25-31



534
19.

20.

21.

22.

23.

24.

Kroger H, Huopio J, Honkanen R, Tupparainen M, Puntila E,
Alhava E, Saarikoski S (1995) Prediction of fracture risk using
axial bone mineral density in a perimenopausal population: a
prospective study. J] Bone Miner Res 10:302-306

Melton LJ III, Crowson CS, O’Fallon WM, Wahner HW, Riggs
BL (2003) Relative contributions of bone density. bone
turnover and clinical risk factors to long-term fracture
prediction. J Bone Miner Res 18:312-318

Melton LJ III, Atkinson EJ, O’Connor MK, O’Fallon WM,
Riggs BL (1998) Bone density and fracture risk in men. J Bone
Miner Res 13:1915-1923

Kanis JA, Oden A, Johnell O, Jonsson B, De Laet C, Dawson
A (2001) The burden of osteoporotic fractures: a method for
setting intervention thresholds. Osteoporos Int 12:417-427
Higgins JPT, Thompson SG, Deeks JJ, Altman DG (2003)
Measuring inconsistency in meta-analyses. Br Med J 327:557—
560

O’Neill TW, Lunt M, Felsenberg D, Benevolenskaya LI, Bhalla
AK, Cannata JB, Cooper C, Crabtree N, Dequeker J,
Hoszowski K, Jajic I, Kanis JA, Kragl G, Lopes Vaz A,
Lorenc R, Lyritis G, Masaryk P, Miazgowski T, Parisi G, Pols
HAP, Poor G, Reid DM, Scheidt—Nave C, Stepan J, Todd C,
Weber K, Woolf AD, Reeve J (2002) The relationship between
bone density and incident vertebral fracture in men and women.
J Bone Miner Res 17:2214-2221

25.

26.

27.
28.

29.

30.

31.

32.

DeLaet CEDH, Van Hout BA, Burger H, Hofman A, Weel
AEAM, Pols HAP (1998) Hip fracture prediction in elderly
men and women: validation in the Rotterdam Study. J Bone
Miner Res 13:1587-1593

Cauley JA, Zmuda JM, Wisniewski SR, Krishnaswami S,
Palermo L, Stone KL, Black DM, Nevitt MC (2004) Bone
mineral density and prevalent vertebral fractures in men and
women. Osteoporos Int 15:32-37

Wasnich RD, Davis JW, Ross PD (1994) Spine fracture risk is
predicted by non spine fractures. Osteoporos Int 4:1-5

Kanis JA, Johnell O, Oden A, De Laet C, Mellstrom D (2001)
Diagnosis of osteoporosis and fracture threshold in men.
Calcified Tissue Int 69:218-221

Lunt M, Felsenberg D, Reeve J, Benevolenskaya L, Cannata J,
Dequeker J (1997b) Bone density variation and its effects on
risk of vertebral deformity in men and women studied in 13
European centres: the EVOS study. J Bone Miner Res 12:1883—
1894

Blake GM, Patel R, Knapp KM, Fogelman I (2003) Does the
combination of two BMD measurements improve fracture
discrimination. J Bone Miner Res 18:1955-1963

Kanis JA, Barton I, Johnell O (2004) Risedronate decreases
fracture risk in patients selected solely on the basis of prior
vertebral fracture. Osteoporos Int 16:475-482

Kanis JA (2002) Diagnosis of osteoporosis and assessment of
fracture risk. Lancet 359:1929-1936



	The use of multiple sites for the diagnosis of osteoporosis
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Canadian Multicentre Osteoporosis Study (CaMos)
	Dubbo Osteoporosis Epidemiology Study (DOES)
	European Vertebral Osteoporosis Study (EVOS)
	Hiroshima
	Kuopio
	Rochester

	Baseline and outcome variables
	Statistical methods

	Results
	Gender
	Combining measurements
	Impact on selection of patients
	Impact on relative risk

	Discussion
	Appendix
	The proportion of individuals with at least one type of BMD measurements below a cut off

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /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
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SPSFont4Medium
    /SpsFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


