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Abstract

Background: Population-based administrative data have been used to study osteoporosis-related fracture risk
factors and outcomes, but there has been limited research about the validity of these data for ascertaining fracture
cases. The objectives of this study were to: (a) compare fracture incidence estimates from administrative data with
estimates from population-based clinically-validated data, and (b) test for differences in incidence estimates from
multiple administrative data case definitions.

Methods: Thirty-five case definitions for incident fractures of the hip, wrist, humerus, and clinical vertebrae were
constructed using diagnosis codes in hospital data and diagnosis and service codes in physician billing data from
Manitoba, Canada. Clinically-validated fractures were identified from the Canadian Multicentre Osteoporosis Study
(CaMos). Generalized linear models were used to test for differences in incidence estimates.

Results: For hip fracture, sex-specific differences were observed in the magnitude of under- and over-ascertainment
of administrative data case definitions when compared with CaMos data. The length of the fracture-free period to
ascertain incident cases had a variable effect on over-ascertainment across fracture sites, as did the use of imaging,
fixation, or repair service codes. Case definitions based on hospital data resulted in under-ascertainment of incident
clinical vertebral fractures. There were no significant differences in trend estimates for wrist, humerus, and clinical
vertebral case definitions.

Conclusions: The validity of administrative data for estimating fracture incidence depends on the site and features
of the case definition.
Background
Osteoporosis is a common condition amongst older adults.
It is estimated to affect up to 20% of post-menopausal
women [1]. Monitoring the incidence of osteoporosis-
related fractures is therefore an important component of
a comprehensive population health surveillance system
[2-4]. Administrative data, routinely collected records
used for health system management and physician re-
muneration, are a common tool for population-based
studies about infectious and chronic conditions because
these data contain diagnosis codes for ascertaining dis-
ease cases. Administrative data also contain diagnosis
codes to ascertain fracture cases and have been used in
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many countries to study trends in osteoporosis-related
fracture rates [5,6] and risk factors [7,8], and to conduct
pharmaco-epidemiologic investigations about fracture
outcomes [9-11].
The validation studies conducted to date suggest that

administrative data are generally sensitive and specific
for ascertaining cases of hip fracture [12], although this
will vary with the type of hip fracture [13]. Administra-
tive data may lack sensitivity for ascertaining cases of
incident clinical vertebral fracture [14,15]. There has
been limited research about the validity of administra-
tive data for ascertaining cases of other osteoporosis-
related fractures, including fractures of the wrist and
humerus [15,16] . As well, characteristics of the fracture
case definition that may affect the validity of adminis-
trative data for case ascertainment warrant further in-
vestigation. Curtis et al. [14] reported that an incident
clinical vertebral fracture case definition based on
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hospital diagnoses had a positive predictive value (PPV)
of 91%. A case definition based on diagnoses in a broad
set of administrative databases, including hospital, phys-
ician billing, and emergency room data, had a PPV of
only 46%. Their recommended case definition, which
was based on a diagnosis in physician data in combination
with a spinal imaging test or a diagnosis in hospital data,
had a PPV of 61%. Case definition characteristics that
have varied across studies include the administrative
data source, diagnosis codes, use of codes for fracture-
related services or procedures, and the length of the
fracture-free period to ascertain incident cases [17-19].
The purpose of this study was to investigate administra-

tive data case definitions for osteoporosis-related fractures.
The specific objectives were to: (a) compare the incidence
estimates obtained from administrative data with estimates
obtained from population-based clinically-validated data,
and (b) test for differences in the incidence estimates from
multiple administrative data case definitions.

Methods
Data sources
Administrative data were from the central Canadian
province of Manitoba, which has a population of ap-
proximately 1.2 million. Like other Canadian provinces,
Manitoba has a system of universal healthcare. The
Manitoba Centre for Health Policy Research Data Re-
pository houses computerized databases that contain
records of virtually all contacts with the health care sys-
tem. The databases can be linked via an anonymized
personal identification number. Ethics approval for this
research was received from the Manitoba Health Re-
search Ethics Board and permission to access the study
data was provided by the Manitoba Health Information
Privacy Committee.
Hospital and physician billing claims data were used

to construct the fracture case definitions. Diagnoses in
hospital data are recorded using the International Clas-
sification of Diseases, 9th revision, Clinical Modification
(i.e., ICD-9-CM), up to and including the 2003/04 fiscal
year (a fiscal year runs from April 1 to March 31) and
the International Classification of Diseases, 10th revi-
sion, Canadian version (i.e., ICD-10-CA), for subsequent
years. A maximum of 16 ICD-9-CM codes and 25 ICD-
10-CA codes are recorded on each record. Physicians
who are paid on a fee-for-service basis submit billing
claims to the provincial health ministry; these claims
capture almost all outpatient services, including those
provided in hospital emergency and outpatient depart-
ments. While a small percentage of physicians are salaried
(i.e., about 7% of family physicians [20], approximately
90% submit parallel billing claims for administrative
purposes. Physician billing claims contain a single ICD-
9-CM code as well as service codes, which are defined in
a fee schedule (manitoba.ca/health/manual). Diagnosis
codes in hospital and physician data have been validated
and used extensively in Manitoba [21-23] and in other
Canadian jurisdictions [24] for research about chronic
conditions, and they have been used in multiple studies
about osteoporosis-related fractures [9,11,25].
Validation data were from the Canadian Multicentre

Osteoporosis Study (CaMos) [26]. CaMos is an ongoing,
population-based cohort study designed to provide na-
tional estimates of the prevalence and incidence of
osteoporosis and osteoporosis-related fractures. The
study population is composed of non-institutionalized
individuals who reside within a 50-km radius of one of
nine study centres located across Canada. These geo-
graphic areas encompass approximately 40% of the
Canadian population and include both rural and urban
residents. Households in each area were selected by
random draws of listed telephone numbers; one ran-
domly selected household member greater than 25 years
was asked to participate. A total of 9423 participants
entered the study (2884 males and 6539 females) during
the 18-month recruitment period. The characteristics
of study participants have been described previously
[27,28]. A refusal questionnaire was used to assess selec-
tion bias. For osteoporosis prevalence, the primary study
outcome, selection bias was not observed in any of the
study age groups, with the exception of a small amount
of bias in the 80+ age group [29]. Informed consent
was obtained from participants and the study received
approval from the institutional review board at each
participating centre. Data on incident fractures was
compiled from CaMos participants for the period from
1996 to 2006. These data were collected using annual
postal questionnaires and/or in-person interviews [27].
A detailed interviewer-administered questionnaire was
used at years 3, 5, and 10. At baseline, year 5, and year
10, lateral lumbar and thoracic spine X-rays and bone
mineral density tests were performed. At years 1, 2, 4,
and 6 through 9, a detailed two-page questionnaire was
mailed to participants asking about hospitalizations and
fractures within the past year. Participants who reported
having a fracture were asked to provide consent for study
staff to collect additional data about the fracture diagno-
sis from the treating physician and/or hospital record
(i.e., verification by radiology report). We limited the study
to fractures occurring in individuals 50 years of age and
older, with age defined at the fracture index date.

Fracture case definitions
Table 1 lists the 35 administrative data case definitions
that were selected for investigation. These were selected
based on a review of published studies [3,12,30], recom-
mendations from clinical co-investigators with expertise in
fracture ascertainment in administrative databases (WDL,



Table 1 Osteoporosis-related fracture case definitions

Case def # of DX & Data source DX codes MR versus any DX Service codes Fracture-free period
(months)

Hip

H1 1 H ICD-9: 820–821; ICD-10: S72.0-S72.2 MR No 0

H2 1 H ICD-9: 820; ICD-10: S72.0-S72.2 MR No 0

H3 1 H same as H2 MR No 6

H4 1 H same as H2 MR No 12

H5 1 H same as H2 Any No 0

H6 1 H same as H2 Any No 6

H7 1 H same as H2 Any No 12

H8 1 H same as H2 MR Yes 0

H9 1 H same as H2 MR Yes 6

H10 1 H same as H2 MR Yes 12

H11 1 H same as H2 Any Yes 0

H12 1 H same as H2 Any Yes 6

H13 1 H same as H2 Any Yes 12

Wrist

W1 1 H or 1 P ICD-9: 813; ICD-10: S52 Any Yes 0

W2 1 H or 1 P same as W1 Any Yes 6

W3 1 H or 1 P same as W1 Any No 6

W4 1 H or (2+ P in 90 days) same as W1 Any Yes 6

W5 1 H or (2+ P in 90 days) same as W1 Any No 6

W6 1 H or (2+ P in 90 days) same as W1 MR Yes 6

W7 1 H or (2+ P in 90 days) same as W1 MR No 6

Humerus

U1 1 H or 1 P ICD-9: 812; ICD-10: S42.2 MR No 0

U2 1 H or 1 P same as U1 MR No 6

U3 1 H or 1 P same as U1 Any No 0

U4 1 H or 1 P same as U1 Any No 6

U5 1 H or (2+ P in 90 days) same as U1 MR No 6

U6 1 H or (2+ P in 90 days) same as U1 Any No 6

U7 1 H or (2+ P in 90 days) same as U1 Any No 12

Clinical vertebral

V1 1 H ICD-9: 805; ICD-10: S22.0, S22.1, S32.0 MR No 0

V2 1 H same as V1 Any No 0

V3 1 H or 1 P same as V1 MR Yes 0

V4 1 H or 1 P same as V1 Any No 0

V5 1 H or 1 P same as V1 Any No 12

V6 1 H or 1 P same as V1 MR No 12

V7 1 H or (2+ P in 90 days) same as V1 MR No 12

V8 1 H or (2+ P in 90 days) same as V1 MR No 12

Note: DX = diagnosis; H = hospital record; P = physician billing claim; MR=most responsible or primary diagnosis in hospital records; A listing of the service codes
used for incident fracture ascertainment is provided in the Appendix.
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SM), and the authors’ previous experience ascertaining
other chronic diseases, include osteoporosis, in administra-
tive data [31-33]. The case definitions were differentiated
by: (a) source of data, (b) number of records with the
relevant diagnosis code(s), (c) type of diagnosis in hos-
pital data, (d) presence of service codes in physician
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billing claims, and (e) duration of the fracture-free
period. With the exception of one hip fracture case def-
inition, all site-specific definitions used the same ICD-
9-CM and ICD-10-CA diagnosis code(s). For hip frac-
ture, we considered ICD-9-CM 820 (fracture of neck of
the femur) and 821 (fracture and other unspecified parts
of the femur) because some hip fractures may be
assigned a less precise diagnosis code [34]. Case defini-
tions were based on hospital data only (hip) or hospital
and physician claims data, in keeping with previous re-
search [3,15]. For the latter, case definitions requiring
one or at least two records with the specified diagnosis
code(s) were considered. Service codes capture radio-
logic and magnetic resonance imaging services for inci-
dent clinical vertebral fracture, immobilization or
fixation services for wrist fracture, and surgical repair
and fixation procedures for hip fracture. Service codes
have also been used in previous studies to improve frac-
ture ascertainment [35]. Fracture-free periods of zero,
six or twelve months were considered, using the site-
specific fracture index date to establish the end-point of
the fracture-free period.
To illustrate the interpretation of the case definitions,

H1 identifies hip fractures using hospital records with
ICD-9-CM 820 or 821 (ICD-10-CA S72.0, S72.1, or S72.2)
as the most responsible (i.e., primary) diagnosis; it does
not use physician service codes nor does it require a
fracture-free period. In contrast, case definition H13
identifies hip fractures from hospital records with
ICD-9-CM 820 (ICD-10-CA S72.0, S72.1, or S72.2) in
any diagnosis field. A physician service code was present
within the hospitalization period and a 12-month fracture-
free period was adopted. For wrist fracture, case definition
W1 identifies fractures using hospital or physician billing
records with ICD-9-CM 813 (ICD-10-CA S52) in any
diagnosis field. This case definition requires a physician
service code to accompany the diagnosis code and does
not adopt a fracture-free period.
The fracture index date was the date of the first diagno-

sis or service code for a fracture event. Pathologic fractures
were included because they represent a small proportion
of all fractures and their exclusion can lead to underesti-
mation of the fracture burden due to osteoporosis [36].
For each case definition, the number of incident fractures
was generated for the Manitoba population 50 years of age
and older for fiscal years 1997/98 to 2006/07. Age, which
was defined using the fracture index date, was obtained
from health insurance registration files. For hip fracture,
counts of incident fractures were generated both including
and excluding residents of long-term care (i.e., nursing
home) facilities [37]; the CaMos data excludes residents of
these facilities and this may affect comparability of esti-
mates. Residence in a facility was determined from nursing
home files containing admission and separation dates.
Statistical analyses
Crude and sex- and age-specific fracture rates were cal-
culated for administrative case definitions and for the
CaMos data. Generalized linear models (GLMs) were
used to test for differences in the estimates from admin-
istrative and CaMos data [38]. For each case definition,
sex-specific models that contained the main effects of
age (five-year groupings from 50–54 years to 80+ years)
and source (i.e., administrative; reference: CaMos) were
fit to the data, along with a model that combined the
data for males and females; this latter model contained
the main effects of age, source, and sex. A negative bino-
mial distribution was adopted to model the data due to
the presence of extra-Poisson variation in the case
counts. Fit was evaluated using the ratio of model devi-
ance to degrees of freedom, which should be close to
one for a well-fitted model. A Wald χ2 statistic was used
to test the difference in the estimates from administrative
and CaMos data. Each test was conducted at the α= .01
significance level in order to control the familywise error
rate, the probability of committing at least one Type I
error. The relative rate (RR) of incident fractures for ad-
ministrative data case definitions was obtained by expo-
nentiation of the regression coefficient for the source
variable.
GLMs with generalized estimating equations were used

to test for differences among the case definitions [39].
Annual fracture counts (i.e., for 1997/98 to 2006/07) for
population strata defined by age (five-year groupings
from 50–54 years to 85+ years) and sex were modeled
assuming a negative binomial distribution. An exchange-
able structure, which assumes constant correlation in
successive years, accounted for dependence among the
incident fracture counts. Models containing the main
effects of age group, case definition, sex, year, and the
year x case definition interaction were fit to the data for
each fracture site. The interaction was used to test for
differences in the linear trend across case definitions. If
the interaction was statistically significant, linear con-
trasts were used to test for differences amongst selected
pairs of case definitions. A significance level of α= .05
was adopted for the omnibus test and each of the con-
trast tests was conducted at α= .01. If the interaction
was not significant, the main effects of year and case def-
inition were investigated.

Results
Age-specific and overall fracture incidence estimates
from the CaMos data are reported for males and females
in Table 2. There were 65905 person years of observation
and 875 clinically-recognized incident osteoporosis-
related fractures verified in the study period. Of this
number, 22.6% were hip, 41.3% were wrist, 13.6% were
humerus, and 22.5% were clinical vertebral fractures.



Table 2 CaMos Osteoporosis-related incident fracture
rates per 100,000 person years (95% confidence
intervals)

Age group Males Females

Hip

50-59 33.0 (0.0, 97.6) 29.4 (0.0, 79.1)

60-69 132.4 (31.5, 233.3) 63.4 (0.0, 159.7)

70-79 239.1 (116.0, 362.3) 309.6 (230.4, 388.9)

80+ 950.2 (717.2, 1183.2) 1079.1 (928.1, 1230.1)

All Ages 272.6 (143.5, 401.6) 310.9 (54.0, 567.8)

Wrist

50-59 197.9 (39.7, 356.1) 308.6 (147.7, 469.5)

60-69 115.9 (21.5, 210.3) 615.4 (316.6, 914.3)

70-79 223.2 (104.2, 342.2) 855.7 (724.3, 914.3)

80+ 228.1 (113.5, 342.6) 763.3 (636.0, 890.5)

All Ages 183.6 (77.6, 289.5) 684.4 (303.9, 1064.8)

Humerus

50-59 33.0 (0.0, 97.6) 29.4 (0.0, 79.1)

60-69 82.8 (3.0, 162.6) 184.0 (20.2, 347.8)

70-79 95.6 (17.7, 173.6) 242.1 (172.0, 312.2)

80+ 228.1 (113.5, 342.6) 644.8 (527.8, 761.8)

All Ages 100.1 (21.9, 178.4) 256.6 (23.2, 490.1)

Clinical vertebral

50-59 164.9 (20.5, 309.3) 176.3 (54.7, 298.0)

60-69 115.9 (21.5, 210.3) 152.3 (3.3, 301.3)

70-79 207.2 (92.6, 321.9) 394.1 (304.7, 483.4)

80+ 304.1 (171.8, 436.3) 763.3 (636.0, 890.5)

All Ages 183.6 (77.6, 289.5) 342.2 (72.7, 611.7)

Table 3 Relative Rates (RRs) of osteoporosis-related
incident fractures in administrative data using CaMos as
the reference

Case def Both sexes Females Males

RR p-value RR p-value RR p-value

Hip

H1 1.21 .0318 1.40 <.0001 0.89 .4295

H2 1.14 .1408 1.31 .0008 0.85 .2542

H3 1.11 .2567 1.27 .0028 0.83 .1931

H4 1.10 .2963 1.26 .0045 0.82 .1813

H5 1.50 <.0001 1.73 <.0001 1.12 .4481

H6 1.45 <0001 1.67 <.0001 1.08 .5837

H7 1.43 <0001 1.64 <.0001 1.07 .5235

H8 0.94 .4874 1.08 .3160 0.68 .0083

H9 0.93 .4322 1.07 .3837 0.68 .0074

H10 0.93 .3863 1.06 .4626 0.68 .0069

H11 1.23 .0167 1.42 <.0001 0.89 .4112

H12 1.22 .0205 1.41 <.0001 0.88 .3887

H13 1.21 .0238 1.39 <.0001 0.88 .3695

Wrist

W1 1.15 .0731 1.17 .0055 1.06 .7176

W2 0.69 <.0001 0.71 <.0001 0.66 .0162

W3 1.02 .7420 1.03 .6599 1.06 .7502

W4 0.62 <.0001 0.63 <.0001 0.58 .0015

W5 0.77 .0005 0.78 <.0001 0.73 .0671

W6 0.56 <.0001 0.57 <.0001 0.50 <.0001

W7 0.72 <.0001 0.73 <.0001 0.67 .0189

Humerus

U1 4.33 <.0001 4.44 <.0001 4.15 <.0001

U2 1.20 .0473 1.24 .0166 1.17 .4913

U3 4.42 <.0001 4.53 <.0001 4.23 <.0001

U4 1.24 .0198 1.28 .0059 1.20 .4082

U5 0.85 .0744 0.88 .1470 0.77 .2521

U6 0.91 .2899 0.94 .4870 0.83 .3973

U7 0.90 .2143 0.92 .3769 0.81 .3600

Clinical vertebral

V1 0.10 <.0001 0.09 <.0001 0.14 <.0001

V2 0.17 <.0001 0.16 <.0001 0.25 <.0001

V3 0.28 <.0001 0.28 <.0001 0.33 <.0001

V4 1.70 <0001 1.70 <.0001 2.06 <.0001

V5 0.79 .0111 0.80 .0057 0.92 .6249

V6 0.75 .0020 0.77 .0007 0.86 .3884

V7 0.18 <.0001 0.18 <.0001 0.21 <.0001

V8 0.33 <.0001 0.33 <.0001 0.41 <.0001

Note: bold values are statistically significant at α= .01; See Table 1 for a
description of the case definitions.
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In the Manitoba population in the 10-year period, there
were more than three million person years of observation.
RR estimates and tests of differences in adjusted incidence
estimates for the CaMos and administrative data are
reported in Table 3. For hip fractures, when the data for
both sexes were combined and long-term care residents
were included, case definitions H5, H6, and H7 resulted
in RR estimates that were significantly greater than the
CaMos estimates (i.e., over-ascertainment), while the
remaining case definitions did not result in significantly
different estimates. For females, all case definitions except
for H8, H9, and H10 resulted in over-ascertainment of
hip fracture rates. For males, these three case definitions
resulted in RR estimates that were significantly lower than
the CaMos estimates (i.e., under-ascertainment).
Subsequent analyses of the hip fracture data when

long-term care residents were excluded revealed similar
RR estimates to those reported in Table 3. For example,
when the data for males and females were combined,
case definitions H5 (RR= 1.44; p< .0001), H6 (RR= 1.39;
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p< .0001) and H7 (RR= 1.37; p= .0002) resulted in over-
ascertainment of hip fracture rates.
For wrist fractures, most definitions resulted in under-

ascertainment of fracture rates except for W1 and W3 in
the combined and female populations and W4 and W6
in the male population. Among the seven definitions
investigated for humerus fractures, U1 and U3 over-
ascertained incidence rates in the combined, female, and
male populations while the remaining case definitions
did not result in significant differences from the CaMos
data. Of the eight case definitions investigated for inci-
dent clinical vertebral fracture; six resulted in under-
ascertainment in the overall and male populations and
seven resulted in under-ascertainment in the female popu-
lation. One case definition resulted in over-ascertainment
and one resulted in no significant difference from the
CaMos data in the combined population.
Crude annual fracture rates, stratified by sex, for the case

definitions selected as the references for the GEE models,
H2, W1, U2, and V5 are reported in Figure 1. These case
definitions resulted in the identification of 81187 incident
fractures in the study period, of which 26.2% were hip,
39.4% were wrist, 18.2% were humerus, and 16.2% were
Figure 1 Trends in Crude Osteoporosis-Related Incident Fracture Rates f
vertebral fractures. The year x definition interaction was
statistically significant for hip (p< .0001), but not for wrist
(p= .4259), humerus (p= .3515), and vertebrae (p= .0865).
For hip fracture, while H2 showed an average annual
decrease of 4.1%, six case definitions resulted in smaller
estimates of decline over time (p< .01): H4, H5, H6, H11,
H12, and H13.
Tests of the year main effect revealed a decreasing

trend for wrist (p< .0001), an increasing trend for verte-
bral (p= .0012), and no statistically significant change for
humerus (p= .2226). For wrist fractures, all case defini-
tions with the exception of W3 resulted in incidence esti-
mates that were significantly lower than then reference
definition (p< .0001). For humerus fractures, all case defi-
nitions resulted in incidence estimates that were signifi-
cantly different from the reference definition (p< .0001)
with the exception of U4 (p= .2315). The same finding was
observed for vertebral fractures with the exception of V6
(p= .0555).

Discussion
This study adopted a population-based methodology
to assess the validity of multiple case definitions for
or Selected Administrative Data Case Definitions, 1997/98 – 2006/07.
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ascertaining osteoporosis-related incident fractures in
administrative data. Fracture rates estimated from hos-
pital and physician billing claims data were compared
to clinically-validated fracture estimates obtained from
a representative sample of the Canadian population. In
addition, estimates from multiple administrative data
case definitions were compared over time.
For hip fracture, the magnitude of under- or over-

ascertainment compared to CaMos data was modest
regardless of the choice of case definitions. This sug-
gests that administrative data are a valid data source
for ascertaining cases of hip fracture, which is consist-
ent with the findings of previous studies [3,15,40].
However, there were sex-specific differences in the
magnitude of over- or under-ascertainment. Only three
hip case definitions did not result in over-ascertainment
in females. For males, these same case definitions resulted
in under-ascertainment of fracture rates. We hypothesize
that sex-specific differences in hip fracture inpatient treat-
ment, which have been attributed to differences in comor-
bidity characteristics of males and females at the time of
hip fracture [41], contributed to these findings. Alterna-
tively, there may be sex-specific differences in the report-
ing of hip fracture in the CaMos data.
The magnitude of the RR estimates for wrist, humerus,

and vertebrae case definitions were generally similar for
males and females, suggesting there may be fewer differ-
ences in the treatment of these fractures in the health
care system. Case definitions that required a diagnosis
in two or more physician claims often resulted in
under-ascertainment of wrist fractures. For chronic con-
ditions such as diabetes and inflammatory bowel disease,
the presence of a single diagnosis code may indicate an
attempt by a physician to ‘rule-out’ the condition in a
patient [23] and produce a case definition with an excess
of false positives. However, this rule-out effect does not
appear to be evident for fractures, indicating that indivi-
duals may not have multiple visits to physicians with a
diagnosis code for one of these fractures. The amount of
over-ascertainment of fracture rates when a fracture-free
period for incident cases was not adopted varied with
the fracture site; it was large for humerus and vertebrae
fractures but small for wrist fractures. For incident clin-
ical vertebral fractures, the study findings are consistent
with previous research showing that fractures may be
under-ascertained in administrative data [14], even if
both hospital and physician data are used to construct
the case definition. Health care professionals in both in-
patient and out-patient settings cannot reliably diagnose
these fractures.
The magnitude of change in incidence estimates over

time varied across the case definitions for hip, but not for
the remaining fracture sites. Further investigation revealed,
however, that this difference was not due to the transition
from ICD-9-CM to ICD-10-CA coding in hospital data.
When we tested the sex-specific differences in the rate
of change in hip fracture estimates before and after the
introduction of ICD-10-CA, no statistically significant
differences (p< .01) were observed.
This study has some limitations. Fracture case defini-

tions were not validated using medical chart review, a
method that has been recommended and used in previ-
ous studies [14]. Chart-based validation of fracture case
definitions based on both hospital and physician claims
databases would be difficult in Manitoba’s universal health
care system because patients may receive care from more
than one clinic, facility, or physician group, which could
potentially result in multiple charts. Also, chart review
may result in low power to validate case definitions in
population sub-groups and for low-incidence events and
the generalizability of the findings will be influenced by
the method of sample selection. A second limitation is
that we compared aggregate fracture estimates and tested
whether there was a significant difference between the
administrative data case definitions and the CaMos case
definitions rather than whether they were equivalent. A
test of statistical equivalence may have been preferred,
but to our knowledge, no such test has been developed
for count data [42]. The appropriateness of using CaMos
data as a reference standard for evaluating the validity
of fracture case definitions may be questioned, because
the sample represents the Canadian population but not
necessarily the Manitoba population. However, previ-
ous research has demonstrated that for hip fracture,
Manitoba incidence estimates do not differ from national
estimates [43]. Furthermore, self-report instruments have
been shown to result in under-ascertainment of hip frac-
tures when compared to administrative data [30,44].
Virnig et al. found that patient factors such as living
with others, and mental status as identified from the
mini-mental status exam score, and being unable to
stand without using one’s arms were associated with a
false negative hip fracture self-report [44]. However, it
is important to note that CaMos uses both self- and
interviewer-administered instruments to capture com-
prehensive information on fracture history.

Conclusions
In summary, a number of recommendations for ascertain-
ing osteoporosis-related fractures from administrative data
arise from this study. For hip fractures, different case defi-
nitions for females and males might be considered, with a
primary diagnosis of hip fracture and service codes recom-
mended for ascertaining female cases. For wrist fractures,
service codes should be used to construct the case defin-
ition. For both humerus and clinical vertebral fractures,
the use of a fracture-free period is important to ascertain
incident events. Overall, ascertainment of incident fracture
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cases does not require the use of more than one record
with the relevant diagnosis code. The findings demonstrate
that administrative data are generally useful for establish-
ing a surveillance program about osteoporosis-related
fracture.

Appendix: Physician service codes used to identify
osteoporosis-related fracture cases

A. Services codes used to identify hip fractures

0865: fractures, lower extremity, femur, neck, closed re-
duction, cast or traction
0868: fractures, lower extremity, femur, neck, open re-
duction with internal fixation
0870: fractures, lower extremity, femur, neck, prosthetic
replacement
0872: fractures, lower extremity, intertrochanteric, closed
reduction
0874: fractures, lower extremity, intertrochanteric, open
reduction
1149: joints, anthroplasty, hip, femoral head replacement
type
1150: joints, arthroplasty, hip (cup or total hip replace-
ment prosthesis)
1154: joints, arthroplasty, hip, femoral head, where previ-
ous prosthesis, etc. require removal

B. Service codes used to identify wrist fractures

0807: fractures, upper extremity, distal end, closed
reduction
0810: fractures, upper extremity, distal end, open reduction
0811: fractures, upper extremity, distal end, skeletal pinning
0821: fractures, upper extremity, radius and ulna, closed
reduction
1851: plaster casts, forearm
1854: plaster casts, elbow to fingers
1856: plaster casts, hand to wrist
1860: plaster casts, shoulder to hand

C. Service codes used to identify incident clinical
vertebral fractures

7025: radiology, chest, posteroanterior and lateral
7035: radiology, spine and pelvis, spine, complete
7036: radiology, spine and pelvis, cervical spine, routine
views
7037: radiology, spine and pelvis, spine, 2 full areas
7039: radiology, spine and pelvis, pelvis, anteroposterior
view
7041: radiology, spine and pelvis, sacroiliac joints
7054: radiology, lumbo-sacral, routine views with special
added views (obliques and/or flexion)
7061: radiology, spine and pelvis, single combining re-
gion (thoraco-lumbar)
7193: radiology, spine and pelvis, lumbo-sacral, routine
views
7194: radiology, spine and pelvis, thoracic spine
7224: radiology, computerized axial tomography thorax
exam
7225: radiology, computerized axial tomography abdomen
and/or pelvis exam
7228: radiology, computerized axial tomography spine-
thoracic exam
7229: radiology, computerized axial tomography spine-
lumbar exam
7331: radiology, chest, ribs, both sides
7332: radiology, chest, thoracic inlet, two views
7339: radiology, spine and pelvis, pelvis with lateral hip
joint
7341: radiology, skeletal survey (thorax, skull, thoracic
and lumbar spine, pelvis, long bones)
7402: radiology, spine and pelvis, special views (minimum
two views)
7519: MRI, limited spine, one segment multi-slice t2
(one or two echoes)
7520: MRI, limited spine one segment multi-slice i.r. or
t1
7521: MRI, limited spine one segment repeat (another
plane, different pulse sequence to a max of two repeats)
7522: MRI, intermediate, spine, 2 adjoining segments
multi-slice t2 (one or two echoes)
7523: MRI, intermediate, spine, two adjoining segments
multi-slice i.r. or t1
7524: MRI, intermediate spine, two adjoining segment
repeat (add plane, different pulse sequence, maximum
two repeats)
7525: MRI, complex spine, two or more non-adjoining
segments, multi-slice t2 (1 or 2 echoes)
7526: MRI, complex spine, two or more non-adjoining
segments, multi-slice i.r. or t
7527: MRI, complex spine, two or more non-adjoining
segment repeat (add plane, different pulse sequence,
maximum two repeats)

Competing interests
William Leslie: Speaker bureau and unrestricted research grants: Merck Frosst.
Research honoraria and unrestricted educational grants: Sanofi-Aventis,
Procter & Gamble. Unrestricted research grants: Novartis, Amgen. Unrestricted
educational grants: Genzyme. Advisory boards: Genzyme, Novartis, and
Amgen. Lisa Lix: Unrestricted research grant: Amgen Canada Ltd. Suzanne
Morin: Consultant to: Procter & Gamble, Sanofi-Aventis, Servier, Amgen,
Novartis. Speaker bureau: Procter & Gamble, Sanofi-Aventis. Unrestricted
research grant: Amgen Colleen Metge: Unrestricted research grant: Amgen
Canada Ltd Patricia Caetano: Unrestricted research grant: Amgen Canada Ltd
All other authors have no competing interests.

Acknowledgements
The authors acknowledge the Manitoba Centre for Health Policy for use of
data contained in the Population Health Research Data Repository (HIPC
project # 2008/2009 - 16). The results and conclusions are those of the



Lix et al. BMC Public Health 2012, 12:301 Page 9 of 10
http://www.biomedcentral.com/1471-2458/12/301
authors and no official endorsement by the Manitoba Centre for Health
Policy, Manitoba Health, or other data providers is intended or should be
inferred. This work was supported by an unrestricted research grant from
Amgen Canada. The funding source had no access to the data prior to
publication, no input into the writing of the manuscript, and no input in the
decision to publish the results. LML also received salary support from the
Canadian Institutes of Health Research and the Centennial Chair Program at
the University of Saskatchewan. We thank all those participants in CaMos
whose careful responses and attendance made this analysis possible. We
thank the CaMos Research Group for access to the data to complete this
study.

CaMos research group
David Goltzman (co-principal investigator, McGill University, Montreal), Nancy
Kreiger (co-principal investigator, University of Toronto, Toronto), Alan
Tenenhouse (principal investigator emeritus, Toronto).
CaMos Coordinating Centre, McGill University, Montreal, Quebec:
Suzette Poliquin (national coordinator), Suzanne Godmaire (research
assistant), Claudie Berger (study statistician).
Memorial University, St. John's, Newfoundland: Carol Joyce (director),
Christopher Kovacs (co-director), Emma Sheppard (coordinator).
Dalhousie University, Halifax, Nova Scotia: Susan Kirkland, Stephanie Kaiser
(co-directors), Barbara Stanfield (coordinator).
Laval University, Quebec City, Quebec: Jacques P. Brown (director), Louis
Bessette (co-director), Marc Gendreau (coordinator).
Queen's University, Kingston, Ontario: Tassos Anastassiades (director), Tanveer
Towheed (co-director), Barbara Matthews (coordinator).
University of Toronto, Toronto, Ontario: Bob Josse (director), Sophie Jamal
(co-director), Tim Murray (past director), Barbara Gardner-Bray (coordinator).
McMaster University, Hamilton, Ontario: Jonathan D. Adachi (director),
Alexandra Papaioannou (co-director), Laura Pickard (coordinator).
University of Saskatchewan, Saskatoon, Saskatchewan: Wojciech P. Olszynski
(director), K. Shawn Davison (co-director), Jola Thingvold (coordinator).
University of Calgary, Calgary, Alberta: David A. Hanley (director), Jane Allan
(coordinator).
University of British Columbia, Vancouver, British Columbia: Jerilynn C. Prior
(director), Millan Patel (co-director), Brian Lentle (radiologist),Yvette Vigna
(coordinator).

Author details
1School of Public Health, University of Saskatchewan, Saskatoon, Canada.
2University of Manitoba, Winnipeg, Canada. 3Institute for Clinical Evaluative
Sciences, Toronto, Canada. 4Health Quality Council, Saskatoon, Canada.
5McGill University, Montreal, Canada. 6University of Toronto, Toronto, Canada.
7University of British Columbia, Vancouver, Canada.

Authors' contributions
LML planned the study and analyses and drafted the manuscript. MA and
BAO extracted the data and conducted the analyses. PC, SM, CM, and WDL
participated in planning the study and analyses. DG, NK, and JP participated
in planning the analyses of the CaMos data and assisted in drafting the
manuscript. All authors read and approved the final manuscript.

Received: 29 March 2011 Accepted: 26 April 2012
Published: 26 April 2012

References
1. Tenenhouse A, Joseph L, Kreiger N, Poliquin S, Murray TM, Blondeau L,

Berger C, Hanley DA, Prior JC: Estimation of the prevalence of low bone
density in Canadian women and men using a population-specific DXA
reference standard: the Canadian Multicentre Osteoporosis Study
(CaMos). Osteoporos Int 2000, 11:897–904.

2. Melton LJ III, O'Fallon WM, Crowson CS: Fracture incidence in Olmsted
County, Minnesota: comparison of urban with rural rates and changes in
urban rates over time. Osteoporos Int 1999, 9:29–37.

3. Ray WA, Griffin MR, West R, Strand L, Melton LJ III: Incidence of hip fracture
in Saskatchewan, Canada, 1976–1985. Am J Epidemiol 1990, 131:502–509.

4. Kanis JA, Johnell O, Oden A, Borgstrom F, Zethraeus N, De Laet C, Jonsson
B: The risk and burden of vertebral fractures in Sweden. Osteoporos Int
2004, 15:20–26.
5. Goettsch WG, de Jong RB, Kramarz P, Herings RM: Developments of the
incidence of osteoporosis in The Netherlands: a PHARMO study.
Pharmacoepidemiol Drug Saf 2007, 16:166–172.

6. Brauer CA, Coca-Perraillon M, Cutler DM, Rosen AB: Incidence and mortality
of hip fractures in the United States. JAMA 2009, 302:1573–1579.

7. Leslie WD, Tsang JF, Caetano PA, Lix LM: Number of osteoporotic sites and
fracture risk assessment: a cohort study from the Manitoba Bone Density
Program. J Bone Miner Res 2007, 22:476–483.

8. Colon-Emeric CS, Biggs DP, Schenck AP, Lyles KW: Risk factors for hip
fracture in skilled nursing facilities: who should be evaluated? Osteoporos
Int 2003, 14:484–489.

9. Cooke AL, Metge C, Lix L, Prior HJ, Leslie WD: Tamoxifen use and
osteoporotic fracture risk: a population-based analysis. J Clin Oncol 2008,
26:5227–5232.

10. Wilting I, de Vries F, Thio BM, Cooper C, Heerdink ER, Leufkens HG, Nolen
WA, Egberts AC, van Staa TP: Lithium use and the risk of fractures. Bone
2007, 40:1252–1258.

11. Bolton JM, Metge C, Lix L, Prior H, Sareen J, Leslie WD: Fracture risk from
psychotropic medications: a population-based analysis. J Clin
Psychopharmacol 2008, 28:384–391.

12. Sund R: Utilization of routinely collected administrative data in
monitoring the incidence of aging dependent hip fracture. Epidemiol
Perspect Innov 2007, 4:2.

13. Narongroeknawin P, Patkar NM, Shakoory B, Jain A, Curtis JR, Delzell E,
Lander PH, Lopez-Ben RR, Pitt MJ, Safford MM, et al: Validation of
diagnostic codes for subtrochanteric, diaphyseal, and atypical femoral
fractures using administrative claims data. J Clin Densitom 2012, 15:92–102.

14. Curtis JR, Mudano AS, Solomon DH, Xi J, Melton ME, Saag KG: Identification
and validation of vertebral compression fractures using administrative
claims data. Med Care 2009, 47:69–72.

15. Jean S, Candas B, Belzile E, Morin S, Bessette L, Dodin S, Brown JP: Algorithms
can be used to identify fragility fracture cases in physician-claims
databases. Osteoporos Int 2012, 23:483–501.

16. de Bruijn B, Cranney A, O'Donnell S, Martin JD, Forster AJ: Identifying wrist
fracture patients with high accuracy by automatic categorization of X-ray
reports. J Am Med Inform Assoc 2006, 13:696–698.

17. Fox KM, Reuland M, Hawkes WG, Hebel JR, Hudson J, Zimmerman SI,
Kenzora J, Magaziner J: Accuracy of medical records in hip fracture. J Am
Geriatr Soc 1998, 46:745–750.

18. Max W, Sinnot P, Kao C, Sung HY, Rice DP: The burden of osteoporosis in
California, 1998. Osteoporos Int 2002, 13:493–500.

19. Rubin BR, Rene AA, Mains DA, Marshall MA: An analysis of osteoporosis-related
hip fractures using hospital discharge data. J Am Osteopath Assoc 2003,
103:169–175.

20. Watson D, Katz A, Reid RJ, Bogdanovic B, Roos NP, Heppner P: Family
physician workloads and access to care in Winnipeg, 1991 to 2001. Can
Med Assoc J 2004, 171:339–342.

21. Huzel L, Roos LL, Anthonisen NR, Manfreda J: Diagnosing asthma: the fit
between survey and administrative database. Can Respir J 2002, 9:407–412.

22. Robinson JR, Young TK, Roos LL, Gelskey DE: Estimating the burden of
disease. Comparing administrative data and self-reports. Med Care 1997,
35:932–947.

23. Young TK, Roos NP, Hammerstrand KM: Estimated burden of diabetes-mellitus
in Manitoba according to health-insurance claims: a pilot study. Can Med
Assoc J 1991, 144:318–324.

24. Hux JE, Ivis F, Flintoft V, Bica A: Diabetes in Ontario: determination of
prevalence and incidence using a validated administrative data
algorithm. Diabetes Care 2002, 25:512–516.

25. Leslie WD, O'Donnell S, Jean S, Lagace C, Walsh P, Bancej C, Morin S, Hanley
DA, Papaioannou A: Trends in hip fracture rates in Canada. JAMA 2009,
302:883–889.

26. Kreiger N, Tenenhouse A, Joseph L, Mackenzie T, Poliquin S, Brown JP, Prior
JC, Rittmaster RS: The Canadian Multicentre Osteoporosis Study (CaMos):
background, rationale, methods. Can J Aging 1999, 18:376–387.

27. Papaioannou A, Joseph L, Ioannidis G, Berger C, Anastassiades T, Brown JP,
Hanley DA, Hopman W, Josse RG, Kirkland S, et al: Risk factors associated
with incident clinical vertebral and nonvertebral fractures in
postmenopausal women: the Canadian Multicentre Osteoporosis Study
(CaMos). Osteoporos Int 2005, 16:568–578.

28. Ioannidis G, Papaioannou A, Hopman WM, khtar-Danesh N, Anastassiades T,
Pickard L, Kennedy CC, Prior JC, Olszynski WP, Davison KS, et al: Relation



Lix et al. BMC Public Health 2012, 12:301 Page 10 of 10
http://www.biomedcentral.com/1471-2458/12/301
between fractures and mortality: results from the Canadian Multicentre
Osteoporosis Study. Can Med Assoc J 2009, 181:265–271.

29. Kmetic A, Joseph L, Berger C, Tenenhouse A: Multiple imputation to
account for missing data in a survey: estimating the prevalence of
osteoporosis. Epidemiology 2002, 13:437–444.

30. Virnig B, Durham SB, Folsom AR, Cerhan J: Linking the Iowa Women's
Health Study cohort to Medicare data: linkage results and application to
hip fracture. Am J Epidemiol 2010, 172:327–333.

31. Leslie WD, Lix LM, Yogendran MS: Validation of a case definition for
osteoporosis disease surveillance. Osteoporos Int 2010, 22:37–46.

32. Lix LM, Yogendran M, Shaw SY, Burchill C, Metge C, Bond R: Population-based
data sources for chronic disease surveillance. Chron Dis Can 2008, 29:31–38.

33. Lix LM, Yogendran M, Leslie WD, Shaw SY, Baumgartner R, Bowman C,
Metge C, Gumel A, James RC, Hux JF: Using multiple data features
improved the validity of osteoporosis case ascertainment from
administrative data. J Clin Epidemiol 2008, 61:1250–1260.

34. Evans JG, Seagroatt V, Goldacre MJ: Secular trends in proximal femoral
fracture, Oxford record linkage study area and England 1968–86. J
Epidemiol Community Health 1997, 51:424–429.

35. Baron JA, Lu-Yao G, Barrett J, McLerran D, Fisher ES: Internal validation of
Medicare claims data. Epidemiology 1994, 5:541–544.

36. Curtis JR, Taylor AJ, Matthews RS, Ray MN, Becker DJ, Gary LC, Kilgore ML,
Morrisey MA, Saag KG, Warriner A, et al: "Pathologic" fractures: should
these be included in epidemiologic studies of osteoporotic fractures?
Osteoporos Int 2009, 20:1969–1972.

37. Zuckerman JD: Hip fracture. N Engl J Med 1996, 334:1519–1525.
38. McCulloch CE, Searle SR: Generalized, Linear, and Mixed Models. New York:

Wiley; 2001.
39. Hedeker D: Gibbons RD: Longitudinal Data Analysis. Hoboken, NJ: Wiley; 2006.
40. Ray WA, Griffin MR, Fought RL, Adams ML: Identification of fractures from

computerized Medicare files. J Clin Epidemiol 1992, 45:703–714.
41. Orwig DL, Chan J, Magaziner J: Hip fracture and its consequences:

differences between men and women. Orthop Clin North Am 2006,
37:611–622.

42. Hoenig JM, Heisey DM: The abuse of power: the pervasive fallacy of
power calculations for data analysis. Am Stat 2001, 55:19–24.

43. Leslie WD, O'Donnell S, Lagace C, Walsh P, Bancej C, Jean S, Siminoski K,
Kaiser S, Kendler DL, Jaglal S: Population-based Canadian hip fracture rates
with international comparisons. Osteoporos Int 2010, 21:1317–1322.

44. Virnig B, Taylor BC, Ensrud KE, Paudel M, Durham S, Schousboe JT:
Incidence of and predictors of false negative self-reports of hip fracture
in cohort studies: the Study of Osteoporotic Fractures (SOF). J Bone Miner
Res 2012, 26(Suppl 1). Available at [www.jbmr.org]. Accessed [April 7, 2012].

doi:10.1186/1471-2458-12-301
Cite this article as: Lix et al.: Osteoporosis-related fracture case
definitions for population-based administrative data. BMC Public Health
2012 12:301.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources
	Fracture case definitions

	link_Tab1
	Statistical analyses

	Results
	link_Tab2
	link_Tab3
	Discussion
	link_Fig1
	Conclusions
	Appendix: Physician service codes used to identify osteoporosis-related fracture cases
	show [ci]
	Acknowledgements
	show [c]
	Author details
	Authors' contributions
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 true
  /GrayImageMinResolution 300
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice




