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An indirect method for the estimation of 
osteoporotic fractures from injury and fracture 
profiles 

The prevalence of osteoporosis, 
and with it the incidence of osteo- 
porotic fractures, increases with 
age. The prevention or delay of 
osteoporotic changes at a popula- 
tion level, for example by food 
supplementation with calcium and 
vitamin D or by estrogen replace- 
ment therapy 1,2 is one possible re- 
medy. Attention may also be direct- 

ed toward preventing falls, influenc- 
ing life styles 3-6, or cushioning 
the effect of falls by protective 
garments (e. g. "hip protectors") 7,8. 
Both approaches are important, 
and may also be effective in young- 
er age groups, but it may be dif- 
ficult to estimate the potential 
benefit of a given intervention for a 
given age, sex, and population. 

Utilization data or administrative 
data bases can be used to estimate 
the osteoporotic fracture risk in a 
population 9. Traditionally, certain 
types of fractures in higher age 
groups are classified as "osteopo- 
rotic", e.g. fractures of the proxi- 
mal femur, pelvis, distal radius 
and vertebrae, or fractures of these 
locations following "minimal trau- 
ma" in the presence of osteoporo- 
sis. The lifetime risk has been esti- 
mated by these direct methods as 
30-40% for women and 15% for 
men10, ~1. However, this approach is 
imprecise, as it neglects the under- 
lying risk of injury, which extends 
into old age and may even increase 
with age. 
A fracture is basically caused by an 
imbalance between the mechanical 
strength of a bone and the stress 
applied to it. Although the me- 
chanical strength of human bone 
decreases with osteoporotic chang- 
es at higher ages, fractures are 
neither an inevitable consequence 
nor caused exclusively by these 
changes. Elderly people may have 
an increased injury risk due to a 
number of factors, including more 
frequent falls due to poor vision or 
poor gait, reduced shock absorp- 
tion etiology of many fractures in 
old age may be characterized bet- 
ter by an increased vulnerability 
to injuries rather than simply by 
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osteoporotic bone. Conversely, the 
influence of osteoporotic changes 
may be underestimated at younger 
ages. We were therefore interest- 
ed in developing a model which 
might help to separate the con- 
tributing factors of host and 
environment, and might suggest 
whether the resources of a given 
society should be directed more 
towards nutritional and hormonal 
interventions or towards injury 
control. 
Our model for a probabilistic esti- 
mation of the osteoporotic fracture 
risk is based on several assump- 
tions, which are made explicit in 
the section on methods and dis- 
cussed later. These assumptions also 
define potential limitations. 

Methods 

A retrospective approach was used 
to model the age- and sex-specific 
fracture risk and a corresponding 
baseline injury risk for the study 
populations. Data were obtained 
from a population-based study on 
the utilization of inpatient or out- 
patient medical services in the 
county of Zittau in East Germany 
with approximately 100,000 inhabi- 
tants during 1987-1988. Each in- 
cident of primary utilization of me- 
dical services in the course of a 
disease during the 12-month ob- 
servation period was recorded and 
classified by an ICD-9 code at the 
three-digit level. The incidence of 
fractures for each sex and age 
group was estimated from the over- 
all primary utilization rate for 
ICD-9 diagnostic codes 800-829 
and constituted the "fracture pro- 
file" for this population. 
Sensitivity, i.e. the classification of 
fracture cases as such, and specifi- 
city, i.e. the exclusion of non-frac- 
ture cases from these diagnostic 
codes, were not evaluated. Misclas- 
sification of fracture types within 
these groups, however, would have 
no adverse effect on this aggregat- 
ed analysis, and misclassification 

between aggregated diagnostic 
groups generally is less common 
than between subgroups. Fractures 
that did not require medical atten- 
tion were not included and would 
lead to an underestimation of total 
cases; erroneous double registra- 
tions would produce an overesti- 
mation of cases. No data are avail- 
able for a quantitative evaluation 
of these potential sources of error. 
Our model introduces the concept 
of an "injury baseline" or "injury 
profile" for a population, which 
we can define as the number of 
fractures expected in the popula- 
tion for a given age and sex if there 
were no age-related changes in 
bone strength. The "injury profile" 
of the population under study was 
estimated using the incidence of 
soft tissue injuries (ICD-9 diag- 
nostic codes 910-929, including 
superficial injuries, contusions, and 
crushing injuries). This approach 
adjusts both for an age- and sex- 
specific injury risk and for the fact 
that the same type of injury could 
require different care depending 
on the age of the patient. The soft 
tissue injury risk was regarded as 
representative of the baseline risk 
of injury of all kinds for a given age 
and sex, and is independent of the 
strength of the bones. We hypo- 
thesized that the effect of osteo- 
porosis could thus be separated 
from the baseline pattern or "pro- 
file" of injuries requiring medical 
attention in a given population. 
Absolute numbers are not impor- 
tant for this approach, because 
the diagnostic codes 910-929 were 
only used to assess relative varia- 
tions between sexes and between 
age groups. Complete registration 
of soft tissue injuries is not ne- 
cessary as long as the types of soft 
tissue injuries brought to medical 
attention for a given age and sex 
remain fairly constant for a given 
population, and missed incidents 
will not cause bias if they occur 
nondifferentially. 
The injury profile was calculated 
by multiplying the incidence of soft 

tissue injuries in a given group by 
the ratio of fractures to soft tissue 
injuries observed for the appro- 
priate sex at age 20-24 years, since 
it could be assumed that no re- 
levant structural deterioration of 
bone would be present in a popula- 
tion at that age. The injury profile 
thus allowed the estimation of an 
"excess" fracture rate as the dif- 
ference between observed and ex- 
pected numbers for a given age and 
sex. The authors are aware of the 
distinction between the epidemio- 
logic definitions of the dimension- 
less "risk" and the person time- 
related "rate", but use these ex- 
pressions interchangeably for rea- 
sons of general understandability. 
In order to demonstrate the gener- 
al applicability of this method, we 
also analyzed published hospital- 
ization data from 1989 (the last 
year before German unification) 
for the entire German Democratic 
Republic (East Germany) 12 and for 
the insured population of the Fed- 
eral Republic of Germany (West 
Germany) 13. For the West, fewer 
age groups were available for this 
comparison, and we also had to 
assume that the age distribution 
of the insured population of the 
Federal Republic of Germany was 
similar to that of its entire popula- 
tion. This assumption seemed rea- 
sonable, since 87 % of the popula- 
tion that year did have insurance. 

Results 

The observations from the Zittau 
patients were in accordance with 
theoretical expectations: The ob- 
served fracture rates were higher 
than expected from the injury 
profile both in childhood and for 
the highest age groups. The gap 
widened increasingly with advanc- 
ed age, and was more pronounced 
for females. The observed excess 
risk in children is consistent with 
the known vulnerability of growing 
bones, while the increasing excess 
of fractures with older age as well 
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as the more pronounced excess 
among women have a biologic ex- 
planation in senile and postmeno- 60o 
pausal osteoporotic changes. The 
results are presented for men and 500 
women respectively in Figures 1 
and 2; in each graph, the area be- 400 
tween the two curves represents 
the excess risk. 
Hospitalization data for East and .~ 300- 
West Germany followed a similar - 
pattern (Figures 3 and 4), although 200 -" 
an excess of fractures in childhood 
could not be demonstrated. This ]D0 
can be explained by the fact that 
fractures in children generally do 0 
not require hospitalization, whereas 
they are frequently incapacitating 
in older persons. Data  in the West 
were only available for insured 
citizens; however, this included 
87 % of the Western population in 
1989. The observed fracture rates 
in the West were higher than in the 
East, most of which could be at- 
tributed to a generally increased 
injury rate. 
Table 1 gives an overview of the 
Zittau population, the observed in- 

700 cidences of fractures, and the pro- 
portions attributable to osteopo- 
rosis under our model. We can esti- 
mate that about half the fractures 
in women and a quarter  of those in 
men in East Germany were attri- 
butable to osteoporosis, while the 
remainder would be expected from 
their underlying vulnerability to 
injury. For  West Germany, our 
more limited data suggest a similar 
effect of osteoporosis, but a higher 
risk of injury leading to a higher 
overall number  of fractures in the 
elderly. 

Discussion 

The main idea of the method pre- 
sented above is to estimate indi- 
rectly the osteoporotic fracture risk 
using soft tissue injuries as refer- 
ence ("injury profile" of a popula- 
tion). The model presented here 
makes several assumptions, which 
must be carefully examined. 

fracture rate [ injury baseline 
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Figure 1. Observed rate of fractures and injury baseline ("injury profile'] 
calculated as described in the text per 10,000 of the male population of 
Zittau, 1987-1988. The area between the curves in adult age corresponds 
to the osteoporotic "excess risk". 
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Figure 2. Observed rate of fractures and injury baseline ("injury profile"] 
calculated as described in the text per 10,000 of the female population of 
Zittau, 1987-1988. The area between the curves in adult age corresponds 
to the osteoporotic "excess risk". 

First, we assume that a general risk 
of injury exists, which can be 
thought of as due to individual 
and collective behavior, biologic sex 
and other genetic determinants, 

gender roles, occupation, social 
and marital status, macro- and 
microeconomic influences, health 
status and ageing. It is expected to 
vary during lifetime and between 
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Figure 3. Age-specific "injury profile" and "fracture profile" cumulative 
annual incidence of hospital discharges per 10,000 of the male study 
population. The area between the curves in adult age corresponds to the 
osteoporotic "excess risk" for East and West Germany in 1989, the last year 
before the German unification. East and West German rates follow similar 
patterns, although they differ in magnitude. The first value refers to age 
groups below 20, the last to age groups 70 and over. EFR: East German 
fracture rate; ESNR: East German soft tissue injury rate, normalized; WFR: 
West German fracture rate; WSNR: West German soft tissue injury rate, 
normalized. 

19-0.23) 

F e m a l e  

4~;366 

1,215 

693 

0.57 (Cl 0.54-0.60) 

Table 1. Overall fractures and population numbers for the county of Zittau 
in East Germany. Excess fraction refers to the proportion of all fractures 
exceeding the expected numbers from an estimation derived from a refer- 
ence (soft tissue injuries). 

sexes, as well as among cultures, 
economic conditions, and political 
systems. We also assume that this 
risk is homogeneous for individuals 
with and without osteoporosis in a 
population, and that its age- and 
sex-dependent dynamic is reflected 
by soft tissue injuries requiring 
medical attendance. Soft tissue 
injuries were selected as a refer- 
ence, because age-related struc- 
tural changes of these tissues are 
expected to contribute little to 
the injury risk, while other age- 
associated factors like poor vision, 
poor neuromuscular coordination, 
or risk-taking behavior play a role 
much as they do for fractures. 
A further assumption of this model 
is that fractures at age 20-24 years 
are attributable completely for both 
sexes to non-osseous, injury-relat- 
ed extraneous factors. This general- 
ization neglects metabolic diseases 
of bones at young age, but appears 
justified at a population level 
because those metabolic diseases 
are rare and therefore only exert 
a negligible influence on the over- 
all fracture rate. Similarly, the 
excess risk at higher age is at- 
tributed exclusively to osteoporotic 
changes, disregarding other bone 
diseases. Again the argument in 
defense of this is the rarity of 
potentially competing diseases. Al- 
though this approach leads to a 
minor systematic overestimation of 
the etiologic share of osteoporotic 
fractures, it allows a more valid 
age- and sex-specific attribution 
of fractures to osteoporosis at a 
population level than conventional 
methods. 
Our data estimate age- and sex- 
specific incidence rates of osteo- 
porotic fractures indirectly from 
utilization data. Certain individuals 
will suffer repeated fractures, so 
that we cannot estimate a hypo- 
thetical lifetime risk. However, our 
observations fit with the basic 
epidemiology of fractures of the 
upper and lower limb among elder- 
ly Americans reported by Baron 
et al. 14, who showed a linear or ex- 

81 



350 

m 300 
E 

- 250 
o 
o 

d 200 
"r '"  

~ 1 5 0  

,- 100 

~ 50 e .  

* W F R - * - W S N R  A EFR x ESNR 

I I I I I I J I 

0 10 20 30 40 50 60 70 80 90 

Age 

Figure 4. Age-specific "injury profile" and "fracture profile'; cumulative 
annual incidence of hospital discharges per 10,000 of the female study 
population. The area between the curves in adult age corresponds to the 
osteoporotic "excess risk" for East and West Germany in 1989, the last year 
before the German unification. East and West German rates follow similar 
patterns, although they differ in magnitude. The first value refers to age 
groups below 20, the last to age groups 70 and over. EFR: East German 
fracture rate; ESNR: East German soft tissue injury rate, normalized; WFR: 
West German fracture rate; WSNR: West German soft tissue injury rate, 
normalized. 

ponential increase for limb frac- 
tures apart from ankle fractures for 
both sexes in persons over 65 years. 
Hip fractures dominated with a 
relative proportion of 38 % in their 
series, which explained the steep 
increase of the fracture risk in 

the highest age groups. Our data 
from East Germany show a similar 
trend 12. However, the observed in- 
crease of the fracture risk with older 
age cannot be explained solely by a 
higher injury risk of the elderly, as 
is demonstrated by the widening 

gap between the injury baseline 
profile and the fracture profile. On 
the other hand, there is in fact an 
increased risk of injury in general 
in the older populations, so that 
osteoporosis likewise cannot be the 
only significant factor responsible 
for the increased incidence of frac- 
tures. 
Accurate assessment of programs 
designed to minimize fractures in 
the elderly, including assessment of 
cost-effectiveness, will be increas- 
ingly important in the industrial- 
ized world, with a goal of main- 
taining functional independence in 
these diverse but growing popula- 
tions 15,16. Despite its limitations, 
our method for the indirect estima- 
tion of osteoporotic fracture risk 
is capable to adjust for a variable 
baseline risk of injury, and there- 
fore has the potential to give more 
valid results than conventional 
methods. Our reference to the pop- 
ulations of Zittau and Germany 
10 years ago is used only for 
reasons of convenience to illustrate 
this method. Profiling of the base- 
line injury risk should be repeated 
for other study populations, be- 
cause the osteoporosis-attributable 
share of fractures may vary be- 
tween populations and over time. 
The method presented may be used 
on its own or for cross validation of 
other methods of risk attribution 
from utilization data or administra- 
tive databases. 
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