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Different kinds of epidemiologic data provide varying views of the relationships among the main osteoporotic fractures.

Descriptive incidence data indicate that distal forearm fractures typically occur earlier than vertebral fractures that, in

turn, precede hip fractures late in life. In addition, relative risk estimates document the fact that one osteoporotic

fracture increases the risk of subsequent ones. These two observations support the notion of a ‘fracture cascade’ and

justify the recent emphasis on secondary prevention, that is, more aggressive treatment of patients presenting with a

fracture in order to prevent recurrences. However, the absolute risk of a subsequent fracture given an initial one is

modest, and the degree to which the second fracture can be attributed to the first one is unclear. Moreover, the

osteoporotic fractures encountered in the majority of patients are the first one experienced, and even these initial

fractures lead to substantial morbidity and cost. These latter points reemphasize the importance of primary prevention,

that is, the management of bone loss and other risk factors to prevent the first fracture. Continued efforts are

needed to refine risk assessment algorithms so that candidates for such fracture prophylaxis can be identified more

accurately and efficiently.
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The term, ‘fracture cascade,’ has most often been applied in the
context of sequential vertebral fractures.1 This is a well-
recognized phenomenon relating to an underlying predis-
position (compromised bone structure and strength in the
thoracic and lumbar vertebrae) combined with regular exposure
to the excessive spinal loads that can result from everyday
activities.2 However, biomechanical alterations that result from
each new fracture are also thought to have a role.3 This may
account for the clustering of fractures in neighboring vertebrae
that is often observed4 and could be an explanation for the
increased risk of fracture in adjacent vertebrae sometimes seen
following vertebroplasty/kyphoplasty.5 Although there is little
question about the heightened risk of serial vertebral fractures,
attention has recently been called to the need for a more
aggressive focus on treating all osteoporotic fractures in order
to prevent subsequent ones,6 that is, secondary prevention.
Consequently, it becomes important to determine the extent to
which there also is a more general fracture cascade, or cycle,
from one specific type of osteoporotic fracture to another.
Different types of epidemiologic data provide varying per-
spectives on this question.

It is generally understood in this regard that forearm fractures
typically occur earlier in life among women, especially around
the time of menopause, followed by vertebral fractures in mid-
life and hip fractures among the oldest old. This notion is
captured beautifully in the classic figure by John Kanis and the

late Olof Johnell (Figure 1), although that figure pertains
specifically to the accumulation of fracture-related morbidity
over life rather than to the occurrence of fractures per se. Thus,
the idea of a characteristic cascade from forearm to spine to hip
fractures is based on descriptive epidemiologic data on fracture
incidence. Among adult women in our community, for example,
the mean age at hip fracture (82.0 years)7 is indeed greater than
the average age (74.1 years) at the time of a spine fracture,8

which in turn is greater than the mean age (65.5 years) at the first
distal forearm fracture.9 The situation is less clear in men. Even
though hip fractures are seen in the oldest men at a mean age of
77.7 years,7 forearm fractures occur at younger ages in men
(mean, 53.8 years) than in women and are infrequent in men in
any event.9 Vertebral fractures also occur about a decade
earlier on average in men (66.4 years) compared with women,
but unlike forearm fractures, they are relatively more common
among younger men than younger women;8 this may result
from different sex-specific trauma patterns and/or excessive
vertebral loading due to occupational activities in men rather
than osteoporosis.10

The clinical utility of this fracture-specific age distribution
relates, of course, to the potential for one fracture to predict
another, and in particular, for a less important fracture to predict
a more serious one. Indeed, it was recognized almost 40 years
ago that distal forearm fractures are associated with later hip
fractures and might, therefore, serve as a sentinel event to
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initiate evaluation and treatment for osteoporosis.11 This is the
basis for secondary prevention, mentioned above, and relies
mainly on estimates of relative risk. Among postmenopausal
women, analytic epidemiologic data document a 1.4- to
4.4-fold increased risk of a subsequent osteoporotic fracture
following an initial one.12 A very large cohort study in the United
Kingdom found that distal forearm fractures were associated
with a 2.0-fold greater risk of a later hip fracture but only a
1.5-fold increase in subsequent vertebral fractures, although
vertebral fractures themselves led to a 2.9-fold increase in hip
fracture risk.13 Such discrepancies relate to the fact that
precipitating events for fracture can differ, even if bone loss
represents a common predisposing factor among older
adults.14 For example, forearm fractures are said to occur
typically among relatively healthy individuals who trip and fall
forward onto an outstretched arm, although the actual dis-
tribution of trauma is much more complex.15 By contrast, hip
fractures are more likely to result when frail individuals fall
backwards or to the side, landing on the hip; in that situation, the
traumatic forces involved may be a stronger determinant of
fracture risk than is bone loss.16 Both forearm fractures and hip
fractures, then, are subject to the stochastic phenomenon of
falling. By contrast, spine fractures more often result from
excessive skeletal loads experienced during activities of daily
living, as noted previously, though about one-seventh of them
are also caused by falls.17

However, making treatment decisions on the basis of relative
risk information has long been criticized on the grounds that
such estimates may exaggerate the actual likelihood of
experiencing either good or bad outcomes.18 In the well-known
Women’s Health Initiative Trial, for example, there was a relative
26% increase in breast cancer risk but a relative 34% reduction
in hip fracture risk associated with combined estrogen/pro-
gestin therapy.19 Stated in different terms, the absolute annual
increase in breast cancer among treated women was 0.38%
compared with 0.30% in controls, whereas the reduction in hip
fractures was only from 0.15% to 0.10% per year. What is
needed then are epidemiologic data on the absolute risk of one
fracture given another. Relevant data from Rochester women
and men age 35 years and older are shown in Figures 2–4.
Thus, the cumulative incidence of a vertebral fracture 10 years
following a first distal forearm fracture was 24% in women

(Figure 2a) and only 8% among men (Figure 2b) but, in both
sexes, was substantially more than expected after adjusting for
the competing risk of death, which is an important consideration
in the osteoporotic population.20 The 10-year cumulative
incidence of a hip fracture following a vertebral fracture was
17% in women (Figure 3a) and 12% in men (Figure 3b), again
greater than expected. By contrast, even 20 years after a distal
forearm fracture, the cumulative incidence of a hip fracture was
only 12% in women (Figure 4a) and just 4% in men (Figure 4b).
Even though relatively small numbers of subjects were under
observation after 10 or 20 years of follow-up, and the study
populations included adults as young as age 35 years, these
results are consistent with those of Haentjens et al.,21 who found
a modest lifetime risk of hip fracture following a distal forearm
fracture at age 65 years (17% among women and 10% in men),
and a similar lifetime hip fracture risk following vertebral fracture
(18% in women and 7% in men).

Absolute risk estimation is the approach taken in the World
Health Organization’s fracture prediction algorithm, FRAX
(http://www.shef.ac.uk/FRAX/tool.jsp), where a prior fracture is
one of the strongest determinants of the probability of a
subsequent osteoporotic fracture over the next 10 years.22

While absolute risk may be more understandable as a guide for
shared decision making between patient and physician,23 even
the FRAX score doesn’t predict fractures perfectly as not
everyone who has a subsequent fracture would have been

Figure 1 Schematic representation of the accumulation of fracture-specific
morbidity over life (reprinted from Kanis and Johnell33).

Figure 2 Observed versus expected cumulative incidence of a subsequent
vertebral fracture (fx) among women (a) and men (b) following a first distal forearm
fracture in 1975–94, adjusted for the competing risk of death.

Figure 3 Observed versus expected cumulative incidence of a subsequent hip
fracture (fx) among women (a) and men (b) following a first clinically diagnosed vertebral
fracture in 1985–94, adjusted for the competing risk of death.
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considered at high risk by that metric.24 The problem extends
beyond the usual issues of sensitivity and specificity to con-
cerns about the proportion of future fractures that can be
accounted for on the basis of a prior fracture, that is, attributable
risk. Although it is not usually the case that one fracture actually
causes another, the degree to which a given osteoporotic
fracture is preceded by another is of some interest. In Olmsted
County, any of the traditional osteoporotic fractures preceded a
prevalent vertebral fracture in 55% of postmenopausal women,
compared with 21% of controls, but these consisted pre-
dominantly of earlier vertebral fractures.8 Excluding them, only
12% of cases and 11% of controls had a prior distal forearm
fracture alone, and the risk of a vertebral fracture that could be
‘attributed’ to a prior forearm fracture in our data was only 13%.
Others, however, have reported a much greater prevalence of
prior fractures. Among 509 middle-aged women (of 1518 invited
for study) who were recruited from general practitioner prac-
tices, for example, 32% of those with a morphometric vertebral
deformity had a previous distal forearm fracture compared with
16% of women without a vertebral deformity.25 Similarly, a prior
morphometric vertebral deformity was found in 41% of women
with a hip fracture compared with only 18% among control
women in a nested case–control analysis from the Study of
Osteoporotic Fractures,26 although this estimate may be
inflated to the extent that some deformities do not represent
actual vertebral fractures.27

It is obvious from this discussion that different kinds of
epidemiologic data (incidence, relative risk, absolute risk,
attributable risk) provide different perspectives on the issue at
hand. The incidence data indicate that, at least among women,
there is an increase in the mean age from distal forearm
fractures to spine fractures to hip fractures, and the relative risk
data show that the occurrence of one fracture substantially
raises the risk of another. Both observations are consistent with
the notion of a cascade across the traditional osteoporotic
fracture types. Among those with a specific initial fracture,
however, the absolute risk of a particular osteoporotic fracture
subsequently is modest (albeit not negligible) over the inter-
mediate term, and the majority of those later fractures will not
have been preceded by that specific prior fracture. The latter
points undermine any sole focus on interventions directed at
interrupting a stereotypical fracture cascade. This is not to deny
the fact that many patients with osteoporotic fractures, and
those with hip fractures especially, may have a history of

previous fractures. However, these usually include a diverse
array of fractures that did not occur in any specified order, some
of which may have resulted from severe trauma and/or occurred
at skeletal sites not normally prompting a consideration for
osteoporosis treatment.28

The critical importance of secondary prevention, which is a
current focus of many organizations (for example, the 2mil-
lion2many campaign—http://www.nbha.org/), is not debatable
as treatment for osteoporosis among those presenting with a
fragility fracture of the hip or spine, and assessment for
treatment for those with other fragility fractures, is recom-
mended by all relevant clinical practice guidelines. Secondary
prevention, though, is not sufficient to fully address the public
health problem posed by osteoporosis as the majority of
fractures may represent the first such event ever experienced
by that patient,29 and they impose adverse consequences and
costs.30 Rather, continued efforts are needed to develop more
robust predictors of first fractures for use in primary prevention
efforts as efficacious therapies are available should suitable
patients be identified.31 Given the likelihood that clinical
access to dual-energy X-ray absorptiometry assessments will
increasingly be limited by reimbursement restrictions, creative
alternatives must be sought. One possibility is the potential for
using additional comorbid conditions, known to accelerate
bone loss (secondary osteoporosis) and increase fracture risk,
but not currently included in FRAX, as predictors of future
fracture risk.32 To address this possibility, a systematic review of
all comorbid conditions is needed in order to identify those
clusters of diseases best able to predict the occurrence of
specific osteoporotic fractures. This is of growing interest given
the potential for exploiting automated data mining techniques
on the comorbidity data that, in the future, will be available from
linked electronic health records.
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