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Abstract The aim of this study was to examine the pattern of fracture risk following a prior fracture at the
spine, shoulder or hip. We studied 1918 patients with
fractures at these sites identiﬁed from the Department of
Radiology in Malmo who were followed for 5 years.
Poisson regression was used to compute fracture rates
immediately after the initial fracture and at 5 years
thereafter in men and women aged 60 or 80 years.
Immediate fracture risk was higher than that of the
general population, more markedly so at the age of 60
than at 80 years. At the age of 60 years, the risk of hip,
forearm and spine fractures were signiﬁcantly increased
following a prior spine, hip or shoulder fracture in men.
A similar pattern was seen in women, except that the
increase in risk of forearm fracture following a spine or
hip fracture was not statistically signiﬁcant. The incidence of further fractures at the shoulder, spine or hip
fell with time after the ﬁrst fracture, a fall that was signiﬁcant for all fractures after a shoulder fracture, hip
fracture after a spine fracture, and hip and spine fractures after a hip fracture. We conclude that the risk of a
subsequent fracture immediately after an osteoporotic
fracture is highest immediately after the event. This
provides a rationale for very early intervention immediately after fractures to avoid recurrent fractures.
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Introduction
Many studies have shown that a fragility fracture increases the risk of a further fracture. In a meta-analysis
performed by Klotzbuecher et al. [1], the relative risk of
having a hip fracture or a vertebral fracture was
approximately 2-fold higher for most types of prior
fractures. For a prior vertebral fracture, however, the
risk of a further vertebral fracture was increased more
than 4-fold. The increase in risk may not, however, be
constant with time, at least in the case of fractures following a vertebral fracture. We recently showed that,
after hospitalisation for a vertebral fracture, there was a
greatly increased risk of requiring hospitalisation for a
further fracture in the years following the initial hospitalisation [2]. Similar ﬁndings were observed for all
vertebral fractures by Lindsay et al. [3], who showed that
women who had developed a vertebral fracture had a
substantial risk of fractures within the next year. The
risk appears to decrease over subsequent years, but remains higher than that of the general population. This
transient suggests that treatment given to such patients
immediately after the vertebral fracture might avoid a
high number of new fractures compared with treatment
given some time later. The aim of the present study was
to determine the pattern of risk of fractures occurring
the years after a hip fracture, clinical vertebral fracture
or shoulder fracture in both outpatients and hospitalised
patients.

Materials and methods
Fractures were identiﬁed from the Department of Diagnostic
Radiology in Malmö, Sweden [4], where all radiograph referrals are
kept from a well-deﬁned catchment area. The catchment identiﬁes
97% of all fractures radiographed, and the remainder are treated
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privately [5]. X-rays are coded by site and fracture cases were
separated from non-fracture cases. All hip fractures were veriﬁed
against the surgical register in Malmo. Only citizens of Malmo were
included in this analysis. Fractures of the hip were those registered
in 1990/1991, the proximal humerus in 1987 and clinical vertebral
fractures in 1993/1994. Vertebral fractures were included when an
X-ray was taken for back pain.
Subsequent fractures sustained later were identiﬁed in the year
2000 from the same ﬁles and the date of fracture documented.
Re-fractures at the same site were excluded by hand reading Xrays. The data on mortality were recorded from EPC (Epidemiological Centre, National Board of Health and Welfare) that records
all deaths in Sweden. In order to estimate the accuracy of deaths
and fractures, we examined demographic movement patterns in all
residents of Malmo aged 70–80 years alive at the end of 1994. Over
the subsequent 5 years, 0.5% of men and 0.5% of women had
emigrated from Sweden, and mortality statistics were not therefore
available. Over the same period, 2.0% of men and 2.2% of women
moved from the city, a proportion of whom were lost to radiographic follow-up.
A Poisson model was used to calculate the rate of new fractures
after a fracture taking mortality into account. Rates were compared to the incidence of each fracture type in the population of
Malmo [4]. A signiﬁcant increase in fracture rate was determined as
a fracture rate where the limits of the 95% conﬁdence interval
exceeded the population risk. The rate was calculated as a function
of age, sex and time after the fracture. The rate of new fractures
was also calculated as a slope between year 0 (the date of fracture)
and 5 years to determine whether fractures occurred more frequently at times closer to the original fracture.

Results
We identiﬁed 268 patients with fractures of the proximal
humerus, 500 with fractures at the spine and 1150 with
hip fractures who were followed for the 5-year period.
The majority were women (Table 1). During the course
of follow-up, 175 hip fractures, 71 forearm fractures, 105
spine fractures and 56 shoulder fractures were identiﬁed.
The number and site of fractures occurring by year are
shown in Table 2. For all fractures, more fractures occurred in the ﬁrst year after fracture than in subsequent
years. In the ﬁrst year 34% of all subsequent fractures
occurred. The number of fractures decreased progressively thereafter with time, so that in the last year of
follow-up 90% of all fractures were seen. This general
pattern was seen for each fracture type. For any prior
fracture, 31–45% of new hip, forearm, spine or shoulder
fracture occurred within the ﬁrst year depending on the
site of new fracture (see Table 2).
From the Poisson model, we computed fracture risk
in men and women at the age of 60 years and 80 years
following a fracture at each speciﬁc site (Table 3).

Table 1 Age, sex and site of initial fracture
Site of
fracture
Shoulder
Spine
Hip

Number of
patients
268
500
1150

% women

78
73
77

Age (years)
Mean

SD

69.9
72.2
79.6

18.0
14.6
9.6

At the age of 60 years, a prior shoulder fracture was
associated with an immediate risk of hip, forearm or
spine fracture that was signiﬁcantly higher than that of
the age and sex matched population (Table 3). At the
age of 80 years, the incidence was increased but signiﬁcantly higher than the population risk only for subsequent forearm fractures in both men and women
(Table 3).
For prior spine fractures, the immediate risk of subsequent fractures of hip, forearm and spine was signiﬁcantly greater than that of the general population for
men aged 60 years or 80 years. A similar pattern was
seen in women except for subsequent forearm fractures,
where the increase in risk at the age of 60 years
(RR=2.3) or 80 years (RR=1.3) was not signiﬁcantly
higher than that of the general population.
A prior hip fracture was a signiﬁcant risk factor for a
further hip fracture in men and women irrespective of
age. A prior hip fracture was a signiﬁcant risk for
forearm fracture in men aged 60 and 80 years, but not in
women. Subsequent spine fractures were signiﬁcantly
more frequent after hip fracture at the age of 60 years in
men and women, but not signiﬁcantly so at the age of 80
years.
In subsequent years, the risk of fractures fell.
Examples are given in Fig. 1. The decrease in incidence
was observed for all scenarios (Table 4), but the slope
was not signiﬁcant for forearm or spine fractures following a spine fracture and of borderline signiﬁcance for
a forearm fracture after a hip fracture (P=0.07).
After 5 years, fracture risk remained signiﬁcantly
higher than the population risk for spine fractures
after spine fracture (with the exception of men aged 80
years), hip fracture after spine fracture (in men and
women aged 60 years), hip fractures after hip fractures
(men and women aged 60 years), hip fracture after
shoulder fracture (in men and women aged 60 years),
spine fracture after shoulder fracture (women aged 60)
and forearm fracture after shoulder fracture (for
men only).
The diﬀerence in fracture rate between men and women was relatively small (see Fig. 2). For example, for
new hip fractures the rate was 8–32% higher in women
than in men, whereas in the general population, the risk
in women aged 70–74 years was approximately 82%
higher in women than in men.

Discussion
The principal ﬁndings of this study is that fracture
rates following an osteoporotic fracture are substantially increased in the immediate post-fracture period.
Qualitatively, the data are consistent with a recent
meta-analysis and subsequent studies showing the
associations between sites of fracture and subsequent
fracture risks at other sites [1, 5, 7]. In addition, the
present study also shows that a prior hip fracture is a
signiﬁcant risk factor for a forearm fracture (in men at
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Table 2 Sites of new fracture
according to site of prior
fracture by time

Year of study
Site of new fracture

0–1

(a) Prior shoulder fracture (n=268)
Hip
9
Forearm
13
Spine
8
Shoulder
2
(b) Prior spine fracture (n=500)
Hip
19
Forearm
3
Spine
7
Shoulder
6
(c) Prior hip fracture (n=1150)
Hip
27
Forearm
16
Spine
18
Shoulder
11
(d) Totals (n=1918)
Hip
55
Forearm
32
Spine
33
Shoulder
19
Totals
139

Table 3 Risk of fracture relative to the general population immediately (time=0) after fracture according to site of prior and subsequent fracture site in men and women aged 60 and 80 years
Site of ﬁrst

Sites of
subsequent

Men

Fracture
Shoulder

fracture
Hip
Forearm
Spine
Hip
Forearm
Spine
Hip
Forearm
Spine

Age 60
125a
43.1a
6.4a
40.4a
9.9a
6.6a
97.5a
6.0a
3.7a

Spine
Hip

Women
Age 80
2.2
15.9a
1.4
3.7a
4.2a
3.1a
1.9a
2.4a
1.1

Age 60
18.0a
5.2a
10.2a
7.1a
2.3
9.1a
16.9a
1.4
5.9a

Age 80
1.5
2.5a
1.8
3.2a
1.3
3.5a
1.5a
0.7
1.4

a

Risk ratio signiﬁcantly higher than the risk of the general
population

Fig. 1 Relative risk of hip, spine and forearm fracture according to
time after a shoulder fracture in men and women at the age of 60
years
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10
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9
14
9
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3
8
8
35
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71
105
56
407

the age of 60 and 80 years). The present study also
indicates that quantitatively, the risk of subsequent
fractures is much higher than that suggested by
longer-term follow-up studies where the pattern of risk
with time is not studied. Our ﬁndings suggest that, as
shown for vertebral fracture [2, 3], the risk is initially
high and declines thereafter, though for most fractures, not to the levels of the general population. The
present study extends these observations in non-hospitalised patients with vertebral fracture and also
suggests that the phenomenon arises following other
sites of osteoporotic fracture. The reason for the
transient marked increase in risk is not known, but is
not due to loss of follow-up, which was near complete.
Immobilisation and poor coordination are potential
factors [2]. These studies were undertaken before speciﬁc treatments for osteoporosis were available in
Sweden. A treatment eﬀect of calcium and vitamin D
is implausible, given the magnitude of the decrease
with time and the poor adherence to chronic therapy
[8, 9].
Paradoxically, we showed that fracture rates declined signiﬁcantly following shoulder and hip fracture,
whereas the slope describing decreasing incidence with
time was not signiﬁcant in the case of a prior vertebral
fracture and subsequent vertebral fractures. In contrast,
this eﬀect was marked for hospitalised vertebral fracture [2]. By including outpatients in the present study,
some of whom may have had long-standing fractures
not presenting to hospital for some time, the trend with
time might have biased against ﬁnding an eﬀect. A
further limitation of this study is the small number of
fractures studied. For this reason, it is not possible to
show accurately the exact pattern of incidence with
time.

178
Table 4 Rate of decrease of
fracture risk (% per year and
95% conﬁdence intervals) for
the fractures shown after a
prior fracture at the shoulder,
spine or hip

Site of subsequent fracture
Site of ﬁrst
fracture
Shoulder
Spine
Hip

Hip

Forearm

Spine

Slope

P

Slope

P

Slope

P

13.3 (3.3–23.3)
16.8 (2.1–29.3)
11.7 (2.7–19.8)

0.011
0.026
0.017

17.9 (6.7–27.7)
14.3 ()13.8–35.4)
16.3 (1.6–31.0)

0.003
0.29
0.07

18.8 (4.8–30.7)
8.7 ()7.7–22.6)
28.8 (14.3–40.8)

0.01
0.28
0.0003

Fig. 2 Site speciﬁc risk of
fracture (rate/1000) and 95%
conﬁdence intervals
immediately after a prior
fracture at the sites shown in
men and women aged 60 years.
The asterisks indicate the
incidence in the normal
population

Many randomised studies have shown the eﬀectiveness of pharmaceutical intervention for spine fractures
and in some cases for appendicular fractures [10, 11, 12,
13, 14, 15, 16]. The eﬀects on fracture risk are particularly well studied in individuals with a prior vertebral
fracture. If the same holds true for appendicular fractures, then our ﬁndings suggest that treatment should be
targeted immediately after fractures and thereby reduce
the very high risk immediately after the fracture event.
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