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Introduction

Fractures among the elderly which are associated with
osteoporosis have become a major health and socioeco-
nomic issue with the rapid increase in the elderly population
in both Western and Asian countries. Among the elderly,
bone mineral density (BMD) generally decreases with age,
and the incidence of fractures increases with age, with the
exception of the wrist (Fig. 1) [1]. Among adolescents,
BMD increases with age, but the age-specific incidence of
fractures does not decrease with age, but rather peaks at
the time of the growth spurt (Fig. 1) [2]. These discrepancies
between BMD and aging and fracture incidence seem
to shed light on the pathogenesis and prevention of
- fractures.

In this review, the features of geriatric and adolescent
limb fractures among the Japanese population will be pre-
sented, and an attempt will be made to identify factors for
fracture prevention.

Fractures in adolescence
Incidence of fractures in adolescence
Fracture of the distal radius is the most common fracture

among children, comprising 20% of total fractures under
the age of 17 [3]. The age- and sex-specific incidences under
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Rehabilitation Division, Tottori University Hospital,
36-1 Nishi-machi, Yonago, Tottori 683-8504, Japan
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20 years of age were higher in males than in females, with
peaks at 12 or 13 years for males and 11 years for females
(Fig. 2) [2]. However, 13-year-old boys and 11-year-old girls
are not more active or more prone to falls and trauma than
children older or younger than 13 or 11. Therefore, the
prominent peak in the incidence of fracture in adolescence
has no relation to BMD or physical activity.

Bone mineral density and peak incidence

There is a close relationship between fracture incidence and
the relatively low bone density of the radius. The age of
peak incidence of distal radius fractures coincides with the
age when the metaphyseal/diaphyseal density ratio is lowest
(Fig. 2) [2]. The age at which the incidence of fractures
peaks almost perfectly matches the age at which the speed
of growth in height peaks in both boys and girls. This rela-
tive low bone density at the metaphysis is possibly caused
by rapid growth during adolescence.

Rauch et al. [4] demonstrated that cortical thickness
remains unchanged from 6 to 13 years in girls and from 6
to 15 years in boys, as measured by peripheral quantitative
computed tomography (pQCT). The endocortical apposi-
tion rate at the distal radial metaphysis should be extremely
high in order to maintain cortical thickness during growth.
They estimated the endocortical apposition rate at the distal
radius metaphysis to be about 9.5-10um/day, which is 10-20
times that of the periosteal apposition of the diaphysis. This
makes it difficult for the bone to adapt its strength to the
increased mechanical needs during growth [S]. After longi-
tudinal growth ceases, the robustness of bone can catch up
with the loading needs.

Recent trends

There has been some debate as to whether the incidence of
fractures among children in Japan has increased or not. To
address this question, all wrist fractures in Tottori Prefec-
ture were surveyed from 1986 to 1995, and the age- and
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sex-specific incidences were calculated, revealing that the
incidence increased with time for males between 7 and 12
years of age [6]. Although the changes in incidence among
females were not significant, the peak incidence increased
during the observation period. Because the mean body
height in Japanese adolescents is greater than was previ-
ously recognized, this may make the adaptation of bone to
loading more difficult than before, and may contribute to
weakness at the distal radius with time.

Table 1. Comparison of the incidence of hip fracture in various geo-
graphic areas )

Men Women
Rochester, USA [9] 168.7 3823
Central Finland {10} 1478 290.7
Malmo, Sweden [11] 1981 471.7
Picardy, France [12] 67.4 165.4
Cantabria, Spain [13} 542 2055
Beijing, China [14] 533 59.4
Chonnam, Korea [15) 872 119.0
Tottori, Japan [7) 583 1813

Data are incidences (per 100000 person-years) adjusted to the popula-
tion structure of all of Japan (235 years, 2000)

Fractures in the elderly
Hip fracture
Lower incidence among the Asian population

There have been many epidemiological surveys of hip frac-
tures all over the world. One of the conclusions derived
from these studies is that hip fracture incidence is lower
among Asian or African populations than among North
American or northern European populations. The age- and
sex-specific incidence of hip fractures for both sexes
increased exponentially with age after 70 years (Fig. 1) [7,8].
Table 1 shows a comparison of the incidence of hip fracture
among different populations based on previous studies. The
incidences for both sexes in Asian populations, including
Japanese, are substantially lower than those in Caucasian
populations living in northern Europe or North America,

" but not in those in southern Europe.

As bone mass in Asians is known to be lower than or
similar to that in Caucasians, the difference in bone mass
does not explain the difference in the incidence of hip frac-
tures [16]. Elucidation of the cause of the ethnic differences
in the incidence of hip fracture may suggest preventive
measures that could protect against osteoporosis-related
fractures. Therefore, several different approaches have
been tried in order to clarify why the incidence of hip frac-
ture is lower in Asian populations.

Geometry of the proximal femur and fracture type

In the early 1990s, Yoshikawa et al. [17] and Nakamura et
al. [18] found that the geometric characteristics of the proxi-
mal femoral neck in Japanese women are associated with a
lower risk of hip fracture. Faulkner et al. [19] found that a
hip axis length (HAL) of 11.0cm corresponds to a doubling
of hip fracture risk compared to women with a normal hip
length. Duboeuf et al. [20] demonstrated that in the neck
fracture group, the HAL was significantly longer than in
controls, but this was not true in the trochanteric fracture
group.

The incidence of trochanteric fracture is higher than that
of neck fracture for individuals over 75 years of age (Fig. 3)
[7]. The incidence of neck fracture is substantially lower



than that of trochanteric fractures in Japanese people, but
this is not true for Caucasians. The incidence of neck frac-
ture is higher than that of trochanteric fracture in northern
European populations, and therefore the neck fracture/
trochanteric fracture ratio is different in Japanese and
northern Europeans (Fig. 4) [21,22]. The short HAL among
Asians affects the lower incidence of neck fractures and
might be one possible explanation for a lower incidence of
hip fractures.

Risk factors

A case-control study in four Asian countries established the
lifestyle factors associated with hip fracture; these are low
dietary calcium intake, lack of regular load-bearing activity
in the immediate past, no vigorous sports activity between
25 and 49 years of age, cigarette smoking (for men only),
daily alcohol consumption, a history of fracture after 50
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Fig. 3. Age-, sex-, and fracture-type-specific incidence rates of hip
fracture in Tottori. Derived from data in Hagino et al. [7]
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years of age, a history of falls in the year before a fracture,
and a history of stroke [23]. Two studies have examined the
risk factors for hip fracture among the Japanese population
[24,25]. In one of these studies [23], Suzuki performed a
case-control study and found that excessive coffee drinking
and sleeping on a bed (as opposed to a futon) were signifi-
cant risk factors.

In Japan, about 10%-20% of elderly people living in
their own homes fall during a year, while 30%—40% fall in
northern Europe and North America [26]. The fact that the
prevalence of falls among Japanese is half that among
Caucasians offers a possible explanation for the difference
in the incidence of these fractures [27].

Changes in incidence over time

Recent trends in the incidence of hip fractures have varied
between observation periods or geographic areas. Epide-
miological surveys in Europe before 1990 showed that
the incidence of hip fractures was increasing [11,28,29].
However, data from the 1990s or later from northern
Europe [30,31], North America [32], and Australia [33]
indicated that the increase had leveled off [34,35]. On the
other hand, most reports from Asia indicate an increase in
the incidence of hip fracture with time [7,8,36,37].

The reason for the discrepancies between races has not
been clearly elucidated, although changes in lifestyle in
Asian countries seem to affect the trend. In Singapore, hip
fracture rates from 1991 to 1998 were 5 times higher than
rates during the 1960s [38]. In Hong Kong, the fracture rates
in 1995 for women 80 years and older were 3 times higher
than corresponding rates in the 1960s [39]. However, the
incidence rates in these two areas over the last decade have
not changed appreciably. The increases were only 1.1 times
in Singapore in the 1990s and 1.4 times in Hong Kong from
1985 to 1995. The increase in the incidence rate in Japan of
1.4 times from 1986 to 1998 was very similar. From these
points of view, the age-specific incidence of hip fracture
among developed and urbanized Asian areas seems to have
leveled off over the last decade, even though increases still
exist. Urbanization or industrialization, with attendant

Fig. 4. Neck/trochanteric frac- 25 ¢ - pg- Norway 25
ture ratio in different geographic )
areas. Derived from data in —O—Finland
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changes in degree of physical activity, nutrition, alcohol
intake, sedative drug use, and lifestyle in Asian countries,
may contribute to the rising fracture trend by increasing
bone fragility and the risk of falls. On the other hand, ade-
quate diagnosis and treatment for osteoporosis is thought
to relate to the decreased incidence of hip fracture in North
America [35].

Upper limb fracture
Lower incidence among the Asian population

The incidence of wrist (distal radius) and proximal humerus
fractures was surveyed in Tottori Prefecture (Fig. 1) {1]. In
women, the incidence of wrist fractures increases after the
menopause and plateaus at over 70 years of age; however,
the incidence of proximal humerus fractures increases with
age over 70 years. This is because elderly people over 75
have difficulty in protecting themselves with their hands
when they fall, and instead they injure their hip or
shoulder.

Although few epidemiological surveys have been per-
formed to elucidate the incidence among Asian popula-
tions, the incidences of wrist and proximal humeral fractures
are substantially lower among Japanese than Caucasians.
Because 96% of wrist and 95% of humerus fractures are
due to falls [40], the lower incidence of upper limb fractures
seems to be closely related to the lower incidence of falls.

Risk factors

Epidemiological studies have indicated that risk factors for
distal forearm fracture are low bone mass, estrogen defi-
ciency, falls {41}, and drinking alcohol [42, 43]. Poor visual
acuity, frequent walking [44], and walking at a brisk pace
[45] are also risk factors for distal forearm fractures. Among
the Japanese population, increased physical activity, in par-
ticular increased walking ability, is a risk factor for wrist
fractures [46]. This is in agreement with factors identified
in previous studies among Caucasians, which concluded
that increased physical activity, increased walking ability,
and frequent outdoor walking all increase the risk of falls.

On the other hand, a greater frequency of going out-
doors significantly decreased the risk of proximal humerus
fracture among the Japanese population [46]. This agrees
with data from past cohort and case-control studies which
identified risk factors for proximal humerus fracture as a
low level of physical activity and infrequent walking [47].
The opposite is true for wrist fractures, i.e., wrist fractures
are most likely in patients with fragile bones and increased
‘physical activity, while proximal humerus fractures are most
likely in patients with fragile bones and decreased physical
activity.

One of the significant factors associated with reduced
risk of wrist fractures among the Japanese was the use of
a futon (as opposed to a bed), which also reduces the risk
of hip fracture [24,46 ]. Futon use might maintain physical
activity, resulting in a reduced risk of falls.

Changes in incidence over time

According to our survey performed from 1986 to 1995, the
age-adjusted incidence rates of wrist fractures showed a
significant increase with time, although no increase was
observed among men [1]. Proximal humerus fractures
showed a significant increase over time for both sexes. It
has been speculated that decreased physical activity associ-
ated with a Westernized lifestyle is one possible explanation
for the increase in fracture incidence among the Asian
population.

Conclusions

In the year 2000, there were an estimated 9.0 million osteo-
porotic fractures, of which 1.6 million were at the hip, 1.7
million were at the forearm, and 1.4 million were clinical
vertebral fractures [48]. It is estimated that the annual
number of hip fractures will increase progressively to 2.6
million by the year 2025, and to 4.5 million by 2050 [49].
However, the increase is estimated to be 5 times higher, at
21.3 million, when an annual rate of increase of 3% outside
North America and northern Europe is used. This increase
will be most marked in Asia.

The percentage of the Japanese population aged 65 years
and older will be 23% in 2010, 32% in 2030, and 40% in
2050. Based on the age- and sex-specific incidences observed
in the recent study in Tottori, the total number of hip frac-
ture patients in Japan is estimated to be 159000 per year in-
2010 and 255000 in 2030. From all these data, we recognize
that it is extremely important to implement preventive
strategies, which should include the treatment and preven-
tion of osteoporosis, the reduction and prevention of falls,
and the maintenance of physical activity among the elderly
through lifestyle changes. A reduction in the number of
fractures in the elderly is very important in order to reduce
the future medical and social burden.
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