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Abstract

Summary Hip fracture incidence from 2004 to 2006 in the
Tottori prefecture of Japan was investigated and compared
with previously reported rates. The age- and gender-specific
incidence of hip fracture in the Tottori prefecture has not
plateaued, as has been reported for populations in Northern
Europe or North America.

Introduction Recent data from Northern Europe and North
America indicate that the incidence of hip fracture has
plateaued, whereas most reports from Asia indicate that the
incidence is increasing. The aims of this study were to
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investigate the recent incidence of hip fracture in the Tottori
prefecture, Japan, and to compare it with previous reports.

Methods All hip fractures in patients aged 35 years and older
occurring between 2004 and 2006 were surveyed in all of the
hospitals from the Tottori prefecture. The age- and gender-
specific incidence rates were then calculated. Using these and
previously reported data, the estimated number of hip fracture
patients was determined using the age- and gender-specific
incidence rates in each year from 1986 to 2006.

Results The survey identified 851, 906, and 1,059 patients
aged 35 years and older, in 2004, 2005, and 2006
respectively. The residual lifetime risk of hip fracture for
individuals at 50 years of age was estimated to be 5.6% for
men and 20.0% for women. The estimated number of
patients from 1986 to 2006 showed a significant increase
over time for both genders.

Conclusions The age- and gender-specific incidence of hip
fracture in the Tottori prefecture, Japan has not plateaued
for either gender.

Keywords Epidemiology - Hip fracture - Incidence -
Lifetime risk - Osteoporosis

Introduction

Hip fracture is the most significant osteoporotic fracture in
terms of health outcomes, quality of life, and cost. As a
result of the aging population, the burden of these fractures
on our health care systems is increasing and the absolute
number of hip fractures is expected to increase significantly
during the next few decades. It has been estimated that the
total number of hip fractures worldwide will increase from
1.3 million in 1990 to 2.6 million by the year 2025 and to
4.5 million by the year 2050 [1]. To predict the number of

) Springer



544

Osteoporos Int (2009) 20:543-548

patients requiring treatment for hip fractures during the
coming decades, however, it is necessary to determine
whether the number of fractures is rising more rapidly than
can be accounted for by demographic changes alone.

A growing number of epidemiological surveys show an
exponential increase in the incidence of hip fracture with age
among different ethnic groups. In addition, data obtained
beginning in the 1990s from Northemn Europe [2, 3], North
America [4], and Australia [5] indicate that previously
observed age-specific increases in the incidence of hip
fracture have platcaued. We previously performed a hip
fracture survey in the Tottori prefecture and found that the
incidence of hip fracture increased from 1986 to 2001; this
agreed with most other studies from Asia, which indicated
an increase in the incidence of hip fracture over time [6].

To estimate the real burden of this problem, a long-term
prospective population-based study specifically examining
the age distribution and changes in the incidence rates of
hip fracture is essential. There is, however, a paucity of
long-term data on the changes in these rates in men and
women within defined communities. The aims of this study
were to investigate hip fracture incidence rates in the Tottori
prefecture from 2004 to 2006 and to compare them with
previously reported rates.

Patients and methods
Data sources

In 2006, the Tottori prefecture, which is located in midwestern
Japan, had a population of 603,987, including 176,255 men
and 208,582 women aged 35 years and older. The percentages
of the population aged 65 years and older, 75 years and older,
85 years and older, and 90 years and older in 2006 were 24.6%
(20.4% of men; 28.4% of women), 12.9% (9.4% of men;
16.1% of women), 3.5% (1.8% of men; 5.0% of women), and
1.4% (0.6% of men; 2.0% of women) respectively.

As previously stated [6], all hip fractures in patients
35 years and older that occurred between 2004 and 2006
were surveyed in all of the hospitals in the Tottori
prefecture. This included 30 hospitals with orthopedic or
general surgery departments; according to the hospital
records, survey registration was performed by the doctors
or medical staff in each of these hospitals. Registration
information included gender, age, area of residence, date of
fracture, type of fracture (neck or trochanteric), and
treatment. Patients residing in other prefectures were
excluded. Duplication of cases was determined using the
patients’ ages, dates of fracture, types of fracture, and areas
of residence. As previously reported [6], we investigated
the data collection methods at the three hospitals with the
most hip fracture patients in each year, which covered one-

4 springer

third of the total number of patients in this prefecture. This
confirmed that the methods used to register the patients
with hip fractures were consistent with those used in
previous observational periods.

The study was approved by the local ethics research
committee at the Faculty of Medicine, Tottori University.

Statistical analysis

The patients were divided into groups according to their
age (subdivided into S-year increments), gender, and
fracture type (neck or trochanteric fracture). The age- and
gender-specific incidence rates (per 100,000 person years)
were calculated based on the population of the Tottori
prefecture during cach year. Every 5 years in Japan, a
national census is performed on 1 October, including in
2005 during the observation period. The age- and gender-
specific populations for cach survey year were estimated by
the Bureau of Statistics of the Tottori prefecture govern-
ment office according to resident registration records.

To determine recent trends in the hip fracture incidence, a
test of trends of proportions in quantitatively ordered samples
was used [7]. The age- and gender-specific incidence (per
100,000 person years) from 1986-1988, 1992-1994, and
1998-2001, which we have previously reported (6, 8], were
used for this analysis. The expected number of patients, age-
adjusted to the population structure from 1986 in the Tottori
prefecture (35 years and older), was calculated from the age-
and gender-specific incidence rates in each observation year.
The overall and slope Chi-squared values were examined.
Additionally, we elucidated the influence of the expansion in
the elderly population using the age-adjusted incidence in
two age groups: 85-89 years old and 90 years and older.

Lifetime risks of hip fracture for 50-year-old men and
women in the population were estimated by simple
approximation using the incidence data and the age- and
gender-specific incidence and life tables for the Japanese
population in 2006 released by the Ministry of Health,
Labour and Welfare of Japan (http:/www.mhlw.go.jp/
english/database/index.html).

To compute the lifetime risks, Pr was defined as the
probability of having no hip fracture until death for a 50-
year-old man or woman. This probability may be discretely
approximated using the following formula:

Pr = d50(1 — I50) + (1 — d50)(1 — 150)d51(1 — I51)
+ (1 —d50)(1 — I50)(1 — d51)
x (1 —I51)d52(1 — I52) + -« -
where d50 is the probability of dying between the ages of

50 and 51 years, I50 is the probability of having a fracture
between the ages of 50 and 51 years, and so on. These

— 19—



Osteoporos Int (2009) 20:543-548

545

values were replaced with the corresponding incidence or
mortality rates in this study. The residual lifetime risk of an
individual aged 50 years experiencing a hip fracture is then
estimated by 1 — Pr.

The significance of the difference in proportions of
patients with left or right fractures was examined using Chi-
squared testing. The monthly variation in the number of
patients was ftested using the Friedman test. P<0.05 was
regarded as significant.

Results

Characteristics of patients aged 35 years and older with hip
fracture

Registration was performed in all hospitals during the entire
observation period. As a result, this survey covered all
patients with hip fractures, The survey identified 851 (161
men and 690 women), 906 (170 men and 736 women),
1,059 (191 men and 868 women) patients aged 35 years
and older in 2004, 2005, and 2006 respectively. Categoriz-
ing the patients by fracture type, there were 360 neck
fractures (63 men and 297 women) and 487 trochanteric
fractures (97 men and 390 women) in 2004 (4 fractures
were undetermined); 338 neck fractures (61 men and 277
women) and 547 trochanteric fractures (103 men and 444
women) in 2005 (21 fractures were undetermined); and 424
neck fractures (84 men and 340 women) and 617
trochanteric fractures (102 men and 515 women) in 2006
(18 fractures were undetermined).

Right hips were fractured in 1,421 patients and left hips
were fractured in 1,395 patients, with no significant
difference between the numbers of right and left fractures.

The maximum number of fractures occurred in January
(267), whereas the smallest number occurred in August
(189). There was no statistically significant difference
among months during the 3-year period from 2004 to
2006. Including the data from the previous observational
periods (1986-1988, 1992-1994, 1998-2001, and 2004
2006), a significant seasonal change in the incidence was
noted, with a higher incidence observed in the winter and a
lower incidence identified in the summer months (p<0.006,
by Friedman test).

Incidence of hip fracture between 2004 and 2006

In the population aged 35 years and older, the crude
incidence of hip fractures was 244.8 per 100,000 person
years from 2004 to 2006, and the gender-specific incidence
was 99.1 per 100,000 person years for men and 368.0 per
100,000 person years for women. Although the incidence
rate of hip fractures increased with age (Table 1), the
absolute number of hip fractures peaked in the 80- to 84-
year-old population of men and in the 85- to 89-year-old
population of women.

Afier categorizing the fracture types, the incidence of
neck fractures averaged during the 3-year period (from
2004 to 2006) in men and women was 58.6 and 143.7 (70-
to 74-year-old group), 101.1 and 309.0 (75- to 79-year-old
group), 160.9 and 477.9 (80- to 84-year-old group), 301.6
and 634.7 (85- to 89-year-old group), and 391.5 and 820.1
(>90-year-old group) respectively. The incidence of tro-
chanteric fractures was 62.9 and 105.5 (70- to 74-year-old
group), 128.8 and 244.7 (75- to 79-year-old group), 289.7
and 730.2 (80- to 84-year-old group), 575.4 and 1,470.5
(85- to 89-year-old group), and 619.6 and 2,070.0 (=90-
year-old group) respectively.

Table 1 Age- and gender-specific incidence of hip fracture in Tottori Prefecture, Japan

Age group  Men Waomen Average
(yyears) 2004 n 2005 " 2006 n 2004 n 2005 n 2006 n Men Women
35-39 0.0 0 6.0 I 115 2 59 1 59 | 57 1 58 58
40-44 58 1 58 1 122 2 0.0 0 0.0 0 58 | 79 1.9
4449 249 5 260 5 268 5 5.0 1 0.0 0 26.5 5 259 10.5
50-54 8.5 2 176 4 13.7 3 392 9 226 5 47 1 13.3 22.1
55-59 134 3 248 6 346 9 316 £ 335 8 50.7 13 243 38.6
60-64 61.3 1 16.6 3 47.1 8 71.6 14 31.0 6 883 16 41.7 63.7
65-69 110.7 18 106.4 17 817 13 163.7 32 78.8 15 164.4 31 99.6 1357
70-74 150.8 24 886 14 1315 21 2703 53 1929 39 2992 60 123.6 254.1
75-19 185.5 24 2490 M 270.6 36 508.0 96 568.7 109 620.8 120 235.0 565.8
R84 4418 31 5549 43 3917 33 1,163.7 163 1,301.9 196 1,258.3 196 4628 1,241.3
85-89 665.3 2 9150 31 1,1073 39 20358 166 19537 174 24375 230 895.9 2,1423
90+ 1,269 20 7308 12 11167 20 26056 146 3,089.1 183 30246 191 1,031.5 29065
Incidence data are per 100,000 person years
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Fig. 1 Trends in the incidence of hip fracture per annum (patients
aged 35 years and older). Data are the expected number of patients
adjusted for the age- and gender-specific incidence in each year
standardized using the 1986 population structure in the Tottori
prefecture. In the population aged 35 and older, 154,774 individuals
were men and 183,157 were women in 1986. P1: 1986-1988; P2:
1992-1994; P3: 1998-2001; P4: 2004-2006. The incidence in the
periods 1986-1988, 1992-1994, and 1998-2001, which we have
previously reported [6, 8], was used. x* (ovenall) was 24.7 (p<0.05)
for men and 110.0 (p<0.001) for women. x* (slope) was 16.4 (p<
0.01) for men and 97.7 (p <0.001) for women

The residual lifetime risk of hip fracture for individuals
aged 50 years was estimated to be 5.6% for men and 20.0%
for women.

Changes in incidence during the 20-year period
During the 20-year observational period, the total popula-

tion aged 35 years and older in this area grew 1.14-fold,
whereas that aged 85 years and older grew 3.18-fold (from

00,000

6,662 to 21,163). From 1986 to 1988, 916 hip fractures
were reported in patients 35 years and older, whereas 2,816
hip fractures were identified in this paticnt population in the
period from 2004 to 2006. The number of hip fractures
among women increased 3.3-fold, from 692 to 2,294, and
that among men increased 2.3-fold, from 224 to 522.

The expected number of patients adjusted for the age- and
gender-specific incidence in each year and standardized using
the population structure of 1986 showed significant increases
from 1986 to 2006 for both genders (Fig. 1). The mean age-
and female-specific incidence in the 85- to 89- and >90-year-
old age groups was 1,179.2 and 1,506.9 per 100,000 person
years from 1986 to 1988, 1,632.8 and 1,838.0 per 100,000
person years from 1992 to 1994, 1,810.9 and 2,407.5 per
100,000 person years from 1998 to 2001, and 2,142.3 and
2,906.5 per 100,000 person years from 2004 to 2006
respectively. Those for men in the 85- to 89- and =90-year-
old age groups were 551.5 and 871.9 per 100,000 person
years from 1986 to 1988, 572.6 and 887.3 per 100,000 person
years from 1992 to 1994, 6329 and 1,059.3 per 100,000
person years from 1998 to 2001, and 895.9 and 1,031.5 per
100,000 person years from 2004 to 2006 respectively.

Figure 2 shows the average age- and gender-specific
incidence for nmeck and trochanteric fractures from the
periods 19861988, 1992-1994, 1998-2001, and 2004-
2006. For both genders, the incidence of both types of
fracture was significantly higher in 2004-2006 than in all
other survey periods. The expected numbers of patients
with neck fracture adjusted for the age- and gender-specific
incidence in each year and standardized by the population
structure of 1986 was 22.0 for men and 87.0 for women in
1986, and 47.2 for men and 175.0 for women in 2006. The
expected numbers of trochanteric fractures in men and

/100,000

1800 - Neck Fracture 1800 - Trochanteric Fracture
| —=—2004-2008 L

oo | I Juomen 0

1400 | o 1986-1088 e i

1200 | - o= 2004-2006 1200 +
- ©-1998-2001 |Men

1000 -x-im-1994] 1000
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Fig. 2 Age- and gender-specific incidence of neck and trochanteric

fractures between 1986 and 2006. Incidence data are per 100,000
person years. Incidence from the periods 1986-1988, 1992-1994, and
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1998-2001, which we have previously reported [6, 8], were used for
comparison
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women were 39.0 and 119.0 in 1986 and 57.0 and 202.2 in
2006 respectively. These increases were statistically signif-
icant, with the exception of trochanteric fractures in men.

Discussion

In this study, we have demonstrated that the age-specific
incidence of hip fracture in the Tottori prefecture has not
stabilized, but rather has slightly increased during the past two
decades. This observational study began in 1986 and has been
carried out using 3-year intervals, except for the 4-year survey
from 1998 to 2001. The catchment area, the methods of
identifying hip fracture patients, and the definitions of fracture
were identical to those used in previous studies [6, 8]. The
proportion of the population aged 65 years and older in the
whole of Japan was 20.8% in 2006, whereas it was 24.6% in
Tottori. In the Tottori prefecture, there are 6.6 general
hospitals per 100,000 persons (6.2/100,000 persons for the
whole of Japan) and the average monthly income is
¥504,729 (USS$4,799) per family unit (¥525,716 [US
$4,997] for the whole of Japan) in 2006. Based on these
data, the Tottori prefecture has a higher percentage of
seniors, but is representative of Japan based on the medical
resources and family economics. Because the Tottori
prefecture is on the coast and is surrounded by mountains,
all patients with fractures must be treated at a hospital within
the prefecture. Japanese citizens are legally obliged to belong
to one of several government-subsidized health insurance
programs, and thus every patient with hip fracture is treated
in a hospital. These circumstances contribute to the validity
of this longitudinal survey, The incidence observed during
the 20-year period in the Tottori prefecture was in the middle
of the range observed within Japan as a whole over the same
period [9, 10], suggesting that the data from this smudy are
representative of the Japanese population.

Several studies have suggested a wide geographic variation
in hip fracture incidence between countries, with the highest
rates reported for northern European countries [2, 3] and the
United States [11], and the lowest rates reparted in Africa
and some Asian populations [6, 12, 13]. The Japanese
incidence presented in the current study is slightly higher
than that reported recently in Korea [14] or Taiwan [15]. In
general, people who live in latitudes farther from the equator
seem to have a higher incidence of fracture [16].

The lifetime risk of hip fractures for individuals aged
50 years is estimated to be 22.9% for women and 10.7% for
men in Sweden, and 11.4% and 3.1% respectively in the
UK [17, 18]. The average life expectancy at birth for
Japanese individuals has steadily increased, reaching
78.56 years for men and 85.52 years for women in 2005,
The life expectancy for 50-year-old men was 29.26 years
and that for women was 35.94 years in 2005. Although the

incidence of hip fracture in Japan is lower than that in
Sweden, longer lifespans have elevated the residual lifetime
fracture risk for individuals 50 years of age.

This type of increase has been observed in longitudinal data
from several areas within Japan [19] and in nationwide
surveys [10], in which the incidence was increased in both
men and women, particularly among individuals at least
80 years old; the present study demonstrated the same
tendency. In the Tottori prefecture, the total population
decreased by 2.1% from 1986 to 2006, whereas the
population aged 85 years and older more than tripled. This
expansion in the elderly population may have affected our
findings. To address this possibility, we compared the age-
adjusted incidence with previous observations in the popula-
tion aged between 85 and 89 years and in that aged 90 years
and older. We found a substantial increase in women n the
incidence in these age groups and in men 85 to 89 years old.
This age-specific increase in these older populations indicates
that the increase in hip fracture incidence is not completely
due to a proportional change in the population structure.

Decreases in the incidence of hip and wrist fractures
have been observed in Ontario, Canada; the authors
suggested that the higher diagnosis rates for osteoporosis
and the shift from specialist to primary care observed in the
late 1990s resulted in a greater number of women with
osteoporosis receiving appropriate diagnosis and treatment,
which coincided with the reduction in fracture rates [20]. A
nationwide decline in the incidence of hip fracture has been
also been reported in Finland; potential reasons proposed
by the authors included a cohort effect toward a healthier
elderly population, increased body mass index, improved
functional ability in the elderly, specific actions to prevent
and treat osteoporosis, and cffective programs and inter-
ventions for fall prevention [21]. Bone mineral density in
older Japanese individuals has been increasing recently.
The Miyama study conducted in 1990 and in 2000 showed
significant improvements in the bone density of the femoral
neck in men in their 60s and in women in their 50s,
suggesting that bone fragility may be generally less severe
than before in Japan [22]. This is probably a result of
increased body weight among Japanese individuals;
increases in obesity, however, may result in decreases in
hip fracture similar to the data described from Northern
Europe. Therefore, risks of fracture other than bone fragility
should be assessed to help explain the increase in the
incidence in Japan. We reported that one significant
preventive factor for distal radius fractures among Japanese
individuals was the use of a futon (as opposed to a bed)
[23]. We speculated that futon use helps to maintain some
level of physical activity, resulting in a reduced risk of falls.
Moreover, the overall decrease in physical activity of a
Westernized lifestyle may explain the increase in fracture
incidence among Japanese patients. Another explanation may
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be that more seniors with poor health due to other conditions
are being treated, which results in people living longer at a
time when their risk of falling is considerably high.

The incidence of neck fracture is higher than that of
trochanteric fracture in Northern European and African
populations, whereas neck fracture is less common in
Japanese populations (3, 13, 24, 25]. This study showed
that an increasing number of patients in the Tottori
prefecture are suffering neck fracture relative to trochanteric
fracture; the increases in age-standardized incidence during
the two decades for neck fracture was 115% in men and
101% in women, and those for trochanteric fracture were
46% and 70% respectively, On the other hand, a recent
survey in Sweden showed that the neck-to-trochanteric
fracture incidence ratio had leveled off [2]. Although the
reason for these trends is uncertain, the neck-to-trochanteric
fracture ratio in Japan is approaching values observed in
Northern European populations.

Our study has some limitations, particularly with regard
to the data collection. The method of data collection was
consistent, and, as mentioned before, we checked patient
enrollment in three monitoring hospitals [6]. Second hip
fractures in the same patient during the observational period
were not specifically identified in the present survey, which
may have affected the result. Moreover, hip fracture
patients living in the Tottori prefecture and treated outside
the prefecture may have been missed during the registra-
tion. The number of such patients, however, is likely to be
very small.

We conclude that the age- and gender-specific incidence
of hip fracture in the Tottori prefecture of Japan has not
plateaued as it has for populations in Northern Europe and
North America. This presents a remarkable challenge to the
Japanese health care system. An estimated 12 million
patients have osteoporosis in Japan, and only 20-25% are
being treated with anti-osteoporotic medication. Appropri-
ate diagnosis and treatment of osteoporosis is essential, and
more effective interventions for preventing falls are needed.
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Abstract Osteoporotic fracture in elderly populations is
increasing worldwide, but there are few data on the inci-
dence and outcome of osteoporotic fractures, including
upper extremity and vertebral fracture, during a certain
period in a defined geographic area. The purpose of this
study was to determine the incidence of osteoporotic
fractures in a particular area: Sado City, Niigata Prefecture,
Japan. From January to December 2004, osteoporotic frac-
tures of the vertebra, hip, distal radius, and proximal
humerus in Sado City were recorded. The incidence, age,
gender, type of fracture (for hip fracture), right or left side
(for distal radius, proximal humerus, and hip fracture),
place of injury, cause of injury, outcome, hospitalization
period, and patient status regarding taking of drugs for
osteoporosis treatment were checked for each fracture. The
incidence was calculated based on the whole population of
Sado City. The incidence per 100000 population was 232.8,
121.4, 108.6, and 37.1 for fractures of the vertebra, hip, distal
radius, and proximal humerus, respectively. The total inci-
dence of these four kinds of fracture was 499.9 per 100000
persons per year. The average age at the time of injury was
81.4,77.7, 75.7, and 60.2 years old for fractures of the hip,
vertebra, proximal humerus, and distal radius, respectively.
As the average age increased, the percentage of fractures
that occurred indoors also increased; that is, a higher per-
centage of hip fractures occurred indoors, followed by frac-
tures of the vertebra, proximal humerus, and distal radius.
Most patients were not taking anti-osteoporosis drugs
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before fractures of the hip or veriebra. We determined the
incidence of major osteoporotic fractures in 1 year in a
defined geographic area. Our data showed that 81% of hip
fracture patients also had a vertebral fracture and that the
average age at the time of injury was higher for hip fractures
than for vertebral fractures, Therefore, these results suggest
that vertebral fracture leads to hip fracture, indicating that
carly fracture prevention and continuous prevention strate-
gies through positive treatment are of importance in osteo-
porotic elderly people.

Key words vertebral fracture - hip fracture - proximal
humerus fracture - distal radius fracture - incidence

Introduction

Osteoporotic fractures, and especially vertebral and hip
fractures, reduce quality of life (QOL) in elderly people
because of associated pain, malposture, movement disabil-
ity, and mental anxiety [1-4]. Knowledge of the descriptive
epidemiology of the incidence and outcome of these frac-
tures is important for prevention or reduction of such frac-
tures. The aim of this study was to identify the incidence of
fractures of the vertebra, hip, distal radius, and proximal
humerus over a certain period in a population in a defined
geographic area: Sado City, Niigata Prefecture, Japan.

Patients and methods
Study site

The study was carried out in Sado City, Japan. Sado City is
located on Sado Island, and the population of the city and
the island are equivalent. Sado Island is located in Niigata
Prefecture on the Sea of Japan, at latitude 37°47° N to
38°20° N and longitude 138°12’ E to 138°34 E, situated north
of the main Japanese island of Honshu. Sado Island has an
area of 855 km’, and the population of the island was 70011
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(33418 males and 36593 females) as of June 30, 2004, of
which 23787 (9603 males and 14 184 females) (34%) were
65 years old and older. Tourism, fishing, and agriculture are
the chief industries, and access (o the island is only possible
by sea or air. Immigration and emigration among the elderly
people of the island are extremely low.

Subjects

We examined the occurrences of osteoporotic fractures of
the vertebra, hip, distal radius, and proximal humerus on
Sado Island from January to December 2004, Almost all
patients with hip fractures visited one general hospital,
where all cases of this type are concentrated and surgery for
hip fractures is carried out. To obtain information on frac-
tures of the vertebra, distal radius, and proximal humerus,
we distributed questionnaires to four hospitals and five
doctors’ offices on the island, including the main orthope-
dics facility. Answers were obtained from three hospitals
and three doctors® offices, comprising 94% of the number
of beds allocated for orthopedics cases. Fractures that
occurred in tourists were excluded from the data, and path-
ological fractures resulting from malignant tumor or other
bone metabolic diseases were also excluded.

Methods

All fractures were examined by X-ray. For vertebral frac-
tures, lateral spinal radiographs were examined and the
fractures were defined as wedge, biconcave, and compound
(Fig. 1) based on the dimensions of the vertebral body and
diagnostic criteria issued by the Ministry of Health and
Welfare and widely used in Japan [5,6]. It was not necessar-
ily easy to identify a new vertebral fracture, but patients
who visited the hospital for symptoms such as back pain for
the first time and were judged to have a vertebral fracture
by the orthopedic doctor based on X-ray and physical
examination were considered to be new fracture cases (an
incident of fracture: clinical fracture). Asymptomatic older
fractures (prevalent fracture) discovered accidentally by X-
ray were excluded from the data. The incidence, age, gender,
type of fracture (for hip fracture), right or left side (for
distal radius, proximal humerus, and hip fracture), place of
injury, cause of injury, outcome, hospitalization period, and
patient status regarding taking of anti-osteoporosis drugs
were checked for each fracture. The incidence rates were
calculated based on the whole population of Sado City.

Table 1. Number and incidence of each [racture in Sado City in 2004

Incidence rates adjusted to the entire population of Japan
in 2005 were also calculated.

Statistical analysis

A chi-square test for goodness of fit was used to evaluate
the difference in numbers of right and left side fractures (for
distal radius and proximal humerus fractures). The analysis
was performed using Microsoft Excel for Windows.

Results
Vertebral fracture

There were 163 cases of vertebral fracture (45 males and
118 females), a male-to-female ratio of 1:2.6 (Table 1). The
overall incidence was 232.8 per 100000 population per year,
which was the highest incidence among the four kinds of
fractures. With adjustment for the Japanese population, the
incidence was 138.4. The average age at the ime of injury
was 77.7 years old, with a range of 18 to 97 years old.

Hip fracture

There were 85 cases of hip fracture (20 males and 65
females), a male-to-female ratio of 1:3.3. The overall inci-
dence was 121.4 per 100000 population per year. Adjusted
for the Japanese population, the incidence was 69.8. The
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Fig. 1. Diagnostic eriteria for vertebral fracture. (From [3, 6])

Site Number of fractures  Male-to-female  Mean age (ycars) Incidence Adijusted for Japanese
(male, female) ratio (per 100000 year)  population (2005)

Vertebra 163 (45, 118) 1:26 77.7 £ 11.8 (18-97) 2328 1384

Hip 85 (20, 65) 1:33 81.4 £ 11.0 (42-104) 121.4 69.8

Distal radius 76* (18, 57) 1:32 60.2 + 24.6 (8-91) 108.6 76.9

Proximal humerus 26 (3, 23) 1:7.7 75.7 + 162 (15-92) 7.1 373

Total 350 (86, 263) 1:3.1 - 499.9 3224

*One patient of unknown gender



