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ABSTRACT – We determined the current trends in the
number and incidence of osteoporotic fractures of the
proximal humerus in Finland by collecting from the Na-
tional Hospital Discharge Register all patients 60 years of
age or more who were admitted to Finnish hospitals in
1970–1998 for primary treatment of such fractures. The
fracture was defined osteoporotic if it was caused by a
low-energy trauma only, i.e., a fall from standing height
or less.

 The number and incidence (per 105 persons) of frac-
tures increased sharply from 208 (number) and 32 (inci-
dence) in 1970 to 1,105 and 110 in 1998. Even after the
age-adjustment, the incidence of fractures showed a
clear increase: in women from 50 in 1970 to 133 in 1998,
and in men from 14 in 1970 to 49 in 1998. If this trend
continues, there will be three times more osteoporotic
fractures of the proximal humerus in Finland in the year
2030 than there were in 1998.

n

The commonest and best known forms of os-
teoporotic fractures occur in the distal forearm,
spine, and hip (Melton 1988, Jones et al. 1994,
Kannus et al. 1999). Nevertheless, a considerable
number of osteoporotic fractures also occur in the
proximal humerus, pelvis, knee, and ankle, and
their treatment is also demanding and expensive
and needs special attention (Horak and Nilsson
1975, Melton et al. 1981, Rose et al. 1982, Cum-
mings et al. 1985, Bengnér et al. 1986, Kristiansen
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et al. 1987, Bengnér et al. 1988, Lind et al. 1989,
Obrant et al. 1989, Kelsey et al. 1992, Lauritzen et
al. 1993, Nevitt 1994, Johnell 1995).

Epidemiologic information on the latter frac-
tures, however, is scarce and this especially con-
cerns their secular trends (Cummings et al. 1985,
Bengnér et al. 1986, 1988, Obrant et al. 1989,
Lauritzen et al. 1993, Kannus et al. 1996, Hagino
et al. 1999). We assessed the time trends in the ab-
solute number, as well as age-specific and age-ad-
justed incidence rates of osteoporotic fractures of
the proximal humerus in Finland between 1970
and 1998, and predicted the fracture development
until the year 2030. This study is an extension of
our previous short report of these injuries (Kannus
et al. 1996), the database including all follow-up
years until 1998, data for every age group, and a
precise prediction model for future fractures.

Patients and methods

Database for fractures

In accord with other epidemiologic studies of os-
teoporotic fractures (Cummings et al. 1985, Mel-
ton 1988, Lauritzen et al. 1993, Jones et al. 1994),
we defined an osteoporotic fracture of the proxi-
mal humerus as a fracture that occurred in persons
60 years of age or more and resulting from low-
energy trauma (a fall from standing height or
less). Thus, all patients 60 years of age or more
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who were admitted to Finnish hospitals during
1970–1998 for primary treatment of the first frac-
ture of the proximal humerus were selected from
the National Hospital Discharge Register
(NHDR). Injuries caused by a vehicular accident
or other high-energy trauma were excluded.
Unique personal identification numbers enabled
us to focus our analysis on each patient’s first ad-
mission. The NHDR contains data on age, sex,
place of residence, hospital and department, day
of admission and discharge, place and cause of in-
jury, and place of further treatment.

The Finnish NHDR (which started in 1967) is
one of the oldest nationwide discharge registers in
the world, and the data provided by this register
are well suited for epidemiologic purposes. This
register covers the acute injuries in the population
adequately (annual coverage of injuries is 95% or
more) and records them accurately (annual accu-
racy of the NHDR injury diagnoses is also 95% or
more), and these percentages are particularly good
in severe injuries with clear-cut diagnoses, such as
fractures (Salmela and Koistinen 1987, Honkanen
1990, Keskimäki and Aro 1991, Lüthje et al.
1995).

Fractures were recorded by evaluating primary
and secondary diagnoses. According to the direc-
tives from the Finnish National Board of Health,
the first diagnosis describes the main reason for
the hospital stay. The second, third and fourth
diagnoses indicate other possible diseases or
injuries.

The diagnoses were labeled with a 5-digit code
according to the eighth, ninth, and tenth revisions
of the International Classification of Diseases
(ICD) that indicated the type of fracture. Between
1970 and 1986, we used the eighth revision of
ICD and its 2 code-classes for fractures of the
proximal humerus (81200 and 81210). Between
1987 and 1995, the ICD-9 code-classes were
8120A and 8121A, and between 1996 and 1998,
the corresponding ICD-10 code-class was S42.2.
Cases with codes identifying trauma sequelae and
orthopedic aftercare were excluded.

Calculation of fracture incidences

Annual mid-year populations figures for each 5-
year age group between 1970 and 1998 were taken
from the Official Statistics of Finland (Official

Statistics of Finland 1999). In this statutory, com-
puter-based register, every Finn is registered by
his or her personal identification number and the
register is quality-controlled continuously and up-
dated by Statistics Finland, the Central Statistical
Office of Finland.

Fracture incidences were calculated for both
sexes, expressed as the number of cases per 105

persons per year, by sex and age group. To estab-
lish age-specific incidences for the selected age
groups (60–69, 70–79, 80–), the yearly numbers
of fractures of the proximal humerus were divided
by the mid-year population for each sex and age
group. In calculating the age-adjusted fracture in-
cidence, age adjustment was done by direct stan-
dardization, using the mean population between
1970 and 1998 as the standard population.

Prediction of fractures

Finally, the figures for fracture incidences ob-
served in the various age groups during the study
(1970–1998) were used to predict the age-specific
incidences and absolute number of osteoporotic
fractures of the proximal humerus in the popula-
tion in the years 2010, 2020, and 2030. The pre-
diction was based on a linear trend continuation
method, using ordinary least squares as the meth-
od of regression and r2 and standard error of esti-
mate (SEE) as descriptors of the fit of the regres-
sion line to the data.

The prediction was made by calculating the in-
cidence regression lines for both sexes and each
age group. These regression lines were used to de-
termine the age-specific and sex-specific fracture
incidences until the year 2030. Then, within each
age and sex group, the predicted absolute number
of fractures was obtained by multiplying the
above-mentioned incidence by the estimate of the
number of inhabitants, the latter being obtained
from the Finnish Population Projections 1999–
2030 (Official Statistics of Finland 1998).

Results

Overall number and incidence of fractures

The annual total number of osteoporotic fractures
of the proximal humerus increased steadily during
the study, from 208 (1970) to 1,105 (1998) (Figure
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1). The average increase was 15% per year. An in-
crease could be seen in the overall incidence
curve, too: the incidence curve of fractures closely
followed the absolute number curve despite the
fact that the Finnish population aged 60 years or
more increased 54% (from 0.65 million to 1.00
million) during this 28-year follow-up (Figure 1).
The overall incidence (per 105 persons) of frac-
tures was 32 in 1970 and 110 in 1998.

The mean age of patients with an osteoporotic
fracture of the proximal humerus also increased
during the study period, from 72 years (1970) to
77 years (1998). In women, these numbers were
73 and 78 years, and in men 70 and 73 years. Of
all patients, the proportion of women was 84% in
1970 and 82% in 1998.

Age-adjusted incidence of fractures

During the study period, the age-adjusted inci-
dence (per 105 persons) of fractures of the proxi-
mal humerus increased in people 60 years of age
or more; in women, from 50 in 1970 to 133 in
1998, and in men, from 14 in 1970 to 49 in 1998
(Figure 2). The relative increases were 166% and
250%, respectively.

Age-specific incidence of fractures

In women and men, the age-specific incidence
(per 105 persons) of fractures of the proximal hu-
merus rose in all age groups during the study (Fig-
ure 3). The increase in fracture incidence was
most pronounced in the older age groups, espe-
cially in persons 80 years of age or more.

The future

If the above-noted increase in the incidence of
fractures of the proximal humerus continues, the
overall incidences of fractures in Finland (per 105

inhabitants aged 60 years or more) can be calcu-
lated as 126, 155 and 200 in the years 2010, 2020,
and 2030. Together with the demographic changes
(increase in the size of this elderly population),
these incidences mean that in the years 2010, 2020
and 2030, the total number of osteoporotic frac-
tures of the proximal humerus in this country will
be about 1,600, 2,400 and 3,400 (Figure 4). Thus
the current number of fractures may treble by the
year 2030.

Discussion

Osteoporotic fractures among the elderly are a

Figure 1. Number and incidence (per 105 persons) of os-
teoporotic fractures of the proximal humerus in Finland in
persons at least 60 years old between 1970 and 1998.

Figure 2. Age-adjusted incidence (per 105 persons) of os-
teoporotic fractures of the proximal humerus in Finland in
women and men at least 60 years old between 1970 and
1998.
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worldwide epidemic and increasingly tight con-
trol of health care resources makes it necessary to
predict the fracture increase with time (Melton
1988, 1996, Obrant et al. 1989, Jones et al. 1994,
Johnell 1995, Kannus et al. 1999). Such a predic-

tion requires knowledge of whether the number of
fractures is increasing more rapidly than can be
accounted for by the demographic changes alone.
An understanding of the underlying epidemiolog-
ic changes also permits assessment of the efficacy
of preventive measures.

We studied the entire Finnish population 60
years of age or more to describe the trends for the
absolute number and the incidence of osteoporotic
fractures of the proximal humerus during 1970–
1998. Using the National Hospital Discharge Reg-
ister and the unique personal identification num-
bers, we eliminated multiple admissions caused
by transfers between hospitals or hospital depart-
ments and readmissions, due to complications.
During the relatively long study period (1970–
1998), the ICD codes for fractures of the proximal
humerus changed twice (1987 and 1996), but
since these codes have always been simple and
self-evident in the Finnish NHDR, such changes
had no effect on the numbers and incidences of
proximal humerus fractures (Figures 1–4).

In Malmö, Sweden, the incidence of proximal
humeral fractures doubled in elderly women be-
tween 1950 and 1982 (Bengnér et al. 1988). In a
study between 1976 and 1984, Lauritzen et al.

Figure 3. Age-specific incidence (per 105 persons) of osteoporotic fractures of the proximal humerus in Finland in women
(A) and men (B) at least 60 years old between 1970 and 1998, and prediction of the incidences until the year 2030,
calculated with a regression model. In the regression analysis, the r2 and standard error of estimate (SEE) values in
women, from the youngest to oldest age group, were: 0.78 and 6.5, 0.84 and 15.2, and 0.91 and 22.1. In men, the
corresponding values were: 0.66 and 4.3, 0.85 and 5.7, and 0.73 and 14.0.

Figure 4. Prediction of the number of Finnish persons aged
60 years or more and the number of their osteoporotic
fractures of the proximal humerus in the future, calculated
with a regression model.
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(1993) observed no significant change in the total
and age-specific incidence of fractures of the
proximal humerus in one hospital area in Den-
mark, while in a small Japanese study in 1986–
1995, Hagino et al. (1999) found a significant rise
in the incidence of these fractures in persons 35
years of age or more. In our study, the incidence of
osteoporotic fractures of the proximal humerus in
Finnish people aged 60 years or more tripled dur-
ing 1970–1998.

This development is alarming for two reasons.
First, not only is the fracture incidence increasing,
but the population at risk is constantly expanding
and will do so more rapidly in the near future
(Figure 4). As a result, the largest Finnish age
group (the 15-year cohort born after World War II)
will reach the average age of patients with an
osteoporotic fracture of the proximal humerus
between the years 2020 and 2030. Secondly, the
increasing mean age of these patients will proba-
bly cause more difficulties in the treatment of
these fractures (longer time for fracture healing,
longer rehabilitation period, and an increasing
number of treatment complications, such as non-
unions) as well as increasing rates of general mor-
bid conditions and, indirectly, death of the pa-
tients. For these reasons, vigorous preventive
measures, such as prevention of osteoporosis and
falls of older adults and protection of critical ana-
tomic sites of the body when a fall occurs, should
be urgently adopted to reduce the increasing bur-
den of these age-related fractures.

The authors thank the Finnish Ministry of Health and So-
cial Services, the National Research and Development
Center for Welfare and Health, and Statistics Finland, Hel-
sinki, Finland for their help. This study was supported by a
grant from the Medical Research Fund of Tampere Univer-
sity Hospital, Tampere, Finland.

Bengnér U, Johnell O, Redlund-Johnell I. Epidemiology of
ankle fracture 1950 and 1980. Increasing incidence in
elderly women. Acta Orthop Scand 1986; 57: 35-7.

Bengnér U, Johnell O, Redlund-Johnell I. Changes in the
incidence of fracture of the upper end of the humerus
during a 30-year period. Clin Orthop 1988; 231: 179-82.

Cummings S R, Kelsey J L, Nevitt M C, O’Dowd K J. Ep-
idemiology of osteoporosis and osteoporotic fractures.
Epidemiol Rev 1985; 7: 178-208.

Hagino H, Yamamoto K, Ohshiro H, Nakamura T, Kishim-
oto H, Nose T. Changing incidence of hip, distal radius,
and proximal humerus fractures in Tottori Prefecture,
Japan. Bone 1999; 24: 265-70.

Honkanen R. Hospitalization due to injuries in Finland in
1980. Statistics and reviews 1/1990. University of Kuo-
pio, Kuopio, Finland 1990.

Horak J, Nilsson B E. Epidemiology of fracture of the up-
per end of the humerus. Clin Orthop 1975; 112: 250-3.

Johnell O. Prevention of fractures in the elderly. Acta Or-
thop Scand 1995; 66: 90-8.

Jones G, Nguyen T, Sambrook P N, Kelly P J, Gilbert C,
Eisman J A. Symptomatic fracture incidence in elderly
men and women: the Dubbo osteoporosis epidemiologic
study (DOES). Osteoporos Int 1994; 4: 277-82.

Kannus P, Palvanen M, Niemi S, Parkkari J, Järvinen M,
Vuori I. Increasing number and incidence of osteoporot -
ic fractures of the proximal humerus in elderly people (a
short report). BMJ 1996; 313: 1051-2.

Kannus P, Niemi S, Parkkari J, Palvanen M, Vuori I, Järv-
inen M. Hip fractures in Finland between 1970 and 1997
and predictions for the future. Lancet 1999; 353: 802-5.

Kelsey J L, Browner W S, Seeley D G, Nevitt M C, Cum-
mings S R. Risk factors for fractures of the distal fore-
arm and proximal humerus. Am J Epidemiol 1992; 135:
477-89.

Keskimäki I, Aro S. Accuracy of data on diagnosis, proce-
dures and accidents in the Finnish hospital discharge
register. Int J Health Sci 1991; 2: 15-21.

Kristiansen B, Barfod G, Bredesen J, Erin-Madsen J, Grum
B, Horsnaes M W, Aalberg J R. Epidemiology of proxi-
mal humeral fractures. Acta Orthop Scand 1987; 58: 75-
7.

Lauritzen J B, Schwarz P, Lund B, McNair P, Transbøl I.
Changing incidence and residual lifetime risk of com-
mon osteoporosis-related fractures. Osteoporos Int
1993; 3: 127-32.

Lind T, Krøner K, Jensen J. The epidemiology of fractures
of the proximal humerus. Arch Orthop Trauma Surg
1989; 108: 285-7.

Lüthje P, Nurmi I, Kataja M, Heliövaara M, Santavirta S.
Incidence of pelvic fractures in Finland in 1988. Acta
Orthop Scand 1995; 66: 245-8.

Melton L J III. Epidemiology of fractures. In: Osteoporo-
sis: etiology, diagnosis and management (Eds. Riggs
B L, Melton L J III). Raven Press, New York 1988: 133-
54.

Melton L J III. Epidemiology of hip fractures: implications
of the exponential increase with age. Bone 1996; 18:
S121-5.

Melton L J III, Sampson J, Morrey B, Ilstrup D M. Epide-
miologic features of pelvic fractures. Clin Orthop 1981;
155: 43-7.

Nevitt M C. Epidemiology of osteoporosis. Rheum Dis
Clin North Am 1994; 20: 535-9.

Obrant K J, Bengnér U, Johnell O, Nilsson B E, Sernbo I.
Increasing age-adjusted risk of fragility fractures: A sign
of increasing osteoporosis in successive generations?
Calcif Tissue Int 1989; 44: 157-67.



470 Acta Orthop Scand 2000; 71 (5): 465–470

Official Statistics of Finland. Population projections 1999-
2030. Statistics Finland, Helsinki 1998.

Official Statistics of Finland. Structure of population and
vital statistics: whole country and provinces, 1970-1998 .
Statistics Finland, Helsinki 1999.

Rose S H, Melton L J III, Morrey B F, Ilstrup D M, Riggs
B L. Epidemiologic features of humeral fractures. Clin
Orthop 1982; 168: 24-30.

Salmela R, Koistinen V. Coverage and accuracy of the
Hospital Discharge Register (in Finnish). Hospital 1987;
49: 480-2.


