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Vertebral fracture prevalence was assessed in an age-stratified random sam-
ple of Rochester, Minnesota women aged 50 years and over. Vertebral fractures,
including wedge and concavity as well as compression fractures, were common
and increased with age. The estimated incidence of new vertebral fractures also
rose with age, reaching 29.6 per 1,000 person-years in women aged >85 years.
The prevalence of one or more vertebral fractures also increased with declining
bone mass, reaching 42% in women with spinal bone mineral density less than
0.6 g/cm2 by dual photon absorptiometry. Bone mass and age contributed
independently to the risk of vertebral fracture, but "age" may reflect other
manifestations of osteoporosis.

cross-sectional studies; osteoporosis; risk

Fractures have been associated with age-
related bone loss (i.e., osteoporosis) for over
a century (1), and vertebral fractures and
osteoporosis have been practically synony-
mous since the time of Albright et al. (2) in
1941. It is surprising, then, that little is
known of the epidemiology of vertebral
fractures. To our knowledge, incidence and
prevalence rates have not been estimated
from evaluations of the entire spine, and

Received for publication November 16, 1987, and
in final form July 12, 1988.

1 Mayo Clinic and Foundation, Department of
Health Sciences Research, Rochester, MN.

2 Mayo Clinic and Foundation, Division of Endo-
crinology/Metabolism and Internal Medicine, Roch-
ester, MN.

3 Mayo Clinic and Foundation, Section of Diagnos-
tic Nuclear Medicine, Department of Diagnostic Ra-
diology, Rochester, MN.

Reprint requests to Dr. L. Joseph Melton, III, Sec-
tion of Clinical Epidemiology, Department of Health
Sciences Research, Mayo Clinic, 200 First Street SW,
Rochester, MN 55905.

This work was supported in part by research grants
AR-27065 and AR-30582 from the National Institutes
of Health.

The authors thank Ms. Sharon Elcombe for assist-
ance with data analysis and Ms. Mary Ramaker for
help in preparing the manuscript.

the relation of fracture prevalence to age
and bone mass has not been quantified in
a community setting. These aspects of the
epidemiology of vertebral fractures are de-
scribed in the present report, based on data
from a random sample of Rochester, Min-
nesota women.

MATERIALS AND METHODS

An age-stratified random sample of adult
Rochester, Minnesota women (n = 300)
was selected with the use of the medical
records linkage system of the Rochester
Epidemiology Project (3). Since over half
of the Rochester population is identified
annually in this system and most are seen
in any three-year period, the enumerated
population (those women seen in 1980 ± 1
year) approximates the underlying popula-
tion of the community, including both free-
living and institutionalized persons. It was
necessary to screen 538 residents to enroll
the 300 women needed. Thirty-four poten-
tial subjects were ineligible for the study
(30 could not give informed consent and
four were pregnant). Of the remaining 504,
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300 (60 per cent) consented to participate.
The proportion of participating subjects by
age group ranged from a high of 65-67 per
cent among those in each decade of age
from 40 to 69 years to a low of 48 per cent
among subjects aged 35-39 years. The rel-
atively low response rate was mainly caused
by the requirement that subjects agree to
be studied at intervals for four or more
years following the initial assessment. Only
among women aged 70 years and over,
where the response rate was 56 per cent,
did poor health seem to be an important
reason for nonparticipation (4), accounting
for one-fifth of all refusals in that group.

Vertebral fractures were assessed with
anteroposterior and lateral roentgenograms
of the thoracic and lumbar spine obtained
at a standard target-to-film distance of 105
cm. Only women aged 50 years or over had
roentgenographic studies, and the majority
of the analysis deals with these 200 women.
Because there is no agreed-on definition of
vertebral fractures, we used three different
approaches. In the first approach, typically
done clinically, the roentgenograms on all
200 subjects were read by one of us (BLR),
who was unaware of age or medical history
(the clinical reading). Each vertebra from
the fourth thoracic to the fifth lumbar was
classified as fractured or not. However, sub-
jective clinical readings are not standard-
ized, and reproducibility is poor in some
settings (5). Because more objective meth-
ods are desirable, we used a second method
in which we assessed vertebral fractures by
measuring the anterior (ha), middle (hm),
and posterior (hp) vertical height of each
vertebra to the nearest millimeter on the
lateral thoracic and lumbar roentgeno-
grams as is done in some clinical studies
(the algorithm assessment). The middle
height was the mean of "right" and "left"
measurements on each vertebra. In this
second method, a fracture was considered
to be present if hp was 15 per cent smaller
than the posterior height of either adjacent
vertebra (compression fracture) or if the
ratio hjhp was 0.85 or less (anterior wedge

fracture) or the ratio hm/hp was 0.85 or less
(concavity fracture) within a vertebra. Fi-
nally, because we believe this algorithm
assessment overdiagnoses vertebral frac-
tures in cross-sectional studies, we used a
third method in which fractures were reas-
sessed using the measured vertebral heights
and the algorithm described above after
adjustment for normal variations in verte-
bral shape and size (the "adjusted" algo-
rithm). The adjustment factors (table 1)
were based on vertebral measurements in
52 of the women, who did not have clini-
cally evident vertebral fractures on roent-
genogram, who were not taking corticoste-
roids, anticonvulsant medication, thiazide
diuretics, vitamin D in pharmacologic
doses, nor calcium supplements of more
than 500 mg/day, and who were free of any
disease known to influence bone metabo-
lism.

Age-specific prevalence rates were cal-
culated for women aged 50 years and over.
Smoothed prevalence rates, as well as in-
cidence rates, were estimated from the ob-
served prevalence data by means of the
method of Leske et al. (6). Vertebral frac-
tures fit the assumptions of their model:
they are not lethal and their manifestations
do not resolve. Migration was presumably
unaffected by the disorder because most
vertebral fractures are unknown to the pa-
tient.

We also calculated vertebral fracture
prevalence rates for specific levels of spinal
bone mineral density. Denominators for
these prevalence rates were determined as
follows: spinal bone mineral density (ex-
pressed in g/cm2) was measured in the re-
gion of the first through fourth lumbar
vertebrae with dual photon absorptiometry
as previously described (7), and was related
to age through a multiple regression model
weighted for the age-stratified sampling
fractions (8). The model was used to esti-
mate the distribution of bone mineral den-
sity values (14 intervals from <0.3 to >1.5,
by 0.1 g/cm2 intervals) for each of six ages
corresponding to the midpoints of six age
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1002 MELTON ET AL.

TABLE 1

Ratios of posterior (hp), anterior (ha) and middle (hm) vertebral heights in 52 "normal" (see Materials and
Methods) Rochester, Minnesota women and adjustment factors used in the "adjusted" algorithm* for assessing

vertebral fractures

Posterior/posterior
above

Posterior/posterior
below Anterior/posterior Middle/posterior

T4
T5
T6
T7
T8
T9
T10
T i l
T12
LI
L2
L3
L4
L5

1
2
3
4
5
6
7
8
9

10
11
12
13
14

x 100

105.26
104.01
102.87
103.07
103.60
105.55
110.24
107.50
104.13
102.33
101.86
96.82

108.87

Adjustment

-0.0526
-0.0401
-0.0287
-0.0307
-0.0360
-0.0555
-0.1024
-0.0750
-0.0413
-0.0233
-0.0186

0.0318
-0.0887

x 100*

95.30
96.43
97.46
97.26
96.89
95.01
90.91
93.24
96.52
98.25
98.72

103.61
91.85

Adjustment

0.047
0.0357
0.0254
0.0274
0.0311
0.0499
0.0909
0.0676
0.0348
0.0175
0.0128

-0.0361
-0.0815

(ha/hp)
X 100

96.89
95.48
93.12
92.17
93.19
94.74
96.03
93.37
94.20
97.03

101.31
103.41
107.13
85.63

Adjustment

0.0311
0.0452
0.0688
0.0783
0.0681
0.0526
0.0397
0.0663
0.0580
0.0297

-0.0131
-0.0341
-0.0713
-0.1437

(hm/hp)
x 100

95.18
94.53
94.05
93.87
93.35
93.78
94.59
92.34
92.62
94.86
94.24
96.74

101.08
90.99

Adjustment

0.0482
0.0547
0.0595
0.0613
0.0665
0.0622
0.0541
0.0766
0.0738
0.0514
0.0576
0.0326

-0.0108
0.0901

* In the "adjusted" algorithm, a compression fracture = [ftp, + (adjustment * hpt-i) < 0.85 /ip,-i] or [/ip, +
(adjustment * hpM); < 0.85 hpi+,]; an anterior wedge fracture = [ha, + (adjustment * hpi) < 0.85 hpi\; and a
concavity fracture = [hmi + (adjustment * ftp,) £ 0.85 hp]. Note that anterior and posterior heights are reversed
for L6) where "reverse wedging" is the rule.

strata (35-44 years, ... , >85 years). The
"smoothed" estimates thus obtained pro-
vided more stable data for the tails of the
bone density distributions but were other-
wise comparable with the normally distrib-
uted bone mineral density values actually
observed within each age-group. The
smoothed age-specific distributions were
then multiplied by the number of Rochester
women in each age stratum to obtain the
number of women in each bone mineral
density level in each age group. The result-
ing age-specific figures were summed across
age strata to obtain an estimate of the total
number of Rochester women in each bone
density interval.

Numerators for calculating bone density-
specific vertebral fracture prevalence were
determined in the following manner:
Smoothed age-specific prevalence rates,
based on the "adjusted" algorithm, were
used to estimate the total number of Roch-
ester women on January 1, 1980 who had
one or more atraumatic vertebral fractures.
For this analysis, the five women with iso-
lated vertebral fractures due to severe

trauma were excluded. The distribution of
spinal bone density in women with verte-
bral fractures, obtained from the sample,
was multiplied by the estimated total num-
ber of women with vertebral fractures in
the underlying population, to derive an es-
timate of the number of fracture patients
in each bone mineral density interval.

The relative contributions of age and spi-
nal bone mineral density to vertebral frac-
ture risk were assessed in a case-control
analysis. The main technique of data anal-
ysis was multiple logistic regression, with
the conditional likelihood method used as
described by Breslow and Day (9).

RESULTS

The distribution of fractures by vertebra
is shown in figure 1 and reveals concentra-
tions in the midthoracic area and in the
region of transition from thoracic to lumbar
vertebrae, regardless of which of the three
diagnostic approaches is employed. How-
ever, use of the 15 per cent criterion to
define a fracture produced an excess of
fractures because the systematic increase
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M 15% adjusted
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FIGURE 1. Distribution of vertebral fractures by various criteria among Rochester, Minnesota women aged
50 years and over, by vertebra. (Horizontal scale is marked in 5 per cent intervals.)

in vertebral height caudally (figure 2) was
not taken into account in defining com-
pression fractures and because the normal
shape of vertebrae (shorter anteriorly in
the midthoracic area and shorter posteri-
orly in the lower lumbar region (figure 3))
was not taken into account in classifying
wedge and concavity fractures. Overall, 166
(83 per cent) of the 200 women aged 50
years and over were classified as having at
least one vertebral fracture with that
method. By allowing for systematic varia-
tions in vertebral anatomy, on the other
hand, the "adjusted" algorithm produced
an assessment more consistent with that of
an experienced clinical reader, who cate-
gorized 56 (28 per cent) of the 200 women
as fractured. The "adjusted" algorithm clas-
sified 53 (26 per cent) of the 200 women in
the radiographic sample as having one or
more vertebral fractures. There was imper-
fect concordance between the latter two
methods, however, as they agreed on only
45 of the women (Kappa = 0.76). Because
it is not possible at present to determine
which method is superior, data from both
the clinical reading and the adjusted algo-
rithm assessment were used in most sub-
sequent analyses.

15 20 25 30 35 £50
Vertebral height, mm

FIGURE 2. Distribution of posterior vertebral
heights among Rochester, Minnesota women aged 50
years and over, by vertebra. (Vertical scales are
marked in 15 per cent intervals.)
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1004 MELTON ET AL.

The influence of sex and race on verte-
bral fracture risk could not be evaluated
because all subjects were women and all
were white. The effect of aging was first
evaluated by determining the age-specific
prevalence of vertebral fractures (table 2).

o

£

Q

40 60 80 100 120 140 160
Ratio, anterior/posterior, %

FIGURE 3. Distribution of ratios of anterior to pos-
terior vertebral height among Rochester, Minnesota
women aged 50 years and over, by vertebra. (Vertical
scales are marked in 15 per cent intervals.)

Calculations were made with and without
the five women who had a single vertebral
fracture due to a specific episode of severe
trauma. In either instance, the prevalence
of vertebral fractures rose with age, based
on the adjusted algorithm assessment, and
the pattern was the same if the clinical
readings were used. Prevalence rates
reached an estimated 78 per cent among
women aged 90 years and over, but that
estimate is based on very small numbers.

Since the incidence of vertebral fractures
could not be determined in this cross-
sectional sample, incidence rates were es-
timated from smoothed prevalence rates as
described in Materials and Methods. These
are shown in table 3. When traumatic
vertebral fractures were excluded, the
smoothed prevalence rose from 6.1 per cent
in women aged 50-54 years to 51.7 per cent
in women aged 90 years and over. The
corresponding incidence of a first vertebral
fracture rose from 5.0 per 1,000 pen. n-
years in subjects aged 50-54 years to ...6
per 1,000 person-years in women aged 85
years and over. Age-specific incidence rates
were somewhat higher when clinically de-
fined vertebral fractures were used in the
calculations.

The rise in vertebral fracture incidence
and prevalence with aging has been attrib-
uted to age-related bone loss. Bone mineral
density, an in vivo measure of osteoporosis,
declined with age and the overall relation
was best described with a cubic model (fig-
ure 4). Vertebral fractures were uncommon

TABLE 2

Estimated prevalence of vertebral fractures by age among Rochester, Minnesota women aged 50 years and over.
Calculations are made with and without five women with traumatic vertebral fractures

Age group
(years)

50-59
60-69
70-79
80-89

>90
Total

Including traumatic

No.
sampled

46
51
51
43

9
200

No.
fractured*

3
9

14
20

7
53

"Adjusted"

fractures

Prevalence
(%)

6.5
17.6
27.5
46.5
77.8
26.5

algorithm

No.
sampled

46
51
50
39

9
195

Excluding

Clinical

traumatic fractures

No. Prevalence No.
fractured*

3
9

13
16

7
48

(%)

6.5
17.6
26.0
41.0
77.8
24.6

fractured*

3
9

13
19
7

51

reading

Prevalence
(%)

6.5
17.6
26.0
48.7
77.8
26.2

Number of women with one or more vertebral fractures.
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TABLE 3

Smoothed prevalence and estimated incidence of vertebral fractures among Rochester, Minnesota women aged
50 years and over. Calculations are made with and without five women with traumatic vertebral fractures and

are shown for both the objective and clinical assessments

Age group
(years)

50-54
55-59
60-64
65-69
70-74
75-79
80-84
85-89

>90

"Adjusted"

Including traumatic
fractures

Prevalence*

5.9
8.3

11.7
16.2
21.9
29.0
37.4
46.5
55.9

Incidencet

5.2
7.3

10.1
13.8
18.2
23.4
28.9
34.0

algorithm

Prevalence*

6.1
8.5

11.6
15.7
20.9
27.3
34.7
43.0
51.7

Clinical

Excluding traumatic fractures

Incidencet

5.0
6.8
9.3

12.3
16.1
20.5
25.2
29.6

Prevalence*

5.0
7.3

10.6
15.2
21.3
29.0
38.2
48.3
58.5

reading

Incidencet

4.9
7.2

10.3
14.4
19.6
25.8
32.3
38.4

* Smoothed prevalence (%) of one or more vertebral fractures, determined by the method of Leske et al. (6).
t Estimated incidence per 1,000 person-years, determined from prevalence rates by the method of Leske et

al. (6).

1.8

1.6

1.4

W 1.2

O" 1.0

CD 0.8

0.6

0.4

0.2

I I I I I I I I I I I

30 40 50 60 70

Age, yr
80 90

FIGURE 4. Distribution of bone mineral density
(BMD) of lumbar spine (LS), by age, among Roches-
ter, Minnesota women. The relation is best described
by a cubic model: A = 0.517835 + 0.492212 x 10~" X
age - 0.105822 x 10~2 x age2 + 0.625726 x 10~6 x
age3; h = 0.158749, R2 = 0.33. Values for women aged
50 years and over with one or more vertebral fractures
are also indicated (•).

until bone mass had fallen considerably
from peak levels in young adults: 98 per
cent of fracture patients had bone density
values below the 50th percentile of persons
aged 30 years and 75 per cent had values
below the "fracture threshold" (0.97 g/cm2).
Nonetheless, bone mass in women with ver-

tebral fractures was not dramatically lower
than in other women of similar age, and the
distributions of bone mineral density in the
two groups overlapped considerably (figure
5).

Although bone mineral density values did
not clearly discriminate between those with
and without vertebral fractures, this is not
an assessment of fracture risk. Thus, we
estimated vertebral fracture prevalence at
various levels of spinal bone density for the
entire population of Rochester women aged
50 years and over. The total number of
such women with one or more vertebral
fractures (n = 1,413) was estimated from
the smoothed age-specific prevalence rates
("adjusted" algorithm) for atraumatic ver-
tebral fractures. A Gaussian distribution of
bone mineral density was then fitted to
estimate the number of women with frac-
tures in each bone density interval (table
4). As described in Materials and Methods,
the denominator bone mineral density dis-
tribution was then estimated for Rochester
women generally (table 5). Bone density-
specific vertebral fracture prevalence rates
were estimated from the numerators in ta-
ble 4 and the denominators in table 5.
These are shown in table 6. Vertebral frac-
ture prevalence increased as bone density
declined, reaching levels of about 40 per
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1006 MELTON ET AL.

A No Fx
• Fx

1.3 1.1 0.9 0.7
BMD, g/cm2

0.5 0.3

FIGURE 5. Distribution of bone mineral density (BMD) of lumbar spine, by age, among Rochester, Minnesota
women aged 50 years and over with (Fx) or without (no Fx) one or more vertebral fractures.

TABLE 4

Distribution of bone mineral density of lumbar spine
among women with one or more atraumatic vertebral

fractures* and expected number with fractures by
bone mineral density interval among Rochester,

Minnesota women aged 50 years and over on
January 1, 1980

Bone mineral
density
(g/cm2)

>1.30
1.20-1.29
1.10-1.19
1.00-1.09
0.90-0.99
0.80-0.89
0.70-0.79
0.60-0.69

<0.60
Total

Vertebral

Distribution
(%)

0.34
1.61
5.83

14.08
22.82
24.79
18.07
8.83
3.63

100.0

fractures

Expected
no.

4.8
22.7
82.4

199.0
322.4
350.3
255.3
124.8
51.3

1,413

* Bone mineral density was normally distributed
(deviation from Gaussian distribution, p > 0.85)
among women with atraumatic vertebral fractures (U
= 0.879167 and h = 0.155506) and was not significantly
associated with age.

cent among the 6 per cent of women aged
50 years and over who had spinal bone
mineral density less than 0.7 g/cm2. It
should be noted, however, that these prev-
alence rates relate to people and not indi-

vidual vertebrae. Among women with a ver-
tebral fracture, the mean number per pa-
tient rose from one in women with bone
density levels 1.1 g/cm2 or greater to over
three per person in women with bone den-
sity less than 0.8 g/cm2.

The relative contributions of spinal bone
mineral density and age to the risk of ver-
tebral fracture were assessed in a case-
control analysis, considering the 48 women
with atraumatic vertebral fractures (de-
fined by the "adjusted" algorithm) as cases
and the remaining 147 women as controls;
the five women with traumatic vertebral
fractures were excluded from this analysis.
Results are shown in table 7. Age and bone
density were both significant predictors of
vertebral fracture status; and, because the
correlation between them was modest (r =
—0.28), their effects were little altered when
modeled together. Odds ratios calculated
from the beta coefficients indicate that a
10-year increase in age was associated with
a 94 per cent increase in risk. A 0.1 g/cm2

reduction in bone mineral density (about
the amount lost in 10 years on average) was
associated with a 44 per cent increase in
risk. Findings were virtually identical when
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TABLE 5

Distribution of bone mineral density of lumbar spine* by age strata for Rochester, Minnesota women aged 50
years and over on January 1, 1980

density
(g/cm2)

50-54

% No.

55-64

% No.

Age group (years)

65-74

% No. %

75-84

No.

85+

% No.

Total
No.t

2:1.30
1.20-1.29
1.10-1.19
1.00-1.09
0.90-0.99
0.80-0.89
0.70-0.79
0.60-0.69

<0.60
Total

9.36
15.18
23.10
23.95
16.91
8.13
2.66
0.59
0.12

117.5
190.5
289.9
300.6
212.2
102.0
33.4
7.4
1.5

3.54
8.42

17.25
24.08
22.90
14.84
6.55
1.97
0.46

81.8
194.7
399.1
557.3
530.0
343.4
151.5
45.5
10.7

0.90
3.22
9.30

18.25
24.41
22.24
13.80
5.83
2.05

18.4
66.2

191.0
375.1
501.6
457.0
283.6
119.9
42.2

0.46
1.96
6.53

14.81
22.89
24.09
17.28
8.44
3.55

6.9
29.4
98.2

222.7
344.2
362.4
259.8
126.9
53.4

0.81
3.00
8.84

17.74
24.26
22.59
14.33
6.19
2.24

4.9
18.1
53.5

107.4
146.8
136.7
86.7
37.4
13.5

100.0 1,255 100.0 1,314 100.0 2,055 100.0 1,504 100.0 605

229.5
498.9

1,031.7
1,563.1
1,734.8
1,401.5

815.0
337.1
121.4
7,733

* Based on age-specific means and standard deviation from the cubic model for the age-stratified population
sample using Gaussian distributions (normality was verified).

t Estimated bone mineral density-specific population at risk on January 1, 1980.

TABLE 6

Estimated prevalence of atraumatic vertebral fractures
by bone mineral density of lumbar spine among

Rochester, Minnesota women aged 50 years and over
on January 1, 1980

Bone mineral
density
(g/cm2)

Expected
no. with , ..
c populationfractures

Estimated Prevalence

>1.30
1.20-1.29
1.10-1.19
1.00-1.09
0.90-0.99
0.80-0.89
0.70-0.79
0.60-0.69

<0.60
Total

4.8
22.7
82.4

199.0
322.4
350.3
255.3
124.8
51.3

1,413

229.5
498.9

1,031.7
1,563.1
1,734.8
1,401.5

815.0
337.1
121.4
7,733

2.1
4.6
8.0

12.7
18.6
25.0
31.3
37.0
42.3

the clinical assessment of vertebral frac-
tures was used.

DISCUSSION

Vertebral fractures associated with os-
teoporosis involve the vertebral body and
include some combination of compression
(collapse of the entire vertebral body), con-
cavity (collapse of the vertebral endplates),
or wedging (relative loss of anterior height)
(10). When these are changes in vertebral
shape, they all reflect fracturing (11), and
empirical criteria use a 15 per cent reduc-

tion in vertebral body height to define a
new fracture (12). Shape changes cannot be
assessed in a prevalence study, however,
and extrapolation of this criterion to the
relation among vertebral heights on a single
roentgenogram results in an unreasonable
number of vertebrae being classified as
fractured. Since vertebrae are not all rec-
tangular and the same size, a definition
useful for cross-sectional surveys must take
into account the systematic variations in
vertebral body shape. For this study, we
established a preliminary set of adjust-
ments for vertebral size and shape, and
developed a new approach to the objective
assessment of vertebral fracture prevalence
that corresponded fairly well with the in-
terpretations of an experienced clinical
reader. The vertebra-specific normative
data from this study are comparable to
estimates from a series of 150 normal white
women aged 34-67 years (13) and from 191
white perimenopausal women (14), al-
though the approach to fracture classifica-
tion varied from one study to another.
However, more work is needed in this area,
especially in developing norms for vertebral
shape and size based on large numbers of
younger women.

Despite these problems with definition,
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TABLE 7

Logistic regression analysis of age and bone mineral density of lumbar spine among 195 Rochester, Minnesota
women aged 50 years and over with (cases) or without (controls) one or more atraumatic vertebral fractures

Characteristic
Bivariate models Multiple model

ft (SE*) Odds ratio (95% CIt) 0(SE) Odds ratio (95% CI)

Age (10 years)
Bone mineral density

(0.1 g/cm2)*
Intercept
Model R

0.7332 (0.1620) 2.08 (1.51-2.87)

-0.4601 (0.1174) 1.58 (1.25-2.00)

0.6612 (0.1730) 1.94 (1.37-2.74)

-0.3648 (0.1195) 1.44 (1.13-1.83)
-2.5149 (1.7731)

0.38

* SE, standard error.
t CI, confidence interval.
X At about 1 per cent per year over life, 0.1 g/cm2 is the approximate amount of bone lost in 10 years.

it is clear that vertebral fractures are quite
common in women and show a rapid rise
in prevalence with aging. By means of the
smoothed prevalence figures and correction
for the age-specific sampling fractions, it is
estimated that 18 per cent of women aged
50 years and over in the general population
of Rochester have one or more vertebral
fractures, and 27 per cent of women aged
65 years and over. Because elderly women
who were chronically ill were less likely to
have volunteered for the study (4), these
estimates could be somewhat conservative.
Nonetheless, the high prevalence rates for
vertebral fractures seen in this study are
very close to estimates from a random sam-
ple of Danish women aged 70 years (15)
and among selected nursing home residents
(16). Some other nonpopulation-based es-
timates are compatible as well (17,18). Age-
specific rates estimated by Smith and Rizek
(19) are lower, but they excluded from their
study women who had any condition re-
lated to osteoporosis. Prevalence rates
based on assessment of small areas of the
thoracic (5) or lumbar spine (20) with min-
iature roentgenograms were only about 2
per cent and 3 per cent, respectively, even
among older women. Evaluation of the
lower thoracic and lumbar spine among a
cohort of women in Hawaii (21) produced
prevalence rates nearly as high as those
seen in Rochester. In lumbar spine roent-
genograms on a random sample of Jerusa-
lem residents (22), on the other hand, the
prevalence of vertebral compression frac-

tures reached only 6.8 per cent in women
aged 75-84 years, but hip fracture incidence
rates were also low in that population com-
pared with Rochester (23).

Because of the gradual and often painless
onset of many vertebral fractures, it has
proven difficult to measure the incidence
of such fractures in the general population.
Many vertebral fractures are diagnosed in-
cidentally and their onset cannot be dated,
while others are never clinically recognized
at all. The only population-based incidence
study to date that we know of (24), in fact,
appears to describe traumatic vertebral
fractures rather than the more typical
atraumatic variety common in the general
population. Consequently, incidence rates
were estimated from the Rochester preva-
lence data by means of the method of Leske
(6). The overall age- and sex-adjusted in-
cidence of vertebral fractures, about 15.4
per 1,000 person-years among white women
aged 50 years and over, is about twice the
8 per 1,000 person-years figure derived di-
rectly from the study of women in Hawaii
(21), where only half of the vertebrae were
assessed. Both incidence rates are much
higher than the estimated incidence of ver-
tebral fractures nationally in the United
States, 1.3 per 1,000 per year (25). However,
the latter rate was averaged over blacks as
well as whites and over men as well as
women. Moreover, the national estimate
was restricted to fractures that led to a
physician visit or restricted activity, while
the Rochester data included wedged and
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concave vertebrae that are usually not med-
ically attended.

Because the risk of fracture rises with
the level of trauma and with reduction in
the ability of bone to withstand the loads
imposed (23), epidemiologic patterns of
fracture incidence have generally been ex-
plained on the basis of age- and sex-specific
differences in trauma or, alternatively, on
the basis of age- and sex-specific reductions
in bone strength. However, vertebral frac-
tures are rarely associated with a specific
episode of external trauma (16, 26, 27), and
are commonly due instead to loading of the
vertebral column during normal daily activ-
ities. These loads are surprisingly large
(10); when bending the trunk, for example,
lumbar vertebrae can be subjected to forces
exceeding body weight (28). Moreover, ver-
tebral body strength declines with aging
(29), coinciding with loss of trabecular bone
(30), and the consequent reduction in
strength is disproportionately greater than
the reduction in mass (10). Because activi-
ties of daily living can generate forces suf-
ficient to fracture vertebrae weakened by
osteoporosis (27, 31), fracture risk is closely
associated with bone mineral density.

While it is generally presumed that os-
teoporosis is the main cause of reduced
bone strength, there is no clear bimodality
in the distribution of bone mineral density
in the population, and values overlap
widely for age- and sex-matched persons
with and without various fractures (7).
Women with vertebral fracture generally
have lower spinal bone mass than controls
(32, 33), and histologic studies (34) and
radiographic studies (35, 36) reveal reduced
trabecular bone in the vertebral bodies of
such women. However, bone mineral den-
sity measurements do not clearly discrimi-
nate between the two groups, as shown in
the present analysis. It is important to note,
however, that most of the vertebral frac-
tures in this study represent the wedge
deformations of Type II osteoporosis (37).
Similarly, in the study of 70-year-old Dan-
ish women with vertebral fracture, 80 per
cent had vertebral wedging, while only 20

per cent had collapse fractures (15). The
reduction in spinal bone mineral density in
persons with Type II osteoporosis is not as
great, relative to age- and sex-matched
peers, as that seen among women with the
symptomatic crush fractures of Type I os-
teoporosis (7, 32).

Nonetheless, vertebral fracture risk does
vary with bone mineral density as shown
previously for the hip (38) and the distal
forearm (39). About 43 per cent of our
sample of Rochester women aged 50 years
and over had spinal bone mineral density
>1.0 gm/cm2, and the prevalence of one or
more vertebral fractures in this group was
only 9 per cent. Even this is an overesti-
mate, however, because it ignores younger
women who generally have higher bone
mass and few vertebral fractures. The prev-
alence of vertebral fractures was distinctly
greater, 25 per cent, among women with
spinal bone mineral density less than 1.0
g/cm2, and vertebral fracture prevalence
increased as spinal bone mineral density
declined. The close relation between spinal
bone mass and vertebral fracture preva-
lence has been observed by others (19, 21,
40).

Since bone mass is less in adult women
than men at any given age, fracture rates
are greater in women, and variation in bone
mass may also explain racial differences in
vertebral fracture risk (20). Since spinal
bone mass declines with age, fracture risk
also increases with age. However, the pres-
ent analysis indicates that bone mineral
density, as assessed by dual photon absorp-
tiometry in the lumbar spine, does not en-
tirely account for the age-related increase
in fracture prevalence. The residual effect
of age may be due to the fact that bone
mineral density is not a perfect indicator of
bone fragility (41). In addition to the dis-
proportionate mechanical consequences of
disrupted trabecular architecture that oc-
cur with bone loss (42), there may be bio-
mechanically critical areas of local weak-
ness that are not evident from measures
averaged over the entire vertebral body. For
example, Genant et al. (43) found a greater
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deficit of trabecular than cortical bone in
the lumbar spines of women with postmeno-
pausal osteoporosis and vertebral fractures.
Moreover, there may be qualitative changes
in bone due to altered composition of min-
eral or matrix (11). These could lead to
increased brittleness (11) and microfrac-
tures (44-46), perhaps resulting in struc-
tural failure of bone even under low loading
conditions. Other influences include age-
related deterioration of intervertebral discs,
that concentrates loads peripherally and
potentiates buckling of the vertebral cortex
(10), and weakening of abdominal and
paravertebral musculature, that increases
the loading on the vertebrae (47). Finally,
some of the specificity of bone mineral den-
sity measurements for vertebral fracture is
lost because of artificially high values
caused by aortic calcification and hyper-
trophic changes in the spine (21), which
may be more common in women with ver-
tebral fractures (48).
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