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Abstract
Summary We examined the rate of clinical vertebral
fractures, and the circumstances associated with the
fractures, in a cohort of 5,995 US older men. Fractures
were more common in the most elderly men, and were
usually associated with falls and other low-energy trauma.
Introduction Little is known about clinical vertebral frac-
tures in older men. We postulated that clinical vertebral
fractures occur with falls, affect men with osteoporosis, and
are more common as age increases.
Methods Five thousand nine hundred and ninety-five men
aged ≥65 years were followed prospectively for an average

of 4.7 years. Men with incident clinical vertebral fractures
were compared to controls.
Results One percent (n=61) sustained incident clinical
vertebral fractures (2.2/1,000 person-years). The rate of
fracture rose with age (0.7% in men 65–69 years and 5%
≥85 years). Fractured men were more likely frail (8.2% vs.
2.2%), more often fell (36.1% vs. 21%) and had lower total
hip and lumbar spine BMD (all p values ≤0.002). In 73.8%
of cases fractures were precipitated by no known trauma or
by low-energy trauma, including falls in 57.3% Fractures
were thoracic in 33% and lumbar in 56%. Men with an
incident vertebral fracture were more likely to be osteopo-
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rotic (13% vs. 2%, p<0.0001), but most men with incident
fractures did not have osteoporosis.
Conclusions Incident clinical vertebral fractures were rela-
tively common in older men and the rate increased after age
80 years. Fractures were usually associated with minimal
trauma, most commonly a fall.

Keywords BMD . Epidemiology .Men . Osteoporosis .

Vertebral fractures

Introduction

Vertebral fractures are the most common type of osteopo-
rotic fractures. Data from the European Vertebral Osteopo-
rosis Study (EVOS) suggest that 12% of both men and
women aged 50–80 years have a radiographic vertebral
deformity, and the prevalence of deformity increases with
age in both sexes [1]. Vertebral deformities are associated
with adverse outcomes including back pain, physical
impairment [2, 3], an increased risk of future osteoporotic
fractures [4–6] and an increased risk of mortality [4, 7]. It is
estimated that a minority (from 22% to 33%) of vertebral
fractures come to medical attention [3, 8–10]; these
“clinical” vertebral fractures are associated with a higher
morbidity [11, 12] and mortality [13–15].

There is little information concerning clinical vertebral
fractures in women or men. Previous studies have been
cross-sectional or retrospective and most have included
young patients who are likely to sustain fractures from
more severe trauma [8, 11]. For instance, we found no
prospective data about patient characteristics or BMD
associated with clinical vertebral fractures in older men. It
has been assumed that most vertebral fractures are the result
of skeletal fragility rather than trauma [16, 17], but little
information is available concerning this issue.

The Osteoporotic Fractures in Men (MrOS) study is a large
prospective cohort study of fractures in older men. We in-
vestigated the incidence of clinical vertebral fractures in MrOS,
the circumstances associated with their occurrence and the
clinical characteristics of men who sustained these fractures.

Materials and methods

Study population

The MrOS Study enrolled 5,995 men at six U.S. clinical
centers (Birmingham AL, Minneapolis MN, Palo Alto CA,
Pittsburgh PA, Portland OR and San Diego CA) from
March 2000 through April 2002. Eligible participants were
at least 65 years of age, were able to walk without
assistance from another person, and had not had bilateral

hip replacement surgery. All MrOS participants completed
the baseline self-administered questionnaire and attended
the baseline visit during which skeletal, anthropometric and
other measures were obtained. Details of the MrOS
recruitment and study design have been published else-
where [18, 19]. The institutional review board at each site
approved the study protocol and written informed consent
was obtained from all participants.

Baseline characteristics and measurements

Information obtained by self-administered questionnaire
included demographic factors, tobacco and alcohol history,
medications, history of falls (within the 12 months prior to
baseline) and fracture history. Age was computed from date
of birth. Participants were classified into mutually exclusive
categories of race/ethnicity as white, black, Asian, Hispanic
or other based on self-report. Cigarette smoking was classified
as current, past or never. Current alcohol consumption was
computed as average number of drinks per week. Height (cm)
was measured using a Harpenden stadiometer. Participants
were weighed (Kg) on balance beam or digital scales while
wearing indoor clothing except shoes. Bodymass index (BMI)
was calculated as weight divided by the square of height in
meters (Kg/m2). Frailty was accessed using the Fried index
[20] slightly modified for the MrOS Study [21]. A man was
considered frail if he had three or more of the following
criteria: sarcopenia, low activity, weakness, slowness or low
energy. Men with one or two criteria were considered pre-
frail, and those with no criteria present were considered
robust. Lateral lumbar and thoracic radiographs were
obtained at baseline and were available for a comparison
with radiographs obtained at the time of possible incident
clinical vertebral fracture. Bone mineral density (BMD) was
measured in the proximal femur and lumbar spine using
DXA measured by Hologic QDR 4500 densitometers.

Follow-up and ascertainment of clinical vertebral fractures

Every four months study participants completed a one-page
mailed questionnaire asking about the occurrence of
incident falls and fractures in the previous 4-month period.
If a participant reported a fracture, study staff conducted a
follow-up interview to determine the date/time of the
fracture and a description of how the fracture occurred.
An incident “clinical” vertebral fracture was defined by the
presence of both symptoms suggestive of vertebral fracture,
such as neck or back pain, that prompted the participant to
seek medical attention and by a clinical radiograph that
documented the presence of a new vertebral deformity.
Verification of a new vertebral deformity was obtained in
all cases by comparing the clinical radiograph (including
any X-rays, CT and MRI studies) obtained from the
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participant’s physician. The baseline study thoracic and
lumber radiographs were examined to verify that a fracture
was not present at the start of observation. Cervical
radiographs were not obtained at baseline because cervical
fractures are uncommon. In this study, all the clinical
cervical fractures were associated with severe deformity
and high levels of trauma, and thus it’s unlikely that they
did not represent incident fracture events. Semiquantitative
(SQ) methods [22] were used to determine incident
fracture, defined as a distinct alteration in morphology of
vertebral body resulting in a higher grade (grade 1–3) when
the clinical radiograph was compared to the same vertebrae
on the baseline study radiograph. The SQ criteria was also
used to determine the severity of vertebral fractures (mild,
moderate or severe) based on the descriptions in the
radiological reports obtained from participants’ medical
records. A fracture was considered mild if the radiology
report described it as mild or as having a 20–25% reduction
in vertebral anterior, middle and/or posterior height;
moderate if described as moderate or with a >25–40%
reduction in height and severe if described as severe or with
a reduction >40% in height.

There were a total of 142 possible vertebral fractures
reported on mailed questionnaires by 108 MrOS partic-
ipants during the follow-up. Of these, 62 possible vertebral
fractures (in 44 participants) were not confirmed by the
study radiologist and were excluded from further analyses.
64 MrOS participants were found to have at least one
confirmed incident vertebral fracture. Three of these cases
(5%) were excluded because the discovery of a fracture was
not linked to the presence of skeletal symptoms (e.g., a
fracture was incidentally noted at the time of chest X-ray
for cardiopulmonary disease). Thus, 61 participants with
fracture linked to symptoms were included in this report.

None of the fractures reported were pathological (i.e.,
related to local vertebral neoplasia, infection, etc.).

Circumstances of incident clinical vertebral fractures

Based on the participants’ descriptions, fractures were
assigned to one of seven categories of trauma: fall from
standing height or less; fall on stairs, steps or curb; fall from
more than standing height; minimal trauma other than a
fall; moderate trauma other than a fall; severe trauma other
then a fall; circumstances unknown (Table 1). It was
assumed that in most cases in which the circumstances
were unknown there was no obvious trauma.

Statistical analysis

Distributions of baseline characteristics among men with
and without incident clinical vertebral fracture were
compared using chi-square tests for categorical variables
and t tests for continuous variables. Clinical vertebral
fracture rates were calculated by five-year age groups.
Rates were expressed as numbers of fractures per 1,000
person-years of follow-up and the 95% confidence intervals
(CIs) were calculated using the exact Poisson formula.
Femoral BMD T-scores using both male and female
reference ranges were used to classify fractures by baseline
BMD category (osteoporosis: T-score ≥−2,5, low bone
mass: T-score between −1 and −2.5 or normal BMD:
T-score ≤−1.0) [23]. Multivariate Cox proportional hazards
model was used to assess the increase in fracture risk of
potential contributors, with time-to-first clinical vertebral
fracture as the outcome. All analyses were performed with
Statistical Analysis Systems, version 9.1 (SAS Institute
Inc., Cary, NC, USA, 2003).

Table 1 Degree of trauma categories

Degree of trauma Description

Fall from standing height or less This includes most injuries due to tripping over something, slipping in the shower or bathtub, or falling
out of a chair (unless standing on it), in which the participant lands on the surface at the same height as
the surface he has been standing on

Fall on stairs, steps or curb This includes all falls during change of level, such as stepping up or downstairs, steps or curbs
Fall from more than standing height,
but not on stairs

This includes falls from heights such as off a ladder or while standing on a table or chair, off a porch,
out of a window, etc.

Minimal trauma other than a fall This includes vertebral fractures associated with coughing, stepping down a step, turning over in bed,
etc.

Moderate trauma other than a fall This includes collisions with objects during normal activities (e.g., stub toe, hit hand against doorframe,
walking into door)

Severe trauma other than a fall This includes motor vehicle accidents, struck by a car, hit by rapidly moving projectile (golf ball or golf
club), assault

Circumstance unknown This includes situations where respondent cannot remember how the fracture occurred
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Results

Seventy-five incident clinical vertebral fractures occurred in
61 subjects (1% of the cohort) during a follow-up of 4.7±
0.9 years. Baseline characteristics of the MrOS participants
with or without at least one incident clinical vertebral
fracture are presented in Table 2. Men who sustained an
incident clinical vertebral fracture, when compared to those
who did not, were older (77.5 vs. 73.6 years, respectively, p<
0.0001), were more likely to be frail (8.2% vs. 2.2%, p=
0.002) and had lower total hip BMD (0.863 vs. 0.959 g/cm2,
p<0.0001) and lumbar spine BMD (1.030 vs. 1.179 g/cm2,
p<0.0001). A higher proportion of men with fractures
reported a history of falls in the 12 months prior to baseline
(36.1% vs. 21%, p<0.0001). Other characteristics at enroll-
ment (race, anthropometric measurements, use of glucocorti-
coids, smoking and alcohol habits and prior history of
fractures) were similar between the groups.

The overall rate of clinical vertebral fractures was 2.2 per
1,000 person-years (95% CI 1.7–2.8) and when cervical
fractures were not considered (only thoracic and lumber
fractures were considered) the incidence was 1.9 per 1,000
person-years (95% CI 1.46, 2.50). The rates of clinically
diagnosed vertebral fractures by five-year age categories are
shown in Fig. 1. The proportion of men that experienced a
fracture in each five-year category during follow-up rose
with age (0.7% in 65–69 yr; 0.5% in 70–74 yr; 1.0% in 75–
79 yr; 1.6% in 80–84 yr and 5% in ≥85 yr). Compared to
men aged 65–69 years, the risk of fracture was higher in
those aged 80–84 years and 85 years and older (hazard
ratios 2.6, 95% CI 1.2–5.7, and 8.9, 95% CI 4.1–19.5,
respectively). When only thoracic and lumber fractures
were considered the pattern was similar.

The circumstances associated with incident clinical
vertebral fractures are shown in Table 3. Fractures were
most commonly associated with a fall from standing height
or less (41%). A fall of any type was associated with
incident clinical vertebral fractures in 57.3% of subjects.
Fewer fractures (21.4%) occurred as a result of unknown
trauma (for example, were discovered in association with
back pain but without a history of an inciting event). In
73.8% of cases the fractures were attributed to low-energy
(fall from standing height or less, or minimal trauma other
than a fall) or unknown trauma; only 14.8% of men
reported severe trauma (fall from more than standing height
or severe trauma other than a fall) at the time of fracture.

Cervical fractures occurred in eight (10.7%) men, and
most (five fractures) occurred at C2. These cervical
fractures were complex (none were compression or wedge)
and were associated with severe trauma. Thoracic (n=25;
33.3%) or lumbar (n=42; 56%) fractures were most
frequently in the thoracolumbar transition zone (13.3%
T12 and 22.7% L1; Fig. 2). Among thoracic and lumbar
fractures, 18 (26.9%) were classified as mild, 14 (20.9%) as
moderate and 13(19.4%) as severe. Information from the
remaining fracture reports (N=30, 40% of cases) was
insufficient (“compression” or “wedge”) to classify the
remaining fractures by severity. Of fractured men, 16.4%
(n=10) had more than one incident clinical vertebral
fracture (six had two fractures and four had three fractures);
in each subject all of these multiple fractures were reported
on the same date.

Clinical vertebral fractures were more common in men
with lower BMD at the total hip (age-adjusted hazard ratio
per 1 SD decrease: 1.9, 95% CI: 1.4–2.5, p<0.0001) and
lumbar spine (age-adjusted hazard ratio: 2.3, 95% CI: 1.6–

Table 2 Baseline characteris-
tics of men with and without
incident clinical vertebral
fractures in the MrOS study

a Categorical variables were
expressed as percentage of
occurrence and continuous
variables as mean±1 SD
bCurrent or past use
c Presence of at least three
components of frailty

Men with clinical
vertebral fracturesa

Men without clinical
vertebral fracturesa

P value

(N=61) (N=5934)

Age (yr) 77.5±6.9 73.6±5.8 <0.001
Caucasian race 95.10% 89.40% 0.2
Weight (Kg) 80.2±13.1 83.2±13.3 0.08
Height (cm) 173.5±6.5 174.2±6.8 0.5
BMI (Kg/m2) 26.6±4.1 27.4±3.8 0.1
Glucocorticoid useb 8.20% 5.60% 0.4
Smoking
Current 6.60% 3.40% 0.3
Past 62.30% 59%
Never smoked 31.10% 37.60%
Alcohol use (drinks/week) 3.7±5.2 4.3±6.8 0.4
Frailtyc 8.20% 2.20% 0.002
Prior fractures 60.70% 55.30% 0.4
History of falls at baseline 36.10% 21% 0.004
Total hip BMD (g/cm2) 0.863±0.1 0.959±0.1 <0.0001
Lumbar spine BMD (g/cm2) 1.030±0.2 1.179±0.2 <0.0001
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3.2, p<0.0001). Men who suffered an incident vertebral
fracture were more likely to be osteoporotic than men who
did not (13% vs. 2%, p<0.0001). Figure 3 shows the
proportions of clinical vertebral fractures that occurred in
men with osteoporosis (13%), low bone mass (46%) and
normal BMD (41%) using male total hip T-scores reference
ranges. When BMD was measured at the femoral neck,
16% of men with clinical vertebral fractures were osteopo-
rotic, 61% had low bone mass and 23% had normal BMD.

When female reference ranges were used, the proportion of
men with osteoporosis, low bone mass and normal total hip
BMD were 5%, 33% and 62%, respectively. Regardless of
site and reference range used, more than 80% of men with
incident vertebral fractures did not have osteoporotic
T-scores. In men with osteoporosis, 75% (6 of 8) of
fractures were associated with low-energy or unknown
trauma and in men with normal BMD 68% (17 of 25) were
associated with low-energy or unknown trauma.

When the relationship of fracture risk to baseline age,
total hip BMD, frailty status (yes or no) and history of falls
was examined in a multivariate analysis, total hip BMD
(X2=18.8, p<0.0001) age >85 years (X2=15.1, p=0.0001),
and falls history (X2=,3.9 p=0.04) were independent
predictors, and frailty status (X2=3.2, p=0.07) was of
borderline significance.

Discussion

This is the first large prospective study of clinical vertebral
fractures in older men. We found that clinical vertebral
fractures were relatively common, particularly in the oldest
age groups. For instance, 1% of all participants and 5% of
those aged ≥85 years experienced one or more clinical
vertebral fractures during the 4.7 years of follow-up. Most
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Fig. 1 Rates (per 1,000 person-years) and 95% confidence intervals of clinical vertebral fractures in the MrOS Study, by 5-year age categories

Table 3 Circumstances of incident clinical vertebral fractures in
MrOS participants

Circumstances of fractures Participants with clinical
vertebral fracturesa

Fall from standing height or less 41%
Fall on stairs, steps or curbs 8.1%
Fall from more than standing height 8.2%
Minimal trauma other then a fall 11.4%
Moderate trauma other than a fall 3.3%
Severe trauma other than a fall 6.6%
Circumstance unknown 21.4%

a Results were expressed as percentage of the total number of subjects
with fractures (n=61). Ten subjects had more than one incident
clinical vertebral fracture (six had two fractures and four had three
fractures). In the case of multiple fractures, all fractures were reported
on the same date.
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fractures occurred as a result of falls and other low-energy
trauma and few were the result of severe trauma. Fractures
occurred most frequently at the thoracolumbar junction and
were associated with lower bone mineral density. However,
most fractures occurred in men with BMD T-scores >−2.5.

Clinical vertebral fractures were particularly common in
the oldest men. Since clinical vertebral fractures in men are
associated with important reductions in quality of life and
other morbidities [11, 12], and may be associated with
increased mortality [13–15], these fractures represent an
important health problem. The relationship between age
and fractures described here is consistent with previous
retrospective reports. Our rates were somewhat lower than
those reported in similarly aged men in England and Wales
[24], but similar to those in Rochester (US) [25], southern
Victoria (Australia) [26] and Malmö (Sweden) [27]. Our
fracture rates were also about one-third those reported for
incident radiographic vertebral deformities in older men
[28, 29], and this supports the estimate that only about one-
fourth to one-third of all vertebral fractures are clinically
diagnosed [3, 8–10].

There are few studies describing the circumstances
associated with clinical vertebral fractures. Most (>70%)
clinical vertebral fractures in our cohort were associated
with low-energy trauma or no known injury and it was
uncommon that clinical vertebral fractures were the result
of severe trauma (e.g., motor vehicle accidents). Overall,
about one in five incident fracture patients presented with
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Fig. 3 Distribution of BMD categories in men with and without
incident clinical vertebral fractures using male T-scores at total hip
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back pain but without known injury. The only published
study reporting the degree of trauma in incident clinical
vertebral fractures was a retrospective review of men and
women residents in Rochester, Minnesota [8] that found
83% of all fractures were related to moderate or minimal
trauma (defined as less than or equal to a fall from standing
height), and only 14% were caused by severe trauma
(traffic accidents and falls from greater than standing
height). In the subgroup of older men (aged 65 years and
older), the proportion of fractures caused by moderate or
severe trauma was also low (18%) - similar to our finding
of 26.2%.

A fall was associated with almost 60% of the fractures
we observed, and men who reported a history of falling
experienced more fractures. Falls are common in the elderly
[30, 31] and are associated with increased risk of hip and
other osteoporotic fractures [8, 32]. However, there is a
general impression that falls are not important in the
pathogenesis of vertebral fractures and that most of these
fractures are precipitated by routine everyday activities, like
lifting and bending [33]. Our results indicate that falls are
an important cause of clinical vertebral fractures in older
men.

Our results corroborate previous observations about the
association between lower BMD and vertebral fractures
[29, 34–37]. BMD values were lower for men who
fractured than for those who did not, and each 1SD
decrease in lumbar spine or femoral BMD was associated
with an approximated twofold increased risk of incident
clinical vertebral fractures. However, most men fractured
with normal BMD or low bone mass. Our data are in
agreement with studies in women [38, 39] and demonstrate
that BMD is important, but not sufficient, for prediction of
fractures in older men. The addition of other parameters
that affect bone strength may improve the prediction of
fractures [40, 41]. Moreover, non-skeletal factors are
probably important in the determination of fracture risk.
The ability of the spine to resist fracture depends not only
on the structural capacity of the vertebrae but also on the
loading conditions that arise from activities of daily living
or trauma [42]. Our results suggest that a combination of
increases in fall risk and reductions in bone density are
important factors in the age-related increase in clinical
vertebral fractures.

Frailty increases with age and is a risk factor for falls,
disability, hospitalization and death [20]. Older women with
hip fractures are more likely to have markers of frailty than
those without fractures [43], and frailty predicts the risk of
hip fractures in women [44]. Our study adds new
information regarding frailty and clinical vertebral frac-
tures, demonstrating that these two entities can be associ-
ated in older men. Although we did not find that other risk
factors, such as smoking, alcohol intake and glucocorti-

coids use, were significantly more common in men who
reported a clinical vertebral fracture, the number of
participants with fractures reported here is relatively low,
and our ability to detect effects of these factors may be
limited.

The most frequent site of fractures was in the thoraco-
lumbar region (T12 to L4), and these data are consistent
with previous reports based on the location of all vertebral
deformities [29] and clinical vertebral fractures [8] in men.
However, we observed a lower frequency of fractures in the
midthoracic region than expected. Several studies in men
and women have reported that vertebral deformities cluster
at the midthoracic and thoracolumbar regions of the spine,
potentially as a result of the biomechanical forces exerted at
these sites [8, 29, 45]. The distribution of clinical vertebral
fractures noted here (more often in the lower spine) may
reflect a different causation of clinical vertebral fractures
that do not come to clinical attention.

To our knowledge, this is the first prospective study of
the circumstances associated with incident clinical vertebral
fractures in older men. Our study has several strengths,
including the large, community dwelling cohort and the
standardized methods for detecting, characterizing and
adjudicating fractures. However, it also has limitations.
Despite the large number of men followed for ∼5 years,
there were relatively few clinical vertebral fractures. The
study was of US men who were primarily Caucasian, and
our results may not be generalizable to other racial groups
or geographies. Although it is likely that participant recall
of fracture events was accurate via the tri-annual question-
naires, the possibility exists that some clinical vertebral
fractures were not reported or accurately described. Our
study is intended to provide a clinical characterization of
men who suffer clinical vertebral fracture, but we have not
undertaken a comprehensive analysis of the factors that
may increase clinical vertebral fracture risk. These rele-
vance of these findings to clinically undetected vertebral
fractures is uncertain.

In summary, clinical vertebral fractures were relatively
common in older men, particularly the most elderly
(>80 years) and those who were frail. Although bone
mineral density was lower in men who sustained fractures,
most fractures occurred in men with BMD T-scores >−2.5.
Fractures were most commonly the result of falls and other
low-energy trauma.
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