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Abstract
Summary We evaluated vertebral fracture prevalence using
DXA-based vertebral fracture assessment and its influence
on the Fracture Risk Assessment (FRAX) tool-determined
10-year fracture probability in a cohort of oldest old nursing
home residents. More than one third of the subjects had
prevalent vertebral fracture and 50% osteoporosis. Probably
in relation with the prevailing influence of age and medical
history of fracture, adding these information into FRAX did
not markedly modify fracture probability.
Introduction Oldest old nursing home residents are at very
high risk of fracture. The prevalence of vertebral fracture in
this specific population and its influence on fracture probability
using the FRAX tool are not known.
Methods Using a mobile DXA osteodensitometer, we studied
the prevalence of vertebral fracture, as assessed by vertebral
fracture assessment program, of osteoporosis and of sarcopenia
in 151 nursing home residents. Ten-year fracture probability
was calculated using appropriately calibrated FRAX tool.
Results Vertebral fractures were detected in 36% of oldest
old nursing home residents (mean age, 85.9±0.6 years). The
prevalence of osteoporosis and sarcopenia was 52% and
22%, respectively. Ten-year fracture probability as assessed
by FRAX tool was 27% and 15% for major fracture and hip
fracture, respectively. Adding BMD or VFA values did not
significantly modify it.
Conclusion In oldest old nursing home residents, osteoporosis
and vertebral fracture were frequently detected. Ten-year fracture probability appeared to be mainly determined by age and
clinical risk factors obtained by medical history, rather than by
BMD or vertebral fracture.
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Introduction
Nursing home residents are at very high risk of osteoporotic
fractures since fracture rate in this population is between 3
and 11 times higher than in age- and gender-matched community dwellers [1–5]. For instance, nearly 40% of hip
fractures occur in nursing home residents [6, 7]. Nursing
home residents with a history of hip fracture or any prior
osteoporotic fracture have an increased risk of another fracture already over the ensuing 2 years when compared to
residents with no fracture history [8–10]. In addition to low
BMD and prevalent fractures as predictor of hip fractures in
white female residents [2, 10, 11], cognitive impairments
and urinary incontinence [12, 13] are risk factors for falls,
contributing to increase risk of fracture. A high prevalence
of sarcopenia is found in patients with a recent hip fracture,
underlining the link between low muscle mass and fragility
fracture in frail elderly [14, 15].
The prevalence of vertebral fracture in nursing home residents is not known. Whether the detection of such fracture and
their inclusion into the Fracture Risk Assessment (FRAX)
algorithm could improve fracture probability evaluation in
this specific population, and thereby further identify patients
at increased risk of fracture deserving therapy, is not established. This is of particular interest since in several countries,
age-adjusted hip fracture secular trend appears to be reversing
[16, 17], and that this reversal seems to be related to a decrease
in hip fracture incidence specifically in nursing homes [18].
In this study, we addressed the following questions: (1) Is
vertebral fracture assessment (VFA) as measured by DXA
using a nursing home visiting truck applicable in oldest old
nursing home residents? (2) What is the vertebral fracture
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prevalence in a population of nursing home residents at high
risk of fracture? (3) Would the detection of vertebral fracture
or introducing BMD values modify fracture probability,
based on clinical risk factors, as estimated by the FRAX
tool?, and (4) What is the sarcopenia prevalence in this
population? The results indicate that in oldest old nursing
home residents, osteoporosis and vertebral fracture are frequent and that the 10-year fracture risk is barely influenced
by introducing BMD or VFA values in the FRAX tool.
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degree of sarcopenia was estimated from appendicular lean
mass (ALM) per height square, with cutoff values of 7.26
and 5.45 kg/m2, as assessed by DXA, in men and women,
respectively, for class II severe sarcopenia (ALM/ht2 ratio
below −2 standard deviation (SD) of the gender-specific
mean value of young controls), and 8.51 and 6.44 kg/m2
for class I moderate sarcopenia (ALM/ht2 ratio between −1
and −2 SD) [27, 28].
Statistical analysis

Patients and methods

The results are shown as means±SEM.

Patients were recruited among five nursing homes of the
Geneva area which comprises 50 homes for 3,500 residents.
The study has been approved by the ethics committee of the
Geneva Medical Doctors Association. Inclusion criteria
consisted of the ability to sign an informed consent, a life
expectancy estimated as greater than 1 year, and the ability
to walk with or without a walking aid. Exclusion criteria
were: subject refusal (15% of 879 residents in the five
nursing homes), walking impairment and incapacity to
climb the four stairs to get into the densitometry truck
(15%), cognitive impairment (45%), an osteodensitometry
examination performed less than 1 year previously (5%),
active cancer disease with or without bone metastasis
(10%), and other causes (10%). Cognitive impairment was
defined as the incapacity to provide an informed consent,
based on the evaluation of understanding, appreciation,
reasoning, and verbal expression [19].

The five nursing homes out of the 50 in the Geneva area
housed 879 residents (25%). Among them, 151 (17%) fulfilled the inclusion criteria. Four out of five were women.
Mean age was 85.9 years (range, 64 to 98 years; Table 1).
Their reported dietary intakes of calcium and protein were
suboptimal. With a mean BMI of 26.4 kg/m2, the nutritional
status appeared to be satisfactory (Table 2). The impaired
activity of daily living was exemplified by altered Katz and
care load scores. Half of them described a fall during the
previous year, and slightly less reported a history of fracture.
Very few were receiving an osteoporosis therapy (6%
bisphosphonates and 21% some calcium and/or vitamin D).

Clinical data

DXA measurements

Three questionnaires were administered. The first one
concerned osteoporotic risk factors, history of falls, current
medication, and comorbidities. The second one evaluated
the activities of daily living according to Katz [20] and a
nursing care load score [21]. The third one estimated dietary
calcium and protein intakes [22]. Based on clinical risk
factors, we calculated the FRAX score calibrated for Swiss
life expectancy and fracture incidence [23, 24] to estimate
the 10-year probability of fracture. Fracture occurrence was
based on medical history and/or results from vertebral fracture
assessment (VFA) [25].
BMD at the level of lumbar spine, hip and femoral neck,
whole-body BMC, lean and fat masses were measured by
DXA using a Hologic QDR 4,500 in a mobile truck. Vertebral body deformity was evaluated using the VFA method,
with the subject in supine position [25]. Vertebral fractures
were detected using the Genant semiquantitative method
[26]. Grade 1 vertebral fracture was defined as a 20–25%
in anterior, middle, or posterior heights, grade 2 as a 25–
40%, and grade 3 as a reduction superior to 40%. The

More than 50% of the subjects had a T-Score value at the
spine or the hip below −2.5 SD (Table 2). Using the criteria
of 7.26 and 5.45 kg/m2 for appendicular lean mass for men
and women, respectively, 56% of the men and 13% of the
women were considered as class II sarcopenic, and 31% and
44% as class I sarcopenic (≤8.51 and 6.44 kg/m2, respectively). In both genders, 64% were at least class I sarcopenic
(87% for men and 57% for women).

Results
Patient characteristics

Vertebral fracture assessment
In this population of elderly nursing home residents, 36%
had a vertebral fracture as evaluated by VFA (Table 3).
When only grade 2 or 3 vertebral fracture was considered
[26], 28% had a fracture; the mean number of all fractures
per subjects was 1.5. Men and women were similarly affected. The majority of the fracture was detected at T12 and L1
levels (Table 4). Note that particularly at T4 to T6, not all
vertebral body could be visualized and analyzed. When
FRAX tool calculation of 10-year fracture probability was
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Table 1 Patient characteristics

Table 3 Prevalence of vertebral fracture

Nursing home residents

All,
n0151

Age (year)
Weight (kg)
Height (cm)
BMI (kg/m2)
Calcium intake (mg/day)
Protein intake (g/kg/day)
Nursing care load scorea
ADL scoreb
Fall history (last 12 months) (%)
All
Fracture number history (%)

Bisphosphonate therapy (%)

85.9 (0.5)
64.8 (1.0)
157 (0.1)
26.4 (0.3)
877 (15)
0.86 (0.01)
4.7 (0.1)
9.9 (0.2)
54
67 (44)
Hip
25 (17)
Otherc 42 (28)
6

Calcium–vitamin D therapy (%)

Women,
n0119

Men,
n032

86.2 (0.6) 85.0 (1.2)
63.2 (1.1) 70.7 (1.7)
154 (0.1)

166 (0.1)

Patients with fracture (%)
all grades
Grades 2+3
Number of fracture per patient

All

Women

Men

54 (36)
42 (28)
1.5±0.7

43 (36)
32 (27)

11 (34)
10 (31)

26.6 (0.4) 25.8 (0.6)
848 (16)

984 (25)
0.86 (0.01) 0.86 (0.03)
4.8 (0.1) 4.4 (0.2)
9.9 (0.2) 9.9 (0.5)
55
47
60 (50)
7 (22)
22 (18)
3 (9)
38 (32)
4 (13)
5
9

21

24

9

Vertebral fractures were evaluated using DXA-based vertebral fracture
assessment program. Grades were determined according to Genant’s
method [26]

fracture, these values were 35% and 18% for men and
women, respectively, and 21% and 11% in those without
prevalent fracture. Adding BMD and/or DXA-based VFA
results did not markedly modify this probability. This was
true for major osteoporotic fracture and for hip fracture
specifically.

Values are given as the mean (SEM). Percents are given in parentheses
a

This score (PLAnification Informatisée des Soins Infirmiers Requis)
estimates the nursing workload according to a scale from 1 (fully
independent) to 7 (fully dependent) [21]

b

Activity daily living according to Katz [20]. This score estimates the
degree of dependency for bathing, dressing, going to the toilet, transferring from bed, continence, and feeding according to a scale from 6
to 18 (with 6 as complete dependence)
c

Humerus, tibia, fibula, radius, cubitus, vertebrae

applied to this population, the values obtained amounted to
27% and 15% for major fractures and for hip fracture,
respectively (Table 5). In the subjects with prevalent

Discussion
In this prospective cross-sectional study conducted in oldest
old nursing home residents, we detected vertebral fractures
in 36% of them, osteoporosis in 52%, and sarcopenia in
22%. Adding BMD or vertebral fracture assessment values
to the FRAX algorithm did not significantly modify the 10year fracture probability.
To our knowledge, this is the first survey conducted in
long-term care residents, looking at the prevalence of vertebral fracture in this population using DXA-based vertebral

Table 2 DXA characteristics

Values are given as the mean
(SEM)
a

Class II sarcopenia was determined using the cutoff value
of 7.26 and 5.45 kg/m2, for appendicular lean mass per height2,
as assessed by DXA, in men and
women, respectively [27]. The
cutoff values for class I sarcopenia
were 8.51 and 6.44 kg/m 2 ,
respectively

Nursing home residents

All, n0151

Women, n0119

Men, n032

BMD lumbar spine (g/cm2)
T-Score
T-Score ≤−2.5 (%)
Femoral neck (g/cm2)
T-Score

0.911 (0.016)
−1.28 (0.14)
27
0.616 (0.011)
−2.18 (0.09)

0.886 (0.017)
−1.42 (0.16)
29
0.600 (0.012)
−2.27 (0.11)

1.005 (0.037)
−0.77 (0.34)
19
0.679 (0.024)
−1.85 (0.18)

T-Score ≤−2.5 (%)
Total hip (g/cm2)
T-Score
T-Score ≤−2.5 (%)
T-Score 1 of the 3 sites ≤−2.5 (%)
BMC whole body (g)
Lean mass (g)
Appendicular lean mass (kg/m2)
Prevalence of sarcopeniaa (%)
Class II
Class I
Fat mass (g)
Fat mass (%)

45
0.720 (0.013)
−1.92 (0.09)
33
52
1′579.0 (35.8)
40′762 (548)
6.58 (0.08)

50
0.694 (0.013)
−2.04 (0.11)
39
58
1′448.8 (31.1)
38′481 (449)
6.38 (0.08)

26
0.814 (0.029)
−1.45 (0.19)
10
31
2′055.1 (77.0)
49′103 (1027)
7.29 (0.16)

22
42
23,443 (650)
35 (0.6)

13
44
24,444 (751)
37.1 (0.6)

56
31
19,779 (1,057)
27.5 (0.9)
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Table 4 Prevalence of vertebral fracture as assessed by VFA method
Spine level % analyzable

T4
T5
T6
T7
T8
T9
T10
T11
T12
L1
L2
L3
L4

a

Number
%
of fractureb

26
50
70
84
86
88
92
97
96
97
97
97
96

0
0
3
5
8
4
5
5
17
21
9
4
1

c

Number of
%
fracture grade 2+3

0
0
3
4
6
3
4
3
12
15
6
3
1

0
0
3
2
3
3
4
3
13
14
8
3
1

a

Percent of subjects with clearly identified vertebral body limits

b

Fracture SQ1 +SQ2 +SQ3 according to Genant’s classification [26]

0
0
3
2
2
2
3
2
9
10
5
2
1

c

Percent of subjects with fracture among those with analyzable vertebral
body limits

fracture assessment. The aims were two. First, we wanted to
evaluate the feasibility of this technique in such a population
of oldest olds with a likely high prevalence of osteoporosis
and poor definition of vertebral body edge, hence whether
DXA-based VFA could be applied. With the constraints of
the software and hardware used, we found that a substantial
number of examinations precluded vertebral body edges to
be precisely determined, particularly in the T4–T6 region.
Under these conditions, the number of fractures detected
may be slightly underestimated. However, 36% of the
patients, with a similar distribution in women and men,
displayed a vertebral fracture. This number went down to
28%, when only grade 2 and 3, according to Genant classification, were considered. Second, we addressed the issue
whether a systematic detection of vertebral fracture and/or
osteoporosis would modify the 10-year fracture probability
as assessed by the FRAX tool, calibrated for regional values

of life expectancy and fracture incidence [24]. The results
indicate that it was not the case since the 32% probability for
major fracture and 17% for hip fracture in women and the
12% and 7% in men remain similar by adding VFA results.
Similarly, BMD values did not increase FRAX-determined
fracture probability. This could indicate that most of the
fracture risk was captured by age and the medical history
of prevalent fracture, which was as high as 44% (50% in
women and 22% in men). This number is higher than that
one found in long-term care residents in Edmonton (Canada)
(34%) [29]. In this report, the patients were slightly younger
(84±8 versus 86±6 years (x±SD) than in our study. In elderly
Brazilian subjects living in the community, prevalence of
radiographically ascertained vertebral fractures was as high
as 50% and 31.8% in women and men aged 80 years and
older, respectively [30]. In contrast, prevalent vertebral fractures were 33.9% and 27.8% in Caucasian women in the USA
and Europe, respectively [31, 32].
Under these conditions, a systematic screening for vertebral fracture and/or osteoporosis does not appear to identify
more patients at increased risk, deserving thereby a therapy
[33]. These results would not support an extensive screening
with DXA in this population.
DXA-based osteoporosis diagnosis at the spine or the hip
was found in 52% of the patients (58% in women and 31% in
men). This figure is lower than previously reported results,
which amounted to 54% to 80%, but sometimes with a diagnosis established clinically [2, 11, 29, 34–36]. Falls are particularly frequent in oldest old living in institution [37]. Over
the previous 12-month period, 54% reported at least one fall in
our study. This is higher than 31–34% in Canadian long-term
care facilities [29, 36]. For comparison, in a population of
community-dwelling women aged 76–86 years, prevalence of
osteoporosis at the spine or hip was 18.4% (27.6% had BMD
values below −2.0 T-Score) [38].
Despite a 44% history of fracture, a small proportion of
patients were on bisphosphonate treatment (6%). However,
implementation of effective fracture prevention efforts should
be a priority at the time of admission to nursing homes since
fracture incidence is the highest during the first months after

Table 5 Ten-year fracture risk in nursing homes residents as determined by FRAX algorithm
Major osteoporotic fracturesa
Risk based on

CRFb

All
Women
Men

27 (26–29)
32 (30–33)
12 (10–13)

Hip fractures

CRF + BMD

CRF + VFA

CRF

22 (20–23)
25 (23–26)
10 (8–12)

29 (27–31)
33 (32–35)
13 (12–15)

15 (13–16)
17 (15–18)
7 (6–8)

95% confidence interval; Fracture risk was determined by FRAX algorithm [49]
a

Vertebral, hip, proximal humerus, and distal forearm

b

Age, prevalent fracture, family history of fracture, glucocorticoid therapy, rheumatoid arthritis, and BMI

CRF + BMD

CRF + VFA

9 (8–10)
11 (9–12)
5 (3–6)

15 (14–17)
17 (16–19)
8 (6–9)
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admission [39]. In various surveys, the prevalence of effective
osteoporosis treatment amounted from 9% to 38% [29, 36,
40–42]. This confirms the marked undertreatment of osteoporosis in this high-risk population [43–46]. In contrast, 21%
received some calcium and vitamin D, thus a prevalence
similar to 27% in Giangregorio’s study [36]. Some of the
differences obtained in our study as compared with others rely
on the patient recruitment versus an unselected survey. Indeed,
to be enrolled, our patients had to fulfill inclusion criteria,
including an acceptable capacity of judgment, a mobility
sufficient to get into the truck, and the signature of an informed consent. Thus, only 17% of the nursing home residents fitted these requirements. Nutritional status was better
than previously reported in this kind of setting as suggested by
BMI values, an only 22% prevalence of sarcopenia as compared to 33% among nursing home older Italian residents [47],
and calcium and protein intakes close to 900 mg/day and
0.9 g/kg BW per day, respectively. Whether the constant
efforts devoted to improve nutrition in long-term care of oldest
olds are contributing to the reversal of secular trend of hip
fracture, as evidenced in the same region, deserve further
study [16, 17, 48]. At least the reversal of the trend was
observed before the introduction of bisphosphonates, at a time
when the interest for calcium, vitamin D, and nutrition spread
out in the elderly population.
In conclusion, this survey conducted in oldest old nursing
home residents underline the high prevalence of fracture
history, of prevalent vertebral fracture, and of osteoporosis.
However, the number of patients treated remains extremely
low. A systematic assessment of bone mineral density and/
or vertebral fracture does not appear to modify the 10-year
fracture probability obtained by the FRAX tool based on age
and medical history in this specific elderly population.
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