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Abstract
Background Osteoporotic fractures are associated with increased morbidity, mortality, and increased health care use. As 
the number of older adults increases, identifying those at increased risk for osteoporotic fractures has become of utmost 
importance to providing them with preventive and therapeutic interventions.
Aims To determine the prevalence of unknown clinical and densitometric osteoporosis and to investigate the performance 
of different diagnostic strategies for osteoporosis in elderly patients admitted to rehabilitation.
Method This is an observational study. Eligible participants were older adults admitted to rehabilitation in an academic 
hospital in Switzerland over an 11-month period. Patients with previously unknown osteoporosis underwent dual-energy 
X-ray absorptiometry (DXA), vertebral fracture assessment (VFA), and history review for past fractures.
Results Complete assessment was available for 252 patients. Previously undiagnosed osteoporosis was identified in 62.3% of 
these patients, a proportion that was higher among women (71.5%) than men (44.8%). DXA proved most sensitive, followed 
by VFA and history review. Results differed across gender: DXA remained the most sensitive single test among women, but 
VFA proved most sensitive in men. The best test to combine with history review was DXA in women (detection increasing 
from 47.5 to 93.2%) and VFA in men (detection increasing from 35.9 to 84.6%).
Conclusions Prevalence of previously unknown osteoporosis appears very high in elderly patients admitted to post-acute 
rehabilitation. The combination of history review of previous fractures with DXA in women and with VFA in men appears 
the best two-step strategy to improving detection of osteoporosis in this population.

Keywords Osteoporosis · Screening or diagnosis or detection · Older patients · Rehabilitation

Background

Osteoporosis is a progressive systemic disease of the skel-
eton characterized by altered bone density and microarchi-
tecture that results in bone fragility and fractures [1]. World-
wide, osteoporosis causes about 9 million fractures annually, 
corresponding to one osteoporotic fracture occurring every 
3 s [2]. About one in two Caucasian women and one in five 
Caucasian men will undergo an osteoporotic fracture over 
their lifetime [3–7]. In the United States, the lifetime risk of 

hip, spine, or forearm fracture at age 50 is estimated at 40% 
in women and 13% in men [8], with a sharp increase there-
after [9–11]. Worldwide, osteoporosis affects approximately 
one out of five women aged 70 years, two out of five women 
aged 80, and two out of three women aged 90 [12].

Osteoporotic fractures, particularly hip fractures, are 
associated with increased morbidity [13], disability [2, 14], 
and mortality [14], as well as increased health care use [15]. 
As the number of older adults increases in most countries, 
identifying those at increased risk for osteoporotic frac-
tures has become of utmost importance to providing them 
with preventive and therapeutic interventions. Despite its 
high prevalence and important consequences, osteoporosis 
remains yet underdetected and undertreated [16, 17], par-
ticularly in older men and in long-term care residents [18, 
19]. Moreover, frail old adults are often underrepresented 
in studies about diagnostic and the management strategies 
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adapted to this specific population are, therefore, less well 
defined [20].

Osteoporosis can be diagnosed using different criteria. 
Clinical osteoporosis is diagnosed after spontaneous or low 
energy fractures at hip, thoraco-lumbar vertebras, proximal 
humerus, and distal radius. Osteoporosis is also diagnosed 
based on results from measures of bone mineral density by 
dual-energy X-ray absorptiometry scan (DXA). According 
to criteria established by the World Health Organization 
[21], osteoporosis corresponds to a bone mineral density 
(BMD) with a T score < − 2.5 standard deviation (SD) com-
pared to average values for young healthy women. DXA also 
permits to classify BMD as normal (T score > − 1.0 SD) or 
osteopenic (T score between − 1.0 and − 2.5 SD). However, 
DXA is not always available or has restricted accessibility 
due to reimbursement limitations [22]. Screening for osteo-
porosis with DXA is further limited in the oldest population 
by difficulties in positioning those disabled. Finally, when 
realized, DXA results can be difficult to interpret because of 
BMD under- and over-estimation resulting from concomi-
tant osteomalacia or osteoarthritis [23], respectively. On the 
other hand, DXA can provide views of dorsal and lumbar 
vertebral bodies, thus allowing to perform vertebral fracture 
assessment (VFA) to identify fractures [24]. VFA produces 
less radiation than a plain X-ray of the spine and was shown 
to have similar accuracy in identifying grade 2 and 3 verte-
bral fractures [25].

Screening strategies for osteoporosis have been proposed 
in the long-term care population [22], but, to the best of our 
knowledge, no similar specific strategy is available in older 
patients admitted to post-acute rehabilitation. Indeed, the 
prevalence as well as the rate of undiagnosed osteoporosis in 
patients admitted to rehabilitation remains unknown.

Thus, the objectives of this study were (a) to determine 
the prevalence of unknown clinical and densitometric osteo-
porosis in elderly patients admitted to post-acute rehabilita-
tion; and (b) to investigate the performance of different strat-
egies to diagnose osteoporosis in this specific population. 
Specifically, we wanted to determine which combination of 
history review (Hx), DXA, and/or VFA would best perform 
in these patients.

Methods

Population and setting

This observational study was conducted in the geriatric 
post-acute rehabilitation unit of an academic hospital in 
Lausanne, Switzerland. Patients are admitted mainly from 
general internal medicine, orthopedic surgery, traumatology, 
and general surgery wards.

Over an 11-month period, all patients aged 65 years or 
older consecutively admitted were screened for eligibility 
to participate to the study. Patients were excluded if already 
diagnosed with osteoporosis (i.e., prior documented DXA, 
receiving specific osteoporosis treatments such as bispho-
sphonates, denosumab, teriparatide, selective estrogen 
receptor modulator, and hormone replacement therapy). In 
addition, those unable to climb 4 stairs to access the DXA 
machine or unable to lie down during the examination, those 
colonized with multiresistant microorganism (i.e., Methicil-
lin-resistant Staphylococcus aureus, Vancomycin-resistant 
Enterococci, Extended-Spectrum β-Lactamase) were also 
excluded. Finally, patients judged by their physician as 
unable to consent to the protocol and those with expected 
survival shorter than 6 months were also excluded.

Densitometric and VFA analysis

Participants underwent DXA scan and vertebral fracture 
assessment using a  Hologic® Discovery C model (SN80021) 
installed in a mobile van. The exam was performed and 
interpreted by a specialist in bone diseases (KMA). Stabil-
ity and reliability of the DXA scan were regularly assessed. 
Bone mineral density (BMD) was assessed at lumbar 
(L1–L4) and hip (total hip and femoral neck) sites. If one 
of these sites could not be assessed (due to marked osteoar-
thritis, prosthetic material, or artifacts), the non-dominant 
radius was examined. Vertebral fractures were graded using 
Genant’s classification [26], and only those of grade 2 or 3 
were considered as VFA has a low sensitivity for detection 
of grade 1 vertebral fractures [25].

Data collection

A research assistant collected data at admission during a 
structured assessment within 1 week after admission. Socio-
demographic (age, gender, and living situation) and medical 
(number of falls over the last 6 months, past fractures, sites, 
and type of fractures, i.e., fragility fractures resulting from 
low energy trauma) data were collected.

In addition, performance in basic [27] and instrumen-
tal [28] activities of daily living (ADL) prior to hospital 
admission were recorded. Balance and gait were assessed 
using Tinetti’s Performance Oriented Mobility Assessment 
(POMA) [29] by a trained physiotherapist, and cognitive and 
affective statuses were assessed using the Mini-Mental Sta-
tus Exam (MMSE) [30] and the 15-item Geriatric Depres-
sion scale (GDS) [31], respectively.

Definition of osteoporosis

Osteoporosis was defined as any one of: (1) bone mineral 
density (BMD) ≤ − 2.5 SD at any site at DXA; (2) one or 
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more vertebral fractures (grade 2 or 3 by Genant’s classifica-
tion) at VFA; (3) history of fragility fracture (i.e., low energy 
or non-traumatic) at hip, distal radius, proximal humerus, 
or pelvis sites, or periprosthetic non-traumatic fracture of 
the hip.

Statistical analysis

Usual statistics were used to describe the population’s 
characteristics. Osteoporosis prevalence was determined 
according to criteria (i.e., history, DXA, and VFA) previ-
ously described. Sensitivities for different diagnostic strate-
gies were calculated using the combination of osteoporosis 
diagnosis by history review, VFA, and DXA as criterion 
standard.

Results

Overall, 599 patients were screened for eligibility (Fig. 1). 
Among those, 66 (11%) declined participation to the study, 
and 215 (36%) had one or more exclusion criteria, includ-
ing 85 (14%) with already diagnosed osteoporosis. Among 
these patients (N = 85) with previously diagnosed osteopo-
rosis, about two-thirds (N = 54/85, 63.6%) were transferred 
to rehab after being hospitalized in acute care secondary to 
a fall, about a third (N = 18/54, 33.3%) of whom suffered 
a fracture. The remaining patients were transferred after 
treatment in acute care of other musculoskeletal problems 
(lumbar canal stenosis, total hip, and knee replacement, 
etc.) (N = 16/85, 18.8%), and miscellaneous acute problems 

(N = 15/85, 17.6%) such as respiratory tract infections, con-
gestive heart failure, etc.

From the remaining 318 (53%) patients initially enrolled 
into the study, 66 were discharged to their home before 
DXA evaluation could be performed. Thus, a final sample 
of 252 participants was analyzed (Table 1). Participants had 
a mean age of 83.0 ± 6.5 years, were predominantly women 
(65.5%), mostly independent in both basic and instrumental 
ADLs prior to admission to hospital, but with a large major-
ity (70.1%) reporting at least one fall over the last 6-month 
period.

Prevalence of unknown osteoporosis

History review for fragility fracture was positive in 70 
(27.8%) patients (Table 2). The most frequent fracture site 
was the distal radius, followed by hip fractures and vertebral 
fractures.

Radius DXA was not performed systematically but only in 
selected patients (N = 82) in whom lumbar and hip measures 
could not be performed or interpreted. Among these patients, 
32 (39.0%) had abnormal BMD (T score ≤ − 2.5). Although 
a majority (22/32 = 69%) of these patients also reported an 
osteoporotic fracture, only a quarter (8/32 = 25%) had a spe-
cific history of radius fracture that was the only reported 
fracture in three.

VFA revealed a total of 140 grade 2 or 3 (Genant’s 
classification) vertebral fractures in 77 patients, with a 
mean of 1.8 fractures per patient and a maximum of 5 frac-
tures in a single patient. Table 3 shows the gender-specific 
distribution of these vertebral fractures, with a slightly 
higher prevalence among women than men (1.85 vs 1.73, 

Fig. 1  Flowchart describing the 
enrollment of the study popula-
tion. *DXA Dual-energy X-ray 
absorptiometry. †VFA vertebral 
fracture assessment. ‡29 VFA 
were uninterpretable or not 
assessed

Screened N=599 

Refused to participate N=66 (11 %)

Exclusion criteria N=215 (36 %)

-known osteoporosis N=85
-unable to access DXA N=21 
-unable to consent N=76 
-life expectancy < 6 mo. N=33 

Included N=318 (53 %)

DXA/VFA† N=252‡

No DXA* N=66
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respectively). The most frequent sites were the 12th tho-
racic (T12, n = 27, 19.3% of all vertebral fractures), the 
1st lumbar (L1, n = 23, 16.4%), and the 8th thoracic (T8, 
n = 18, 12.9%).

Finally, DXA identified densitometric osteoporosis in 109 
(43.3%) patients (Table 2), more than twice more frequently 
in women (53.9%) than men (23.0%).

Combining all three criteria, previously undiagnosed 
osteoporosis was identified in 157 of the 252 (62.3%) 
patients, a proportion that was higher in women (71.5%) 
than men (44.8%).

When assessing diagnostic performance of each single 
test among patients (N = 157) with newly diagnosed osteopo-
rosis (Fig. 2a), history review was positive in 44.6% and per-
formed slightly better in women (47.5% vs 35.9% in men). 
DXA proved most sensitive (69.4% of all unknown osteopo-
rosis detected), followed by VFA (49.0%). However, results 
differed across gender (Fig. 2): whereas DXA remained 
the most sensitive single test in women, identifying three 
quarters (75.4%) of osteoporosis cases, VFA proved most 
sensitive in men where it identified 59.0% of the cases (vs 
51.3% detection rate for DXA). Several hypotheses can be 
proposed to explain the better performance of VFA in men 

Table 1  Characteristics of the 
study population

* Basic ADL from Katz; score ranges from 0 to 6 with higher score indicating better function
†Instrumental ADL from Lawton; score ranges from 0 to 8 with higher score indicating better function
‡ Tinetti balance and gait test; score ranges from 0 to 28 with higher score indicating better balance
§ Cognitive impairment defined as a score ≤ 24 at Folstein’s MMSE
║ Depressive symptoms defined as a score of 6 or more at the 15-item GDS

Characteristics Total 
population 
(N = 252)

Age (years, mean ± SD) 83.0 ± 6.5
Women (%) 65.5
Body mass index (kg/m2, mean ± SD) 26.8 ± 5.5
Basic  ADL* prior to admission (score, mean ± SD) 5.3 ± 0.9
Instrumental  ADL† prior to admission (score, mean ± SD) 5.2 ± 2.3
Basic  ADL* at admission (score, mean ± SD) 3.1 ± 1.5
Tinetti’s  POMA‡ at admission (score, mean ± SD) 18.1 ± 3.7
Cognitive  impairment§ (%) 30.6
Depressive  symptoms║ (%) 20.0
History of falls in the last 6 months (%) 70.1
History of any (osteoporotic and non osteoporotic) fracture (%) 57.1

Table 2  Prevalence of unknown 
osteoporosis according to the 
different osteoporosis criteria

*Stage 2 or 3 according to Genant’s classification
†BMD ≤ − 2.5 SD at any site

Osteoporosis criteria Total popula-
tion (N = 252)

Women (N = 165) Men (N = 87)

Osteoporosis based on history review for fragility 
fracture (Hx)

70 (27.8%) 56 (33.9%) 14 (16.1%)

Osteoporosis according to VFA* 77 (30.6%) 54 (32.7%) 23 (26.4%)
Osteoporosis according to DXA† 109 (43.3%) 89 (53.9%) 20 (23.0%)
Osteoporosis based on any of DXA or VFA or Hx 157 (62.3%) 118 (71.5%) 39 (44.8%)

Table 3  Gender-specific distribution of vertebral fractures (stage 2 or 
3 according to Genant’s classification)

* VF vertebral fracture

Number of 
VF*/patient

Number of 
women

Number 
of men

Total number 
of patients

Total 
number of 
VF*

 1 22 14 36 36
 2 22 4 26 52
 3 7 2 9 27
 4 2 3 5 20
 5 1 0 1 5

Total 54 23 77 140
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and the better performance of DXA in women. First, this 
observation could be related to the fact that for the same T 
score, the absolute value of the BMD is higher in men than 
in women. Indeed, a study of a Canadian cohort reported 
that, for a similar T score, the fracture risk was lower in 
men than in women [32]. Several prospective studies have 
also shown that men and women with identical hip absolute 
BMD value have the same fracture risk.

Second, vertebral fractures are associated with an 
increased risk for any other osteoporotic fracture. For 
instance, an unknown vertebral fracture is often found in 
patients with a hip fracture when systematically assessed 
as performed in our study. Furthermore, several previous 

studies reported a higher risk of other osteoporotic frac-
tures in men than in women with a vertebral fracture 
[33, 34], even though other studies reported the inverse. 
These discordant findings likely relate to differences in 
the population studied and future studies should further 
investigate this interesting observation.

When looking at the best test to combine with history 
review, adding DXA in women (detection increasing from 
47.5 to 93.2%) and VFA in men (detection increasing from 
35.9 to 84.6%) proved most effective (Fig. 2b). In compari-
son, combining DXA and VFA achieved detection rates of 
87.3% in women and 87.2% in men.

Fig. 2  Performance of a each 
single test and b their combina-
tion to identifying osteoporosis 
in women (N = 118), men 
(N = 39), and the total popula-
tion (N = 157) with unknown 
diagnosis

(a)

(b)

47.5% 45.8%

75.4%

35.9%

59.0%
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44.6%

49.0%
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Discussion

Results from this study show that previously unknown, and 
therefore untreated, osteoporosis is frequent among older 
patients admitted to post-acute rehabilitation, amounting 
up to almost one in two men and three in four women. 
These results further highlight the potential for secondary 
fracture prevention to be delivered in the rehabilitation 
setting as recently proposed in the Global Call to Action 
on Fragility Fractures [35]. In particular, these results 
emphasize the need for better-adapted screening and diag-
nostic strategies in frail old–old patients. In this regard, 
a unique contribution of this study is to provide detailed 
information about the performance of each single test, as 
well as of their combination, in diagnosing osteoporosis 
in this specific population. Based on the most comprehen-
sive diagnostic criteria that combined results from history 
review for fragility fractures, DXA and VFA, DXA was the 
best performing single test in the total population. How-
ever, DXA performance differed across gender, with about 
three quarters of osteoporosis cases diagnosed in women, 
but only about half of the cases in men. Indeed, VFA per-
formed best as a single test in men according to our results. 
Thus, DXA alone appears less than ideal as a diagnostic 
strategy in these older patients admitted to rehabilitation 
where it missed almost one-third of overall cases.

Another important and pragmatic contribution of this 
study is to further highlight the importance of history 
review as a first step in osteoporosis diagnosis. Although 
history review did not achieve acceptable detection 
threshold as a single test, combining it with either DXA 
in women or VFA in men resulted in excellent figures 
(93.2% and 84.6% detection rate, respectively) that largely 
exceeded those of each of these tests when used alone. 
Thus, despite the relatively high proportion of participants 
with cognitive impairment, history review for fragility 
fracture should definitely be part of standard care in simi-
lar population admitted to post-acute rehabilitation.

The good-to-excellent potential contribution of VFA 
to osteoporosis diagnosis when combined with history 
review is another interesting finding. VFA contribution 
was especially evident in men, where it increased detec-
tion by 48.7% (from 35.9 to 84.6%) when combined with 
history review. But even in women, combining VFA to 
history review increased detection of osteoporosis cases 
from 47.5% up to 75.4%, a 27.9% increase. In the pre-
sent study, vertebral fractures were mostly prevalent in 
lower thoracic and upper lumbar vertebras, suggesting 
that fractures should be mainly searched at these sites. 
Using lateral thoracic X-ray as criterion standard, VFA 
has excellent sensitivity and specificity (92% and 99.9%, 
respectively) for the diagnosis of vertebral fractures [25], 

if excluding grade 1 deformities. In addition, VFA delivers 
significantly lower radiation doses (reported to be from 
0.002 to about 0.05 mSv) compared to lateral thoracic and 
lumbar spine radiographs (0.6 mSv) [36]. When available 
VFA should, therefore, be part of osteoporosis screening 
in similar population.

Despite its limitation in frail older persons, DXA 
remained the best single test in women and thus in the over-
all population. Added to history review, it increased detec-
tion rate up to 69.8% (33.3% increase) in men and up to 
93.2% (45.7% increase) in women. As the prevalence of 
degenerative disorders increases with age, lumbar spine 
BMD may be falsely high or reassuring in older people. 
Increase in lumbar spine BMD ranging from 7 to 16.6% has 
been in the presence of degenerative disorder [37–40]. For 
instance, in the OsteoLaus study, from 9.6 to 34.5% of the 
vertebrae were excluded from interpretation as proposed by 
ISCD guidelines, because their BMD was more than one SD 
different compared to the vertebrae immediately adjacent 
[23, 41].

Finally, our study also illustrates the potential usefulness 
of mobile DXA machines installed in a van. Mobile DXA 
allowed screening patients in a convenient mode in a hospi-
tal where DXA is not easily available.

Several limitations of this study needs to be mentioned. 
First, only about half of all screened patients were enrolled, 
mostly because of an already known osteoporosis or limited 
life expectancy. Although some excluded patients might be 
more likely to suffer from osteoporosis (i.e., patients with 
limited life expectancy), others (i.e., N = 66 lacking DXA 
due to early discharge) might inversely have had a lower 
risk. Thus, overall effect on prevalence was likely small if 
any. Second, VFA was missing in some patients and could 
have altered results about this test. Finally, VFA was per-
formed by an experienced physician and results from VFA 
performed by less experienced professionals might result in 
lower performance.

This study also has several strengths such as the inclu-
sion of a substantial proportion of men, the inclusion of the 
simple and pragmatic approach in the diagnostic strategy 
with history review as a first step.

Conclusions

Prevalence of previously unknown osteoporosis appears 
very high in these elderly patients admitted to post-acute 
rehabilitation. The combination of history review of previ-
ous fractures with DXA in women and with VFA in men 
appears the best two-step strategy to improving detection of 
osteoporosis in this population. Further studies are necessary 
to validate this approach and to investigate the contribu-
tion of integrating additional tools such as the FRAX or 
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the trabecular bone score (TBS) into osteoporosis screening 
among old–old patients.
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