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Abstract
Summary Screening in a standardized manner for osteoporo-
sis in non-vertebral fracture patients aged 50 and older inde-
pendently of both gender and level of trauma energy yielded
the indication for osteoporotic therapy for every fourth male
high-energy fracture patient.
Purpose This study aimed to identify the rate of osteoporosis
in patients of both genders after fracture independently of the
underlying level of trauma energy.
Methods A random cohort of patients aged 50 or older with
non-vertebral fractures participated in a standardized diagnos-
tic protocol to evaluate the indication for treatment of osteo-
porosis (number needed to screen (NNS)). Univariate and
multivariate analysis as well as correlation testing were per-
formed to determine statistical relationships. Significance was
set at p < 0.05.
Results Of 478 fracture patients with a mean age of
69.3 ± 11.8 years, 317 (66.3%) were female and 161
(33.7%) male. One hundred nineteen patients (24.9%)
sustained high-energy fractures (HEFs) and 359 (75.1%)
low-energy fractures (LEFs). Twenty-eight percent of males
and 47% of females qualified as osteoporotic in densitometry

(dual-energy X-ray absorptiometry (DXA)), resulting in a
NNS of 2.1 for women and 3.6 for men. The indication for
treatment of osteoporosis increased to an NNS of 1.5 for fe-
males and 2.4 for males if the fracture risk assessment tool
(FRAX) was included in the diagnostics (DXA and FRAX).
With regard to the energy of trauma, the NNS for treatment
following DXA and FRAX was 1.5 for LEF and 2.9 for HEF.
Subgroup analysis revealed that HEF males within the
decennia 50+ and 80+ had an NNS of around 3, i.e., compa-
rable to females and about twice as high as LEF patients.
Conclusions These preliminary findings appear to confirm
the pragmatic approach to screening in a standardized manner
for osteoporosis in all non-vertebral fracture patients aged 50
and older—independently of both gender and level of trauma
energy.

Keywords Osteoporosis . Fracture . Densitometry . Fracture
risk assessment tool . Gender . Trauma energy

Introduction

The importance of adequate diagnostics and osteoporosis ther-
apy in the context of fracture treatment is being increasingly
acknowledged not only in the literature but also in daily or-
thopedic practice [1, 2]. Osteoporosis results in an increased
risk of fragility fractures [3]. These fractures are associated
with substantial pain and suffering and frequently require op-
erative stabilization. Despite all efforts, they often result in
disability, increased mortality, and substantial costs to society
[4]. In 2014, 74,000 cases in Switzerland cost an estimated
1558 million Swiss Francs [5]. In the USA, two million fra-
gility fractures occurred in 2005 with costs of $17 billion. This
is expected to rise by 50% by 2025 [6]. Following an osteo-
porotic fracture and depending on age, the risk of a subsequent
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fracture varies between 9 and 30% in women and 10 and 26%
in men [6, 7].

With regard to osteoporotic fractures, most studies and
guidelines focus on reduced bone mineral density in females
following low-energy trauma (measured by dual-energy X-
ray absorptiometry (DXA)) as an indicator of a patient’s sub-
sequent risk of further fractures.

The implicit assumption is that fractures in male patients or
those resulting from high-energy trauma (HEF) do not have an
elevated fracture risk [8, 9]. Consequently, in clinical practice,
male and/or HEF patients rarely undergo osteoporotic diag-
nostics with the potential consequence of insufficient second-
ary prevention and misinterpretation of the socioeconomic
impact of osteoporotic fractures [4, 5].

On the other hand, recent data indicate reduced bone min-
eral density and an increased rate of osteoporosis even in older
men and following HEF. For example, the Geelong
Osteoporosis Study demonstrated that women over 50 years
who sustained HEF had significantly reduced bone mineral
density compared to a control cohort of the population [9].
Mackey found a positive correlation with subsequent fractures
for both HEF and LEF in both women and men over 65 [8].
As a consequence, even though almost all studies on the topic
focused on elderly women and/or specific fracture regions,
there is evidence to suggest that diagnostics for osteoporosis
might be very worthwhile after high-energy fractures [8, 9]
and for males [10]. To exacerbate the situation, the exact def-
initions of HEF and LEF differ between studies, if cited at all
[11, 12]. Further, the age threshold for recommendation for
osteoporosis diagnostics differs significantly between national
and specialty guidelines, e.g., followingmenopause or starting
at 50 or 65 years of age depending also on gender [13–15].

With this in mind and as a teaching hospital, we decided to
screen all fracture patients aged 50 or older for osteoporosis as
part of daily clinical routine, independently of gender and
trauma energy, and to recommend therapy if indicated. With
this simple cutoff, we tried to keep the organizational barrier
for diagnostics low. On the other hand, we were interested in
investigating this apparently aggressive screening for osteo-
porosis in detail with the aim of finding out which patients and
fracture constellations would profit from a standardized
procedure.

Therefore, the primary objective of this investigation in
patients 50 years and older who had sustained non-vertebral
fractures was to identify the effective rate of cases in our
department in which osteoporotic therapy would be required.
The resulting number needed to screen (NNS) was differenti-
ated for the specific risk groups: male versus female, HEF vs.
LEF, and between stratified age groups (decennia). Given the
finding that many professionals and laymen still only use
pathologic osteodensitometry (DXA) values to define osteo-
porosis and identify the need to initiate osteoporotic therapy,
we additionally aimed to discover how many more cases in

our cohort received therapy if fracture risk assessment tool
(FRAX) scoring was performed in addition to DXA.

Methods

Between March 2012 and November 2014, patients of both
genders aged 50 or older and hospitalized in the trauma unit of
the hospital for non-vertebral fractures were prospectively in-
vestigated for osteoporosis following a standardized protocol
approved by the Cantonal Ethics Board (EK2013/036;
NCT02157753). The teaching hospital (1 of 12 Swiss highly
specialized major trauma centers) treats >800 fracture patients
a year on a non-ambulatory basis at its trauma unit. Of those,
about 60% are aged 50 or older, 70% of the latter being oper-
ated on, and all of them subject to the described procedure.

Bone mineral density (BMD) was measured using a stan-
dardized procedure with DXA for the above patients as part of
the outpatient procedure (S/N 82833, Hologic Inc., Discovery
W, Waltham, MA, USA). The measurements were performed
by specifically trained and certified operators at the proximal
femur (neck and total), the lumbar spine, and the distal third of
the radius. Physicians interpreting DXA scans were fully cer-
tified and had extensive experience in this area. The lowest
value obtained was used for the analysis.

Patients were categorized as having osteopenia (a DXA T
score of −1.1 to −2.4) or osteoporosis (a DXA T score of
≤−2.5) [16]. Those with a T score ≤-2.5 and hip or vertebral
fracture without adequate trauma were directly considered for
treatment.

For cases of osteopenia, FRAX scoring was additionally
performed drawing upon the guidelines of the Swiss
Association Against Osteoporosis (SVGO) 2010 and based
on DXA and FRAX; the absolute risk of fracture in each age
decennia was then estimated [16]. As a reference, the latest
National Osteoporosis Foundation (NOF) guidelines 2014
give a low bone mass (T score between −1.0 and −2.5 at the
femoral neck or lumbar spine) and a 10-year probability of a
hip fracture ≥3% or a 10-year probability of a major
osteoporosis-related fracture ≥20% [15].

In addition to the analysis of basic medical records, a stan-
dard questionnaire to record risk factors for osteoporosis was
distributed to enable further evaluation using theWorld Health
Organization (WHO) online FRAX. We used the algorithm
for Switzerland to estimate the 10-year fracture risk for indi-
vidual patients. Registered risk factors of osteoporosis were
positive family history of femoral neck fracture, smoking,
current intake of alcohol, cortisone or aromatase inhibitors,
low body mass index (<20 kg/m2), decrease of body height
(>3 cm), COPD, IBD, signs of hypogonadism, or rheumatoid
arthritis. On the basis of these outcomes for each option, i.e.,
DXA only or DXA combined with FRAX, the patients were
stratified into those having osteoporosis (yes/no) and those
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qualifying for treatment (treatment indication yes/no).
Furthermore, an extensive laboratory workup was performed
including values for liver and kidney function, erythrocyte
sedimentation rate, calcium, 25-hydroxy vitamin D, phos-
phate, albumin, thyroid-stimulating hormone (TSH), parathy-
roid hormone (PTH), as well as a hemogram. Evaluation of
these measurements, including FRAX, was conducted in a
standardized manner by a specialist from the Department of
Rheumatology (C.H.). A subsequent therapy recommendation
was forwarded to the family doctor and the orthopedic sur-
geon in charge for each patient.

Data for this investigation were collected by a trained study
nurse (S.M.), specifically evaluating parameters such as low-
energy vs. high-energy trauma or the age unadjusted and ad-
justed Charlson scores [17, 18] to determine patients’ comor-
bidities in a standardized manner. Missing data were obtained
by contacting patients and/or primary care physicians. With
regard to the energy of trauma, LEF was defined as falls from
standing height or less or stairs ≤50 cm high or injuries
resulting from walking velocity or less. In contrast, HEF was
defined as falls from greater than standing height or stairs
more than 50 cm high or with a velocity >5 km/h (modified
accordingly [8, 9]). Standard stratification was undertaken by
the study nurse based on patients’ or independent observers’
descriptions of the relevant trauma mechanism as evaluated in
the emergency department at the time of hospital admission.

With regard to age, the decennials 50–59 (50+), 60–69
(60+), 70–79 (70+), and 80 years of age and older (80+) were
investigated separately. NNS to find a patient with osteoporo-
sis confirmed by densitometry (DXA) or with the indication
for treatment following additional FRAX (DXA and FRAX)
was calculated and presented with 95% confidence intervals.

Statistical analysis

Chi-squared tests were used to compare binary variables and
analysis of variance (ANOVA) to compare mean values of
continuous variables. Correlations between categorized oste-
oporosis diagnosis and laboratory values were calculated
using non-parametric Spearman correlations. Forward step-
wise multivariate logistic regression analysis was performed
to identify independent predictors of the indication for treat-
ment of osteoporosis. The significance of each variable was
assessed using the likelihood ratio test. Odds ratios (OR) and
95% confidence intervals (CI) were calculated. All p values
are two-tailed.

Results

During the study period, 849 patients qualified for inclusion.
Three hundred seventy-one patients (43.7%) did not undergo
the standard procedure. The reasons for excluding patients

were not available for every single case, but major reasons
were as follows: The stipulated process was not followed
through; screening for osteoporosis was performed at a differ-
ent institution, mostly with DXA only; participating patients,
their next of kin, care, and or nursing homes or doctors did not
agree to the procedure. Detailed univariate and multivariate
comparison of the study cohort with the group of excluded
patients is given in supplemental Tables A and B. Overall,
excluded patients more often lived in a nursing home (i.e.,
not in their own homes) and more often underwent conserva-
tive therapy of their fracture. No significant differences were
found between groups with regard to gender, length of hospi-
tal stay, or inclusion rate over the study period.

A total of 478 patients aged 50 or older with non-vertebral
fractures hospitalized at the trauma unit of the Cantonal
Hospital Aarau were investigated for osteoporosis.

Characteristics of the study cohort are given in Table 1.
Two hundred two fractures were localized in the lower ex-
tremities, 203 in the upper extremities; all other cases involved
the torso or multiple fractures.

At the time of injury, 5.2% of cases were known to have
osteoporosis.

The mean interval between the first clinical visit after frac-
ture and subsequent DXA performed according to the protocol
was 71 ± 40 days.

Overall, 13.8% of examined patients revealed normal T
score values (Table 2). In comparison to a DXA osteoporosis
rate of 40.6%, the indication for treatment increased to 59.4%
if FRAX was included. The resulting NNS to identify indica-
tions for osteoporotic treatment was 2.5 for DXA only com-
pared to 1.7 for the combined use of DXA and FRAX.

In univariate analysis in relation to gender, both men and
women presented with normal T values (19.3% [n = 31] and
11.0% [n = 35], respectively) in less than one fifth of cases.
Given a total rate of 28% of male and 47% of female fractures
qualifying as osteoporotic in DXA, the resulting NNS was 2.1
for women and 3.6 for men. The indication for treatment of
osteoporosis rose to 41% in male and 69% in female fracture
patients if FRAX screening was included. The overall NNS
for recommendation of treatment based on combined DXA
and FRAX risk assessments was 1.5 for women and 2.4 for
men.

With regard to the energy of injury, 24.9% of patients suf-
fered high-energy trauma. These HEF patients were more of-
ten male, younger, healthier (Charlson), and presented more
often with multiple fractures and a shorter length of stay than
low-energy trauma patients (all p < 0.001; Table 1).

Operative fixation rate was comparable between groups.
Detailed analysis revealed significantly more multiple frac-
tures and, at the same time, less radial and femoral fractures
in high-energy trauma patients (Table 2). In both LEF (10.0%)
and HEF (25.2%), only a minority of patients demonstrated
normal T score values (Table 2).
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Given a rate of 46.2% LEF and 23.5% HEF presenting as
osteoporotic in DXA, the resulting NNSwas 2.16 for LEF and
4.25 for HEF, respectively. The indication for treatment of
osteoporosis rose to 67.6% in LEF and 34.4% in HEF if
FRAX screening was included. The overall NNS for recom-
mendation of treatment based on combinedDEXA and FRAX
was 1.5 for LEF and 2.9 for HEF.

Combined analysis, which allowed for the influences of
gender and trauma energy, revealed that male HEF patients
within the decennia 50+ had an NNS of 3 (13 patients out of
39) and those who were 80+ of 2 (3 patients out of 6) for the
treatment of osteoporosis (DXA and FRAX), i.e., similar to
female patients and about twice as high as LEF patients.
Figures 1 and 2 illustrate these findings in comparison to
age, gender, and trauma energy specific prevalence data for
osteoporosis from Sweden [21].

In contrast, male HEF patients of the decennia 60+ to 70+
had a conspicuously much lower risk in terms of treatment
needs (NNS 15 (1 patient out of 15) and 11 (1 patient out of
11), respectively).

Overall, increasing age was associated with a higher rate of
osteoporosis (p = 0.018). High significance (p < 0.001) was
found for both, for DXA stratification only (mean
63.5 ± 9.5 years normal, 66.1 ± 10.2 years osteopenic,
74.8 ± 11.8 years osteoporotic) and for the combined assess-
ment to indicate treatment using DXA and FRAX (treatment
indicated 70.9 ± 12.2 years/treatment not indicated
66.9 ± 10.7 years). Stratified for decennial age groups begin-
ning at the age of 50 years (Table 3), it was found that below
the age of 80, the NNS for the treatment of osteoporosis (DXA
and FRAX) in high-energy fracture patients was about twice
as high as for the low-energy group (e.g., for patients 50+
years of age 3.1 in HEF vs. 1.4 in LEF).

In patients of 80 years and older, this difference related to
trauma energy almost disappeared (Fig. 2). Including gender,
the overall NNS of 1.5 for the treatment of osteoporosis (DXA
and FRAX) in female patients (Table 3) remained almost un-
changed over all decennia in contrast to male patients overall
NNS of 2.4 demonstrating a peak of 4.8 at the decennium 70+
and arriving at the NNS for women at 80+ (Fig. 2).

Detailed univariate analysis of lab values or specific risk
constellations such as hyperparathyroidism or smoking did
not reveal any indicative correlations with the indication for
the need to treat osteoporosis (all rho < 0.2; data not shown).

In multivariate analysis using a model that included the
variables identified as significant by univariate analysis,
namely LEF, female gender, and the fracture regions femur,
pelvis, and radius, they were found to account for 23.3% of
variance for the need of osteoporotic therapy (Table 4). In a
logistic regressionmodel including only age, gender, and trau-
ma energy, age was not significant and female gender together
with low-energy trauma explained 15.9% of the variance for
the need for osteoporotic therapy. In this model, no interactionT
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effect could be found between gender and trauma energy
(p = 0.545).

Discussion

To our knowledge, this prospective investigation is the first
clinical evaluation with the specific objective of systematical-
ly screening fracture patients aged 50 or older in a simple
manner for osteoporosis, independently of gender and the lev-
el of trauma energy involved. Subsequently, therapy was rec-
ommended to patients if indicated based on a standard proto-
col. The primary objective was to identify the actual rate of
cases (NNS) requiring osteoporotic therapy following non-
vertebral fractures. The secondary objective was to further
stratify the resulting NNS for the major risk groups of male
versus female, HEF vs. LEF, and age decennia.

First, the overall results are in line with those published in
more recent literature to show that female gender, low-energy
fracture, and specific fracture regions (such as the femur) are
the main indicators of osteoporosis [19].

Second, we found an impressively low overall NNS to
detect patients needing osteoporotic therapy, independently
of gender or trauma energy and in all age groups over 50.
Even the subgroup demonstrating the lowest efficacy in the
investigation, i.e., HEF male patients aged 60–70 yielded an
NNS of 15. Of course, one can argue that for 60+ and 70+
male, this NNS corresponds to known osteoporosis preva-
lence data such as those from Sweden [21]. But for all other
groups under investigation, demonstrated NNS were consid-
erably lower than expected from prevalence data. In addition,
such numbers have to be viewed in the context of the fact that,
for example, for patients taking statins as the most widely
accepted standard prevention after stroke, there is an NNS
>30 [20]. Against this background, it appears worthwhile to
systematically screen fracture patients aged 50 or older for
osteoporosis, independently of gender and the level of trauma
energy involved.

Third, this study revealed an indication for osteoporosis
treatment in a surprisingly high number of HEF cases: The
corresponding NNS following HEF was 2.9 vs. 1.5 in LEF.

Fig. 2 Relationship of NNS and age in comparison to level of trauma
energy and population of males and females for osteoporosis from
Sweden

Fig. 1 Relationship of NNS and age in comparison to gender, level of
trauma energy, and population for osteoporosis from Sweden

Table 2 DXA and FRAX results according to gender and trauma energy (N = 478)

Trauma energy Gender Normal T
score ≥−1

Osteopenia T score −1.1 to −2.5 Osteoporosis T
score <−2.5

Total DXA alone DXA and FRAX

No indication for
treatment (FRAX)

Indication for
treatment (FRAX)

NNS 95% CI NNS 95% CI

Low Male 10 (11.1%) 32 (35.6%) 17 (18.9%) 31 (34.4%) 90 (100%) 2.90 2.26–4.06 1.88 1.57–2.32

Female 26 (9.7%) 48 (17.8%) 60 (22.3%) 135 (50.2%) 269 (100%) 1.99 1.78–2.26 1.38 1.28–1.49

Total 36 (10%) 80 (22.3%) 77 (21.4%) 166 (46.2%) 359 (100%) 2.16 1.95–2.43 1.48 1.38–1.59

High Male 21 (29.6%) 32 (45.1%) 4 (5.6%) 14 (19.7%) 71 (100%) 5.07 3.45–9.56 3.94 2.82–6.56

Female 9 (18.8%) 16 (33.3%) 9 (18.8%) 14 (29.2%) 48 (100%) 3.43 2.38–6.13 2.09 1.61–2.96

Total 30 (25.2%) 48 (40.3%) 13 (10.9%) 28 (23.5%) 119 (100%) 4.25 3.21–6.29 2.90 2.33–3.86

Total Male 31 (19.3%) 64 (39.8%) 21 (13%) 45 (28%) 161 (100%) 3.58 2.87–4.76 2.44 2.06–2.99

Female 35 (11%) 64 (20.2%) 69 (21.8%) 149 (47%) 317 (100%) 2.13 1.90–2.41 1.45 1.35–1.57

Total 66 (13.8%) 128 (26.8%) 90 (18.8%) 194 (40.6%) 478 (100%) 2.46 2.22–2.76 1.68 1.57–1.82

NNS number needed to screen, DXA osteodensitometry, FRAX fracture risk assessment tool
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With the exception of a few high-risk constellations, many
authors and guidelines appear to keep the approach to osteo-
porotic fractures very limited by making the diagnosis depen-
dent on low-energy trauma only [5, 21]. In this way, only
patients without a so-called adequate trauma [22] are investi-
gated for osteoporosis. This practice seems astonishing given
the lack of evidence as to where the exact line is between low-
energy and high-energy trauma [23, 24]. Additionally, studies
have questioned the assumption that a healthy bone will not
break on low-energy impact [25, 26]. In fact, even a fall from
standing height may generate enough energy to fracture a
normal bone [27]. There is good evidence that both low-
trauma and high-trauma fractures are strongly associated with
low BMD and an increased risk for subsequent fractures in
older women and men and should therefore be included in
observational studies [8]. Several authors have suggested that
any prior fracture whether a high-trauma or low-trauma one
may indicate underlying skeletal fragility and an increased
risk for future fracture [9, 19]. The authors of a meta-
analysis including randomized fracture prevention trials

summarized that the potential benefits of treatment for an in-
dividual patient would be best described for all non-vertebral
fractures, not just a subset such as low-trauma fragility frac-
tures [28]. Against this background, it is our opinion that our
prospective cohort data on non-vertebral fracture patients aged
50 or older argue for an aggressive screening approach for
osteoporosis, independently of the level of trauma energy in-
volved. In spite of these strong arguments, the qualifying
statement must be made that to date, evidence on the effec-
tiveness of antiosteoporosis treatment in patients with high-
trauma fractures is missing.

Fourth, the observed difference in NNS between men and
women of the same age or fracture type was less than gener-
ally expected; for example, the NNS was about 5 in 70+ year-
old male in comparison to a NNS of about 1.5 in 70+ female.

The risk for osteoporosis in males continues to be
underestimated by both the population and bymedical doctors
with the consequence that male fracture patients less common-
ly undergo any diagnostic tests for osteoporosis [29, 30]. Most
publications report prevalence data for women only [31], and

Table 3 Detailed NNS for the indication for osteoporotic treatment with regard to trauma energy or age groups (N = 478)

Age
group

Gender No indication for
treatment (DXA
and FRAX)

Indication for t
reatment (DXA
and FRAX)

NNS 95% CI Trauma energy No indication for
treatment (DXA
and FRAX)

Indication for
treatment (DXA
and FRAX)

NNS 95% CI

50+ Male 38 (58.5%) 27 (41.5%) 2.41 1.86–3.38 Low 21 (28%) 54 (72%) 1.39 1.22–1.62

Female 20 (30.8%) 45 (69.2%) 1.44 1.24–1.72 High 37 (67.3%) 18 (32.7%) 3.06 2.22–4.92

Total 58 (44.6%) 72 (55.4%) 1.81 1.56–2.13 Total 58 (44.6%) 72 (55.4%) 1.81 1.56–2.13

60+ Male 26 (59.1%) 18 (40.9%) 2.44 1.80–3.79 Low 34 (34.3%) 65 (65.7%) 1.52 1.33–1.78

Female 30 (34.9%) 56 (65.1%) 1.54 1.33–1.82 High 22 (71%) 9 (29%) 3.44 2.22–7.66

Total 56 (43.1%) 74 (56.9%) 1.76 1.53–2.07 Total 56 (43.1%) 74 (56.9%) 1.76 1.53–2.07

70+ Male 23 (79.3%) 6 (20.7%) 4.83 2.82–16.82 Low 36 (39.6%) 55 (60.4%) 1.65 1.42–1.98

Female 28 (33.7%) 55 (66.3%) 1.51 1.31–1.78 High 15 (71.4%) 6 (28.6%) 3.50 2.09–10.81

Total 51 (45.5%) 61 (54.5%) 1.84 1.57–2.21 Total 51 (45.5%) 61 (54.5%) 1.84 1.57–2.21

80+ Male 8 (34.8%) 15 (65.2%) 1.53 1.18–2.19 Low 25 (26.6%) 69 (73.4%) 1.36 1.21–1.55

Female 21 (25.3%) 62 (74.7%) 1.34 1.19–1.53 High 4 (33.3%) 8 (66.7%) 1.50 1.07–2.50

Total 29 (27.4%) 77 (72.6%) 1.38 1.23–1.56 Total 29 (27.4%) 77 (72.6%) 1.38 1.23–1.56

Total 194 (40.6%) 284 (59.4%) 1.68 1.57–1.82 194 (40.6%) 284 (59.4%) 1.68 1.57–1.82

NNS number needed to screen,DXA osteodensitometry, FRAX fracture risk assessment tool,DXA and FRAX combined assessment of both DXA and FRAX

Table 4 Multivariate analysis (stepwise logistic regression) regarding the indication for the treatment of osteoporosis (DXA and FRAX; N = 478)

Variables B Wald p Odds ratio
exp (B)

99% CI General Improvement

Lower Upper Chi2 p Nagelkerke R2 Chi2 p Nagelkerke R2

Low energy 1.05 18.2 <0.001 2.84 1.76 4.59 40. 6 <0.001 0.11

Fracture femur 1.53 24.1 <0.001 4.63 2.51 8.53 60.1 <0.001 0.16 19.5 <0.001 0.05

Gender 0.92 16.7 <0.001 2.51 1.61 3.91 79.9 <0.001 0.21 19.8 <0.001 0.05

Fracture pelvis 1.37 6.7 0.010 3.92 1.39 11.04 86.0 <0.001 0.22 6.2 0.013 0.02

Fracture radius 0.56 4.6 0.032 1.75 1.05 2.93 90.7 <0.001 0.23 4.7 0.030 0.01

Constant −2.34 34.7 0.000 0.10
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the same applies to FRAX threshold values [14, 32]. The risk
of fracture in men over 50 years of age has been described to
range between 20 and 27%, which is lower than the compa-
rable risk in women (50%) [33]. For Danish men >50 years,
the prevalence of osteoporosis was estimated to be 17.7%
[34], but only 1.3% of men >60 years of age actually
underwent the relevant pharmacotherapy. A recent report on
over 129,000 US patients with a fragility fracture stated that
only 10% of men underwent DXA testing and only 9.6%
received antiosteoporosis treatment [35]. A retrospective
single-center evaluation on patients with distal radius fractures
indicated that a male with a fragility fracture is 9.7 times less
likely to undergo DXA testing than is a woman with the same
fracture [36]. Our prospective findings favor screening for
osteoporosis following non-vertebral fractures in both men
and women.

Fifth, although we found a significant association in the
rate of osteoporosis with increasing age in correlation with
the literature, the NNS to detect an osteoporotic patient in
the decennium 50–60 was only marginally worse than in
higher decennia (e.g., 2.4 in men 50+ vs. 1.5 in men 80+).
Originally, this decision emanated from the assumption that a
simple concept such as including Ball fracture patients aged 50
or older,^ independently of trauma and gender, would be more
feasible within the daily clinical routine of a teaching hospital.
The literature reports continuation of mostly very low screen-
ing rates for osteoporosis in fracture patients [10, 35, 37, 38],
partly due to the additional effort and specific knowledge re-
quired of the physicians involved [39–41]. No unique and
well-accepted screening approach can be found in the current
literature. The detailed criteria on when to screen which pa-
tients with which kind of examination vary widely, e.g., be-
ginning at what age, for females depending on menopause,
including what type of trauma or depending on which defini-
tion for fragility fracture, using different approaches to mea-
sure BMD and additional risk scoring instruments such as
FRAX, etc. [34, 42–46]. Due to the limited number of patients
in single decennia groups, especially if additionally stratified
for gender or trauma energy, further interpretation is limited
due to the possibility of random statistical findings. The ex-
ample of a lower NNS found in HEF men aged 50+ compared
to those aged 60+ or 70+ that is almost comparable to those
aged 80+ underlines this statistical limitation. Overall, we are
of the opinion that our preliminary data provide strong evi-
dence for the simple approach of screening all fracture patients
for osteoporosis beginning at the age of 50.

Sixth, we were interested in the differences between the
NNS obtained for the more restricted assessment based on
pathologic DXA measurement only (T score ≤−2.5) to indi-
cate treatment compared with the assessment that included
FRAX scoring. With the inclusion of FRAX, the overall treat-
ment prescription rate increased by almost 20%, i.e., the re-
quired NNS to initiate any treatment for osteoporosis would

decrease from 2.5 for DXA only to 1.7 with the additional use
of FRAX. Originally, the definition of osteoporosis relied on
the WHO-based T score of BMD. Following this definition,
only subjects with a T score at or below −2.5 were considered
to have osteoporosis [47]. Almost all modern guidelines for
osteoporosis [15, 31] include additional risk factors and scores
such as the FRAX to indicate therapy, but some omit DXA
measurement of patients [32, 42, 48]. In the Rotterdam epide-
miologic study, only 44% of women and 21% of men aged 55
and older with a non-vertebral fracture had a T score lower
than −2.5 [47]. Follow-up studies on the long-term effects of
such a more aggressive approach to indication are required to
objectify the approach presented here. Given our NNS data
and reports in recent literature suggesting that treatment of
osteoporosis in patients with fragility fractures can reduce
the risk of subsequent fractures by up to 50% and mortality
rates by up to 30% [43, 49, 50], we believe that the affected
fracture patients will profit importantly.

In addition, even though patients underwent detailed labo-
ratory examination and a questionnaire for well-known risk
factors of osteoporosis, we could not find any auxiliary rela-
tionship to the results of osteodensitometry or subsequent os-
teoporotic treatment. For example, neither 25-hydroxy vita-
min D, TSH, PTH, nor self-declared alcohol intake showed
a significant correlation to the obtained T score values. A
comparison of these findings with the literature is difficult as
most of the studies so far were undertaken in patients with
well-known risk factors for osteoporosis and not in unselected
fracture patients as in our study [51–54]. Kanis et al. address
the problem of low sensitivity and low positive predictive
values when screening a population of 50 years of age without
a prevalent fracture [55].

Limitations

Until confirmed in other centers and larger cohorts, the find-
ings from this preliminary study are limited to the setting of
this monocentric evaluation and the patients under investiga-
tion. The public hospital is open to all patients, but there are no
data available to confirm that the cohort under investigation is
representative of the relevant population. The prospective
study was performed with unselected fracture patients hospi-
talized at the trauma unit of a Swiss teaching hospital. Even
though, hardly more than every second consecutive patient
(56.3%) could be included. Although excluded patients were
found to be older in univariate analysis, multivariable analysis
revealed that it was mainly the fact that a person lived in a
nursing home (and not their own home) that was associated
with non-compliance with our standard procedure.
Additionally, conservative treatment of the indicator fracture
correlated significantly with exclusion from the study. Given
these comparative data and arguments based on the well-
founded assumption that the NNS for the treatment of

Arch Osteoporos  (2017) 12:38 Page 7 of 9  38 



osteoporosis in the group of more elderly and dependent pa-
tients would, in fact, be even higher than in our study cohort,
we see no reason why this inclusion limitation should princi-
pally detract from our major findings. Indeed, given the NNS
for single risk groups, they should be considered even more
impressive. Recent reports and population-based evaluations
from different countries [35, 56–58] show that only in about
10–30% of cases where treatment is indicated are the relevant
diagnostics and/or treatments for osteoporosis actually imple-
mented following fragility fractures or the diagnosis of osteo-
porosis. A recent review of randomized controlled trials inves-
tigating the professional care of patients with a fragility frac-
ture and a variety of interventions to improve the implemen-
tation of osteoporotic therapy revealed an overall 36% abso-
lute increase in scanning rates for osteoporosis following ap-
propriate interventions [59]. The diagnostic approach follow-
ed Swiss guidelines at the time of the study, which may differ
in certain details from other countries. However, the major
findings presented here should be largely independent of finer
details in the diagnosis of osteoporosis but do need to be
verified in larger studies. Especially subgroup findings such
as the unexpectedly low NNS for male HEF patients aged 50
and older need to be reappraised because of the resulting small
number of patients. Although we worked with a standardized
stratification of trauma energy undertaken by one of the inves-
tigators, we had to depend on the assumed best anamnestic
information given by patients and/or any observers of trauma.

In summary, against the background of the recent literature,
our preliminary findings reveal strong arguments in favor of
performing standard screening for osteoporosis in all fracture
patients aged 50 or older (women and men) independently of
the trauma energy involved. The approach described here and
the results obtained should be confirmed by larger studies and
in other countries.
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