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 Introduction

Osteoporosis is always a hot topic that is dis-
cussed on yearly basis at all the international 
conferences dealing with the topic of bone 
health, reflecting the importance of the disease. 
In fact osteoporosis is a major health issue, 
affecting around 200 million women worldwide. 
Moreover, although osteoporosis is typically 
linked to women, it is also diagnosed in men, 
however, to less extent. While one in three 
women over age 50 will experience osteoporotic 
fractures, one in five men aged over 50 will sus-
tain the disease [1, 2]. Worldwide, osteoporosis 
accounts for a greater disability burden than can-
cer, with the exception of lung cancer [3]. This is 
supported by the reports showing that the inci-
dence of osteoporosis is increasing [2]. In con-
trast, osteoporosis treatment remains a challenge, 
with 50–70% of the patients discontinuing their 
osteoporosis medications within the first year of 
initiation [4]. Therefore, there is an urgent need 
for improved management of osteoporosis and 
its consequences.

Over the past decade, several guidelines have 
been published for the pharmacological manage-
ment of osteoporosis in postmenopausal women, 
which highlight the need for earlier, more wide-

spread screening, and treatment are published 
[5]. However, a US observational study of women 
experiencing a first hip fracture between 2008 
and 2013 showed that only 17% and 23% had 
evidence of osteoporosis assessment and/or treat-
ment within 6 or 12 months of their fractures, 
respectively [6]. Furthermore, the Healthcare 
Effectiveness Data and Information Set (HEDIS), 
which is a tool used by more than 90% of 
America’s health plans to measure performance 
on important dimensions of care and service for a 
number of disease areas [7], assessed the number 
of women aged 65–85 years who suffered a frac-
ture and who had either a bone mineral density 
(BMD) test or prescription for a drug to treat 
osteoporosis in the 6 months after their fracture 
with the intent to reduce the risk of fractures 
resulting from osteoporosis in older women. 
Testing/treatment rate in women who sustained a 
fracture in the USA reached 49.6% in 2018 [8]. 
Results from a recently published survey of 
untreated postmenopausal women with osteopo-
rosis and their physicians reported that patients 
themselves decided against pharmacological 
treatment in at least half of the cases of nontreat-
ment. The most frequent reasons for this patient 
decision were concerns regarding side effects, 
alternative nonprescription options (including 
behavioral modification), and questioning medi-
cation benefits [6, 9].

Such inconsistency in management, together 
with underdiagnosis and undertreatment of peo-
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ple who are at high risk for fracture, represents 
the unmet need in the diagnosis and management 
of osteoporosis. It is, therefore, vital to identify 
and address these factors which may contribute 
to such challenge. Table  15.1 summarizes the 
unmet needs and challenges in the field of osteo-
porosis. This chapter will discuss the unmet 
needs and challenges of diagnosing and manage-
ment of osteoporosis and the limitations of cur-
rently available tools.

 Challenge 1: Fracture Risk Score 
and Absolute Risk of Fracture

The National Institutes of Health Consensus 
Development Panel on Osteoporosis Prevention, 
Diagnosis, and Therapy defines osteoporosis as a 
skeletal disorder characterized by low bone 
strength and increased risk of fracture [10]. This 
definition of osteoporosis reflects the changing 
perspective on this disease, i.e., osteoporosis is 
no longer considered a disorder of low bone min-
eral density alone. Epidemiologic studies have 
been performed to examine the risk factors that 
are associated with low bone mineral density and 
fragility fractures [11, 12]. Consequently, assess-
ments of clinical risk factors that are independent 
of BMD have been identified as important prog-
nosticators for fracture prediction. Namely, in 
addition to BMD, advancing age, prior history of 
fragility fracture, chronic glucocorticoid use, low 
body mass index (BMI), parental history of hip 
fracture, cigarette smoking, and excess alcohol 

intake are the risk factors that have been demon-
strated to be most predictive of fracture.

Expression of fracture risk: Absolute risk 
(AR) is the probability of fracture, usually 
expressed as a percentage, over a specified period 
of time. Relative risk (RR) is the ratio of absolute 
risks of two populations [13]. RR tends to overes-
timate fracture risk in some populations and 
underestimate it in others [14]. As an example, a 
50-year-old and an 80-year-old woman with a hip 
T-score of −2.5 each have the same RR for hip 
fracture compared with an age-matched popula-
tion with normal BMD [13], while the 10-year 
probability of hip fracture is much higher in the 
80-year-old woman. Both are measures of risk, 
but estimation of an individual’s fracture risk 
requires knowledge of absolute risk when rela-
tive risk estimates are used. Therefore, absolute 
risk is a measure easily explainable to both the 
physician [15] and the patient.

Several fracture risk assessment tool have 
been developed; however, the most popular and 
commonly used out of them is the developed, in 
2008, by the University of Sheffield (FRAX) that 
estimates the 10-year probability of hip fracture 
and major osteoporotic fracture (hip, clinical 
spine, proximal humerus, or forearm) for 
untreated patients between ages 40 and 90 years 
using easily obtainable clinical risk factors for 
fracture and femoral neck BMD (g/cm2, using 
dual-energy X-ray absorptiometry [DXA]), when 
available [16, 17]. As well as the FRAX tool, 
other fracture risk calculators are available online 
which include the Garvan fracture risk calculator 
(www.garvan.org.au) and QFracture (www.
qfracture.org) .

There are several important limitations that 
need to be considered when FRAX is used as a 
calculation tool. The relationships between risk 
factors and fracture risk incorporated within the 
FRAX model have been constructed from the pri-
mary data of nine population-based cohorts 
around the world [18–20]. Databases from most 
of the countries incorporated into FRAX pro-
vided accurate rates of hip fractures because all 
patients with a hip fracture are admitted to a hos-
pital. However, patients with a wrist or proximal 
humeral fracture are usually treated as outpa-

Table 15.1 Unmet needs and challenges in the field of 
osteoporosis

Optimizing peak bone mass in young adults
Definition of high-risk patients
Inclusion of imminent fracture risk in the FRAX 
calculation of osteoporosis fracture risk
Optimizing the diagnostic approach of the patients with 
clinical risk factors for osteoporosis
Inclusion of bone strength as measurable parameter
Closing the treatment gap and the introduction of new 
drugs with new mechanisms of action
Introduction of critical thinking into share decision 
making tools
Clear definition of treat-to-target and drug holiday
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tients, leading to an underestimation of the inci-
dence of these types of fractures [21]. Assessing 
the rate of clinical vertebral fracture is also chal-
lenging since it is difficult to distinguish between 
patients with a clinical vertebral fracture and 
patients who have back pain with an incidental 
vertebral compression fracture. Therefore, the 
reported rates of major osteoporotic fractures at 
sites other than the hip may not be accurate. 
Kanis et al. [19] studied the use of clinical risk 
factors to predict osteoporotic fractures on the 
basis of baseline and follow-up data from nine 
population-based cohorts. They found that mod-
els for predicting hip fractures were substantially 
better than those for predicting osteoporotic frac-
tures at other sites, regardless of whether the 
models included bone mineral density alone, 
clinical risk factors alone, or a combination of 
both [22]. For these reasons, the prediction of the 
risks of three other major osteoporotic fractures 
(proximal humeral, wrist, and clinical vertebral 
fractures) may not be as accurate as the predic-
tion of the risk of hip fracture.

There is also a question of the generalizability 
of data obtained from the population-based 
cohorts. For example, the US FRAX model was 
formulated from data from the Rochester cohort, 
which was recruited from two random population 
samples in Olmsted County, Minnesota. This 
community is predominantly White and is better 
educated than the White population of the USA 
as a whole [23]. In addition, recent data have 
shown that the incidence of hip fracture among 
Olmsted County residents is declining [24]. 
Therefore, the incidence and mortality data in the 
US FRAX model may not reflect current inci-
dence and mortality rates.

The use of FRAX sometimes results in 10-year 
fracture probabilities that lead to treatment rec-
ommendations that contradict those of the 
National Osteoporosis Foundation. For example, 
a 50-year-old postmenopausal woman with a 
body mass index of 24.1 kg/m2, no clinical risk 
factors, and a T-score of −2.5 meets the threshold 
for pharmacological therapy on the basis of the 
T-score; however, the fracture probabilities cal-
culated with the FRAX tool (8.7% for a major 
osteoporotic fracture and 2.5% for a hip fracture) 

are below the treatment threshold. Conversely, an 
80-year-old postmenopausal woman with the 
same body mass index, a parental history of hip 
fracture, and a T-score of −1.0 has 10-year risks 
of 26% and 9.9%, respectively, for a major osteo-
porotic fracture and for a hip fracture—a level of 
risk at which treatment should be considered 
[25]. Yet, there is no strong evidence to support 
treatment of patients with this level of bone min-
eral density. In addition, FRAX may not accu-
rately predict fracture risk across all age groups 
[22]. Furthermore, fracture risk probabilities cal-
culated with FRAX are not valid for patients who 
have already received pharmacological treatment 
for osteoporosis such as bisphosphonates.

The magnitude by which FRAX may over- or 
underestimate fracture risk has been studied using 
large population databases, and procedures for 
adjusting FRAX probability have been proposed 
[26, 27]. As an example, an analysis of the 
Canadian Manitoba BMD database shows that 
when there is discordance between lumbar spine 
and femoral neck BMD, the FRAX estimate for 
major osteoporotic fracture may be increased or 
decreased by one-tenth for each rounded T-score 
difference or offset between lumbar spine and 
femoral neck (e.g., when the lumbar spine T-score 
is 1.0 less than the femoral neck T-score, the 
10-year probability of major osteoporotic fracture 
can be increased by one-tenth) [26]. Another anal-
ysis using the UK General Practice Research 
Database showed that for patients exposed to 
high-dose glucocorticoids (prednisolone >7.5 mg/
day or equivalent), the 10-year probability of 
major osteoporotic fracture may be increased by 
15 percent and the 10-year probability of hip 
increased by 20 percent [27]. The increase in frac-
ture risk associated with type II diabetes mellitus 
may be captured by entering “yes” for rheumatoid 
arthritis in the FRAX algorithm [28]. With modi-
fications such as these, the FRAX probability of 
fracture can be refined [29]. However, these cor-
rection factors have not been computed for the 
majority of countries represented by FRAX, 
including the USA. Thus, they should be applied 
to US populations with caution.

Other important risk factors for fractures are 
not included in this calculation tool. These include 
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the serum level of 25-hydroxyvitamin D, physical 
activity, risk of falls, and biochemical bone mark-
ers. Therefore, the calculated risk may be less 
than the actual risk. In addition, FRAX does not 
take into account bone mineral density at the 
spine or the substantially higher risk of spine frac-
ture among those with a history of vertebral com-
pression fractures. A cohort study of 6459 women 
55 years of age or older with low bone mineral 
density, of whom 31% (2027) had a radiographi-
cally detected vertebral fracture at baseline,  
demonstrated that a combination of a vertebral 
fracture on a baseline radiograph, femoral neck 
bone mineral density, and age predicted incident 
radiographically evident vertebral fractures sig-
nificantly better than did use of FRAX and bone 
mineral density at the femoral neck (p = 0.0017) 
[30]. Nevertheless, FRAX remains an important 
tool that represents an advance in the care of 
osteoporosis. The current FRAX model provides 
an aid to enhance patient assessment by the inte-
gration of clinical risk factors alone and/or in 
combination with bone mineral density. It is antic-
ipated that the limitations described above will be 
addressed in future FRAX versions.

 Challenge 2: Implementation 
of Health Economics into Clinical 
Guidelines

The use of health economic thresholds incorpo-
rating QALYs (quality-adjusted life year) led to 
some difficulties with some of the initial guide-
lines developed [31, 32], as the costs of treat-
ments meant that patients with osteoporosis 
confirmed by dual-energy X-ray absorptiometry 
(DXA) would not have access to drugs, since 
estimated health costs exceeded £20,000/QALY 
[7]. In response, the National Osteoporosis 
Guideline Group (NOGG) in the UK developed 
evidence-based guidelines with alternative treat-
ment thresholds, which were not set using health 
economic considerations but the clinical fracture 
risk after a first low-trauma fracture [33]. On  
the other hand, the National Osteoporosis 
Foundation osteoporosis treatment recommen-
dations were based on the 10-year fracture prob-

ability model, whereas, in Scotland, “SIGN” 
(Scottish Intercollegiate Guideline Network) 
guidelines took an alternative approach, inter-
preting clinical trial-based evidence to support 
drug treatment for those who have had a verte-
bral fracture and hip fracture or with a bone min-
eral density (BMD) T-score less than −2.5 [34]. 
The most recent recommendations from NICE 
[35] are a radical change, with no health eco-
nomic argument against oral or parenteral ther-
apy down to a 10-year fracture risk of 1%. 
However, it recently has been suggested that 
“Unthinking assimilation of the NICE multiple 
technology appraisal risks a generation of older 
individuals taking a bisphosphonate regardless 
of the individual benefit-to- risk ratio” [36]. 
There are now a number of guidelines on osteo-
porosis across Europe and North America, with 
country- and comorbidity- specific recommenda-
tions. Each takes a slightly different approach, 
resulting in inconsistent recommendations 
(Table 15.1). Consequently, clinicians are faced 
with an overwhelming amount of guidance on 
the management of osteoporosis and bone health 
from international, national, and local governing 
bodies. No wonder, such global inconsistency 
would reflect on the patients’ management par-
ticularly at the primary care level.

In addition, there is a low reimbursement for 
DXA investigations in the USA.  It is possible 
that pharmaceutical industries also play a role, as 
during the first years after introduction of osteo-
porotic drugs, an increase of bisphosphonate use 
was observed (in 2007 ~ 15% of postmenopausal 
women used bisphosphonates) [37]. Currently, 
there is a growing market share of generics drugs 
and increased withdrawal of large pharmaceuti-
cal industries, which might be related to a 
decrease in bisphosphonate use. This emphasizes 
the certain unmet need for new drugs with an 
even better efficacy/safety profile.

 Challenge 3: Treatment Thresholds

After the advent of absolute fracture risk calcula-
tors, guidelines for the management of osteoporo-
sis have been published. These have been updated 
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several times over the past decade. However, there 
were disparity between different guidelines and the 
treatment thresholds advised which represent a 
challenge to osteoporosis specialists trying to man-
age their patients, according to these guidelines. 
Best examples are the guidelines released by the 
US-based National Osteoporosis Foundation 
(NOF) and the UK-based National Osteoporosis 
Guidelines Group (NOGG) which differ markedly 
in their approaches to treatment recommendations.

The National Osteoporosis Foundation recom-
mendations for pharmacological treatment of 
osteoporosis [38] are based in part on the US adap-
tations of the World Health Organization 10-year 
fracture probability model and algorithms for 
determining treatment thresholds [39]. These rec-
ommendations are based on cost- effectiveness in 
populations of patients and should be used together 
with other considerations when making treatment 
decisions for individual patients. According to the 
National Osteoporosis Foundation recommenda-
tions, treatment of osteoporosis should be consid-
ered for (1) patients with a history of hip or 

vertebral fracture, (2) patients with a T-score of 
−2.5 or lower at the femoral neck or spine, and (3) 
patients who have a T-score of between −1.0 
and  −  2.5 at the femoral neck or spine and a 
10-year hip fracture risk of ≥3% or a 10-year risk 
of a major osteoporosis- related fracture of ≥20% 
as assessed with the FRAX. The advantages of this 
new recommendation as compared with the earlier 
published National Osteoporosis Foundation rec-
ommendations include better allocation of limited 
healthcare resources to patients who are at higher 
risk for fracture and most likely to benefit from 
therapy. In addition, these new guidelines take into 
consideration different ethnicities in the USA and 
include the male population.

Similar to the National Osteoporosis 
Foundation, the UK developed by the National 
Osteoporosis Guidelines Group (NOGG) [39] 
incorporated FRAX-derived risk calculations. 
However, the approaches taken to recommenda-
tions for intervention by these guidelines differ 
markedly, as summarized in Fig. 15.1. The NOF 
intervention thresholds are based upon economic 

NOGG guidelines

1. Treat if previous fragility fracture. 1. previous fragility 
fracture?

2. At least 1 clinical
risk factor?

3. Measure BMD then
FRAX with BMD

Non n=1170

FRAX without BMD.

n=2 n=36

Yes n=370

Yes n=37Yes, n=241

n=185

n=25

No, n=788 Yes, n=276

n=160
Reassure
(n=1169)

Reassure
(n=788)

Treat
(n=302)

Treat
(n=683)

1. Treat if previous hip or
vertebral fracture.

2. For women age 65 and older,
measure BMD.

3. Trat if osteoporosis (BMD
T-score  -2.5 at proximal

femur or lumbar spine).

4. Trat if osteoporosis (BMD

4. BMD T score between -1 and -2.5

2&3. BMD T score

 - 2.5?a

1. Previous hip or
vertebral fracture?

and
FRAX predicted hip fracture risk ≥ 3%

or major osteoporotic fracture risk ≥ 20%

AND

FRAX-estimated 10yr

probability of hip fracture ≥ 3%
or major osteoporotic 

fracture ≥ 20%

T-score -1 to -2.5 at proximal

femur or lumbar spine).

2. If clinical risk factors present,

NOF guidelines

estimate 10 yr probability of

major osteoporotic fracture using
FRAX without BMD.

3. If BMD measurement, re-estimate
10 yr probability of major

osteoporotic fracture using
FRAX with BMD.

If probability > intervention threshold:

treat.

reasure.
If probability < assessment threshold:

If probability > intervention threshold:

treat.

reasure.
If probability < assessment threshold:

measure BMD.
If probability falls between threshold:

NOGG NOF

Fig. 15.1 Summaries of the NOGG and NOF guidelines 
for management of osteoporosis (left), with their applica-
tion to a cohort of 1471 healthy older women (right). a, 
Nineteen women in the cohort were younger than 65 yr. at 
baseline. The NOF guidelines recommend BMD mea-
surement in women younger than 65 yr. if there are con-

cerns based on the risk factor profile. For the purposes of 
this analysis, we assumed that all these 19 women had a 
measurement of BMD for this reason. (Unless provided in 
the caption above, the following copyright applies to the 
content of this slide: Copyright © 2010 by The Endocrine 
Society)
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cost-effectiveness analyses [40–44], whereas the 
NOGG guidelines recommend intervention if the 
probability of fracture exceeds that of a person of 
the same age who has suffered a previous osteo-
porotic fracture [45]. Thus, the NOGG interven-
tion and assessment thresholds vary by age and 
gender, such that reassurance is recommended 
for older individuals at high risk of fracture, 
whereas intervention is recommended for 
younger individuals at lower risk of fracture.

Potentially, the differing approaches between 
guidelines might lead to different treatment rec-
ommendations and fracture outcomes. In the 
study done by Mark and Grey [46], two illustra-
tive clinical cases were presented to symbolize 
the difference between the two treatment recom-
mendations. Patient (1) is a female, aged 80 years 
old, in good health, with BMI of 23.8 kg/m2, no 
personal or parental history of fracture, and a 
femoral neck BMD T-score of −3. Her estimated 
10-year risk of major osteoporotic fracture using 
FRAX with BMD is 21% and of hip fracture is 
9%. Applying the NOGG guidelines leads to a 
recommendation to reassure, whereas the NOF 
guidelines recommend treatment. Patient (2) is a 
female, aged 65 years old, in good health, and 
also has a BMI of 23.8  kg/m2, no personal or 
parental history of fracture, and a femoral neck 
BMD T-score of −3. Her estimated 10-year risk 
of major osteoporotic fracture is 16% and of hip 
fracture is 5%. Both the NOGG and NOF guide-
lines recommend treatment. This paved the way 
for the most recent osteoporosis treatment rec-
ommendations published by NOGG in 2017, in 
which NOGG has released its update in which 
the intervention thresholds have been based on 
FRAX probability and so cannot be used with 
fracture risk derived from QFracture or other 
calculators [4]. NOGG recommended also that 
diagnostic assessment should include not only 
the assessment of BMD where indicated but also 
the exclusion of diseases that mimic osteoporo-
sis, elucidation of the cause of the osteoporosis, 
and the management of any associated morbid-
ity. In addition, recommendations for the routine 
investigation of patients with osteoporosis have 
been advised and are summarized in Tables 15.2 
and 15.3.

 Challenge 4: DXA

Appropriate and accurate use of densitometric 
techniques is of great importance: bone mineral 
measurements provide not only diagnostic crite-
ria but also prognostic information on fracture 
risk probability, and they are also used to monitor 
treated or untreated patient [47]. For this reason, 
several guidelines have been developed in the last 
years with a number of recommendations that 
include indications for BMD testing, which skel-
etal site to measure and how to interpret and 
report BMD results, and proper timing for fol-
low- up [48–51]. These guidelines, typically 
issued by relevant medical societies or special-
ized working groups, play an important role in 
clinical practice: they provide valuable sugges-
tions based on the highest level of evidence, 
which is usually achieved through a critical eval-
uation of systematically searched primary studies 
[52, 53].

The distribution of bone density across a pop-
ulation is dependent on race, age, and gender. For 
example, African-Americans have lower rates of 
fracture compared to US Caucasians and Asians, 
and this parallels the population distribution dif-
ferences among races [54]. In one study, the age- 
adjusted mean for femoral neck BMD was 
0.686 g/cm2 in US Caucasians and 0.841 g/cm2 in 
African Americans [55]. Because of such racial 
and ethnic differences, the significance of 
T-scores must be considered based on the frac-
ture risk of ethnic and racially matched persons. 
A similar rationale can be applied to men who 
have larger skeletal structures compared to 
women. To control for racial differences, DXA 
calculates T-scores using normative databases 
based on NHANES III data that include non- 
Hispanic White, Black, Hispanic, and Asian indi-
viduals [56]. A pediatric normative base is also 
available. However, while bone size is directly 
related to strength, DXA does not account for 
bone size in assessing fracture risk. Attempts to 
correct bone size for height and weight have been 
reported [57]. Some DXA manufacturers allow 
for weight correction in the calculation of 
Z-scores to adjust for an expected decrease in 
fracture risk as weight increases. Height correc-

Y. El Miedany



413

Ta
bl

e 
15

.2
 

C
om

pa
ra

tiv
e 

an
al

ys
is

 o
f 

th
e 

m
os

t p
op

ul
ar

 o
st

eo
po

ro
si

s 
gu

id
el

in
es

, t
he

ir
 ta

rg
et

ed
 s

ub
je

ct
s,

 a
s 

w
el

l a
s 

th
re

sh
ol

ds
 o

f 
tr

ea
tm

en
t

G
ui

de
lin

e 
(y

ea
r)

co
un

tr
y

Ta
rg

et
ed

 p
eo

pl
e

D
ru

gs
 in

cl
ud

ed
T

hr
es

ho
ld

s 
of

 tr
ea

tm
en

t
C

om
m

en
ts

R
ef

er
en

ce
N

O
F 

(2
01

4)
T

he
 U

SA
M

en
 a

nd
 w

om
en

 
ov

er
 5

0 
ye

ar
s

FD
A

-a
pp

ro
ve

d 
m

ed
ic

at
io

ns
: 

al
en

dr
on

at
e,

 ib
an

dr
on

at
e,

 
ri

se
dr

on
at

e,
 z

ol
ed

ro
na

te
, 

ca
lc

ito
ni

n,
 r

al
ox

if
en

e,
 

ba
ze

do
xi

fe
ne

, t
er

ip
ar

at
id

e,
 

de
no

su
m

ab

T
re

at
m

en
t s

ho
ul

d 
be

 
co

ns
id

er
ed

 f
or

:
 

  H
ip

 o
r 

ve
rt

eb
ra

l f
ra

ct
ur

e
 

  T-
sc

or
e 
≤

 −
2.

5 
at

 h
ip

 o
r 

sp
in

e 
on

 D
X

A
 

  T-
sc

or
e 

be
tw

ee
n 
−

1.
0 

an
d 
−

 2
.5

 w
ith

 a
 1

0-
ye

ar
 

ri
sk

 ≥
20

%
 f

or
 m

aj
or

 
fr

ac
tu

re
 o

r 
≥

 3
%

 f
or

 h
ip

 
fr

ac
tu

re

Ju
st

 r
ec

om
m

en
ds

 th
e 

us
e 

of
 a

n 
FD

A
- 

ap
pr

ov
ed

 m
ed

ic
at

io
n

D
oe

s 
no

t g
iv

e 
an

 o
rd

er
 f

or
 fi

rs
t-

lin
e 

or
 

se
co

nd
-l

in
e 

ag
en

ts

37

N
O

G
G

 (
20

09
 a

nd
 

up
da

te
d 

20
17

)
T

he
 U

K
M

en
 a

nd
 w

om
en

 
ov

er
 5

0 
ye

ar
s

A
le

nd
ro

na
te

, r
is

ed
ro

na
te

, 
zo

le
dr

on
at

e,
 H

R
T,

 r
al

ox
if

en
e,

 
st

ro
nt

iu
m

, d
en

os
um

ab
 a

nd
 

te
ri

pa
ra

tid
e

10
-y

ea
r 

fr
ac

tu
re

 r
is

k 
us

ed
M

en
 a

nd
 w

om
en

 a
ge

d 
70

+
 

ye
ar

s
 

  W
ith

 a
 f

ra
ct

ur
e 

or
 

  O
n 

lo
ng

-t
er

m
 p

re
dn

is
ol

on
e 

ov
er

 7
.5

 m
g 

da
ily

 s
ho

ul
d 

be
 c

on
si

de
re

d 
fo

r 
bo

ne
 

pr
ot

ec
tio

n

FR
A

X
 u

se
d 

w
ith

ou
t B

M
D

 to
 d

et
er

m
in

e 
fr

ac
tu

re
 r

is
k 

(h
ig

h,
 lo

w
, o

r 
m

ed
iu

m
),

 th
en

 
re

fin
e 

in
to

 h
ig

h 
or

 lo
w

 r
is

k
C

al
cu

la
te

 r
is

k 
to

 a
ge

 7
0+

 y
ea

rs
; t

he
re

af
te

r 
fix

ed
 r

is
k 

of
 2

0%
 f

or
 m

aj
or

 a
nd

 5
%

 f
or

 h
ip

 
fr

ac
tu

re
 u

se
d

O
ra

l b
is

ph
os

ph
on

at
e 

fir
st

 li
ne

N
o 

al
te

ra
tio

n 
to

 th
re

sh
ol

d 
fo

r 
us

e 
of

 
al

te
rn

at
iv

e 
ag

en
ts

H
ig

h 
co

st
 o

f 
te

ri
pa

ra
tid

e 
re

st
ri

ct
s 

us
e 

fo
r 

th
os

e 
at

 v
er

y 
hi

gh
 r

is
k 

of
 v

er
te

br
al

 f
ra

ct
ur

es
In

co
rp

or
at

es
 g

ui
da

nc
e 

on
 in

ve
st

ig
at

io
n 

an
d 

m
an

ag
em

en
t o

f 
os

te
op

or
os

is
 in

cl
ud

in
g 

vi
ta

m
in

 D
 a

nd
 f

al
ls

38

E
SC

E
O

 a
nd

 I
O

F 
(2

00
8 

up
da

te
d 

20
13

),

E
ur

op
e

Po
st

m
en

op
au

sa
l 

w
om

en
A

le
nd

ro
na

te
, i

ba
nd

ro
na

te
, 

ri
se

dr
on

at
e,

 z
ol

ed
ro

na
te

,
H

R
T

PT
H

 th
er

ap
ie

s,
 r

al
ox

if
en

e,
 

ca
lc

ito
ni

n,
 d

en
os

um
ab

, 
st

ro
nt

iu
m

 r
an

el
at

e

10
-y

ea
r 

fr
ac

tu
re

 r
is

k 
us

in
g 

FR
A

X
C

ou
nt

ry
-s

pe
ci

fic
 th

re
sh

ol
ds

 
fo

r 
tr

ea
tm

en
t

If
 p

ri
or

 f
ra

ct
ur

e,
 c

on
si

de
r 

tr
ea

tm
en

t w
ith

ou
t f

ur
th

er
 r

is
k 

as
se

ss
m

en
t

D
oe

s 
no

t s
pe

ci
fy

 o
rd

er
 o

f 
us

e 
of

 m
ed

ic
at

io
ns

N
ot

e 
th

at
 c

os
t a

lo
ne

 w
ou

ld
 s

ug
ge

st
 

al
en

dr
on

at
e 

as
 fi

rs
t l

in
e

D
X

A
 d

ep
en

ds
 o

n 
co

un
tr

y,
 e

.g
., 

ve
ry

 g
oo

d 
ac

ce
ss

 in
 B

el
gi

um
 b

ut
 v

er
y 

di
ffi

cu
lt 

in
 o

th
er

s 
su

ch
 a

s 
B

ul
ga

ri
a

O
ff

er
s 

ad
vi

ce
 o

n 
in

ve
st

ig
at

io
n,

 v
ita

m
in

 D
, 

m
an

ag
em

en
t, 

an
d 

fa
ll 

pr
ev

en
tio

n

39 (c
on

tin
ue

d)

15 Unmet Needs and Challenges in Osteoporosis



414

Ta
bl

e 
15

.2
 

(c
on

tin
ue

d)

G
ui

de
lin

e 
(y

ea
r)

co
un

tr
y

Ta
rg

et
ed

 p
eo

pl
e

D
ru

gs
 in

cl
ud

ed
T

hr
es

ho
ld

s 
of

 tr
ea

tm
en

t
C

om
m

en
ts

R
ef

er
en

ce
A

A
C

E
/A

C
E

 
(2

01
6)

T
he

 U
SA

Po
st

m
en

op
au

sa
l 

w
om

en
A

le
nd

ro
na

te
, i

ba
nd

ro
na

te
, 

ri
se

dr
on

at
e,

 z
ol

ed
ro

na
te

, 
ra

lo
xi

fe
ne

, t
er

ip
ar

at
id

e,
 

de
no

su
m

ab

T-
sc

or
e 
≤

 −
2.

5 
at

 f
em

or
al

 
ne

ck
, t

ot
al

 h
ip

 o
r 

lu
m

ba
r 

sp
in

e
or A

 h
is

to
ry

 o
f 

fr
ag

ili
ty

 f
ra

ct
ur

e
or FR

A
X

 p
ro

ba
bi

lit
y 

of
 ≥

20
%

 
fo

r 
a 

m
aj

or
 f

ra
ct

ur
e 

or
 h

ip
 

fr
ac

tu
re

 ≥
3%

FD
A

-a
pp

ro
ve

d 
m

ed
ic

at
io

ns
 c

on
si

de
re

d
D

if
fe

re
nt

 c
ho

ic
es

 o
f 

fir
st

 o
r 

se
co

nd
 li

ne
 

de
pe

nd
in

g 
on

 s
itu

at
io

n
N

o 
pr

ev
io

us
 f

ra
ct

ur
e 

th
en

 fi
rs

t l
in

e 
w

ou
ld

 b
e 

al
en

dr
on

at
e,

 r
is

ed
ro

na
te

, z
ol

ed
ro

na
te

, o
r 

de
no

su
m

ab
Se

co
nd

-l
in

e 
ib

an
dr

on
at

e 
or

 r
al

ox
if

en
e 

sw
itc

h 
to

 in
je

ct
ab

le
s 

if
 p

ro
bl

em
s 

w
ith

 o
ra

l 
bi

sp
ho

sp
ho

na
te

 o
r 

to
 te

ri
pa

ra
tid

e
Pr

io
r 

fr
ac

tu
re

s 
fir

st
-l

in
e 

de
no

su
m

ab
, 

zo
le

dr
on

at
e,

 o
r 

te
ri

pa
ra

tid
e 

al
te

rn
at

iv
es

 
al

en
dr

on
at

e/
ri

se
dr

on
at

e 
or

 s
w

itc
h 

to
 

te
ri

pa
ra

tid
e

40

Sc
ie

nt
ifi

c 
ad

vi
so

ry
 C

ou
nc

il 
of

 O
st

eo
po

ro
si

s 
C

an
ad

a

C
an

ad
a

M
en

 a
nd

 w
om

en
 

ov
er

 5
0

A
le

nd
ro

na
te

, i
ba

nd
ro

na
te

, 
ri

se
dr

on
at

e,
 z

ol
ed

ro
na

te
, 

ra
lo

xi
fe

ne
, t

er
ip

ar
at

id
e,

 
de

no
su

m
ab

B
as

ed
 o

n 
FR

A
X

 o
r 

C
A

R
O

C
 

fr
ac

tu
re

 r
is

k 
ca

lc
ul

at
io

n
10

-y
ea

r 
m

aj
or

 o
st

eo
po

ro
tic

 
fr

ac
tu

re
 r

is
k 
≥

20
%

A
ge

d 
ov

er
 5

0 
ye

ar
s 

w
ith

 a
 

hi
p,

 v
er

te
br

al
 o

r 
m

ul
tip

le
 

fr
ac

tu
re

s 
ar

e 
hi

gh
-r

is
k

T-
sc

or
e 
≤

 −
2.

5 
m

od
er

at
e 

ri
sk

 
an

d 
m

od
er

at
e 

ri
sk

 n
ee

ds
 

co
m

bi
ni

ng
 w

ith
 a

dd
iti

on
al

 
ri

sk
 f

ac
to

rs
 a

nd
 p

at
ie

nt
 

pr
ef

er
en

ce

In
cl

ud
es

 in
fo

rm
at

io
n 

on
 in

ve
st

ig
at

io
n 

an
d 

m
an

ag
em

en
t a

s 
w

el
l a

s 
fa

lls
 r

is
k

V
ita

m
in

 D
 c

he
ck

ed
 a

nd
 ta

rg
et

ed
 ≥

75
 n

m
ol

/L
 

in
 th

os
e 

re
qu

ir
in

g 
tr

ea
tm

en
t

Fi
rs

t-
lin

e 
tr

ea
tm

en
t

 
  W

om
en

: a
le

nd
ro

na
te

, r
is

ed
ro

na
te

, 
zo

le
dr

on
at

e,
 a

nd
 d

en
os

um
ab

 
  M

en
: a

le
nd

ro
na

te
, r

is
ed

ro
na

te
, 

zo
le

dr
on

at
e,

 a
nd

 te
st

os
te

ro
ne

41

SI
G

N
 (

20
15

)
Sc

ot
la

nd
M

en
 a

nd
 w

om
en

O
ve

r 
50

 y
ea

rs
A

le
nd

ro
na

te
, r

is
ed

ro
na

te
, 

ib
an

dr
on

at
e,

 e
tid

ro
na

te
, 

zo
le

dr
on

at
e,

 d
en

os
um

ab
, H

R
T,

 
tib

ol
on

e,
 r

al
ox

if
en

e,
 s

tr
on

tiu
m

 
ra

ne
la

te
, t

er
ip

ar
at

id
e

Pr
im

ar
y 

pr
ev

en
tio

n 
FR

A
X

 
ri

sk
 ≥

10
%

 f
or

 m
aj

or
 f

ra
ct

ur
e 

an
d 

T-
sc

or
e 
≤

 −
2.

5
Se

co
nd

ar
y 

pr
ev

en
tio

n 
at

 le
as

t 
on

e 
fr

ag
ili

ty
 f

ra
ct

ur
e 

an
d 

a 
T-

sc
or

e 
≤

 −
2.

5
H

ip
 f

ra
ct

ur
e

V
er

te
br

al
 f

ra
ct

ur
e

O
nc

e 
ov

er
 th

re
sh

ol
d 

an
y 

tr
ea

tm
en

t m
ay

 b
e 

us
ed

 b
ut

Fi
rs

t-
lin

e 
al

en
dr

on
at

e 
an

d 
ri

se
dr

on
at

e
Te

ri
pa

ra
tid

e 
if

 s
ev

er
e 

sp
in

al
 o

st
eo

po
ro

si
s

Se
co

nd
-l

in
e 

zo
le

dr
on

at
e 

or
 d

en
os

um
ab

T
hi

rd
-l

in
e 

ib
an

dr
on

at
e,

 e
tid

ro
na

te
, H

R
T,

 
tib

ol
on

e,
 r

al
ox

if
en

e,
 a

nd
 s

tr
on

tiu
m

T
re

at
m

en
t c

an
 b

e 
in

iti
at

ed
 w

ith
ou

t B
M

D
 

m
ea

su
re

m
en

ts
 in

34

Y. El Miedany



415
G

ui
de

lin
e 

(y
ea

r)
co

un
tr

y
Ta

rg
et

ed
 p

eo
pl

e
D

ru
gs

 in
cl

ud
ed

T
hr

es
ho

ld
s 

of
 tr

ea
tm

en
t

C
om

m
en

ts
R

ef
er

en
ce

N
IC

E
 T

A
46

4 
(2

01
7)

,
E

ng
la

nd
 

an
d 

W
al

es
M

en
 a

nd
 w

om
en

A
le

nd
ro

na
te

, i
ba

nd
ro

na
te

, 
ri

se
dr

on
at

e,
 z

ol
ed

ro
na

te
O

ra
l B

P
IV

 B
P 

if
 1

0-
ye

ar
 f

ra
ct

ur
e 

ri
sk

 
is

 ≥
10

%
 o

r
≥

1%
 a

nd
 o

ra
l 

bi
sp

ho
sp

ho
na

te
s 

in
to

le
ra

nt
, 

co
nt

ra
in

di
ca

te
d,

 o
r 

fa
ile

d

R
ep

la
ce

s 
TA

-1
60

 a
nd

 T
A

-1
61

 
re

co
m

m
en

da
tio

ns
 o

n 
bi

sp
ho

sp
ho

na
te

s
D

en
os

um
ab

 g
ui

da
nc

e 
aw

ai
te

d
U

se
s 

FR
A

X
 o

r 
Q

Fr
ac

tu
re

 to
 e

st
im

at
e 

fr
ac

tu
re

 
ri

sk
A

na
ly

si
s 

sh
ow

s 
th

at
 m

ed
ic

at
io

ns
 a

re
 

co
st

-e
ff

ec
tiv

e 
do

w
n 

to
 lo

w
 le

ve
ls

 o
f 

ri
sk

 
be

ca
us

e 
of

 th
ei

r 
lo

w
 c

os
t. 

H
ow

ev
er

, t
he

se
 a

re
 

no
t t

re
at

m
en

t t
hr

es
ho

ld
s 

an
d 

N
O

G
G

 
gu

id
an

ce
 h

ig
hl

ig
ht

ed
 a

s 
a 

po
ss

ib
le

 c
lin

ic
al

 
gu

id
el

in
e 

to
 tr

ea
tm

en
t

35

15 Unmet Needs and Challenges in Osteoporosis



416

tion is especially important in assessing fracture 
risk in children affected by short stature or growth 
delay [58].

DXA images are a two-dimensional (vertical 
and horizontal) condensation of a three- 
dimensional structure. As such, bone thickness is 
not measured in this scan. The BMC measured 
reflects the amount of cortical and trabecular tis-
sue present within a structure that acts to attenu-
ate the X-ray signal; bones with more tissue 
attenuate the signal to a greater degree resulting 
in a higher gray value and BMC measure. Bone 
area is a measure of the size of the region of inter-
est “ROI.” For the hip, the ROI width is fixed, and 
thus variation in bone area reflects differences in 
external bone size. The ratio of these two vari-
ables provides a measure of the mass density but 
not a measure of morphology or material proper-
ties. Further, BMD does not differentiate whether 
the variation in BMD arises from differences in 

cortical mass, trabecular mass, or external bone 
size [59].

Conventional wisdom is that women uni-
formly lose endosteal and trabecular bone in a 
similar pattern. Recent data however suggest that 
the pattern of bone loss with aging in women is 
not uniform [60]. Bone shape and size at the 
menopause transition may in fact have a critical 
role in determining long-term bone loss with 
aging. Women with narrower femoral necks 
experienced modest decreases in BMC compared 
to those with wider femoral necks (Fig.  15.3). 
But, women with narrow femoral necks also had 
larger increases in femoral neck area compared to 
women with wider femoral necks. BMD is the 
quotient of the BMC divided by the area. Because 
the larger increase in the denominator (area) in 
women with narrow femoral necks is similarly 
matched by the larger decrease in the numerator 
(BMC) in women with wide femoral necks, the 
result is that both groups have similar losses in 
BMD over time but for very different reasons. 
The impact of these structural and mass changes 
on strength is currently under investigation. In 
addition to the previous discussion regarding 
how most fragility fractures occur in persons 
with T-scores > −  2.5, this example illustrates 
another limitation of DXA scanning to accurately 
predict bone strength and fracture risk.

 Diagnosis of Osteoporosis: More 
Than Dual-Energy X-Ray 
Absorptiometry Alone

It could be argued that performing a VFA (verte-
bral fracture assessment) in all patients for whom 
a DXA is indicated and performed would be ben-
eficial [61]. With this technique, (asymptomatic) 
vertebral deformities can be detected. For exam-
ple, it was recently documented in a cross- 
sectional study that vertebral fractures were 
found in 13% of rheumatoid arthritis (RA) 
patients [62]. Vertebral fractures are clinically 
relevant: although only one-third of the vertebral 
deformities are associated with clinical signs and 

Table 15.3 proposed approach to investigations for a 
case of osteoporosis

Basic bone profile
Advanced bone profile 
assessment

History and physical 
examination
Blood cell count, 
sedimentation rate or 
C-reactive protein. 
Serum calcium, 
albumin, creatinine, 
phosphate, alkaline 
phosphatase, and liver 
transaminases
Thyroid function tests
Bone densitometry 
(DXA)

Lateral radiographs of 
lumbar and thoracic spine or 
DXA-based lateral vertebral 
imaging
Serum protein 
immunoelectrophoresis and 
urinary Bence Jones proteins
Serum 25-hydroxyvitamin D
Plasma parathyroid hormone
Serum testosterone, sex 
hormone-binding globulin, 
follicle-stimulating hormone, 
luteinizing hormone
Serum prolactin
24-hour urinary-free cortisol/
overnight dexamethasone 
suppression test
Endomysial and/or tissue 
transglutaminase antibodies
Isotope bone scan
Markers of bone turnover
Urinary calcium excretion

Other investigations, for example, bone biopsy and 
genetic testing for osteogenesis imperfecta, are largely 
restricted to specialist centers
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symptoms of an acute vertebral fracture, they are 
a good predictor of subsequent vertebral and hip 
fractures and may have impact on quality of life 
[63]. Moreover, assessment of vertebral fractures 
in addition to BMD enhances fracture risk pre-
diction [64]. Thus, the finding of one or more 
moderate or severe vertebral deformities in 
patients with osteopenia may make the difference 
between starting treatment with anti-osteoporotic 
medication or not.

The European League Against Rheumatism 
(EULAR)/ European Federation of National 
Associations of Orthopaedics and Traumatology 
(EFORT) recommendations advocate that in all 
patients 50 years and over with a recent fracture 
in addition to DXA/VFA, fall risk evaluation and 
screening for secondary causes of osteoporosis 
need to be performed [65]. In patients with an 
elevated fall risk, it is clinically relevant to estab-
lish whether modifiable risk factors can be identi-
fied; the same is true for potentially treatable 
causes of secondary osteoporosis and other meta-
bolic bone disorders. Obviously, both high fall 
rate and untreated secondary osteoporosis may 
limit the effect of both nonmedical and drug 
treatment. There are hardly any data on the 
implementation of these four crucial diagnostic 
steps in daily practice. However, considering the 
access to DXA which is suboptimal and the poor 
implementation of the other four steps (VFA 
incorporation in DXA, fall risk assessment, frac-
ture risk assessment, and active screening for sec-
ondary causes of osteoporosis), this emphasizes 
that there is an urgent need for better diagnostic 
procedures in patients at risk for fractures [66].

 Challenge 5: Measuring Bone 
Strength

Although the DXA device is an easy-to-use tool 
for diagnosing osteoporosis, a limitation is that 
the DXA device measures only one aspect of 
bone strength, that is, bone density, which can 
be considered as the amount of hydroxyapatite 
(Ca10(PO4)6(OH)2) per bone area. Therefore, 

the BMD value measured by DXA is influenced 
by degenerative changes, atherosclerosis (aor-
tic calcifications), and fractured lumbar verte-
brae, as these conditions are characterized by 
calcifications potentially increasing BMD val-
ues [67, 68].

Another limitation of DXA is that it creates a 
two-dimensional image of bone structures, and 
therefore details cannot be identified. A large pro-
portion of fractures occur in individuals not identi-
fied by a low augmented BMD (aBMD) (Fig. 15.2). 
For these reasons, new and more advanced tech-
niques such as trabecular bone score (TBS), high-
resolution peripheral quantitative computed 
tomography (HR-pQCT), ultrasound, finite ele-
ment analysis (FEA), and magnetic resonance 
imaging (MRI) are under development.

TBS is a surrogate marker for bone microar-
chitecture and has been associated with prevalent 
and incident fractures [69]. Although TBS 
changes during treatment, TBS is less sensitive to 
change than aBMD. Although TBS may have a 
role in predicting future fracture risk in specific 
disorders like hyperparathyroidism and diabetes, 
its precise role in osteoporotic care remains to be 
elucidated.

HR-pQCT is probably a more promising tech-
nique: one of the biggest advantages of HR-pQCT 
is that it constructs a three-dimensional image of 
the bone and it has the additional value of mea-
suring the microarchitecture of bone, that is, both 
cortical and trabecular aspects of bone. Previous 
studies showed that several HR-pQCT-derived 
bone parameters, with or without FEA, are asso-
ciated with previous fractures [70–72]. More 
recently, it was shown that cortical area and corti-
cal bone mass by HR-pQCT analysis was inde-
pendently of aBMD associated with fracture risk, 
suggesting that HR-pQCT may have additional 
value on fracture risk calculation [73]. Moreover, 
it was demonstrated that in individuals with iden-
tical BMD at distal radius area, differences in 
bone microarchitecture were observed by 
HR-pQCT due to differences in morphological 
and biomechanical differences, especially at the 
cortical level of bone [74, 75].
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Although promising, an important point is that 
some clinical questions remain: up to now, we do 
not know what is the most clinically relevant and 
prognostically optimal region of interest to report 
in clinical practice. Furthermore, standardization 
of repetitive measurements of the same region of 
interest needs to be improved. Therefore, incor-
poration of this modern diagnostic tool is promis-

ing but remains challenging. In addition, 
HR-pQCT may have clinical relevance for cer-
tain rheumatic diseases like ankylosing spondyli-
tis (AS) characterized by bone formation. In AS 
patients, suboptimal bone microarchitecture in 
both axial and peripheral skeleton (distal radius) 
was demonstrated [76] which is an important 
finding, as lumbar spine bone density measure-

Post
menopause

Pre-
menopause
(baseline)

Narrow
femoral
neck

Constructed differently
during growth

Structure and mass
change differently
during menopause

Maintain BMC
Increased external bone size

Maintained strength? Decreased strength?

Decline in BMC
Maintain external bone size

Wide
femoral

neck

aBMD = 
BMD

Bone area
aBMD = 

BMC

Bone area

Fig. 15.2 Structural changes in bone with osteoporosis 
medications. The antiresorptive medications (bisphospho-
nates and denosumab) and anabolic medications (teripara-
tide and likely abaloparatide) produce very different 
structural changes in bone. Although both classes increase 
trabecular bone, their effects on cortical bone are differ-
ent. Bisphosphonates and denosumab do not expand peri-
osteal bone but do decrease the endosteal diameter by an 
increase in endosteal bone volume. Antiresorptives also 

reduce cortical porosity. Anabolic agents lead to an 
increase in periosteal bone with a simultaneous increase 
in endosteal bone resorption resulting in a bone without a 
large change in cortical thickness. At the same time, ana-
bolic agents increase cortical porosity. Despite the 
increase in cortical porosity, the larger bone has increased 
strength. NC no change. (Adapted from: Choksi et al. [59] 
(under open access scheme)
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ment by DXA in AS patients may give an overes-
timation of BMD due to syndesmophytes or 
bamboo spine development. Recently, HR-pQCT 
imaging made it possible to monitor the healing 
process of fractures by a noninvasive manner, as 
this technique identified differences in cortices 
and trabeculae during a follow-up period of 
2  years in the fractured and nonfractured site, 
whereas BMD was similar at both sites [77]. 
Moreover, a recent collaboration between differ-
ent bone specialists showed that HR-pQCT imag-
ing is a promising tool to define erosions in RA 
patients instead of using plane X-rays [78]. 
Another interesting observation is that HR-pQCT 
can measure changes in microarchitecture during 
treatment for a disease. This was illustrated in 
coeliac disease patients who underwent treatment 
with gluten-free diet, where it was observed that 
both BMD as microarchitectural parameters at 
the trabecular and cortical level improved during 
intervention [79]. Very recently, data were pre-
sented of an observational study in 589 French 
postmenopausal women with 135 incident frac-
tures, who were followed over 9.4  years. The 
authors compared the structure fragility score 
(SFS) combining trabecular and cortical indices 
by HR-pQCT at the distal radius, with the BMD 
of the femoral neck and the FRAX® score: the 
predictive value seems to be comparable for all 
methods, with no additional value of the SFS on 
top of the BMD or the FRAX® [80].

Although these studies do not demonstrate 
that HR-pQCT is superior to DXA for fracture 
risk assessment, it clearly illustrates that new 
modern techniques may have additional value 
and may be promising in the future to have a bet-
ter fracture risk assessment, especially in certain 
high-risk patient groups.

These concerns illustrate that the prevention 
of subsequent fractures after an initial fracture 
care needs to be improved. An important step for-
ward may be intensification of collaboration 
between different medical specialists and general 
practitioners. The recommendations published 
by EULAR, in collaboration with the European 
Federation of National Associations of 
Orthopaedics and Traumatology (EFORT), for 

patients with fractures is a good example; in 
which ten recommendations are advocated for 
optimal fracture care of patients older than 
50 years with a fragility fracture, to prevent sub-
sequent fractures [81].

 Challenge 6: Osteoporosis 
Treatment

The current treatments have one important fea-
ture in common; bone resorption and formation 
remain coupled [82]. This is both from a pharma-
cological and clinical point of view not optimal 
and results in unmet needs. First, antiresorptive 
treatments can only increase bone mineral den-
sity (BMD) to a certain extent as the decrease in 
osteoclast number and release of substances from 
the bone matrix subsequently impairs the recruit-
ment of osteoblasts and de novo synthesis of new 
bone by the osteoblasts. Therefore, if the patient 
initially had very low bone mass, antiresorptive 
treatments will not be able to improve BMD 
enough to optimally prevent future fractures. In 
addition, if the patient also had deteriorated bone 
architecture, this will be improved, but not 
restored. Second, teriparatide stimulates osteo-
blasts and subsequently osteoclasts which limits 
the effect, and some patients with very low bone 
mass or suboptimal response to teriparatide are 
left with very low BMD after treatment. Third, 
only few studies have examined if the coupling of 
bone resorption and formation can be overcome 
by combining the therapies, and the unmet needs 
thereby may be improved.

Furthermore, while all antiresorptive and ana-
bolic therapies increase spine and hip BMD, with 
the highest increases in the spine (Fig.  15.3), 
there is a discrepancy in how these therapeutic 
agents affect the skeleton (Table 15.4). As newer 
agents are studied, a trend in more efficacious 
BMD improvement with each new agent is appar-
ent. Although many osteoporosis treatments have 
not been directly compared in head-to-head tri-
als, the mechanisms of actions of these newer 
treatments often predict a superior efficacy in 
increasing BMD [83].
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All approved osteoporosis medications pro-
duce significant increases in spine and hip BMD 
as measured by DXA.  The degree of BMD 
increase in the spine is likely a consequence of 
the greater surface area of trabecular-rich verte-
bral bodies on which the agents act. Twelve 
months of treatment with bisphosphonates 
increased BMD by approximately 4% in the 
spine and 2% in the hip as reported in the land-
mark FIT, VERT, BONE, and Horizon trials [84, 
85, 96, 97]. The efficacy of daily, weekly, and 
monthly oral and yearly IV bisphosphonate 
medications are similar [98–102]. Compliance 
with oral bisphosphonates is a common factor in 
those patients who fail to respond to treatment 

[103–105]. Denosumab has even greater effects 
likely owing to its enhanced ability to suppress 
bone resorption [89]. Teriparatide, an anabolic 
agent, increases spine and hip BMD [59]. 
Abaloparatide, another recently available ana-
bolic agent, also markedly increases spine and 
hip BMD [93].

Romosozumab, recently approved for treat-
ment, is a humanized monoclonal antibody that 
targets sclerostin and has been reported to 
increase spine BMD approximately 13.5% and 
hip BMD approximately 6.5% after 12 months of 
treatment [94, 95].

Numerous published studies have reported the 
architectural changes in the skeleton with such 

Bisphosphonates
Denosumab

NC Periosteal diameter
Endocortical diameter
Cortical porosity
Trabecular indices

Periosteal diameter
Endocortical diameter
Cortical porosity
Trabecular indices

Teriparatide
(Abaloparatide?)

Fig. 15.3 Areal BMD as determined by DXA declines with 
aging for different reasons. With aging, women with smaller 
femoral necks tend to increase bone area through an increase 
in cortical thickness by an increase in periosteal and endos-
teal bone formation. Since BMD may only decrease slightly 
but bone area increases more, the result is lower areal BMD 
as measured by DXA despite likely having little change in 

bone strength. In the case of women with larger femoral 
necks, the endosteal cortex undergoes excessive resorption 
without periosteal expansion resulting in a thinner cortex. 
The result is a lower BMC without significant change in 
bone area. The DXA areal BMD decreases and may result in 
a bone with less strength. (Quoted from: Choksi et al. [59] 
(under open access scheme))
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agents using a variety of techniques that include 
HR-pQCT and QCT of in situ hip and spine as 
well as similar techniques of iliac crest bone 
biopsy samples. What has become clear is that 
they do not uniformly produce similar results 
(Table). Bisphosphonates increase cortical thick-
ness primarily by decreasing the endosteal perim-
eter, partially through the filling in of previously 
excavated resorption pits at the endosteal sur-
faces. In addition, bisphosphonates also reduce 
cortical porosity and increase the amount of tra-
becular bone. Denosumab has similar effects and 

presumably to a higher degree owing to its 
improved fracture reduction compared to 
bisphosphonates [59].

 Challenge 6: Patient Education

A plunge of around 50% from 2008 to 2012 in 
postmenopausal women using bisphosphonates 
was documented in the USA, the so-called crisis 
in osteoporosis [106, 107], (Fig. 15.4). The rea-
son for the crisis is probably multifactorial: a 

Table 15.4 Osteoporosis therapy agents, their doses and grade of recommendation in osteoporotic fractures

Medication Dosage
Vertebral 
fracture

Non-vertebral 
fracture Hip fracture

BMD (approx. % increase)
Spine Hip

Alendronate 70 mg/week A A A 4a 2–2.5a

Risedronate 35 mg/week A A A
Zoledronic 
acid

5 mg IV/
annually

A A A

Ibandronate 150 mg/month 
oral or 3 mg IV 
every 3 months

A A1 Not adequately 
evaluated

3.8b 0.5b

Denosumab 60 mg SC every 
6-month

A A A 5.5c 3c

Raloxifene 60 mg od A Not 
adequately 
evaluated

Not adequately 
evaluated

2.9d No significant 
change

HRT Several 
formulation 
available

A A A 6.76e 4.12e

Teriparatide 20 μg SC every 
day

A A Not adequately 
evaluated

Teriparatide 9f Teriparatide
3f

Abaloparatide 80 μg SC once a 
day

Abaloparatide 
11g

Abaloparatide
4g

Calcitriol 0.25 μg twice 
daily

A Not 
adequately 
evaluated

Not adequately 
evaluated

No data available

Romosozumab 210 mg SC 
qMonth × 
12 months

Data only available from phase III trials 13.5h 6.5h

Reduction 
by 73%

Reduction by 
25%

No data 
available

A: grade A recommendations
1: In subsets of patients only (post hoc analysis)
a12 months of treatment [84–87]
b12 months of treatment [88]
c12 months of treatment [89]
d12 months of treatment [90]
eAt 24 months of treatment [91]
f18 months of treatment [92]
g18 months of treatment [93]
h12 months of treatment [94, 95]
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common public awareness about devastating 
side effects as atypical femur fractures and 
osteonecrosis of the jaw is probably the most 
important. Suboptimal communication by physi-
cians that are not capable of achieving a large 
fracture reduction by bisphosphonates (30–70% 
vertebral fracture reduction) versus the very 
small risk of severe side effects, around 1  in 
100,000 bisphosphonate users, may exacerbate 
this issue. It is important to realize that effective 
drugs reduce fracture rates, but do not fully pre-
vent the occurrence of fractures. Other explana-
tions are lack of education to and engagement 
with osteoporosis by physicians, who may regard 
osteoporosis as a low medical priority, poor 
coordination of healthcare systems, inadequate 
access to diagnostic tools such as DXA and 
VFA, low adherence and compliance to anti-
osteoporotic drugs, and the treatment gap [108]. 
Patient education can be stratified into phases 
subject to the patients’ age.

 How to Improve Peak Bone Mass?

In general, it can be stated that peak bone mass 
can be influenced not only negatively but also 
positively during young adult age. Therefore, it is 
important to realize that due to welfare, there is a 
change in lifestyle not only due to changes in 
nutrition and diet, but adolescents also seem to 
have a more sedentary lifestyle. Nowadays, youth 
has changed activities during leisure to a more 
sedentary relaxation with game consoles and 
other video games. This may be a difficult but 
necessary challenge as several studies showed 
that sedentary behavior in young children is asso-
ciated with a lower bone density and ultimately 
lower peak bone mass [109, 110]. Recently, it 
could be demonstrated that more hours of watch-
ing television per day was associated with a lower 
BMD [111].

On the other hand, there is a chance to initiate 
intervention programs to increase peak bone 
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Fig. 15.4 Crisis in osteoporosis treatment: prevalence of 
bisphosphonate use among females and males aged 
55  years and older from 1996 to 2012. Data source: 

Medical Expenditure Panel Survey (MEPS). (Jha et  al. 
[37]. To get permission: the author publishing with an 
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mass for young adults, as it was observed that 
physical activity was associated with increased 
BMD levels [44]. In this study, it was shown that 
moderate activity, e.g., walking, cycling or exer-
cises, for at least 4 h a week, and participation in 
recreational sports for at least 4 h a week or par-
ticipation in hard training or sports competitions 
several times each week may increase BMD up to 
11% and 13%, respectively in girls and boys aged 
15–19  years [112]. Moreover, a retrospective 
cross-sectional study in prepubertal girls that 
observed global physical activity and not only 
activities related to sports was associated with a 
greater peak bone mass [113]. Nevertheless, 
although physical exercise may have a positive 
effect on BMD and peak bone mass, there are 
remaining questions about the optimal intensity 
and duration of therapy. Promising results were 
shown in a recent study by Mitchell and col-
leagues, as this study observed an improvement 
of bone after physical activity in children geneti-
cally predisposed to lower bone density [114]. 
Another point is how to change behavior from a 
sedentary type to a lifestyle with more physical 
exercise in large groups of young adults. 
Therefore, there is an urgent need for not only 
limiting the negative modifiable factors (low cal-
cium, low vitamin D, smoking, and alcohol) but 
also investing in positive modifiable factors 
(mainly exercise) to aid in achieving optimal 
peak bone mass values in many individuals.

 Proactive Non-pharmacological 
Measures to Prevent Fractures

Non-pharmacological supplements (including 
adequate calcium intake and vitamin D levels and 
exercise) have an important role to play in main-
taining a healthy lifestyle, which is crucial for 
patients at high risk of sustaining a fracture, par-
ticularly, on the other hand, a nonhealthy lifestyle 
may have negative impact on BMD, bone quality 
as well as risk of falling [115].

Calcium and vitamin D and exercise: there is 
ample evidence showing a positive effect of 
healthy lifestyle elements (calcium, vitamin D, 
exercise) on the bone. In addition, the balance, 

though not yet fully proven, between a positive 
effect of a healthy lifestyle on bone, in combina-
tion with the absence of side effects, is attractive. 
An adequate calcium balance is an important 
factor in bone strength. Obviously, an extremely 
low dietary calcium intake, particularly in 
patients with malabsorption, for example, after 
bariatric surgery, may induce a strong tendency 
to serum hypocalcemia and a subsequent ele-
vated bone resorption. This can be counteracted 
by oral calcium supplementation. On the other 
hand, earlier data have suggested that calcium 
supplementation might be associated with 
increased cardiovascular risk [116]. However, 
several other studies have not confirmed such 
assumed relationship between high dietary cal-
cium intake and cardiovascular events [117, 
118], leading to a continuing debate about 
whether calcium supplementation may lead to an 
elevated myocardial infarction risk. This is even 
more critical, as a study which included rheuma-
toid arthritis patients revealed that the risk of a 
cardiovascular event was elevated after a fragil-
ity fracture with a hazard ratio of 1.8 (95% con-
fidence interval: 0.85–1.63) [119]. Another point 
is that when calcium is prescribed for osteopo-
rotic patients with a low dietary calcium intake, 
it is difficult to estimate the dietary calcium 
intake with a simple questionnaire [120], and it 
is also difficult to assess the percentage of the 
calcium that has been absorbed in the intestine 
and which part of that is finally taken up and laid 
in the bone.

Another important modifiable risk factor is 
Vitamin D. Lower serum 25-hydroxy(OH) vita-
min D levels have been reported to exert a nega-
tive impact on bone mineralization, consequently, 
on bone strength, and may also lead to muscular 
weakness and an increased risk of falling [121, 
122]. Furthermore, low levels of serum 25(OH) 
vitamin D have been reported in patients who 
sustained a hip fracture [121]. Other studies have 
shown an association between low vitamin D lev-
els and an increased risk of all-cause mortality, 
which could reflect a causal effect but could also 
result from less exposure to sunshine in elderly 
individuals with severe underlying diseases and 
comorbidities [123, 124].
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In a large meta-analysis, it was shown that 
vitamin D supplementation (800  IU/day), in 
patients who received calcium supplementation, 
is associated with a 20% reduction in non- 
vertebral fractures and also with a 20% reduction 
in falls [125, 126]. In a randomized controlled 
trial observing different dosages of vitamin D, in 
>95% of patients, a serum level of 50 nmol/l was 
found after 6 months of treatment. However, it is 
not clear to which patients vitamin D supplemen-
tation should be prescribed: to all osteoporotic 
patients or only to those with a vitamin D level 
deficiency or insufficiency? Strikingly, very high-
peak dosages of vitamin D (annually 500,000 IU/
year) seem to be associated with increased fall 
risk and fracture risk [127, 128], while a dosage 
of 2000 IU per day was associated with a higher 
fall risk than with a dosage of 800  IU per day 
[129].

Smoking is another important non- 
pharmacological factor that has a negative effect 
on bone strength, mediated by direct negative 
impact on osteoblasts, upregulation of receptor 
activator of nuclear factor-kB ligand (RANKL), 
alterations in calciotropic hormones and 
decreased intestinal calcium absorption [130]. In 
addition, heavy smokers are often physically 
inactive and have a low body weight, which are 
also important risk factors for fractures. Thus, 
there is much evidence that stopping smoking 
and starting with a healthier lifestyle are crucial 
in those individuals regarded as heavy smokers; 
unfortunately it is not easy to stop smoking, par-
ticularly for those who are addicted to nicotine.

With regard to alcohol, more than four alco-
holic beverages per day show deleterious impact 
on bone tissue, particularly a negative effect on 
bone formation [120]. However, even more than 
two units of alcohol per day increases the risk of 
osteoporotic and hip fractures, not only because 
of the negative effect on bone but also because of 
a negative effect on neuromuscular coordination 
and fall risk [131].

Other dietary-modifiable factors that influ-
ence bone mass and future fracture risk include 
other nutritional factors like protein intake and 

fruit. Previous studies have shown an incremen-
tal increase in bone mass with protein intake in 
young adults, and, recently, different diets have 
been identified to decrease fracture risk by 
improving bone strength [132]. Moreover, bet-
ter milk intake improves bone mineral acquisi-
tion in adolescent girls [133]. On the other 
hand, ketogenic diets may cause a steady rate of 
bone loss, as measured in the spine, presumed 
to be because ketones are acidic; and so, keto 
diets can put people in what’s called a “chronic 
acidotic state.” These observations may impli-
cate clinical relevance, although the main ques-
tion is how much intake of proteins, fruit, or 
dairy is necessary in general; and the next ques-
tion is whether these amounts can be applied to 
the individual patient in standard clinical 
practice.

Physical exercise, especially weight-bearing 
activity, has been reported to have beneficial 
effects on the skeleton in both adolescents [134–
136] and the elderly. Many studies have shown 
that weight-bearing exercise can increase bone 
mineral density (BMD), particularly at a young 
age. Many previous studies have demonstrated an 
osteogenic effect of high impact and weight- 
bearing exercise on BMD using DXA [137–139]. 
In humans, the main stresses applied at the level 
of the calcaneus are ground reaction forces (GRF) 
as the heel strikes during locomotion [140]. 
Based on the GRF, swimming (GRF < 1 × body 
weight), dancing (GRF between 1 and 4 × body 
weight), and soccer (GRF > 4 × body weight) can 
be classified as low, moderate, and high impact 
exercise, respectively [141–143]. The relation-
ship between loading magnitude and bone can be 
explained by the bone mechanostat theory pro-
posed by Frost [144], who stated that exercise has 
a combined effect on bone modeling and remod-
eling, in that bone mass is increased by modeling 
and the added bone is retained by remodelling. 
Mechanical loading is also beneficial to bone 
structure. If a load is imposed, the bone will 
accommodate and undergo an alteration in mass, 
external geometry, and internal microarchitecture 
[108, 145].
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 Multifaceted Osteoporosis Group 
Education

In today’s healthcare system, patients are 
expected to play an active role and take responsi-
bility for their own health [146, 147]. In light of 
this development, disease-specific group educa-
tion (GE) has become an integral and continuing 
part of healthcare provision [148] and a recom-
mended way to encourage patients to become 
active participants in their own care [149–151]. 
Active participation includes making decisions 
about medical treatment and learning how to 
make lifestyle changes. The constant need to 
make health decisions is evident for patients with 
the chronic disease such as osteoporosis [152]. 
These patients face numerous self-care decisions, 
for example, whether to take medicine and to 
start doing weight-bearing exercises. Usually 
patients with osteoporosis consult their physician 
or general practitioner to discuss and evaluate the 
treatment within the first year after starting treat-
ment. Afterward, treatment is evaluated every 
2–3  years; hence, making decisions on how to 
manage osteoporosis in daily life relies heavily 
on the patient.

In the encounter between patients and physi-
cians, decision-making is described as an itera-
tive process including three steps: (1) information 
exchange, (2) deliberation about options, and (3) 
deciding on treatment to implement [153–155]. 
Research on patients with osteoporosis and deci-
sion support has shown that decision aids increase 
patients’ knowledge of options for managing 
osteoporosis and help them clarify their own 
preferences [156, 157]. A systematic review 
found that tools, especially those including 
reminders and education support, may reduce 
fracture risk by increased use of osteoporosis 
medicine leading to increase in bone mineral 
density (BMD) [158]. A study of patients with 
osteoporosis fractures and their decisions about 
taking prescribed osteoporosis medication 
revealed that regardless of whether the decision 
was easy or difficult to make, patients stated that 
the decision was not permanent as a number of 
circumstances could cause them to change it 
again [152]. Another study explored decision- 

making in the context of multifaceted group edu-
cation for patients with osteoporosis. During 
group education, patients changed their under-
standing of lifestyle conducive to bone health, 
which had an impact on their decision-making. 
Patients sought clear recommendations on how to 
manage a life with osteoporosis and were offered 
information regarding a variety of ways to follow 
the recommendations. Teachers supported the 
patients by providing medical information and 
listening to patients’ experiences. Group educa-
tion led to many healthy decisions on the part of 
the patients and to advice and directions on how 
the patients could implement decisions in the 
future to ensure bone health [159].

In conclusion, osteoporosis is a silent disease 
with increasing prevalence due to the global aging 
population. Decreased bone strength and bone 
quality is the hallmark of osteoporosis which 
leads to an increased risk of fragility fractures in 
elderly. This must be considered as a major health 
concern, as it has previously been established that 
fragility fracture has been associated with 
decreased quality of life due to increased disabil-
ity and more frequent hospital admission, and, 
most importantly, osteoporotic fractures have 
been related to an augmented mortality risk. 
Although multiple national and international 
osteoporosis governing bodies have developed 
and updated several guidelines to aid clinical 
practice, there remain multiple unmet needs in the 
field of osteoporosis and fracture care. Tackling 
such challenges would definitely reflect on the 
patients’ management and fracture prevention.
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