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Abstract

Osteoporotic fractures are one of the major problems facing healthcare systems worldwide. Undoubtedly, fragility fractures
of the hip represent a far greater burden in terms of morbidity, mortality, and healthcare costs than other fracture sites.
However, despite the significant impact on the health and quality of life of older adults, there is a general lack of awareness
of osteoporosis, which results in suboptimal care. In fact, most high-risk individuals are never identified and do not receive
adequate treatment, leading to further fragility fractures and worsening health status. Furthermore, considering the substantial
treatment gap and the proven cost-effectiveness of fracture prevention programs such as Fracture Liaison Services, urgent
action is needed to ensure that all individuals at high risk of fragility fracture are adequately assessed and treated. Based on
this evidence, the aim of our review was to (i) provide an overview and comparison of the burden and management of fra-
gility fractures, highlighting the main gaps, and (ii) highlight the importance of using alternative approaches, both surgical
and non-surgical, with the aim of implementing early prevention of osteoporotic fractures and improving the management
of osteoporotic patients at imminent and/or very high risk of fracture.
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Fragility fractures: epidemiology
and socio-economic burden

Osteoporosis is a systemic skeletal disease characterized by
a decrease in bone mineral density (BMD) and deteriora-
tion of bone microarchitectural, resulting in impaired bone
strength and increased risk of fractures [1]. The prevalence of
osteoporosis increases with age and is more common among
women than men [2]. In fact, osteoporosis is now one of the
major health risks for people aged 50 years and over, with
a prevalence comparable to diseases such as hypercholester-
olemia and hypertension, which affect 54% and 44% of people
aged 50 years and over respectively [3]. In Western Europe,
approximately 1 in 3 women and 1 in 5 men aged 50 years
or older will have a fracture during their remaining lifetime
[4]. In addition, a significant difference in fracture risk has
been found between countries, with the highest fracture rates
being observed in northern European countries [5]. Although
the reasons for these discrepancies are not known, plausible
factors have included differences in body mass index, low cal-
cium intake, reduced exposure to sunlight, smoking habits,
and even high socio-economic status, which in turn may be
related to low levels of physical activity [6, 7].

Hip and vertebral fractures are among the most common and
severe sites of osteoporotic fracture, whereas fragility fractures
of the humerus, forearm, ribs, tibia, pelvis, and other femoral
fractures after the age of 50 years are fractures associated with
low BMD [8, 9]. Moreover, individuals who have already suf-
fered a fragility fracture run a higher risk of further fractures
either at the same site or elsewhere, and this risk is highest
immediately after a fracture [10]. For women aged between 50
and 80 years, after the first fragility fracture, the risk of a subse-
quent fracture within the first year is five times higher than for
women who have not had a previous fracture; moreover, the risk
of fracture is higher in the first 2 years after an initial fracture,
when there is an imminent risk of another fracture at the same
or other sites [11, 12]. Thus, the existence of an imminent risk
period indicates that by identifying and managing patients early
after fracture, fracture prevention treatments can be optimized,
and the occurrence of another fracture avoided. To identify this
type of patients, the use of algorithms such as the fracture risk
assessment tool (FRAX®) allows the risk of fragility fracture
to be assessed over a 10-year period [13]. The variables consid-
ered are previous fractures, which represent the main risk factor,
together with smoking, a family history of femoral or vertebral
fracture, use of corticosteroids, alcohol consumption, and the
presence of rheumatoid arthritis as the only comorbidity [14].

According to some literature data, the Derived FRAX
(DeFRA) model seems to be more reliable than FRAX
because it allows more detailed data entry. For exam-
ple, other rheumatologic conditions can be included as
comorbidities, and additional information, such as calcium
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intake, sun exposure, and vitamin D supplementation,
falls in the previous year, and previous treatments can be
included [15].

According to the EU6 report, written by the International
Osteoporosis Foundation (IOF) to describe the current manage-
ment and burden of osteoporosis in the five largest European
Union countries (France, Germany, Italy, Spain, and the UK)
and Sweden, the number of fragility fractures and cases of osteo-
porosis is increasing worldwide, creating a growing burden on
society [16]. In fact, fragility fractures involve both short- and
long-term costs for the healthcare sector and society. The costs of
fracture differ substantially between countries, but also depend
on the fracture sites and the severity of the fracture. For example,
hip fractures are the most serious fracture site and almost always
lead to hospitalization and high costs in all countries [16]. As the
world’s population grows and lives longer, the hospital and soci-
etal cost of fragility fractures will continue to increase. In this
regard, fracture-related costs in the EU6 are expected to increase
by 27%, from a total of €37.5 billion in 2017 to €47.4 billion
in 2030 [16]. The health burden was estimated using quality-
adjusted life-year (QALY), a method of measuring the burden
of disease in which a year of an individual’s life is weighted by
the average health-related quality of life (HRQoL) that a person
had during that year [17-20]. According to the EU6 report, 1.02
million QALY's were lost in 2017 due to fragility fractures, and
of this loss, 66% was due to fractures occurring in women. The
loss of QALY due to fragility fractures varies across the EU6:
the highest loss in absolute numbers was recorded in Germany
due to the size of the population combined with a relatively high
risk of fractures, while the lowest loss of QALY's was observed
in Sweden due to the small population size compared to the
other countries. These differences are largely due to variations
in fracture risk and age distribution between countries [21, 22].

One of the main burdens caused by fragility fractures is
the long-term impact on independence [16]. The fracture
may result in a loss of mobility and the ability to care for
oneself and may require the individual to move to long-term
care (LTC) or care services [23]. The use of LTC varies
considerably, depending on the fragility fracture and the age
of the individual. For example, it was observed that the per-
centage of patients moving to LTC following a hip fracture
increased significantly with age, from 2.1% at the age of
50-60 years to 35.3% at the age of 90-100 years [16].

As a result of reduced mobility and ability to complete
activities of daily living, people who have suffered a fragil-
ity fracture may rely on informal caregivers, such as family
members and friends. However, the continuous care pro-
vided at home can put a strain on relatives who must care
for patients with osteoporotic fractures [24, 25]. Again, the
hours of care provided by relatives vary considerably from
one country to another. In countries where intergenera-
tional support is more established, the impact of fragility
fractures on informal caregivers is generally higher, while
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no significant differences were found in the care of relatives
between men and women, nor between patients with and
without a previous fracture [16].

Considering the epidemiological and socio-economic
impact of fragility fractures, the aim of our review was to
make an update on current alternative surgical and non-
surgical approaches to fill existing gaps in the bone fragility
management.

Gaps in the management of bone fragility

High rates of death, disability, and risk of fragility re-fracture
are related to undertreatment of osteoporosis after hip fracture.
According to Chau et al., only 40.3% of patients are prescribed
anti-osteoporotic treatment within 1 year after a hip fracture, and
only 49.7% of patients were compliant with drug treatment. Spe-
cifically, the authors claim that elderly male patients between 70
and 79 years of age were less persistent and adherent to therapy
than women under 69 years of age [26]. In agreement, Rodri-
gues and colleagues report in their study that anti-osteoporosis
treatment was prescribed to only 47.7% of 65-year-old women
with fragility fracture, suggesting that undertreatment of osteo-
porosis and fractures represents a serious public health problem
in patients over 65 [27].

Adherence to anti-osteoporotic treatment

Much progress has been made in recent years, particularly
in measuring BMD, assessing fracture risk, developing
interventions that reduce this risk, and producing practical
guidelines [25]. However, the measures available to combat
the disease are under-utilized and therefore there is a need
to evaluate best practices in prevention and treatment, as the
adoption of these in all countries has the potential to lead to
significant reductions in the burden of this disease.
Although fragility fractures cause significant mortality
and morbidity in older adults, the diagnosis of osteoporosis
remains very low. Moreover, most individuals who have suf-
fered a fracture due to osteoporosis or who are at high risk of
fracture are not treated and the number of patients undergoing
treatment is decreasing [25]. This treatment gap is particularly
problematic in hip fracture patients: in fact, most of them do
not use osteoporosis drugs in the year following the fracture,
and treatment rates have worsened in the past decade [28]. In a
study conducted by Kim et al. in 2015, the proportion by which
three cohorts of patients aged > 65 years admitted to hospital for
hip fracture received > 1 osteoporosis drug after discharge was
calculated [29]. Adherence to treatment for osteoporosis was
measured as the proportion of days covered during the first year
after hip fracture. Of a total of 86,202 patients, only 11 to 39%
of older patients were treated with an osteoporosis drug within
3 months after fracture. Furthermore, adherence in these patients

was suboptimal, with a proportion of days covered up to 1 year
of less than 0.70 in all countries [29]. These data indicate that
the use of drugs for the secondary prevention of osteoporotic
fractures was rather low and did not increase over time in the
three countries considered (the USA, Korea, and Spain) with dif-
ferent healthcare systems. Moreover, even after the prescription
of these drugs, patient adherence to treatment was suboptimal,
suggesting the urgent need for a better approach to optimize
secondary prevention of osteoporotic fractures worldwide [29].

Efficacy of anti-osteoporotic treatment

Early prevention of future fractures is an important goal for peo-
ple at risk. Similar fracture efficacy at 3 years is reported for
most osteoporotic agents. In this regard, Inderjeeth et al. con-
ducted a literature review to analyze data on time to onset of
efficacy of commonly used treatments for morphometric verte-
bral fracture, clinical vertebral fracture, non-vertebral fracture,
hip fracture, and any other clinical fracture [30]. Alendronate
has been reported to reduce multiple morphometric vertebral
fractures by 6 months; all morphometric vertebral fractures,
non-vertebral fractures, and multiple other clinical fractures
within 12 months; and all other clinical fractures and hip frac-
tures within 18 months. Ibandronate reduces morphometric
vertebral fracture by 12 months and non-vertebral fracture by
36 months, while raloxifene reduces clinical vertebral fracture
by 3—6 months and non-vertebral fracture by 36 months. In
addition, risedronate reduced clinical vertebral fracture and non-
vertebral fracture by 6 months and hip fracture by 12 months;
strontium ranelate reduced morphometric vertebral fracture,
clinical vertebral fracture, non-vertebral fracture, and other
clinical fractures by 12 months and hip fracture by 36 months;
finally, zoledronic acid reduced morphometric vertebral frac-
ture, clinical vertebral fracture, and other clinical fractures by
12 months, non-vertebral fracture by 24 months, and hip fracture
by 36 months. These results indicate that risedronate, followed
by alendronate, has the first onset of benefit across the range of
fracture types [30]; therefore, the onset of efficacy may be an
important consideration in treatment selection for some patients.

Denosumab treatment has been shown to decrease vertebral
fracture, non-vertebral fracture, and hip fracture risk in post-
menopausal women for up to 10 years after treatment [31]. In
addition, studies have shown that the risk of wrist, forearm,
and humerus fractures decreases significantly after long-term
treatment with denosumab, which exerts positive effects on
both trabecular and cortical bone [32, 33]. Among the bispho-
sphonates, zoledronic acid has been used in common clinical
practice for the treatment of osteoporosis since 2007: studies
show that administering less than 5 mg of this bisphosphonate
per year reduces the risk of fracture [34]. In addition, Lyles and
colleagues demonstrated how an annual infusion of zoledronic
acid (5 mg dose) within 90 days after repair of a hip fragility
fracture correlates with a reduction in the rate of re-fracture and
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mortality [35]. Teriparatide and abaloparatide are osteo-anabolic
therapeutics. Teriparatide has been shown to decrease vertebral
fracture risk more than bisphosphonates [36]. Abaloparatide has
a similar mode of action to teriparatide, resulting in a higher
formation-to-resorption ratio and a BMD increase at the hip
[37]. Moreover, Miller and colleagues demonstrated that after
18 months of abaloparatide treatment, the risk of vertebral frac-
ture showed a significant reduction compared to the placebo
group [38]. In the FRAME phase III trial (FRActure study in
postmenopausal woMen with ostEoporosis), treatment with
romosozumab and then denosumab has been shown to result
in a 73% reduction in the risk of vertebral fracture [39]. The
efficacy of treatment with romosozumab was also demonstrated
in the BRIDGE trial (placeBo-contRolled study evaluating the
efflcacy anD safety of romosozumab in treatinG mEn with oste-
oporosis): after 12 months of treatment, an increase in BMD was
found, compared to the group of patients who received placebo
[40]. Unfortunately, the main issue is that many of these trials
do not assess vertebral fracture at 6 months, so it remains dif-
ficult to define whether these treatments may have early effects
on vertebral fracture.

Patient compliance with drug therapy for osteoporosis is
often poor in clinical practice and may be associated with a
higher risk of fracture [41]. In fact, a growing body of evi-
dence suggests that anti-osteoporotic drugs are underused in
clinical practice due to low prescription rates for patients at
high risk of fracture and poor drug compliance among those
prescribed such therapy [42—44]. While some of the often-
cited causes for low prescription rates and poor compliance
(such as the asymptomatic nature of the condition and the cor-
responding lack of symptomatic relief from therapy) are not
modifiable, other causes (such as adverse effects, frequency
of administration, and cost of the drug) are potentially modi-
fiable [45]. In this regard, Rabenda et al. studied the propor-
tion of patients treated with bisphosphonates or selective
estrogen receptor modulators after hip fracture, evaluating,
among those treated with alendronate, 12-month compliance
and persistence on treatment [46]. Among a total of 23,146
patients, bisphosphonate treatment was administered to 2.6%
and 3.6% of patients within 6 months and 1 year, respectively,
after the occurrence of the hip fracture. Among women who
received alendronate daily (n=124) or weekly (n=182)
and were followed for at least 1 year after hip fracture, the
mean drug possession ratio at 12 months was 67%. Also, at
12 months, the persistence rate was 41% and the mean dura-
tion of persistence was 40.3 weeks. Again, the data show that
most hip fracture patients do not take anti-osteoporotic ther-
apy after fracture and that adherence to treatment decreases
over time and remains suboptimal [46]. In 2004, Panneman
et al. conducted a retrospective study of 1654 patients aged
50 years and older who had been admitted to hospital for a
non-traumatic fracture, with the aim of assessing the treatment
rate of newly treated patients and the change in the treatment

@ Springer

rate during the period 1998-2000 [47]. In total, 247 patients
out of 1654 (15%) were prescribed anti-osteoporotic drugs
within 1 year of hospital discharge; of these, 86 were treated
primarily with bisphosphonates in the year following dis-
charge following fracture, resulting in a new treatment rate of
5%. The probability of receiving treatment for osteoporosis
following fracture did not change with the calendar year of
the fracture (OR 0.95; CI 95%: 0.68-1.30). In conclusion,
the results of this study show that, despite the introduction
of a guideline for the treatment of osteoporosis recommend-
ing treatment for patients with fractures, most of the time,
patients with fractures are not treated and, therefore, osteopo-
rosis remains largely undertreated [47]. Thus, despite current
treatment options for osteoporosis, there remains a signifi-
cant risk of fracture, suggesting the need for new therapies.
In addition, many physicians agree that minimally invasive
surgical approaches to complement current therapies should
be considered to further reduce the risk of fragility fractures
in high-risk patients [48].

The difference between the reduction rates of fractures
following treatment with different drugs is appreciable in
some studies in the literature in which an appropriate meth-
odology for comparison was applied. For example, the
meta-analysis by Ding et al. shows that romosozumab is
the only drug able to reduce the risk of clinical and verte-
bral fractures in post-menopausal women with or without
prevalent vertebral fractures [49]. Similarly, Reginster and
colleagues report in their meta-analysis that abaloparatide
reduces the relative risk of vertebral and non-vertebral and
wrist fractures in women with post-menopausal osteoporosis
with or without a previous fracture compared to other treat-
ment options [50].

Improving adherence to treatment can be achieved
through patient education, monitoring, and supervision.
It is essential that the fractured patient is actively involved
in an interdisciplinary multi-specialist process to improve
the physician—patient relationship and ensure persistence
of drug treatment to reduce the risk of fracture and/or re-
fracture [51, 52].

Adverse events related to anti-osteoporotic
treatment

According to literature studies, there are adverse events gener-
ated by treatment with antiresorptive drugs. The most impor-
tant reason why patients prematurely discontinue treatment with
nitrogen-based bisphosphonates is side effects in the upper gas-
trointestinal tract, leading in the most severe cases to esophagi-
tis or esophageal erosions. In contrast, nonnitrogen-containing
bisphosphonates, such as clodronate, cause few side effects,
diarrhea being the most common [53]. In addition, oral bispho-
sphonates such as alendronate, risedronate, and ibandronate,
which are mainly used for the treatment of osteoporosis, have
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also been associated with adverse events, such as acute phase
response, hypocalcemia and secondary hyperparathyroidism,
musculoskeletal pain, and ocular events [54].

Long-term treatment with bisphosphonates, which are
generally accepted as safe, effective, and well-tolerated for
the treatment of post-menopausal osteoporosis, has been
shown to be associated with the occurrence of atypical fem-
oral fractures and osteonecrosis of the jaw [55]. Kharazmi
and colleagues argue that such adverse events are more
frequent among women due to the reduced biomechanical
ability of the femur to resist stress forces [56]. Disconti-
nuity of treatment with denosumab is also associated with
adverse events. In this regard, Cummings et al. report that
discontinuous treatment with denosumab leads to multiple
vertebral fractures, with the highest risk in subjects with a
previous vertebral fracture, suggesting the need for an alter-
native antiresorptive treatment [57]. Moreover, Lamy et al.
report that after the second dose of denosumab there is a
rebound effect with an increased risk of multiple and spon-
taneous vertebral fractures [58]. Noteworthy are the adverse
cardiovascular effects of treatment with romosozumab, due
to the expression of sclerostin in vascular smooth muscle
cells. According to Langdahl et al., the incidence of severe
cardiovascular damage is higher in women treated with
romosozumab, compared to treatment with alendronate, sug-
gesting that romosozumab should be used for the treatment
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of women with post-menopausal osteoporosis at high risk of
fracture after careful evaluation of cardiovascular risks and
the risk—benefit ratio [59].

System solutions to close the gaps:
the Fracture Liaison Services (FLSs) model

Clinical systems have been developed worldwide to ensure
appropriate management of patients following fracture.
A systematic literature review showed that 65% of the
reported systems include a dedicated coordinator who acts
as a link between the orthopedic team, the osteoporosis and
falls services, the patient, and the general practitioner [60].
Other success factors include a fracture registry and a data-
base to monitor the care provided to the fractured patient.
Such coordinator-based systems have proven their effec-
tiveness in improving the diagnosis and treatment of osteo-
porosis in these patients, as well as being cost-effective
[60]. In this regard, in 2012, the IOF launched the Capture
the Fracture campaign [61], with the aim of substantially
reducing the incidence of secondary fractures worldwide
through the implementation of Fracture Liaison Services
(FLSs), which are among the most exemplary coordina-
tor-based post-fracture care models (Fig. 1). FLSs have
been shown to fill the ubiquitous gap in secondary fracture
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Fig.1 A schematic representation of a Fracture Liaison Service (FLS) model
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prevention by ensuring that those suffering from fragility
fractures receive appropriate assessment and intervention
to reduce the risk of future fractures [61]. The main objec-
tives of an FLS are inclusive case finding, evidence-based
assessment (risk stratification, identification of secondary
causes of osteoporosis, tailored therapy), initiating treat-
ment in accordance with relevant guidelines, and improv-
ing long-term adherence with therapy [61].

Ganda et al. conducted a review of the scientific literature
to critically evaluate the available studies on FL.S models of
care and to establish specific characteristics associated with
effective secondary fracture prevention programs [62]. Out
of 574 references, 42 articles were identified as analyzable
and were grouped into four general models of care: type
A (identification, assessment, and treatment of patients as
part of the service); type B (like A, without initiation of
treatment); type C (alerting patients plus primary care phy-
sicians); and type D (patient education only). The authors
demonstrated the existence of a positive correlation between
the increased effectiveness of an FLS and an increase in
the intensity of the intervention. Particularly, their results
suggest that a type A model of care is likely to be more
effective than a type B intervention, which in turn produces
better clinical outcomes than type C or D programs, whereas
patient education alone had little or no impact on treatment
initiation. Thus, it was concluded that currently the ideal
approach to the prevention of secondary fractures is a type
A care model in an integrated electronic healthcare network,
supervised by a coordinator and using a dedicated database
that measures performance [62]. A similar study on the
effectiveness of FLS services was conducted by Huntjiers
et al. in 2014, with the aim of analyzing the risk of subse-
quent non-vertebral fractures and mortality within 2 years
after a non-vertebral fracture in patients aged 50 years and
older who presented at a hospital with an FLS (FLS group)
and at a hospital without an FLS (no-FLS group) [63]. Spe-
cifically, in the no-FLS group, only standard fracture care
procedures were followed to address proper fracture heal-
ing, whereas, in the FLS group, dual-energy X-ray absorp-
tiometry (DXA) scans and laboratory tests were performed.
The results showed that patients in the FLS group had a
significantly lower mortality and, consequently, a lower risk
of non-vertebral fractures than those in the no-FLS group,
with a reduction of 35% and 56%, respectively, over 2 years
of follow-up. Thus, FLS appears to be an effective approach
to reduce the number of subsequent fractures and premature
mortality in this cohort of patients [63].

In a 2018 systematic review, Wu et al. reported that
FLS approaches are cost-effective, regardless of program
intensity [64]. Indeed, it is known that FLSs can be low-
intensity interventions in which patients are identified and
encouraged to seek screening or secondary prevention man-
agement; alternatively, patients can receive high-intensity

@ Springer

interventions in which a case manager identifies patients,
investigates bone density, and initiates appropriate treatment
[64, 65]. In this regard, Majumdar and colleagues recently
evaluated the cost-effectiveness of two models of osteopo-
rosis care after upper limb fragility using a high-intensity
FLS intervention (Case Manager) and a low-intensity FLS
intervention (Active Control) and compared both with usual
care [66]. The results showed that both models substan-
tially improved osteoporosis care compared to the reported
usual care rates, but that the Case Manager intervention
was much more effective than the Active Control interven-
tion. In fact, compared to Active Control, the Case Manager
saved $333,000, gained seven QALYSs, and prevented nine
additional fractures per 1000 patients, whereas, compared
to usual care, the Case Manager saved $564,000, gained 14
QALYs, and suffered 18 fewer fractures per 1000 patients.
Thus, although the clinical implementation of both inter-
ventions should lead to cost savings, reduced fractures, and
increased life expectancy compared to usual care, the Case
Manager intervention would, by far, be the most appropriate
in terms of both effectiveness and cost [66].

Surgical approaches to the treatment
of fragile bones

Despite advances in the prevention and treatment of osteo-
porotic fractures, their prevalence continues to increase, so
it is necessary to share current aspects of the management of
these fractures and focus on advances in the implant design
and surgical technique. There are nails, screws, and plates
designed to maximize the bone-implant interface, substances
that can be used locally to stimulate bone formation, and
systemic therapies that can be used as adjuncts to decrease
bone loss and/or improve bone formation [67].

Reduction in bone mass and especially qualitative
changes in bone tissue must be considered when planning
the best surgical treatment. Surgical failures generally
occur because the bone-implant interface causes disrup-
tion, fracture failure, or plaque extraction. Therefore, when
planning surgical fixation in osteoporotic bone, it is impor-
tant to choose implants that maximize the contact surface
with the remaining bone, especially in hip and proximal
humeral surgery [68].

Changes in bone caused by age and osteoporosis affect
the stability of osteosynthesis constructs, both mechani-
cally and clinically. In fact, the treatment for osteoporo-
sis fractures in the frail elderly population is generally
established on the assessment of patient-specific, fracture-
specific, and surgeon-specific aspects [69, 70]. The choice
of therapy also requires a multidisciplinary care concept,
including treatment of comorbidities, the correct timing,
and technique of the operative intervention [71].
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Several surgical techniques can be used to treat fragility
fractures. Advanced methods of augmenting implant fixation
in osteoporotic bone are currently used, including polymeth-
ylmethacrylate (PMMA), bone grafts, calcium phosphate
implants, calcium phosphate cements, calcium phosphate
coatings, modified implants, and pharmaceutical augmenta-
tion concepts (Table 1). The indication for these techniques
should be based on bone mineral density measurements by
DXA or quantitative computed tomography (QCT) [72].

Combining the right drug therapy with surgical treat-
ment is certainly an effective strategy for treating osteopo-
rosis fractures. In fact, anti-fracture agents typically prevent
fractures by augmenting bone mass and enhancing skeletal

integrity [73]. Bisphosphonates are generally considered to
be antiresorptive agents, given their inhibitory effect on oste-
oclastic activity and bone resorption [74]. According to the
literature, these drugs improve the process of fracture repair,
leading to the development of a larger bone callus, increased
bone mineral content, and trabecular bone volume [73]. An
anabolic role of zoledronic acid has been hypothesized to
improve the trabecular microarchitecture of the bone callus,
promoting fracture repair in animal models [75].

Inhibitors of receptor activator of nuclear factor kappa-B
ligand (RANKL) have undergone far less investigation but
act on osteoclast precursors to down-regulate bone resorp-
tion [76]. The parathyroid hormone may enhance fracture

Table 1 Advanced methods of augmenting implant fixation in osteoporotic bone

Methods of augmenting implant fixation Implications

Polymethylmethacrylate (PMMA)

Used to improve screw fixation or as a filling material in cases of severe bone loss

Although PMMA has relatively poor adhesion to the bone, its implantation into the cancellous bone
improves the final mechanical strength of the bone cement composite

PMMA is used to improve the purchase of cannulated ported screws, as cement augmentation is char-
acterized by increased strength of implant fixation, rapid restoration of patient mobility, and fewer
complications associated with implant failures

PMMA can also be used to fill bone defects particularly in metaphyseal areas

Bone grafts

Bone grafts, which include both autografts and allografts, are used in reconstructive surgery and are

suitable for treating osteoporotic fractures
Cancellous grafts, e.g., bone chips, have little mechanical strength and are generally used to improve
the fractured host bone after fixation is complete, with the aim of stimulating new bone formation

periosteally

Corticocancellous grafts have significant mechanical strength and can be used to fill bone defects or
to increase the mechanical stability of fixation. They may be non-vascularized or vascularized; the
latter have a greater capacity to heal stress-related fractures while providing structural integrity

Allografts can be used in a variety of fracture types to elevate the joint, including long bone fractures,
opposite to the fixed plate to increase the screw purchase

Calcium phosphate

Calcium phosphates represent most ceramic-based bone substitutes currently available

Ceramic blocks facilitate the penetration of cells and biological growth factors into the implant. They
are effective fillers or graft expanders and are an excellent choice for compression and structural

support

Hydroxyapatite granules implanted in the proximal femur are used to improve the holding power of
lag screws, as well as the osseointegration process and consequently the mechanical stability of the

bone-pivot interface

Modified implants
fractures

They are implants designed specifically for poor-quality bone, with the aim of improving osteoporotic

A smaller pitch and a screw thread with a larger angle increase the holding power, while a larger core
diameter decreases the screw purchase

Another approach is the interlocking screw. It features the interlocking of the inserted screw by means
of a locking thread. Pull-out tests showed a 100% increase in holding strength compared to standard

SCIrews

The expandable screw consists of a cylinder inserted into the screw shaft, which then expands, with
50% more holding power than a standard screw

Intramedullary nailing offers biological and mechanical advantages over extramedullary fixation. The
trauma induced by surgery is minimal, there is less bending moment, load sharing is better, and

stability is adequate

Pharmaceutical augmentation
implant fixation

The use of systemic or local administration of bisphosphonates is an innovative approach to improve

Bisphosphonates have a particular affinity for areas of increased bone turnover, specifically around the
fracture site. Bisphosphonates attracted to hydroxyapatite in bone firstly inhibit bone resorption by
being selectively incorporated into osteoclasts and secondly by interfering with the biological activ-

ity of cells

Bisphosphonates can improve early fixation in both cortical and cancellous bone
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repair by promoting chondrogenesis early in the healing pro-
cess and osteogenesis later: the former effect improves callus
geometry while the latter effect improves bone quality as
well as quantity [77, 78]. The use of anti-fracture agents for
the enhancement of fracture healing may ultimately depend
upon high-quality evidence from well-designed, well-con-
trolled clinical trials [79].

Treating osteoporotic bone loss

in the proximal femur to improve bone mass
and strength: a view to defusing the bone
fragility crisis

Newly local osteo-enhancement procedure (LOEP) is a tar-
geted approach to address local bone loss, including loss
due to osteoporosis: it is a minimally invasive procedure to
replace the bone lost due to osteoporosis, increasing bone
density and strength [80]. The treatment involves implant-
ing several bone substitutes, one of which is OSSURE,
a unique material that is resorbed and replaced by bone,
immediately increasing strength of treated bone. Treatment
leads to rapid formation of new bone and shows in clinical
research to substantially increase bone density and strength
for at least 7 years. The material is triphasic: once cured,
it consists of brushite, calcium sulfate, and p-tricalcium
phosphate (B-TCP) granules that are ~200 pm in diameter.
The three phases are resorbed at different rates. The f-TCP
granules are the slowest to be resorbed and are incorpo-
rated into the bone formed after the other two phases are
resorbed. The procedure is conducted under fluoroscopic
guidance and takes 20-30 min. Studies supporting concept
of LOEP are human cadaveric femur study, canine humerus
defect model, and proof-of-concept clinical study in post-
menopausal women. In a study aimed to evaluate the imme-
diate effect of LOEP on biomechanical properties of human
proximal femurs in 45 pairs of cadaver femurs (77,8 years,
range 60-96), 4 normal, 16 osteopenic, and 25 osteoporo-
tic by DXA-scan, LOEP treatment improved hip strength
in sideways fall loading conditions compare to un-oper-
ated control. LOEP enhanced biomechanical properties of
osteopenic and osteoporotic cadaver femurs (increased fail-
ure load, increased work to failure, no change in stiffness),
without deleterious effect of procedure on femoral strength
[81]. In a prospective proof-of-concept clinical study on
women > 55 years of age, post-menopausal (> 1 year), and
with DXA femoral neck T-score < — 2.5, LOEP treatment
on left hip resulted in a significant increase in BMD of the
proximal femur correlated with a substantial increase in
femoral strength. Specifically, the BMD of the femoral neck
in the treated hip was 58% greater and femoral strength was
36% greater than in the control hip 5-7 years after treatment
(two-phase follow-up, O to 2 years and 2 to 5-7 years) [82].

@ Springer

Concerning safety and adverse events, in phase 1 follow-up,
procedure was well-tolerated, with no device or procedure-
related serious adverse events, all patients fully weight bear-
ing following recovery from sedation, and one fragility frac-
ture (not procedure-related). Similarly, in phase 2 follow-up,
there were no device or procedure-related serious adverse
events, with six fragility fractures in four patients [82].
Based on this evidence, local augmentation of the proximal
femur appears promising as a new treatment for hip fragility.

Biomaterials built for osteo-enhancement
of fragile bone

The standard tissue engineering approach to provide solu-
tions for impaired fracture healing, bone restoration, and
regeneration includes the use of growth factors, scaf-
folds, and mesenchymal stem cells. However, although the
mechanical environment is discussed and is considered
as a key element in bone regeneration, its importance is
often underestimated [83]. Building biomaterials for osteo-
enhancement of bone provide immediate strengthening and
replace lost bone with new healthy bone for a sustained
increase in strength. Universe of bone graft materials include
autograft, allograft, xenograft, polymeric biomaterials,
metallic biomaterials, cell-based treatments, growth fac-
tors, and ceramic biomaterials. Requirements for local osteo-
enhancement of patients with osteoporosis are to provide
immediate, significant, and reliable mechanical strengthen-
ing; to be clinically feasible (with low risk of side effects
and delivered using minimally invasive techniques); to be
compatible with pharmaceutical therapies; to be ethical and
demonstrate acceptable benefit/risk; and to be financially
feasible. Biomaterial resorption is a dynamic process, and
biomaterial should retain significant strength throughout the
resorption process [72, 84].

Newly formed bone responds to stress: once biomate-
rial resorption is complete, newly formed bone must follow
Wolff’s Law, resulting in significant and durable strength
increase. Changes in femoral BMD determined by a bioma-
terial transformation to bone are substantial and are much
greater than those from other drugs. Since bioresorbable
bone substitutes are increasingly entering common clini-
cal practice, and core decompression has been described
in combination with them, the current study takes this
technique into account. Two questions are often addressed
by orthopedists relating to core decompression: (1) is this
technique associated with a considerable lack of structural
support of the bone? (2) is there an optimal region for the
surgical entrance point for which the fracture risk would be
lowest?

Tran and colleagues simulated and analyzed a finite
element model of a femur treated by core decompression
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with bone substitute [85]. In vitro compression testing
of femur was used to confirm finite element results. The
results showed that after core decompression with stand-
ard drilling, in combination with artificial bone substitute
refilling, daily activities are not risky for femoral fracture.
The femoral fracture risk increased successively when the
entrance point is located further distal. The critical value of
the deviation of the entrance point to a more distal part is
about 20 mm. The study findings demonstrate that optimal
entrance point should locate on the proximal subtrochanteric
region to reduce the subtrochanteric fracture risk. Further-
more, the consistent results of finite element and in vitro
testing imply that the simulations are sufficient [82]. Local
osteo-enhancement of patients with osteoporosis is com-
patible with pharmaceutical therapies: resorption rates are
similar with or without alendronate, and bone formation is
coupled to resorption [64, 81].

Conclusions

Fragility fractures are one of the major social and health
problems affecting the elderly population, leading to loss
of mobility and independence, and inevitably to a pre-
dominantly sedentary lifestyle. Given the increase in life
expectancy, it is estimated that the number of fractures
will increase markedly in all countries, as will the related
costs. Even though fragility fractures are causing an
increase in mortality and morbidity in the elderly popula-
tion, the diagnosis rate is still low: individuals who have
suffered a fracture due to osteoporosis or who are at high
risk of fracture are not treated and, in general, the num-
ber of patients receiving adequate treatment is decreasing,
even though there are numerous studies in the literature
proposing guidelines for the treatment and prevention of
osteoporosis. Among the tools used as a first strategy to
investigate fracture risk, there are some algorithms such
as FRAX® and DeFRA, which allow an early assessment
of fracture risk and, consequently, to identify individuals
unaware of their osteoporotic status.

The main risk factor for a fragility fracture is a previous
fracture. In this regard, FLS is a model created with the
aim of solving the existing gap in the management of brit-
tle bones, proving to be an efficient approach in reducing
the number of subsequent fractures. The choice of therapy
must be based on a multidisciplinary approach, consider-
ing comorbidities, correct timing, and surgical techniques.
It is our opinion that the treatment of fragility fractures
should take into account the microarchitectural changes
in bone tissue that occur with aging for the choice the
most appropriate surgical strategy in combination with

the right drug therapy. Currently, bone augmentation is
believed to overcome the limitations of anti-osteoporosis
drugs: it strengthens the bone biomechanically, is mini-
mally invasive, and has an immediate effect. The tissue
microenvironment is another important factor deciding
the course of the fracture healing process. Thus, in recent
years, for the treatment of fragility fractures, the use of
biomaterials that allow tissue regeneration and restoration
of bone strength has been considered. Finally, our work
highlights the background characterizing the context of
fragility fractures and the numerous aspects to be consid-
ered when establishing the best treatment. The aim of this
work is also to encourage research to continue studies in
this field, so that the current guidelines can be optimized
to develop new protocols for the management and preven-
tion of osteoporosis fractures.
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