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Abstract
Purpose of the review The purposes of this study are to ex-
amine the literature within the past 5 years regarding osteopo-
rosis and offer a discussion on new topics and controversies.
Recent findings
– Patient compliance with therapy remains an issue.
– The effectiveness of Vitamin D and calcium are being

called into question
– Atypical femur fractures have been associated with bis-

phosphonate and denosumab use. Treatment is both sur-
gical and pharmaceutical.

– A multidisciplinary approach to osteoporotic fractures is
important and having some form of fracture liaison ser-
vice (FLS) improves the efficacy of osteoporotic care and
decreases secondary fractures.

– Screening for osteoporosis remains low.
– Ultrasound may be cost-effective for diagnosis.

Summary Understanding of osteoporosis has come a long
way in the medical community, but the translation to the lay
community has lagged behind. Patients often take a laissez-
faire attitude toward osteoporosis that can affect compliance.
Information read by patients often focuses on complications,
such as atypical femur fractures and myocardial infarctions. It
is essential for providers to be able to discuss these issues with
patients. Newer medications and more cost-effective diagnos-
tic tests exist, but availability may be limited. FLS are effec-

tive, but the most cost-effective model for therapy still eludes
us. Areas for further investigation include FLS models, the
effectiveness of vitamin supplementation, and more ubiqui-
tous and cost-effective diagnostic tools.

Keywords Osteoporosis review . Osteoporosis
controversies . Osteoporosis treatment . Osteoporosis
management . VitaminD and calcium supplementation

Introduction

Osteoporosis is a medical disease with many ramifica-
tions for orthopedic surgeons. Prior to modern imaging,
the diagnosis was often made only after a person
sustained a fragility fracture. Dual energy X-ray absorp-
tiometry (DXA) allowed diagnosis prior to a fracture
occurring and gave providers the chance to initiate ap-
propriate treatment. Ongoing discussion regarding pre-
vention and screening eventually led to programs such
as “Own the Bone,” a national web-based program that
focused on post fracture osteoporotic care and prevention
[1]. The FRAX tool allows clinicians to calculate risk for
future fractures for their patients and can be used to help
tailor treatment [2]. The medical community has made
great strides in terms of osteoporosis diagnosis and care;
however, not all of that has translated to the patients.
The idea that osteoporosis is just a normal part of the
aging process has been difficult to overcome. This article
will review the recent updates and advances regarding:
patient education challenges, atypical femur fractures, vi-
tamin supplementation, medication advances, post frac-
ture management including the fracture liaison service
(FLS), and screening/diagnostic modalities.
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New challenges

Compliance

Historically, challenges regarding osteoporotic care were re-
lated more to the complications that arose from fragility frac-
tures than from the acute treatment itself. However, as ad-
vances have been made in the diagnosis of the disease and
preventative treatment, these challenges have shifted toward
patient compliance and complications associated with the
treatment. There are many reasons for poor patient compliance
including the regimen and side effects of the medication [3],
the failure to effectively transition care [4], the understanding
of the diagnosis [5–7], and the availability of information.
Convincing patients to take their medication to prevent what
they believe is a normal aging process can be difficult [5].
Rather than trying to prevent fractures with evaluation and
management, patients take their chances with sustaining a
fracture. Patients must realize that the morbidity associated
with osteoporosis affects more people and carries more
disability-adjusted life years lost than most cancers [8].
Furthermore, the mortality and morbidity of sustaining a hip
fracture is well established with roughly a 30% 1-year mortal-
ity rate in the elderly [9, 10]. This lack of urgency regarding
osteoporosis even exists in the medical community. If a patient
has already sustained a fracture, stressing to them the risk of a
secondary fracture, including the associated mortality and
morbidity, is an important part of the conversation [11–13].
Patient compliance and understanding has been linked, in pre-
vious studies, to the quality of physician explanations and the
physician-patient relationship [14]. Physicians’ perception of
patient compliance is also usually over-estimated [8], so con-
tinuing to have an open dialog regarding the disease and its
management is important.

Available information

The internet provides a significant amount of information for
patients, however, processing this knowledge can often be
difficult, and the way the information is presented may be
misleading. Studies have examined the release of information
regarding complications and the compliance with medica-
tions. One in particular examined the use of bisphosphonates
over several years and found that each time a complication of
the medication was announced, the use of the medicine de-
clined and internet searches on the topic increased [15]. The
release of complications by the FDA has also been shown to
negatively impact the use of bisphosphonates [5, 16]. The
decrease in the prescription of anti-resorptive agents is
concerning, as the baseline initiation of therapy is already
low [16•]. It should be emphasized to patients that bisphos-
phonate therapy is still the first line prescription medication
for osteoporosis, and that the risks of fracture far outweigh the

risks of complications associated with the medication [17].
Staying up to date and aware of potential complications is
important for providers, as is being able to have a conversation
with patients regarding these recent advances in a relatable
way. Offering a reliable source of information to the patient
is also an important step in patient compliance and satisfaction
with treatment.

Atypical femur fractures

Atypical femur fractures (AFF) (Fig. 1) are associated with
prolonged use of bisphosphonates and have now become a
recognized complication of the drug [18–20] . While the
mechanism is unclear, it is likely related to abnormal bone
healing associated with microfractures in the high stress area
of the subtrochanteric femur and limited bone turnover due to
the anti-resorptive agent [20]. This is an important complica-
tion to recognize, as treatment is often difficult and there is a
higher nonunion rate compared to typical femur fractures [21,
22]. Prior to a complete fracture, a consistent finding is
“beaking” of the lateral femoral cortex in the subtrochanteric
region (Fig. 1) [23]. In addition, patients will often have pro-
dromal vague pain in the hip and upper thigh prior to fracture,
making it an important question to ask when patients have
been on bisphosphonates for an extended period of time. It
is also important to recognize that AFF may occur bilaterally,
so imaging of the contralateral side is indicated with all rec-
ognized atypical femur fractures or patients with lateral corti-
cal beaking (Fig. 1) [19]. While the nonunion rate for AFF
may be higher, recent literature has suggested that teriparatide
may decrease this nonunion rate [24–26].

It is important to note that the risk-benefit ratio remains in
favor of taking a bisphosphonate and they remain the first line
of therapy for osteoporosis. However, this positive risk-
benefit ratio only remains for 5 years of oral and 3 years of
intravenous bisphosphonate therapy [20, 27, 28•]. After that
time, benefits may no longer outweigh risks. This has
prompted the idea of a 2- to 3-year “drug holiday” to prevent
the occurrence of AFF and the associated morbidity [20, 27•].
Treatment of AFF currently follows the same algorithm as the
treatment of typical subtrochanteric femur fractures—i.e., ap-
propriate reduction followed by a cephalomedullary nail.
While healing may be delayed, it is typically reliable [29].

Management of the Disease

Post-fracture management

While recent efforts have focused on preventing fragility frac-
tures and treating osteoporosis, a fracture remains the only
true “symptom” of osteoporosis and is likely the most com-
mon reason for diagnosis. Many models exist on how to
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manage osteoporosis once a fracture occurs. Some of these
models focus on a primary care or emergency medical physi-
cian evaluating and initiating osteoporosis therapy while
others focus on orthopedic surgeons [30•]. There is literature
that supports improved compliance and adherence when or-
thopedic surgeons take the lead, at least initially [30•, 31].
Since long-term care after the sentinel fracture is less likely

to occur with an orthopedic surgeon, the concept of a fracture
liaison service (FLS) developed. This service usually consists
of a physician extender with physician oversight. The goal of
the service is to identify an osteoporotic fracture, initiate an
appropriate work-up and treatment, and ensure an appropriate
long-term management of the disease. FLS improves the ini-
tiation of treatment for osteoporosis, prolongs adherence to

Fig. 1 a, b Preoperative images
of a patient on chronic
antiresorptive therapy presenting
to an outside facility with an AFF.
Notice the atypical fracture
pattern and contralateral beaking
(arrow). c Images after fracture
fixation with cephalomedullary
device of the right femur only. Pt
eventually presented with a
nonunion of the right femur and
left hip pain d, e After revision
open reduction and internal
fixation of the right femur, the left
side underwent a prophylactic
cephalomedullary nailing
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treatment, and decreases secondary fracture risk with an over-
all cost-savings to the healthcare system through continuity of
care [32–38]. While the perfect model has not yet been deter-
mined, hospitals and physicians should push for a FLS regard-
less of final make-up of the team, as several studies support
even a limited FLS as being effective from both a cost and a
re-fracture standpoint [39, 40].

An orthogeriatric service is a multi-disciplinary service
consisting of an orthopedic surgeon and a geriatric specialist
that coordinates the surgical and medical care of elderly pa-
tients after an orthopedic injury, usually a hip fracture. This
service is usually protocol-driven and is effective at decreas-
ing mortality and improving morbidity; however, this multi-
disciplinary approach has been inconclusive when it comes to
decreasing the incidence of secondary fractures, decreasing
length of stay, and decreasing time to surgery [41–43].
Although the patients may be discharged on appropriate oste-
oporosis medications, long-term follow-up is lacking. Since
inpatient osteoporosis evaluation is not covered by Medicare
and coordinating long-term post-discharge bone health care is
more difficult, others advocate utilizing both an orthogeriatric
service and an FLS to help improve long-term bone health.
Data shows that this is effective at decreasing mortality, de-
creasing secondary fracture risk, and is cost-effective [44, 45,
32, 46]. However, the specific model for an orthogeriatric,
FLS, or combined approach has yet to be established.

Supplementation

Calcium and vitamin D supplementation is still a staple for the
treatment and management of osteoporosis. There is some
variation in recommended daily values depending on the
source, but the range for Vitamin D is typically 600–800 in-
ternational units per day (IU/d), with calcium ranging from
1000 to 1200 mg/day for men and women over 50 [47, 48].
A relatively cheap, over the counter medication with a tradi-
tionally safe profile has made the supplement easy to prescribe
and manage. Even after a fracture has occurred, it is usually
the supplementation that is both prescribed and adhered to by
patients, as opposed to pharmaceuticals [49]. While a recent
meta-analysis continues to support the use of calcium and
Vitamin D [50•], some recent literature has called into ques-
tion both the dosing of calcium and efficacy of the supplemen-
tation, with some even suggesting that vitamin D may be all
that’s necessary [51–53]. Other studies have shown that only a
small increase of bone mineral density (BMD) is noted with
calcium supplementation and that it is not enough to prevent a
fracture [54, 55]. Others question the risk profile, stating that
calcium should not be routinely used due to gastrointestinal,
renal, and cardiac-related side effects [56]. With most of the
dose recommendations based on studies several decades old,
perhaps it is time to re-evaluate this issue.

A recent study made a significant link between calcium
supplementation and cardiovascular disease (CVD)—specifi-
cally arteriosclerosis [57•]. However, the study failed to estab-
lish a link between calcium supplementation and myocardial
infarction (MI) or other adverse clinical manifestations. While
the study brings up an important issue to consider, there is
currently no correlation with an adverse clinical outcome.
Other studies are needed to assess the risk-benefit ratio be-
tween potential MI and osteoporotic fractures, with many al-
ready failing to find a link [58–61]. One of the major issues
with the study associating calcium supplementation and arte-
riosclerosis was how it was presented to the public. A recent
news article regarding the study inferred to the general public
that the supplements could lead to a “heart attack” [62•].
Based on previous literature regarding release of information
to the public and medications, this could lead to a decrease in
compliance for calcium supplementation when prescribed and
could undermine patient-physician relationships. It is impor-
tant to be able to address these issues with patients to help
mitigate their concerns and both improve their compliance
and maintain their trust. It should also be noted that the link
between supplementation and CVD is controversial, with the
National Osteoporosis Foundation and the American Society
for Preventative Cardiology recently releasing a joint position
statement, and press release, on the lack of evidence between
the two [63•].

Recent advent in medicine

For years, the first line in therapy for osteoporosis has
remained bisphosphonates. However, associated complica-
tions such as osteonecrosis of the jaw, bowel/esophageal com-
plications, and atypical femur fractures, combined with the
regimen required for effective treatment made patient compli-
ance challenging [16•, 3, 64–66]. While newer, less-frequent
dosing and intravenous regimens, as well as improved side
effect profiles, may have led to better patient compliance, it
still remains relatively low [67, 68, 5]. Cost remains an issue
concerning newer medications, with the more cost-effective
drugs often carrying greater side effects and a more difficult
dosing regimen.

Teriparatide

Teriparatide, a recombinant form of parathyroid hormone
(PTH), binds to PTH receptors on osteoblasts and produces
an anabolic effect. Teriparatide has recently become a drug of
choice for the treatment of osteoporosis for many providers.
The daily dosing and need for injection does not offer an
improvement in ease of use over bisphosphonates; however,
the side effects are minimal. Cost has remained the major
issue, making the drug difficult to prescribe ubiquitously.
Forteo® (Eli Lilly, Indianapolis, IN), currently costs $3100
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for a 4-week supply (August 2016). Standard therapy is a
once-daily injection, and because long-term health effects
are relatively unknown, the drug is not currently indicated
for use greater than 2 years. Of note, the manufacturer, Eli-
Lilly (Indianapolis, IN), has raised the price of Forteo® by 9–
15% biannually for the past 3 years [69]. With teriparatide
being the only current anabolic drug on the market, the incen-
tive for making the drug more affordable is likely limited. The
drug is contraindicated in patients with diseases such as
Paget’s or history of metastatic bone disease due to an in-
creased risk of osteosarcoma and exacerbation of skeletal me-
tastasis, respectively. [70, 71]. It is currently indicated in post-
menopausal women with osteoporosis and an increased frac-
ture risk having failed or not able to tolerate other forms of
osteoporosis therapy, including bisphosphonates [20].

Abaloparatide

Abaloparatide is a medication that recently completed phase
three clinical trials. Its function is through selective activation
of the parathyroid hormone type 1 receptor. It has a daily
dosing regimen as well; however, it is only anabolic and does
not carry any of the catabolic effects that teriparatide poten-
tially offers [72]. In a recent study, the drugwas more effective
than both placebo and teriparatide in the prevention of new
osteoporotic vertebral fractures and had a lower incidence of
hypercalcemia when compared with teriparatide [73•]. While
cost of the drug is not available, the availability of the drug
may create a more competitive, affordable market.

Denosumab

Denosumab is a direct inhibitor of RANKL [74]. It only af-
fects osteoclasts. Denosumab has been shown to be effective
in the treatment of osteoporosis and prevention of osteoporotic
fractures [75, 20, 76]. Its current indications include postmen-
opausal women with osteoporosis, women receiving aroma-
tase inhibitor therapy (prevents the conversion of androgens to
estrogens) for breast cancer treatment with an increased frac-
ture risk, men with osteoporosis and men at high risk for
fracture who receive androgen-deprivation therapy for non-
metastatic prostate cancer [20]. A recent trial showed a signif-
icant reduction in vertebral and non-vertebral fractures and
denosumab was as effective as zolendronate [77, 78]. It is a
biannual injection, making patient compliance easier as well.
Like teriparatide, the cost of the drug can be high, up to $1100
per treatment, but assistance programs are available.While the
drug is effective at decreasing the risk of osteoporotic frac-
tures, it has been shown to increase the risk of infection [79•,
80, 81]. Another interesting complication of Denosumab is its
association with osteonecrosis of the jaw and potential asso-
ciation with atypical femur fractures that are typically linked
to bisphosphonates [80–83]. This may be explained by the

fact that while the mechanism of action of Denosumab and
bisphosphonates are different, they both inhibit osteoclasts.
Combination therapy with Denosumab and Teriparatide has
shown to increase bone mineral density significantly more
than with either therapy alone [84–86]

Screening

Clinical/laboratory screening

The idea of pre-screening patients who are at risk for osteo-
porosis is often discussed. Many other diseases that carry the
morbidity similar to osteoporosis have several laboratory and
clinical tests available to help guide treatment, yet preselecting
patients to receive a DXA or medications for osteoporosis is
often limited or underutilized. The FRAX score (https://www.
shef.ac.uk), while carrying some limitations and having a
lower sensitivity and specificity for younger patients [87], is
validated, readily available, and easily administered to
patients. However, the actual utilization of FRAX is poor,
with the USA performing 11,807 calculations per 1 million
people over the age of 50 [88]. Furthermore, the utilization of
any screening method for osteoporosis is less than 27% for
patients ages 65–79, with percentages worsening with both
younger and older patient populations [89]. Utilization of
prescreening methods in a clinical setting could easily
increase among physicians, with many other questionnaires
and tests available. With the risk of decreased bone density
starting at the age of 50, it would be appropriate to start
screening patients at age 50 to maximize the benefit and
cost-effectiveness of screening and fracture prevention [90].

As opposed to imaging, which is used to diagnose osteo-
porosis, a laboratory work-up is traditionally used to exclude
secondary causes of the disease, lacking an ability to accurate-
ly diagnose the disease itself. Many potential laboratory
markers have been used, including evaluation of thyroid and
parathyroid hormones and testosterone. Hypomagnesemia has
recently been evaluated as a possible risk factor for osteopo-
rosis [91]. Bone turnover markers have been used as a way of
monitoring osteoporosis treatment [92, 93]. However, the top-
ic remains controversial and standardization of laboratory
marker levels, which markers to use, and monitoring intervals
remain issues [94, 95]. Other markers of interest are genetic in
nature. Recent investigations have evaluated the association
between genes and a person’s resistance or susceptibility to
osteoporosis [96, 97].

Diagnostic modalities

The diagnosis of osteoporosis is generally based on the use of
DXA. DXA scans are a measure of the bonemineral density, as
X-ray absorption is directly related to calcium content within
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the tissues [98]. While a full discussion of DXA scans is be-
yond this article, the diagnosis is based upon the standard de-
viation from the normal 30-year-old woman. A standard devi-
ation 2.5 or greater below normal confirms osteoporosis with a
full breakdown available in Table 1. Some of the current rec-
ommendations for BMD testing, according to the US
Preventive Services Task Force, include testing women
65 years of age and older, or those 64 and under with a risk
profile equal to that of a 65 year old. There is some variation by
source in terms of testing, but most agree that testing women
65 years and older, andmen over 70, is prudent [99•].While the
normal baseline in the T-score value is for women, there are
studies that show it can be applied to men with equal efficacy
[99•, 100]. Several limitations to DXA scans have been docu-
mented, including previous fracture, osteoarthritis, osteomala-
cia, metal implants, and collection and interpretation of results
[101, 98]. Even with its limitations, it has become the gold
standard for diagnosing osteoporosis. Quantitative computed
tomography (QCT) overcomes some of these limitations, with
the exception of metal artifact, and has the benefit of being the
only study that provides a true measurement of bone density
[102, 103]. However, the radiation dose is higher, the cost
greater, and there is poor quality control as CT scanners must
be calibrated for the measurement. Several other methods are
available, with most using a form of radiograph or CT scan.
Recently, more evidence supports the use of ultrasound in the
diagnosis of osteoporosis, which carries the benefit of no radi-
ation exposure, is readily available, and is cost-effective for an
office setting [103–106]. However, its cost-effectiveness when
compared to DXA has been called into question and it may
serve as a more appropriate tool for pre-screening patients prior
to DXA or where DXA is not readily available [103, 107]. The
combination of FRAX with ultrasound shows promise in both
diagnosing osteoporosis and avoiding DXA scans, but addi-
tional studies are needed [104].

Conclusion

The management and understanding of osteoporosis has made
great strides over the years, but there is still a long way to go.
Patient screening, education, and medical compliance are all

areas that can easily be improved by physicians. The disease
crosses many specialties, and a team approach with interdis-
ciplinary communication is important. Bone health remains an
area of medicine with many unanswered questions that can be
easily explored. The development of FLS and orthogeriatric
services has led to many improvements in overall patient care,
but the appropriate model in each setting remains unknown.
Developing more cost-effective and ubiquitous screening
methods, as well as making medication regimens and side
effect profiles more manageable, will be important issues
moving forward. As our understanding of the disease grows,
perhaps the most important issue lies in the physician-patient
relationship. Recognizing osteoporosis and its risk factors, as
well as maintaining an open dialog with patients, should be a
priority of all physicians. Managing patient expectations and
the breadth of information available will be an ongoing and
significant problem that will largely fall on the physician to
not only initiate the conversation, but also determine the pa-
tient’s level of understanding of osteoporosis and its associat-
ed morbidity and mortality.
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