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Abstract
Patients who undergo shoulder surgery are frequently affected by osteoporosis and osteopenia, and the prevalence of
this association is expected to increase due to the growing number of elderly individuals undergoing these procedures. It
may be advisable to conduct a preoperative DXA scan for orthopedic surgical candidates at high risk, to detect those who
could benefit from early intervention and avoid any related adverse events. Some of these complications include
periprosthetic fractures, infection, subsequent fragility fractures, and have an all-cause revision arthroplasty at 2 years
post-op. Some studies analyzed the beneficence of antiresorptive medications pre-operatively but the latter did not show
favorable outcomes. Surgical management may include cementing components of the prosthesis as well as modifying the
diameter of the shoulder stem. Nevertheless, more studies are needed to evaluate the efficacy of any intervention,
whether medical or surgical, to avoid any shoulder arthroplasty related-complication that may be precipitated by the
reduced bone mineral density.
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Introduction

A report by the US Surgeon General revealed that 10
million Americans over the age of 50 have osteoporosis,
and an additional 34 million are at risk of developing the
disease.1 Osteoporosis is a prevalent degenerative bone
disorder that stems from a progressive decrease in bone
mineral density (BMD), while osteopenia represents a
significant decrease in bone mineral density that is not
sufficient to qualify for a diagnosis of osteoporosis.2 The
pathophysiology of progressive osteopenia and osteopo-
rosis lies in discordant osteoclast and osteoblast activity,
which results in an imbalance in bone resorption and
formation.2,3

An important complication of this bone loss is the
increased risk of fragility fractures. Osteoporosis results in
more than 8.9 million fractures annually, and areas of the
body at particular risk are the hip, vertebral bodies, and

distal forearm.3 Modifiable risk factors for osteoporosis
include smoking, alcohol usage, stress, and long periods of
physical inactivity.3 Furthermore, a deficiency in vitamin
D, calcium, and dietary protein particularly increases the
risk of developing osteoporosis.3–5 Non-modifiable risk
factors include older age, Caucasian ethnicity, and a family
history of osteoporosis, suggesting a genetic component.3,6
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Moreover, postmenopausal women and individuals with a
history of previous fractures are also at disproportionate
risk for developing osteopenia and osteoporosis.3,4,6

The impact and prevalence of osteoporosis have sig-
nificant implications for orthopedic surgery patients. In
shoulder surgery patients, the presence of a reduced bone
mineral density has the potential to impact both the
technique of surgery and the implant chosen.4 A case-
control study discovered that diminished bone density was
relevant enough to cause 87.5% of surgeons to alter their
technique or strategy intra-operatively.7 Another study
found the rates of preoperative osteoporosis to be 14.3%
for anatomic total shoulder arthroplasty (TSA) patients and
26.2% for reverse shoulder arthroplasty (RSA) patients.8

That being said, the purpose of this study is to explore
the prevalence of osteoporosis and osteopenia in patients
undergoing shoulder surgery, describe any differences in
outcomes, and highlight potential relevant medical as well
as surgical considerations and interventions based on the
reported clinical outcomes in order to reduce any potential
associated risks.

Incidence and Screening

The incidence of shoulder arthroplasty has been growing
exponentially,9 and as the population continues to age, an
increasing number of patients with osteoporosis are un-
dergoing the procedure. Osteopenia and osteoporosis are
highly prevalent among patients undergoing shoulder ar-
throplasty, as reported by several studies. Pervaiz et al.10

conducted a prospective study of patients undergoing a
TSA, wherein DXA scans were obtained prior to surgery.
The authors found that the rates of osteopenia and oste-
oporosis were 43.6% and 12.2%, respectively. Similarly,
Casp et al.8 reported that the prevalence of an osteoporosis
diagnosis at the time of surgery was 14.3% for anatomic
TSA patients and 26.2% for reverse TSA patients. In a
study by Bernatz et al, nearly one third (80/251) of the
patients were diagnosed with osteoporosis,4 while Cronin
et al.7 reported that 20% of patients had a preoperative
diagnosis of osteopenia or osteoporosis. The incidence of
osteoporosis prior to shoulder arthroplasty is expected to
be even higher. Bernatz et al.4 demonstrated that although
68% of the patients met the criteria for DXA testing, only
12% had in fact undergone testing within two years of the
surgery, indicating insufficient screening.

Numerous validated screening protocols are available
to identify orthopedic surgical candidates at high risk of
osteoporosis who may benefit from a preoperative DXA
scan (National Osteoporosis Foundation (NOF), U.S
Preventive Service Task Force, the International Society
for Clinical Densitometry…). While the majority recom-
mend BMD evaluation in all women aged 65 years or
older, irrespective of clinical risk factors,11–15

recommendations with regards to testing in older men
and in patients under the age of 65 years vary. The NOF
recommends BMD measurements for women
aged ≥65 years and men aged ≥70 years, regardless of
clinical risk factors; younger postmenopausal women,
women in the menopausal transition, and men aged 50 to
69 years with clinical risk factors for fracture; adults who
have a fracture after age ≥50 years; and adults with a
condition or taking a medication associated with low bone
mass or bone loss.11 However, the UPSTF found screening
older men without clinical risk factors to be of limited
benefit.12,13

The gold standard for diagnosing osteoporosis is DXA
scanning, which measures the BMD at the femoral head
and lumbar spine. A reference group of young adults and
age-, sex-, and race-matched controls is used to compare
the patient’s BMD. T and Z scores are used to compare the
patient’s BMD to that of an average 30-year-old woman
and an age-, sex-, and race-matched control, respectively.
The WHO BMD classification is based on the T score:
osteoporosis is defined as a T score ≤�2.5, and osteopenia
is defined as a T score < �1 and > �2.5.16 However, some
authors recommend using the Fracture Risk Assessment
Tool (FRAX) to diagnose osteoporosis. 11,12,16 FRAX is a
widely used tool that estimates the 10-year probability of a
hip fracture and a major osteoporotic fracture (defined as a
clinical vertebral, hip, forearm, or proximal humerus
fracture) for untreated patients aged 40 to 90However,
some authors recommend using the Fracture Risk As-
sessment Toolyears. 17,18 Although the FRAX calculation
includes femoral neck BMD and various clinical risk
factors, it can be calculated without BMD, making it
practical and beneficial when DEXA scans are unavailable.
Chang et al.16 found that a high FRAX with or without
BMD is sufficient for diagnosing osteoporosis using a
novel screening protocol. Moreover, Pervaiz et al.10 ex-
plored the utilization of CT scans of the shoulder as a
method of assessing the metabolic bone condition. The
authors found a significant correlation between proximal
humerus Hounsfield units (HU) values and femoral neck
BMD and T scores measured using DXA. This suggests
that CT-derived HU values may be used to predict oste-
oporosis and the need for further evaluation and treatment.
The mean HU values for normal, osteopenic, and osteo-
porotic patients were 121.3, 103.4, and 92.1, respectively.
As preoperative CT scans of the shoulder are a standard
procedure prior to arthroplasty, CT-derived HU values may
be an appropriate alternative to assess the BMD of the
proximal humerus and glenoid.7

A preoperative osteoporosis diagnosis may influence
the surgeon’s decision making. Therefore, screening pa-
tients prior to surgery can identify patients at high risk of
osteoporosis and assess the need for further diagnostic
evaluation and treatment. Screening protocols are simple,
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use basic patient information, and can be performed in any
orthopedic practice without additional imaging or cost.16

Given the increasing prevalence and significance of
osteoporosis in shoulder arthroplasty, screening is a nec-
essary and effective strategy.

Associated Complications

The presence of osteoporosis in the prospective
shoulder arthroplasty patient has well been documented
to cause potential comorbidities following the
procedure.8,19–21 Having compromised bone integrity
and bone loss threatens the stability and robustness of
the prostheses and can predispose to numerous com-
plications, which include periprosthetic joint fractures
and infection.8,19–21

One propensity score-matched retrospective cohort
study by Testa et al.19 explored the complication rates
after shoulder arthroplasty in patients with and without a
prior history of fragility fractures. Fragility fractures are
fractures that occur due to low trauma events and can
often be attributed to osteoporosis. The study showed
that patients with prior fragility fractures were more
likely to sustain periprosthetic fractures, infection,
subsequent fragility fractures, and have an all-cause
revision arthroplasty at 2 years post-operatively when
compared to patients with no history of fragility frac-
tures. Another study by Casp et al.8 explored the as-
sociation between osteoporosis and postoperative
prosthetic-related complications in patients undergo-
ing shoulder arthroplasty and reported similar findings.
The authors concluded that osteoporosis represented a
significant risk factor for periprosthetic fractures and
revision shoulder arthroplasty within 2 years of surgery.
The effects of osteoporosis have also been linked to
complications in RSA, as one systematic review ex-
plored possible causes behind acromial stress fractures
post-RSA and showed that old age and female gender
can constitute risk factors for patients.20 The authors
noted that both of these factors can be associated with
osteoporosis and advised appropriate counseling for
osteoporotic patients undergoing RSA.20 Similarly, one
large multicenter study involving 15 institutions ex-
plored the incidence of acromial stress fractures and
scapular spine fractures following RSA, and aimed at
identifying associated risk factors.21 The authors re-
ported that osteoporosis constituted an independently
predictive risk factor for acromial stress fractures and
scapular spine fractures following RSA.21 As such, the
deleterious effects of osteoporosis in the setting of ar-
throplasty have been adequately documented by several
studies in the literature.

Given the findings of the aforementioned studies, it
would be reasonable to believe that treating

osteoporosis in prospective shoulder arthroplasty pa-
tients can play an important role in preventing post-
operative complications.

Management

Medical

The management of osteoporosis in patients undergoing
shoulder arthroplasty is not very common, and the
literature is thus very scarce. Bernatz et al. 4 assessed
patients undergoing shoulder replacement; if they met
certain criteria (according to the national osteoporosis
foundation), they were given osteoporosis medication
6 months pre- and/or post-operatively. Such criteria
included the presence of a previous low energy fracture
after age 50, a T score < -2.5 and a T score between�2.5
and�1 with a fracture risk assessment of the hip >3% or
a major osteoporotic fracture >20%.4 However, one
must always consider the side effects of every treat-
ment. Although the side effects of bisphosphonates are
rare, they are important and include gastrointestinal
inflammation, atypical femur fractures, and jaw os-
teonecrosis.11 In this retrospective study, there was no
data about the outcomes of these treated patients.4

However, a study by Mai et al.22 showed that accord-
ing to a multivariate analysis controlling for both os-
teoporosis and osteopenia, patients who received
bisphosphonates prior to surgery had a significantly
increased risk of intraoperative fractures as well as a
statistically significant 8-fold increase in complications
at one year, which may or may not require revision
surgery, including stress fractures, periprosthetic frac-
tures, aseptic loosening, scapular notching, and peri-
prosthetic fractures. This may be explained by the fact
that long-term usage of bisphosphonates may result in
an excessive suppression of bone turnover, which af-
fects physiological stress responses, thus increasing the
risk of fracture and other complications. Nevertheless,
this association was not seen at two years post-
operatively or with revision surgery, which may be
due to the loss of follow-up. Therefore, obtaining a
patient’s history of this medication may affect man-
agement as a whole.

Examples of such a change of management is
stopping bisphosphonates for a while prior to TSA in
patients with glenohumeral osteoarthritis.22 Other op-
tions include anabolic agents such as teriparatide, se-
lective estrogen receptor modulators, and RANK-L
inhibitors such as denosumab, whose effect does not
last for a long time after stopping.4,22 Nonetheless,
more studies are needed to assess the utility of osteo-
porosis treatment and the adequate treatment in this
specific clinical scenario.
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Surgical

As for surgical management, the knowledge of a pre-
operative BMD can help the surgeon choose the implant
as well as the surgical technique, whether it is about the
usage of cement or the diameter of the humeral stem.
In fact, the use of a stemless anatomic total shoulder
arthroplasty is contraindicated when osteoporosis is
present.23 Furthermore, cementing the stemmed humeral
component is an option in patients with a low BMD in
order to avoid the risk of intra-operative fracture, which
may occur by press-fitting a non-cemented humeral
component.4 However, Pervaiz et al. 24 reported with
their logistic regression model that age (and not BMD)
was a significant predictor for the use of cement in TSA
which makes the latter’s usage controversial and
surgeon-dependent. Yet, this model indicated that pa-
tients with a lower BMD had a higher statistically
significant chance of getting a larger-diameter humeral
stem (10-14 mm instead of 6-8 mm) (P = .016).24

Nevertheless, more studies are needed to see whether
cement, or a larger humeral stem diameter can benefit
osteoporotic patients.

Conclusion

In conclusion, osteoporosis and osteopenia are prevalent
among patients undergoing shoulder surgery, and the rates
of these conditions are expected to rise due to the in-
creasing number of older adults undergoing these proce-
dures. Preoperative DXA scanning could be recommended
for high-risk orthopedic surgical candidates to identify
those who may benefit from intervention. Medical and
surgical considerations and interventions should also be
explored to reduce the potential risks associated with re-
duced bone mineral density in shoulder surgery patients.
Improved screening protocols and education for both
patients and healthcare providers can help reduce the
morbidity associated with this prevalent degenerative bone
disorder.
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