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The 22nd Annual Santa Fe Bone Symposium (SFBS) was a hybrid meeting held August 5-6, 2022, with in-
person and virtual attendees. Altogether, over 400 individuals registered, a majority of whom attended in-per-
son, representing many states in the USA plus 7 other countries. The SFBS included 10 plenary presentations,
2 faculty panel discussions, satellite symposia, Bone Health & Osteoporosis Foundation Fracture Liaison Ser-
vice Boot Camp, and a Project ECHO workshop, with lively interactive discussions for all events. Topics of
interest included fracture prevention at different stages of life; how to treat and when to change therapy; skele-
tal health in cancer patients; advanced imaging to assess bone strength; the state of healthcare in the USA;
osteosarcopenia; vitamin D update; perioperative bone health care; new guidelines for managing primary
hyperparathyroidism; new concepts on bone modeling and remodeling; and an overview on the care of rare
bone diseases, including hypophosphatasia, X-linked hypophosphatemia, tumor induced osteomalacia, osteo-
genesis imperfecta, fibrodysplasia ossificans progressiva, and osteopetrosis. The SFBS was preceded by the
Santa Fe Fellows Workshop on Osteoporosis and Metabolic Bone Diseases, a collaboration of the Endocrine
Fellows Foundation and the Osteoporosis Foundation of New Mexico. From the Workshop, 4 participating
fellows were selected to give oral presentations at the bone symposium. These proceedings represent the clini-
cal highlights of 2022 SFBS presentations and the discussions that followed, all with the aim of optimizing skel-
etal health and minimizing the consequences of fragile bones.
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Introduction

The Santa Fe Bone Symposium (SFBS) was estab-
lished in 2000 and has been held annually, until the onset
of the COVID-19 global pandemic, in Santa Fe, New
Mexico, USA. The 2020 SFBS was postponed to 2021,
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when it was held virtually (1). The virtual aspect of the
symposium provided an opportunity for greater participa-
tion than previous in-person events, with over 300 attend-
ees from the US and 18 other countries in 2021. The
planning of the 2022 SFBS took into consideration the
desire by many to return to in-person gatherings, with the
collegiality and personal interaction that is the hallmark
of the SFBS; the need for attendee safety, considering
local COVID-19 infection rates and regulatory restric-
tions; and the benefits of remote attendance, including
less time away from home and office and lower total
costs.

The 2022 SFBS was a “hybrid” meeting, with about 240
in-person attendees in Santa Fe and over 160 remote
attendees, representing 44 US states and 8 other coun-
tries. Attendees included physicians of many medical spe-
cialties and practice settings, advanced practice providers
(e.g., nurse practitioners, physician assistants), dual-
energy X-ray absorptiometry (DXA) technologists, scien-
tists, and researchers. There were 10 plenary presenta-
tions with 9 in-person speakers and 1 speaking remotely.
The Santa Fe Fellows Workshop on Osteoporosis and
Metabolic Bone Diseases, a collaboration of the Endo-
crine Fellows Foundation and the Osteoporosis Founda-
tion of New Mexico, was held over the 2 days
immediately prior to the SFBS. This was attended by 23
endocrinology fellows with lectures by 7 faculty.
Abstracts were presented by the fellows, with 4 of them
selected for oral presentations at the SFBS.

All sessions of the SFBS were recorded and archived
on the meeting website for later viewing. Symposium
topics, speakers, and format were chosen by the planning
committee with consideration of evaluations from the
2021 SFBS and the emergence of new data, guidelines,
and controversies over the past year.

Enduring medical education materials generated by
previous symposia have included publications of proceed-
ings in peer-reviewed medical journals (1-15), mono-
graphs in print and electronic formats (16-20), online
archived video presentations (https://www.ofnm.org/),
audiovisual webcasts, and audio recordings. These pro-
ceedings of the 2022 SFBS are written by the faculty to
present the clinical highlights of each presentation.

Fracture Prevention at Different Stages of Life

Michael R. McClung, MD

Fractures are common across the lifespan with the
highest rates being observed at puberty and in older
adults. The pathogenesis of fractures varies among differ-
ent ages groups. In children and adolescents, fractures are
usually related to incomplete skeletal development,
trauma (including child abuse), and congenital and
acquired bone diseases. Among older adults, the impor-
tant risk factors for fracture include a previous (especially
recent) fracture, advanced age, low bone mineral density,
frequent falls, and many diseases and medications.
Journal of Clinical Densitometry: Assessment & Management of Mus
Unique, often transient, fracture syndromes occur at birth
(osteoporosis of prematurity), the time of puberty (juve-
nile osteoporosis) and in the post-partum period (preg-
nancy- and lactation-associated osteoporosis (PLO).

Evidence for fracture prevention comes primarily from
studies to obtain government registration for new osteo-
porosis drugs or fall prevention programs in elderly
adults. Multiple drugs from different classes, including
anti-remodeling (often called antiresorptive) drugs and
osteoanabolic or bone-forming agents have been
approved on the basis of fracture risk reduction in women
with postmenopausal osteoporosis (PMO) in large ran-
domized, placebo-controlled trials, lasting from about 19
to 48 months (21). Studies evaluating fracture prevention
in other populations are quite limited.

Postmenopausal Women with Osteoporosis. In women
with PMO, fracture risk reduction occurs within the first
few months of therapy and is greater with drugs inducing
larger gains in bone mineral density (BMD). The skeletal
benefits of bisphosphonates and denosumab (anti-remod-
eling drugs) persist as long as treatment is given. With
bisphosphonates, neither hip BMD nor fracture risk
reduction improve beyond 5 years of treatment, while the
rare risk of atypical femur fractures continues to increase
(22). A temporary interruption of therapy (i.e.,
bisphosphonate holiday) may be considered in patients at
low fracture risk after 3-5 years of bisphosphonate ther-
apy (23). For patients remaining at high risk of fracture
(i.e., still meeting criteria for treatment), switching to
another therapy rather than continuing the bisphospho-
nate should be considered. During 10 years of denosumab
therapy, no duration-dependent adverse events were
observed (24). Non-vertebral fracture risk decreased
beyond 3 years of therapy, consistent with the progressive
increase in total hip BMD observed over 10 years of fol-
low-up. There is no limit to the duration of denosumab
therapy, but transition to a potent bisphosphonate is
advised if denosumab is discontinued to prevent rapid
loss of BMD and vertebral fractures (23).

Teriparatide and romosozumab, osteoanabolic agents,
are more effective that bisphosphonate in improving
BMD and preventing fractures in women with PMO at
high fracture risk. Recent guidelines recommend that the
initial choice of osteoporosis therapy be based on the
patient’s fracture risk: raloxifene or bisphosphonates for
patients at moderate fracture risk, bisphosphonates or
denosumab for patients at high fracture risk, and osteoa-
nabolic agents for patients at very high or imminent risk
of fracture (23). Switching to a bisphosphonate or denosu-
mab after a course of osteoanabolic therapy maintains the
BMD gain and the fracture protection benefit of the ana-
bolic agent for at least 2 years (25).

Elderly Women with Postmenopausal Osteoporosis. In
subgroup analyses of several pivotal PMO fracture trials,
fracture risk reduction with treatment was similar in older
(usually age �75 years) vs younger subgroups. In the Hip
Intervention Program (HIP) study, reduction in hip
culoskeletal Health Volume 25, 2022
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fracture with risedronate was not evident in the group of
patients aged 80 years and older who were enrolled pri-
marily with fall-related risk factors rather than osteoporo-
sis (26). There is not an age above which osteoporosis
therapy should not be considered. Multifactorial fall pre-
vention programs including activities to improve strength
and balance; good nutrition including adequate intakes
of calcium, vitamin D and protein; correcting visual and
neurologic impairments; and minimizing polypharmacy
reduce the frequency of falls but have not been shown to
reduce fracture risk. Correcting severe vitamin D defi-
ciency in elderly adults reduced hip fracture risk (27).

Men with Osteoporosis. Most drugs for treating PMO
are also approved for men with osteoporosis, based upon
small studies demonstrating effects on BMD rather than
fracture prevention. Vertebral fracture risk reduction has
been shown with alendronate and teriparatide in men
with osteoporosis.

Adults Without Osteoporosis. Vitamin D supplements
of 2000 IU daily did not reduce fracture risk in healthy,
vitamin D-replete, community-dwelling adults (28). Ver-
tebral fracture risk is reduced with risedronate and teri-
paratide therapy in adults receiving glucocorticoids, while
denosumab reduced vertebral fracture risk in men and
women (mostly postmenopausal) receiving hormone
ablative therapy non-metastatic prostate and breast can-
cer. The Women’s Health Initiative (WHI) studies
enrolled postmenopausal women ages 50-79 years (aver-
age 63 years) without regard to BMD status. In the BMD
subgroup, mean T-scores were about -1.2 at the lumbar
spine and -0.8 at the total hip. Estrogen therapy with or
without progesterone significantly reduced fracture risk
(29). BMD and protection from vertebral fracture were
quickly lost when estrogen was discontinued (30).

Children, Adolescents and Young Adults. Bisphospho-
nates have been shown prevent fractures in children with
osteogenesis imperfecta and adolescents with idiopathic
juvenile osteoporosis. Teriparatide and bisphosphonate
therapy reduce vertebral fracture risk in premenopausal
women with PLO. While osteoporosis therapies increase
BMD in premenopausal osteoporosis and idiopathic oste-
oporosis in men, none of the studies has demonstrated
reduction in fracture risk.

Perimenopausal Women. The rapid bone (9-12%) and
significant deterioration of bone structure that occurs
across the menopausal transition can be prevented with
estrogen or bisphosphonates. Fracture prevention with
estrogen was observed in the Danish Osteoporosis Study
(31). In the WHI, the relative reduction in fracture risk
was the same in women age 50-59 years as in older sub-
groups.

Summary. Fracture protection in older adults should
include both fall prevention and pharmacologic therapy
to strengthen the skeleton. However, because these strat-
egies are only partially successful, perhaps we should
reconsider the merits of more aggressive therapy to pre-
vent osteoporosis by use of estrogen to prevent bone loss
Journal of Clinical Densitometry: Assessment & Management of Mus
at menopause in patients at risk for osteoporosis, to be
followed by a bisphosphonate for 3-5 years if or when
estrogen is discontinued.
How long to Treat, When to Change, and How to
Change

Paul D. Miller, MD, HDSc (Honorary)
The 2000 National Institutes of Health (NIH) defini-

tion of osteoporosis includes both BMD as well as bone
quality as contributors to bone strength (32). While DXA
is a widely available and highly effective method to mea-
sure BMD, it is more difficult to measure bone quality in
clinical practice. The development of trabecular bone
score (TBS), a DXA based software package, is a major
step forward to partially measure bone quality in clinical
practice. TBS software can be added to most DXA plat-
forms and incorporated into the FRAXTM algorithm to
enhance fracture risk prediction beyond that associated
with BMD alone (33). It is important to understand the
role that bone quality plays in determining bone strength,
since many women and men who fracture have BMD that
is normal or osteopenia according to the World Health
Organization (WHO) classification (34). Identifying and
treating these patients is important, since limiting treat-
ment to patients with T-scores � -2.5 would miss many
patients who might benefit from therapy. Understanding
fracture risk before and during treatment is useful for
selecting initial treatment and later considering changing
treatment.

How Long to Treat. Since the mechanism leading to
osteoporosis is a life-long process, therapies to treat oste-
oporosis must be considered as long-term interventions
(35). The fundamental pathophysiology leading to both
postmenopausal and idiopathic male osteoporosis is an
imbalance of bone remodeling, with bone resorption
exceeding bone formation. All approved osteoporosis
treatments exert their pharmacological effects by modu-
lating bone turnover. Bisphosphonates were among the
first US Food and Drug Administration (FDA) approved
drugs to treat osteoporosis and continue to be the most
widely prescribed agents to treat osteoporosis worldwide.
Bisphosphonates reduce bone turnover, decrease the
bone remodeling space, prolong the process of secondary
mineralization, and increase BMD, resulting in improved
bone quality and reduction of the risk of osteoporotic
fractures (36). Bisphosphonates are not metabolized and
have a long skeletal retention time due to local and sys-
temic recycling during the remodeling process (37). In
that regard, after 3-5 years of treatment with a bisphosph-
onate, low-risk patients may be considered for a
bisphosphonate “holiday” (38), a temporary cessation to
bisphosphonate treatment that may be accompanied by
persistent benefit while reducing the risk of rare side
effects such as atypical femur fracture (AFF). These
patients can be monitored with serial testing of BMD and
a bone turnover marker, such as serum C-telopeptide
culoskeletal Health Volume 25, 2022
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(39). Holidays are not suitable for non-bisphosphonate
osteoporosis treatments (e.g., estrogen, raloxifene, deno-
sumab, teriparatide, abaloparatide, romosozumab), since
the treatment effect rapidly diminishes after stopping.
The FDA recommends continuation of bisphosphonate
therapy in high-risk patients (38), without defining what
that therapy should be. It is reassuring that continuous
treatment with denosumab for as long as 10 years is asso-
ciated with continuing efficacy and a favorable safety pro-
file (24).

The boxed warning restricting teriparatide to 24-
months of lifetime use has been removed. This provides
opportunities to use this anabolic agent for longer than
2 years in some patients who continue to be at high risk
or once again are at high risk after completing 2 years of
treatment (40). At the time of this writing, the 2-year life-
time limit for the use of abaloparatide remains in place.
Romosozumab is administered once monthly for 12
months, but there is no prohibition for another 12-month
course of therapy sometime later.

When to Change. A change in treatment may be con-
sidered when there is an unacceptable adverse drug
effect, poor compliance with therapy, suboptimal
response to therapy, cessation of non-bisphosphonate
treatment, change in fracture risk, or drug no long avail-
able or affordable. The occurrence of a fracture (includ-
ing a radiographic vertebral fracture) in a treated patient
is not necessarily treatment failure (41), but it does sug-
gest that fracture risk is higher than previously recognized
(42,43). In such a patient, anabolic therapy should be con-
sidered (23,44-46). Anabolic agents are superior to
bisphosphonates in high risk patients (25) and should ide-
ally be prescribed first in first patients, followed by antire-
sorptive therapy (47).

Combination therapy with teriparatide and denosumab
provides a bigger increase in BMD than either drug alone
(48). This suggests possible clinical applications of this
combination in high-risk patients (e.g., adding teripara-
tide to denosumab), although it is not known whether the
combination provides additional fracture risk protection,
and this may expose the patient to additional risk of
adverse medication effects and higher costs.

How to Change. For a patient on a bisphosphonate
holiday because of low fracture risk, treatment should be
resumed when fracture risk is once again high. The post-
holiday drug could be a bisphosphonate or a non-
bisphosphonate, depending on clinical circumstances.
Patients at high fracture risk who are stopping a non-
bisphosphonate should be transitioned to another thera-
peutic agent. This is especially important when long-term
denosumab therapy is stopped, since it will likely be fol-
lowed by loss of BMD, increase and overshoot of bone
turnover markers, and increase of vertebral fracture risk
(49). When denosumab must be stopped, it is generally
followed by a bisphosphonate, provided there is no con-
traindication. A position statement of the European Cal-
cified Tissue Society suggests a pragmatic approach of
Journal of Clinical Densitometry: Assessment & Management of Mus
giving intravenous (IV) zoledronic acid 6 months after
the last dose of denosumab and then monitoring with a
bone turnover marker 3 months and 6 months later (50).
If bone turnover is unacceptably high, consider giving a
second dose of zoledronic acid.

It is essential for anabolic therapy to be followed by an
antiresorptive agent to enhance and consolidate the treat-
ment effect (25).
Osteosarcopenia, Fracture Prevention in Older
Adults, and Vitamin D

Neil Binkley, MD

The osteoporosis “treatment gap,” i.e., failure to iden-
tify and utilize approaches to reduce fracture risk in older
adults, is a worldwide concern (51) However, too often
this treatment gap is viewed as failure to provide a drug
prescription, despite pharmacologic therapy only reduc-
ing risk of non-vertebral fractures by about 20-40%. This
less- than-ideal treatment outcome emphasizes the need
to consider both pharmacologic and non-pharmacologic
approaches to reducing fracture risk. Said succinctly, this
suboptimal outcome is due in large part to current osteo-
porosis drugs not reducing falls risk. Emphasizing falls
makes consideration of muscle weakness an integral part
of fracture prevention and logically leads to consideration
of the concept of “osteosarcopenia,” i.e., the joint present
of low bone mass/strength with low muscle mass/strength
(52). The relationship between bone and muscle has long
been recognized and indeed, the pathogenetic factors
underlying bone and muscle loss, e.g., sedentariness, die-
tary inadequacy, toxins, etc., are very similar (53). More-
over, the cellular crosstalk between bone and muscle is
increasingly recognized (54). The breadth of factors con-
tributing to this crosstalk makes it likely that a pharmaco-
logic target(s) could be developed to simultaneously
improve bone and muscle thereby reducing both falls and
fractures.

Unfortunately, pharmacologic interventions to target
muscle, i.e, sarcopenia (or muscle and bone simulta-
neously), have languished. In part, this is the result of
prior reliance upon DXA-measured lean mass which,
rather than being a measure of muscle mass, is largely a
measure of water. The preservation of extracellular water
with advancing age blunts the ability of DXA to detect
true muscle loss (55). Methods to improve DXAmeasure-
ment of lean mass, e.g., addition of bioimpedance spec-
troscopy, or other approaches to lean mass measurement,
such as D3-creatine dilution or CT-based muscle attenua-
tion (Hounsfield Units), are promising and may move the
sarcopenia field forward. Indeed, multiple pharmacologic
agents remain under consideration for sarcopenia treat-
ment (56). Based upon history of the osteoporosis field, it
seems plausible/likely that development of a pharmaco-
logic agent concomitantly with availability of a widely
available muscle mass/quality measurement will be
culoskeletal Health Volume 25, 2022
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needed to bring sarcopenia to widespread clinical aware-
ness.

Given current absence of drug treatment, what can the
clinician do today? One short-term approach will be
inclusion of falls as a fracture risk factor into the forth-
coming FRAX update. Even while awaiting this advance,
clinically we can emphasize non-pharmacologic
approaches to fracture risk reduction including falls
assessment, balance training, exercise/physical therapy
and nutritional interventions. In this regard, a potential
nutritional intervention that has garnered substantial
recent interest is vitamin D supplementation.

Vitamin D deficiency can clearly have adverse skeletal
consequences; whether it adversely affects muscle function
or contributes to falls risk is not clear. The recently pub-
lished VITamin D and OmegA-3 TriaL (VITAL) fracture
substudy did not find a fracture risk reduction benefit from
additional vitamin D supplementation (28). However, this
negative result was expected given that the study cohort was
not selected to have low bone mass or high fracture risk;
even more importantly, the study subjects were largely vita-
min D replete, with a mean baseline 25(OH)D concentra-
tion of about 30 ng/mL. Given that nutrients have a
threshold effect, i.e., once the status of a nutrient is ade-
quate, provision of more will have no beneficial effect (57),
the finding of no fracture reduction upon providing addi-
tional vitamin D supplementation to vitamin D replete peo-
ple is precisely what one should expect. Moreover, the
subanalysis of the relatively small number of subjects with
low 25(OH)D in VITAL was underpowered to identify a
fracture reduction effect. Thus, this study should not alter
the practices of clinicians interested in fracture risk reduc-
tion. Specifically, provision of daily vitamin D3 supplemen-
tation to patients with osteoporosis and/or prior fracture to
attain a circulating 25(OH)D level of about 30 ng/mL
remains reasonable. An important additional nutritional
intervention available today is optimization of protein
intake, with guidance suggesting 1.0-1.2 grams of protein
daily/kg of body weight daily for older adults (58).

In summary, increased recognition of the concept of
osteosarcopenia can be implemented clinically at this
time by emphasizing non-pharmacologic approaches to
fracture risk reduction, e.g., falls risk reduction strategies,
physical therapy/exercise/balance training (notably Tai-
Chi) and optimization of calcium, vitamin D, and protein
status. It is likely that improved muscle measurement
approaches and, hopefully, muscle and bone active phar-
macologic agents, will become clinically available to fur-
ther reduce fracture risk.
New Concepts on Bone Modeling and
Remodeling with Osteoporosis Treatments

David W. Dempster, PhD, FRMS

In humans, bone remodeling begins in utero and con-
tinues throughout the entire life span. Bone remodeling
Journal of Clinical Densitometry: Assessment & Management of Mus
serves several functions, including mineral homeostasis,
maintenance of bone strength by repair of microdamage,
and ongoing renewal of the osteocyte population. In each
remodeling cycle, osteoclasts remove older bone and,
through a tight coupling process, osteoblasts replace that
old bone with new (59). In this manner, resorption and
formation are both temporally and spatially linked. By
contrast, in bone modeling osteoclast and osteoblast
teams work independently; resorption can occur at one
site and formation at another. Bone modeling is the pro-
cess by which bones are sculpted during growth and is the
mechanism by which bones change shape and mass in
response altered mechanical loads. Harold Frost and col-
leagues showed that, under normal loading conditions, a
small amount of modeling persists in the adult human
skeleton (60). They distinguished between remodeling
and modeling by examining the cement line that binds
new bone to old. If that line is scalloped, indicating prior
resorption, the new bone was formed by modeling,
whereas if the cement line is smooth, the new bone was
formed by modeling. Frost also recognized that bone for-
mation occurring within traditional remodeling units
could spill over onto smooth adjacent bone surfaces,
termed here “overflow modeling-based formation”. Our
group became interested in modeling-based formation
while studying the anabolic action of PTH (1-34), also
known as teriparatide. Using a quadruple tetracycline
labeling schedule to assess bone formation longitudinally
in single iliac crest bone biopsies, we showed that follow-
ing treatment with daily teriparatide for one month,
modeling-based formation accounted for 20-30% of the
newly formed bone on trabecular and endocortical surfa-
ces (61). In the same year, similar observations were
made with teriparatide treatment over 12-24 months (62).
Later, Cosman and colleagues demonstrated that early
treatment with teriparatide-stimulated remodeling- and
overflow modeling-based formation, with a strong trend
to increase modeling-based formation in the human fem-
oral neck (63,64).

The Anabolic vs. Antiresorptive (AVA trial) com-
pared the early effects of teriparatide with those of deno-
sumab, also using a quadruple tetracycline labeling
approach. At 3 months, teriparatide treatment resulted in
a significant increase in remodeling-based, modeling-
based, and overflow modeling-based formation on cancel-
lous and endocortical surfaces with a 4-fold increase in
modeling-based formation on the periosteal surface (65),

(66). Similar findings have recently been reported for the
parathyroid hormone related protein (PTHrp) (1-34) ana-
log, abaloparatide, with a 17-fold increase in modeling-
based formation on the periosteal surface (67). With
regard to the effects of denosumab in the AVA trial, as
expected, remodeling-based formation was significantly
reduced, but modeling-based formation was unchanged
or slightly increased.

One of the most intriguing observations in recent years
has been the ability of denosumab to cause progressive
culoskeletal Health Volume 25, 2022
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increases in BMD at hip and spine over 10 years, despite
ongoing and substantial inhibition of bone remodeling
(24). The underlying mechanism for this phenomenon is
unclear. Dempster et al (68) used quantitative microradi-
ography to assess mineralization density in bone biopsies
from the Fracture Reduction Evaluation of Denosumab
in Osteoporosis Every 6 Months (FREEDOM) trial and
its extension. Compared to placebo, mineralization den-
sity was higher in denosumab-treated patients at three
years, continued to increase up to 5 years and then pla-
teaued at 10 years. Thus, prolonged secondary minerali-
zation of the bone matrix may account for some of the
ongoing gains with denosumab through 5 years, but not
beyond that. The first clue that modeling-based formation
may play a role in the progressive gain in BMD came
from a preclinical model in which denosumab markedly
inhibited remodeling in cancellous bone of the proximal
femur but modeling on the periosteal and endocortical
surfaces was unaffected. It was theorized that preserva-
tion of modeling-based formation in the face of marked
inhibition of bone resorption would contribute to sus-
tained gains in BMD. A recent pilot study confirmed that
modeling-based formation occurs in the human femoral
neck; compared to a historical group of control subjects,
remodeling-based formation was lower and modeling-
based formation was numerically higher in 4 patients who
had received denosumab (69). This suggests that denosu-
mab preserves modeling-based formation in the human
femur neck, and possibly increases it.

The mechanism of action of the sclerostin antibody,
romosozumab, is unique. Unlike teriparatide and abalo-
paratide, which stimulate both formation and resorption,
romosozumab stimulated formation and, simultaneously,
inhibits resorption (70). One would, therefore, have pre-
dicted that this agent would primarily work by early stim-
ulation of modeling-based formation and this has been
confirmed (71).

For many years it was thought that bone strengthening
drugs worked by manipulating the bone remodeling; anti-
resorptive, or more correctly, antiremodeling drugs inhib-
ited remodeling and anabolic agents increased
remodeling (72). We now recognize that modeling also
plays an important role in how anabolic agents work and
this is possibly also true for potent antiremodeling agents
(73).
Update on Primary Hyperparathyroidism from the
International Workshop

John P. Bilezikian, MD, PhD (hon)
Since the proceedings of the Fourth International

Workshop on the evaluation and management of primary
hyperparathyroidism (PHPT) were published in 2014
(74), advances in many aspects of this disease led to the
Fifth International Workshop. Over a two-year period,
2020-2022, about 100 international experts in the parathy-
roid diseases convened virtually, reviewing new
Journal of Clinical Densitometry: Assessment & Management of Mus
information that has become available over the past
decade. These new insights addressed the following
aspects of PHPT: epidemiology, genetics, physiology,
pathophysiology, clinical presentations, new imaging
modalities, target and other organ systems, diagnosis,
pregnancy, evaluation, management, and outcomes. The
methodologies included Grading of Recommendations,
Assessment, Development and Evaluations (GRADE)
when the data fit those criteria for systematic review (75).
Recognizing that some noteworthy information could not
be incorporated into GRADE methodology, narrative
reviews were also undertaken. The work was divided
among 4 Task Forces: Epidemiology, Pathophysiology,
and Genetics of PHPT (76); Classical and Non-classical
Manifestations (77); Surgical Aspects (78); and Manage-
ment (79); as well as a document following GRADE
methodology for surgical and medical management of
PHPT (80).

Compiling this wealth of information for the practicing
endocrinologist, we also published a summary statement
that provides graded and ungraded recommendations
with regard to the aforementioned topics (81). The sum-
mary statement summarized our evidence-based review
of the diagnosis of PHPT and its differential diagnosis.
We recognized three phenotypes of PHPT: symptomatic,
asymptomatic, and normocalcemic. Differentiating fur-
ther among those with hypercalcemic and normocalcemic
asymptomatic PHPT, we recognize that after evaluation,
some individuals will have evidence for target organ
involvement (e.g., skeleton and/or kidney) while others
will not.

All patients should be evaluated with biochemical indi-
ces (calcium, PTH, 25(OH)D), skeletal imaging (3-site
DXA and another vertebral imaging modality such as X-
ray, vertebral fracture assessment or trabecular bone
score), renal indices (creatinine clearance, 24-hour uri-
nary calcium, stone risk profile when indicated, and imag-
ing for renal calcifications). We do not recommend
formal testing of non-classical manifestations (neurocog-
nitive, quality of life, cardiovascular) because there are
no data that argue for intervention based upon any abnor-
malities that may be detected in these off-target systems.

Parathyroidectomy should be recommended in anyone
with symptomatic PHPT, defined as overt complications
of the skeleton or kidneys. Surgery can also be performed
in anyone with the diagnosis, even if they do not meet sur-
gical criteria, and in whom there are no contraindications.
Surgery in these individuals would be with the concur-
rence of the patient and the physician. The panel identi-
fied specific indices, any one of which, would lead to a
recommendation for surgery: a. hypercalcemia > 1 mg/dL
(> 0.25 mmol/L) above normal; b. T-score (� -2.5 at lum-
bar spine, total hip, femoral neck, or distal 1/3 radius) or a
fracture by VFA or vertebral X-ray; c. creatinine clear-
ance < 60 cc/min; nephrocalcinosis or nephrolithiasis;
hypercalciuria (> 250 mg/day in women; > 300 mg/day in
men); d. Age < 50 years. These guidelines apply to those
culoskeletal Health Volume 25, 2022
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with hypercalcemic PHPT, because we do not have
enough data to recommend these guidelines in those with
normocalcemic PHPT.

When surgery is to be performed, preoperative imag-
ing is strongly recommended. Widely used parathyroid
imaging modalities include ultrasound, technetium-99m-
sestamibi subtraction scintigraphy, and contrast-enhanced
four-dimensional computed tomography (4D-CT). Para-
thyroid surgery should be performed by an experienced
parathyroid surgeon, defined as someone who performs
at least 50 parathyroidectomies per year (82). In those
who meet criteria for parathyroid surgery but in whom
surgery is not to be performed, pharmacological manage-
ment can include cinacalcet to lower the serum calcium
and/or alendronate or denosumab to increase bone min-
eral density.

In those who are not going to have parathyroid sur-
gery, annual measurements of the serum calcium, PTH,
and 25(OH)D are recommended. Yearly or every 2-year
assessment by DXA is recommended with other spine
imaging as clinically needed. Yearly assessment of renal
function (creatinine clearance or estimated glomerular fil-
trations rate [eGFR]) with renal imaging as clinically indi-
cated is also recommended. In those who develop any
criterion for surgery during monitoring, they should be
recommended for surgery, if there are no contraindica-
tions.

Nutritional guidelines include calcium intake accord-
ing to national guidelines; serum 25(OH)D level should
be maintained > 30 ng/mL (> 75 nmol/L).

Although many aspects of these guidelines are similar
to previous ones, they are based upon an expanded data-
base of evidence currently available. Despite the progress
of the past several years, we recognize the need for more
research to augment our current knowledge base. The
published summary statement also provides a blueprint
for future research in this disease (8).
Perspective on the State of Healthcare in the
United States

Elisabeth Rosenthal, MD

United States hospitals and doctors offers up the most
advanced medical care in the world. But even patients
with insurance suffer unduly or don’t seek the care they
need because it’s too expensive. More than 100 million
Americans � 41 percent of adults � have medical debt
and an alarming one-in-five of those folk don’t expect
to be able to pay it off ever in their lifetime (83). As
they face the hardship of illness, the financial strain is
enormous.

I wrote my book, “An American Sickness: How
Healthcare Became Big Business and How You Can
Take it Back,” (84) to research and document how our
healthcare system arrived in such a troublesome place,
beset by runaway prices. Here’s the essence of what I
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found: Our medical care had been highjacked by business.
The care patients receive is often determined by consider-
ations like profit, revenue generation or return on invest-
ment, rather than what is best or right for patient health.

Of course, doctors and hospitals have to be financially
sustainable and (if they have a good “payer mix”) ideally
are self-sustaining. But when I became a doctor in 1986,
good patient care was on the front burner, and business-
of-medicine on the back. In the last two decade that posi-
tioning has, sadly, been reversed. Optimal, affordable
patient care is fading into distance.

I’ll give you just a few pieces of evidence of how this
plays out today: Every few weeks I get a list of hospitals
that are closing departments or units (85). The units are
predominantly services that I regard as some of the most
essential to communities - obstetrics, rehabilitation, pedi-
atrics, in-patient psychiatry. What they have in common
is that are money-losers, yielding poor return on invest-
ment. I never see units shuttered for joint replacement or
cardiac catheterization, or interventional radiology.
That’s because they are big profit centers. Or how about
this: Private equity investors are now major owners of
services like hospitals, cataract centers, and nursing home
(86). They have often taken ownership from non-profits.
When I was in medical school, we used to be asked the
question: “To whom is duty owed?” The answer was, of
course, “the patient.” Today many health professionals
have no choice but to first serve their corporate officers,
who � first and foremost � serve the investors.

In my book, I document how different sectors of health
care system turned away from their sense of mission and
towards an appreciation of making money: Hospitals
taught and forced doctors on staff how to bill for more
revenue value units; they renovated functional buildings
into 5 stars hotels, while jacking up prices to unsupport-
able levels. Entrepreneurial doctors got in on the act,
doing things like opening surgery centers, pain treatment
clinics, and billing for in-office infusions. (Those who
merely did the work, found their revenues suffer).

In many markets, consolidation of hospital systems
(horizontal consolidation) as well as their purchase of sur-
gery centers and doctor’s practices (vertical consolida-
tion) has allowed monopoly pricing, as well as enabled
unsavory business practices.

Pharmaceutical companies and device makers took out
dozens of patents on each invention and took to the
courts to defend them � often for copycat drugs of others
already on the market or for not very effective drugs.
With years-long monopolies they raised prices. When the
first lifesaving drug for human immunodeficiency virus/
acquired immunodeficiency syndrome (HIV/AIDS), zido-
vudine (AZT), came on the market in 1989 at a price of
$8000 a year (about $667 a month), the price was
slammed as “astoundingly high” and “inhuman.” (87)
Today, hundreds of medicines are over that price point.
Virtually all the disease-modifying medicines for multiple
sclerosis cost at much in a month as AZT cost in a year.
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Likewise consider the prescription drug Duexis (Horizon
Medicines LLC, Deerfield, IL, USA), which is nothing
more than a combination of two common generic drugs,
ibuprofen and famotidine. It retails for nearly $1000 a
month (88). Our collective notion of what is a reasonable
price for all sorts of medical services and products has
skyrocketed.

The Kaiser Health News/National Public Radio
(KHN/NPR) “Bill of the Month” series (89) highlight
some of the harms to patients: Patients who get estimates
of a few thousand pre-procedure and are then billed for
tens of thousands after care is rendered. Women who
walk onto the maternity ward in active labor may be
charged thousands extra for an obstetrical emergency
department (“Ob-ED”) visit � a charge levied when cer-
vical dilation is checked.

Physicians who sell practices to a hospital system find
themselves under pressure to refer patients within the sys-
tem, despite its high prices; they find themselves complicit
in charging additional fees for their patient visit � like
hundreds in new facility fees, even for a telemedicine
visit. Those who have tried to remain independent find
thy have little negotiating power compared to big hospital
networks and insurers and so often receive reimburse-
ment that doesn’t cover their costs. The financial incen-
tives which now govern how our health care is delivered
(and rationed) are terrible for both patients and on-the-
ground providers.

As for what to do about it, I have ideas. But they are
piecemeal and somewhat unsatisfying for a system that
likely needs major overhaul. Overhaul to put care rather
than finance back in the driver’s seat. Here are a few
things I recommend: When doctors order tests and scans,
know which facilities in your area offer a reasonable
price. The price for a vitamin D test in New York can
vary between $14 and $700+ dollars. Likewise know the
price of the drugs you prescribe. What physician would
prescribe Duexis if they knew it would cost close to
$1000? I tell patients to be cautious when the receive a
pile of consent forms checking into a hospital or surgery
center. One of them is likely a financial consent that says
“I agree to pay for anything my insurance doesn’t cover.”
Cross it out. That clause leaves patients sitting ducks for
surprise bills. But we need government and regulatory
intervention to make really medical care more accessible
and affordable. And to save patient as well as providers
from wasting hours of their time arguing about bills.

Here are a few step-wise interventions that could help,
some of them easier than others:

a. Require binding estimates and simple medical bills in
plain English so they can be scrutinized by patient
for fairness and accuracy.

b. Let’s have list prices on order sheets and prescribing
software so that providers ordering a test or medicine
knows its “retail” cost. Is it high or low?
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c. Require that any ancillary or physician services deliv-
ered at an in-network hospital be paid at in-network
rates.

d. The Federal Trade Commission needs be more active
in scrutinizing and rejecting healthcare mergers that
don’t serve the public interest. (The Biden Adminis-
tration says it will do so.)

e. Let the government negotiate prescription drug pri-
ces and judge cost-effectiveness to help inform that
negotiation. (Congress is taking the first steps to
make this happen in Medicare.)

In the long term the system may well require more rad-
ical overhaul. This might include national price setting for
drugs, devices and services (as in Germany), a so-called
“public option” (supported by President Biden on the
campaign trail) or a full-scale national health system,
which advocates refer to as “Medicare-for-all” (though I
think it would be unlikely to resemble today’s Medicare
program).

Could it happen here? Maybe. That’s a political ques-
tion, though I do believe we’re reaching a tipping point
where the current health care delivery system has failed
so many � patients and providers - as to be unsustainable.
In a 2004 poll taken by the Canadian Broadcasting Com-
pany, Tommy Douglas, the father of Canada’s national
health care scheme, was voted the greatest Canadian of
all time (90). Just remember: Before Canada had its cur-
rent system, the healthcare there was much like ours.

The Skeletal Impact of Cancer and Cancer
Therapies

Matthew T. Drake, MD, PhD

Cancer and therapies used for the treatment of cancer
are often overlooked by providers and patients alike with
respect to their deleterious effects on bone health. Cancer
more commonly occurs in aged individuals, where it is
associated with an increased risk for generalized osteopo-
rotic-type bone loss independent of the type of primary
malignancy (91). Bone loss in cancer results from numer-
ous factors, including direct effects of the cancer cells
themselves, as well as from the effects of the cancer thera-
pies on bone cells, either directly as can occur with che-
motherapeutics and glucocorticoids, or indirectly as
occurs with hormonal therapies used for the treatment of
hormone-responsive malignancies. Bone is also the most
common site for cancer metastasis, with cancer cells that
grow within the skeleton inducing both osteoclasts and
osteoblasts to produce factors that further stimulate can-
cer cell growth (92). In this context and given that contin-
ued improvements in cancer therapies have resulted in
progressively longer survivals from diagnosis in patients
with cancer, optimization of skeletal health must be
acknowledged as increasingly important for optimal
patient care.
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Although it is well-recognized that breast cancer thera-
pies are associated with both bone loss and a higher risk
for fracture, many women with breast cancer fail to
undergo BMD evaluation as clinically recommended,
with factors including older age, minority race, rural local-
ity, and lower socioeconomic status among those associ-
ated with a lower likelihood of receiving recommended
care (93). Estrogen plays an essential role in bone homeo-
stasis via its effects at the estrogen receptor, with approxi-
mately 75% of breast cancers showing estrogen receptor
positivity. Early menopausal onset is common in premen-
opausal women treated with hormonal or chemotherapy
for breast cancer and is associated with rapid bone loss.
In premenopausal women, there is good evidence that
treatment with zoledronic acid prevents adjuvant endo-
crine therapy-induced bone loss (94). Data on fracture
prevention in premenopausal women is limited. In post-
menopausal women receiving aromatase inhibitor ther-
apy for breast cancer, zoledronic acid limits BMD losses
and likely reduces fracture rates, although the effects on
both BMD and fracture risk reduction in postmenopausal
women has been shown to be greater with denosumab
treatment (95).

Prostate cancer is dependent on testosterone at the
time of diagnosis in most men. Analogous to endocrine
therapies used for breast cancer, androgen deprivation
therapy (ADT) is commonly used for the treatment of
prostate cancer. As in women, skeletal health evaluations
in men initiating ADT occur far less commonly than rec-
ommended by societal guidelines (96). Treatment with
zoledronic acid has been shown to limit bone loss in men
in response to androgen deprivation therapy (97). Like-
wise, the anti-resorptive denosumab has also been shown
to increase BMD in men receiving ADT for prostate can-
cer and to reduce fracture risk (98).

Multiple hematologic malignancies are also associated
with increased fracture risk. The best characterized of
these is multiple myeloma, in which monoclonal plasma
cells secrete cytokines to simultaneously increase osteo-
clast activity and suppress osteoblast activity. Collec-
tively, this skeletal derangement results in both localized
osteolytic lesions and generalized bone loss with associ-
ated osteoporotic-type fractures. Two-thirds of patients
with multiple myeloma present with bone pain at the time
of diagnosis, and fracture rates are increased approxi-
mately 16-fold in the year preceding diagnosis when com-
pared to an age- and sex-matched normative cohort (99).
Further, the use of supraphysiologic glucocorticoid dosing
is a mainstay of nearly all chemotherapeutic regimens
used for myeloma treatment, with resultant detrimental
skeletal effects superimposed upon those resulting from
the multiple myeloma itself. Both intravenous bisphosph-
onates (initially pamidronate and subsequently zoledronic
acid) have been shown to limit bone disease in multiple
myeloma (100). More recently, denosumab has been
shown to be non-inferior to zoledronic acid for preventing
skeletal related events in this patient population, which
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has led to rapid uptake of denosumab use in patients with
multiple myeloma (101). Given the increasing life expec-
tancy in patients with multiple myeloma, it is critical that
both patients and providers understand that denosumab
discontinuation may result in rapid bone loss and multiple
vertebral compression fractures, as recognized in the most
recent recommendations from the International Myeloma
Working Group (102).

Monoclonal gammopathy of undetermined significance
(MGUS) is a pre-malignant condition that uniformly pre-
cedes multiple myeloma. The risk for developing MGUS
increases with age, such that roughly 3.5 million persons
in the United States are currently affected (103). Since
the risk for progression from MGUS to multiple myeloma
or a related plasma cell disorder is approximately 1% per
year for most persons, the vast majority will never
develop multiple myeloma. However, MGUS is associ-
ated with a substantially increased risk for fracture, and
patients with MGUS have evidence of significant bone
loss and deterioration of bone microstructure (104). The
judicious treatment of patients with MGUS and low bone
mass, for example with bisphosphonate therapy, is likely
to maintain bone mass and reduce future fracture risk
(105).

With the advent of improved therapies, more children
are also surviving cancer into adulthood. It is notable that
while approximately 40% of peak bone mass is typically
obtained in adolescence, both nutritional and physical
activity deficits are common in children with cancer, as
are the use of treatments such as chemotherapy or gluco-
corticoids that may affect the skeleton or cranial radiation
which may result in hormonal deficits (106). Skeletal
treatment in children affected by cancer should include
efforts to address modifiable risk factors including identi-
fying nutritional deficits, providing increased physical
activity as tolerated, and identifying early hormonal defi-
cits (107).

Lastly, it is important to recognize that patients with
cancer, particularly those who are elderly or significantly
debilitated, are at substantially increased risk for falls and
therefore fractures. Potential risk factors include dehy-
dration (as can occur with infections), medications such
as sedatives which can alter the sensorium or anti-hyper-
tensives which can cause hypotension, muscle weakness
due to either reduced physical activity or treatment with
supraphysiologic glucocorticoid dosing, and the presence
of home structural impediments (such as throw rugs or
extension cords) that can cause patients to stumble. Pro-
phylactic efforts to reduce each of these risks have the
potential to limit fractures in these vulnerable patients.

Update on Rare Bone Diseases

Laura L. Tosi, MD

The world of rare diseases, and particularly rare bone
diseases, is exploding. In the US, rare diseases are defined
as disorders affecting fewer than 200,000 US residents or
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disorders for which there is no reasonable expectation
that drug development costs will be recoverable by US
sales (108). The latter spurred the development of the
Orphan Drug Act of 1983 to incentivize development of
drugs to treat rare diseases (109). Rare bone diseases
have, until recently, been a largely neglected area in
healthcare. Their rarity and heterogeneity have unfortu-
nately hindered their exploration at both clinical and sci-
entific levels, even though almost 500 of the
approximately 7,000 defined rare diseases are bone
disorders. In the last decade, however, wider availability
of genetic testing, development of new pharmaceutical
treatment options, and patient advocacy have motivated
efforts to study, diagnose, and treat these disorders.

The Nosology and Classification of Genetic Skeletal
Disorders: 2019 Revision identifies 461 genetic skeletal
disorders and divides them into 42 groups based on their
molecular, biochemical, and radiographic features (110).
The Nosology is now in its tenth edition and has grown
considerably since first created in 1969. Moreover, the
next edition is expected to be far larger, as the genetic
variation and pleiotropy underlying the disorders is
expected to take center stage. Already, 437 genes associ-
ated with 425 of these disorders (92%) have been identi-
fied, thus providing significant hope for future treatments.

Rare bone diseases have been described as including
approximately 5% of all rare disorders, or less than five
per 10,000 individuals. For rare bone disease this trans-
lates to about 200,000 individuals in the US; however, this
number is likely to increase as genetic testing expands
and more individuals with milder forms of these disorders
are identified. Moreover, there is tremendous variability
in the prevalence of different rare bone disorders. For
example, it is estimated that there are 25,000 to 50,000
people with osteogenesis imperfecta (OI), about 15,000
with achondroplasia, and 10,000 - 15,000 with X-linked
hypophosphatemia (XLH), but fewer than 1000 individu-
als worldwide with fibrodysplasia ossificans progressiva
(FOP), and perhaps 30 cases of Janson’s disease. This var-
iability significantly impacts issues ranging from delay in
diagnosis, access to knowledgeable physicians, and ability
to attract research interest.

The Rare Bone Disease Alliance (RBDA), founded by
the OI Foundation in 2015, has extended the successes of
the Rare Bone Disease Patient Network (established in
2006) to advocate for expanding research on rare bone
disorders. The expansion is the direct result of collabora-
tion among patient organizations, researchers, and medi-
cal professionals. The RBDA now represents a coalition
of 16 rare bone disease advocacy organizations. It focuses
on educating medical professionals, expanding research,
and assisting patients and communities affected by rare
skeletal diseases. The RBDA uses each group’s existing
professional networks to share information. They believe
strongly in collaboration and sharing by leaders of advo-
cacy groups and academics from a wide spectrum of uni-
versities.
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A fundamental goal of the RBDA is to “democratize”
healthcare and to promote activities that will allow the
prompt and correct diagnosis of individuals with rare
bone disease. One of the RBDA’s most successful pro-
grams is Rare Bone Disease TeleECHO (111). This is dif-
ferent than traditional post-graduate medical education
with passive learning through lectures, medical journals,
and more recently webinars. Instead, Rare Bone Disease
TeleECHO (Extension for Community Healthcare Out-
comes) is a highly interactive ongoing virtual community
of practice that combines short didactic programs with
case discussions that actively engage attendees in the
learning process. Rare Bone Disease TeleECHO strives
to support the success of community-based care teams
and encourage the creation of an ever-growing population
of clinicians with rare bone disease expertise. The yearly
agenda is one-half disease-specific and one-half differen-
tial diagnosis-specific in an effort to include as many dis-
orders as possible. Rare Bone Disease TeleECHO meets
on the first Thursday of every month, with about 30% of
attendees located in countries outside the US, so far
reaching 34 different countries. Over 1000 individuals are
registered on the email announcement list. Continuing
medical education (CME) credits are provided without
charge. For reasons of privacy, only the didactic portions
of the presentations are recoded and made available on
YouTube. This model of adult education has been so suc-
cessful that the OI Foundation and Soft Bones have both
launched their own TeleECHO programs focused on OI
and hypophosphatasia, respectively.

Nationally, there has been slow recognition that adults
with rare childhood-onset disorders, which includes the
rare bone disease community, are an expanding popula-
tion. Most children with skeletal dysplasias can expect a
normal or near normal life expectancy. While many chil-
dren with rare bone disorders receive care multidisciplin-
ary comprehensive care clinics, there are very few such
clinics prepared to provide care for adults with rare bone
disorders. Moreover, thanks to the current availability of
no-charge genetic testing for some skeletal dysplasias,
more and more individuals are being diagnosed earlier
than in the past. While there remain significant numbers
of undiagnosed disorders, the long “diagnostic odyssey,”
often described by patients and families in the past, has
been reduced for many individuals. In addition, the devel-
opment of registries and natural history studies for many
disorders has helped patients and clinicians acquire a bet-
ter understanding of the full breadth of many rare bone
diseases. A brief overview of just a few of the exciting
advances in rare bone disease management is summarized
below.

First, the OI Foundation is part of the Brittle Bone
Disease Consortium (BBDC), which has been tracking
the natural history of OI for the past 8 years as part of an
NIH-funded natural history initiative. OI is a skeletal dys-
plasia characterized by bone fragility and skeletal defor-
mities. The majority of cases are associated with
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pathogenic variants in COL1A1 and COL1A2, the genes
encoding type I collagen. Clinically, OI is heterogeneous
in features and variable in severity (112). Besides the
skeletal findings, it can affect multiple systems, with con-
sequences that include dental and craniofacial abnormali-
ties, muscle weakness, hearing loss, respiratory and
cardiovascular complications. The BBDC has the largest
sample size available to inform clinical endpoints. This
has allowed the discovery of clinical signals not previously
appreciated, such as postpartum hemorrhage and the sig-
nificant impact of pain and anxiety. Researchers have
begun to look at broad connective tissue targets well
beyond bone. While bisphosphonates, frequently com-
bined with rodding of the long bones, remain the main-
stay of treatment in OI, new strategies such as sclerostin
inhibitory antibodies and transforming growth factor
(TGF) beta inhibition, are being explored to address poor
bone quality as well as low BMD that is associated with
this disease.

Another disorder, XLH, is caused by mutations in the
Phosphate Regulating Endopeptidase X-Linked (PHEX)
gene which result in Fibroblast Growth Factor-23
(FGF23) excess and renal phosphate wasting. Children
with XLH present with rickets, bone deformities and
short stature. Recently available treatment with an anti-
FGF23 monoclonal antibody (113) has led to remarkable
improvement in pediatric bone deformities; however,
these patients still face significant challenges in adult-
hood, including bone and joint pain, muscle weakness,
osteomalacia-related fractures or pseudofractures, spinal
stenosis, osteoarthritis, enthesopathy, hearing loss, adult
tooth loss and renal failure. In addition, adult XLH
patients are also prone to secondary and tertiary hyper-
parathyroidism, cardiovascular and metabolic disorders.
Early reports of the impact of anti-FGF23 monoclonal
antibody therapy on clinical outcomes in adults are just
starting to be available.

While we don’t yet have a drug for fibrous dysplasia
there have been several important clinical advances (114),

(115). First, a staging evaluation at age 5, typically with a
bone scan, can identify all the areas of clinically signifi-
cant fibrous dysplasia, allowing clinicians to focus their
monitoring efforts. In addition, fibrous dysplasia is associ-
ated with a variety of endocrinopathies. Early diagnosis
and aggressive management of endocrine disease can
improve skeletal outcomes such as fracture, basilar invag-
ination, scoliosis, vision and hearing loss.

Hypophosphatasia (HPP) is a rare inherited skeletal
disorder caused by loss-of-function mutations in the tissue
non-specific alkaline phosphatase (TNSALP) gene.
Reduced activity of TNSALP leads to the accumulation
of its substrates, mainly inorganic pyrophosphate and pyr-
idoxal-50-phosphate (vitamin B6), that lead to the muscu-
loskeletal and systemic features of the disease.
Presentation varies significantly, ranging from death in
utero to asymptomatic adults. In infants and children,
clinical features include skeletal, respiratory and
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neurologic complications, while recurrent, poorly healing
fractures, muscle weakness and arthropathy are common
in adults (116). Treatment with subcutaneously adminis-
tered synthetic human alkaline phosphatase has been
approved for treatment of patients, including adults
(117). This treatment can be life-saving for infants and
children with severe forms of HPP; however, for adults
the indications for treatment and the benefits are less well
established (118).

In summary, the rare bone disease “story” is changing
daily. Advances in diagnosis and treatment are moving at
an incredible rate. More and more patients now face a
more healthy and productive future than previously imag-
inable.
Update on Non-DXA Imaging Approaches to
Assess Bone Strength and Predict Fracture Risk

Mary L. Bouxsein, PhD

Despite the availability of efficacious and safe treat-
ments that prevent fractures, many patients are not evalu-
ated and/or not treated for osteoporosis. Identifying this
“Crisis in the Treatment of Osteoporosis,” Khosla et al
(119) proposed that we need “better identification of
high-risk patients” in order to reduce the burden of fragil-
ity fractures. Whereas measurement of spine and hip
BMD by DXA has been the standard tool for osteoporo-
sis assessment, the number of individuals undergoing a
DXA exam has declined precipitously in the past decade
(120). Furthermore, many fractures occur in individuals
who do not have osteoporosis by BMD testing, perhaps
because DXA fails to capture key determinants of bone
strength, such as bone geometry, morphology, microarch-
itecture as well as the density of the trabecular and corti-
cal bone compartments. Thus, it is possible that new
imaging approaches may help to: 1) increase the number
of individuals who undergo bone health assessment; and
2) improve the prediction of fracture risk. This is a critical
review of several non-invasive imaging techniques,
detailed below.

Radiofrequency Echographic Multi-Spectrometry
(REMS) Ultrasound. REMS ultrasound is a relatively
new approach that utilizes the ultrasound signals acquired
during an echographic scan of the lumbar spine or femo-
ral neck (121). The software analyzes the unfiltered ultra-
sound signals using a statistical approach to compare the
signal spectra from an individual to previously measured
spectral models for pathologic and normal conditions.
The main outcomes of the REMS measurement include
an estimated BMD and a “fragility score”. Clinical studies
have reported strong associations between REMS meas-
urements and DXA-BMD measurements as well as
strong concordance among diagnostic categories (e.g.,
normal, osteopenic and osteoporotic). For instance, in a
multicenter European study of 4307 adults, aged 30-
90 years, REMS measurements at the hip and spine were
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strongly associated with femoral neck (r=0.88) and lum-
bar spine (r=0.90) BMD (122). Another study examined
the ability of REMS to predict fracture risk, comparing
175 adults with incident fracture to 350 no-fracture
controls. Lower femoral and lumbar spine REMS were
associated with higher fracture risk (OR per SD
decrease = 2.8 and 2.6, respectively), results that com-
pared favorably with DXA-based femoral neck and
lumbar spine BMD measurements (OR per 1 SD
decrease = 2.7 and 1.7, respectively) (123). Short-term
precision of REMS measurements is similar to or better
than DXA-BMD, though it must be noted that these stud-
ies were performed with highly experienced operators.
Whether technicians with lesser experience and training
can achieve similar measurement precision remains to be
determined. To date, there are no longitudinal studies
using this technique, thus the utility of REMS to assess
age- or treatment-related changes remains unknown.

High-resolution Peripheral Quantitative Computed
Tomography. High-resolution peripheral computed
tomography (HR-pQCT), a low-dose X-ray-based tech-
nique for assessment of volumetric bone density and
microarchitecture in the appendicular skeleton, was intro-
duced more than 10 years ago. Since that time, many stud-
ies have reported an association between architectural
deterioration and increased fracture risk, often indepen-
dent of DXA-BMD. The largest prospective study to date
included 7254 older adults (mean age = 68 § 9 years)
from seven cohorts across Europe and North America
(124). All subjects had femoral neck BMD and HR-
pQCT outcomes and were followed for occurrence of
fracture over 4.5 § 2.6 years. In total, there were 756 inci-
dent fractures, of which 60% occurred in individuals with
osteopenia by femoral neck BMD measurements. Deteri-
orated bone microarchitecture was associated with
increased fracture risk independently of femoral neck
BMD, with a 25 to 40% increase in the risk of fracture
per standard deviation decrement in bone microarchitec-
ture. Consistent with these results, a meta-analysis of 40
studies that enrolled over 13,000 subjects found that sev-
eral HR-pQCT outcomes were associated with increased
fracture risk, noting that “our study supports the use of
HR-pQCT in clinical fracture risk prediction” (125). In
addition to fracture risk assessment, HR-pQCT has been
used to gain insight into the pathophysiology of several
conditions and/or disorders associated with increased
skeletal fragility, including diabetes, chronic kidney dis-
ease, glucocorticoid-induced osteoporosis, rheumatoid
arthritis, osteogenesis imperfecta, acromegaly, hyper- and
hypoparathyroidism, celiac disease, hypophosphatasia,
and X-linked hypophosphatemia (126).

Bone Strength Measurements by Biomechanical Com-
puted Tomography. Biomechanical computed tomogra-
phy (BCT) uses a patient’s computed tomography (CT)
scan to measure both bone strength (via finite element
analysis) and bone mineral density at the hip and spine
(127). BCT is available in the US as a Medicare screening
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benefit for diagnostic testing for osteoporosis. BCT meas-
urements of spine and hip BMD are equivalent to DXA-
BMD (including T-scores) and thus can be used to evalu-
ate fracture risk and make decisions about initiating treat-
ment. Bone strength measurements from BCT are
categorized as normal, low or fragile bone strength, and
provide information about fracture risk that is indepen-
dent of BMD. For instance, a prospective study compared
ability of BCT to DXA-BMD for prediction of hip frac-
ture risk in older men and women (mean age = 77 years,
n=1306 with hip fracture, n= 1477 fracture-free controls).
The authors reported the femoral bone strength measures
provided equivalent (or slightly better) prediction of hip
fracture than DXA-BMD, and furthermore, that com-
pared to CT-BMD measurements alone, adding femoral
strength assessments identified approximately 20% more
individuals who would suffer a hip fracture (128). Given
this excellent clinical performance, it is important to note
that BCT is well suited for “opportunistic” use, as it can
be performed on pelvic and abdominal CT scans that
have been collected for reasons other than osteoporosis
testing, as those scans usually include the lumbar spine
and/or proximal femur. US Medicare data reveal that
each year there are nearly 8 million adults who meet the
established guidelines for osteoporosis screening who
undergo an abdominal or pelvic CT scan suitable for BCT
analyses — many more than the 1.5 million individuals
who receive a DXA scan each year. Thus, opportunistic
BCT may be an efficient approach to help address the
marked underdiagnosis and undertreatment of osteopo-
rosis.

Opportunistic CT Imaging and Machine Learning. The
opportunistic use of CT images acquired for other medi-
cal purposes to assess osteoporosis has been studied for
over a decade, advances in automated image analysis and
machine learning have led to renewed interest in this
approach (129). Recent studies have used automated
image analyses to evaluate bone density in tens of thou-
sands of CT scans, in some cases with simultaneous
assessment of vertebral fracture from the images and/or
extraction of clinical risk factors from the electronic medi-
cal record (130-132). For example, Pickhardt et al per-
formed automated bone and muscle analysis of
abdominal CT scans in 9223 adults, in whom 686 major
osteoporotic fractures were recorded in the subsequent
8.8 years of follow-up (131). They found that low trabecu-
lar bone density in the L1 vertebral body and low muscle
attenuation at the L3 spinal level were both associated
with increased risk of major osteoporotic fracture. In
another study, Dagan and colleagues (132) used auto-
mated methods to measure vertebral fracture, spine
DXA T-score, vertebral trabecular bone density, and
extract FRAX-relevant risk factors from the electronic
medical record. They recorded over 5000 major osteopo-
rotic fractures and 1900 hip fractures during » 5 years of
follow-up, and showed that their CT-based method had
similar sensitivity and specificity to FRAX (without
culoskeletal Health Volume 25, 2022
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BMD). Clearly these newer approaches for osteoporosis
screening based on ‘opportunistic’ use of CT images, with
possible extraction of meta-data from the electronic med-
ical record, have huge potential to improve the diagnosis
of osteoporosis. However, there are several important
issues that need to be addressed before these techniques
can be applied in clinical practice. For example, the use of
CT-based Hounsfield units to diagnose osteoporosis is
subject to significant errors due to a lack of i) standardiza-
tion across approaches, ii) consistent calibration and iii)
established intervention thresholds (that may vary by
skeletal site). Furthermore, to date there are limited pro-
spective fracture studies, though more are likely to be
published. At the moment, none of these techniques are
approved by the FDA, nor are they reimbursed by Medi-
care, so the pathway to their use in clinical practice
remains limited at the moment.

Perioperative Bone Health Care

Susan V. Bukata, MD

With our aging population, we face a silver tsunami of
patients with both osteoporosis and low bone mass as well
as osteoarthritis and spinal stenosis. Patients desire high lev-
els of physical function and independence well into their
geriatric years. Pain and functional deficits from osteoarthri-
tis and spinal stenosis impair patients’ quality of life, making
them seek treatment for these diseases. Improvements in
orthopaedic instrumentation now make surgical candidates
of patients who historically would not have been offered
procedures. A wider age range of patients with the health
issues as well as chronic diseases are now being managed
with orthopedic procedures. Patients also have expectations
of long-term success spine and joint procedures. How this
care is delivered has also evolved into a highly structured,
protocol driven environment for perioperative care. Many
procedures are now outpatient or short stay. Perioperative
classes and surgery preparation is a cooperative experience
between the patient and the surgical team. Smoking cessa-
tion, nutrition enhancement, and diabetes management are
a regular part of surgical preparation leaving an opportunity
for bone health intervention to occur as a part of these pro-
tocols.

Joints surgeons are worried about intraoperative frac-
tures, implant subsidence, and long-term risk of peripros-
thetic fracture. As millions of patients with joint
arthroplasties age, periprosthetic fractures are becoming
more common but are unrecognized as a fragility fracture.
Spine surgeons are worried about compression fractures
adjacent to their large fusion constructs, pedicle screws
pulling out of the bone due to the weak bone, and subsi-
dence of their cage reconstruction constructs into the
weaker vertebral bodies above and below these con-
structs. There are currently no established bone health
management protocols for these patients. When a patient
is sent for bone health assessment, often both the surgeon
and the patient are looking for a rapid improvement of
Journal of Clinical Densitometry: Assessment & Management of Mus
the quality and strength of osteoporotic bone. However,
we need to change the dialog from attempting periopera-
tive bone strength miracles to getting the patient on track
for a lifetime of success and bone health. By making both
the patient and the surgeons aware of the diagnoses of
osteoporosis and a sense of the severity, the surgeon can
make instrumentation and operative technique choices to
accommodate the osteoporosis and the patient can better
understand the needs for medication treatment for osteo-
porosis in order to enjoy the results of the surgery for a
long time. Both patients and physicians need to recognize
this as a long-term investment in the success of this sur-
gery and the overall health of the patient’s bones.

Two small studies in the total joint population showed
a high prevalence of the problem with 2/3 of patients hav-
ing either low bone mass (osteopenia) or osteoporosis
from DXA measurements alone (133). These studies did
not take into account the additional factors that weaken
bone quality and bone strength. Another study looked at
FRAX scores in 124 patients who were referred for bone
health assessment prior to spine or joint replacement sur-
gery. Risk of major osteoporotic fracture or hip fracture
was high in 82% of patients when BMD was included and
in 70% of patients if BMD was not included in the calcu-
lation. Correlation without BMD was slightly better in
women but still demonstrated the clinical utility of
FRAX for perioperative bone health assessment (134).

While there is no current established protocol for peri-
operative bone health assessment, Kadri et al (134) rec-
ommended a flowchart to current bone health
assessments for patients at risk for osteoporosis with pre-
operative bone healthcare. Standard labs, including a
comprehensive metabolic profile, serum intact PTH level,
and 25(OH)D level are recommended, as well as DXA
and FRAX scoring. Calcium and vitamin D intake should
be optimized and osteoporosis medication started when
indicated. In addition, fall prevention treatment and opti-
mization of nutrition and medications are recommended.
If patients have no or low osteoporosis risk, if surgical
indication is urgent, or if it is the patient’s preference,
they should precede to surgery immediately and focus on
bone health management postoperatively. If the patient
and the procedure allow for some preoperative treatment,
anabolic or antiresorptive therapy can be started while
the patient waits 3 to 6 months for surgery. Three studies
showed a decreased rate of acute periprosthetic joint
infections in patients with normalized serum 25(OH)D
levels (>30 ng/mL) compared to patients with low 25
(OH)D (<20 ng/mL) (135). In addition, patients with
infections have lower calcium and albumin levels, sug-
gesting a role for nutritional optimization prior to surgery
that extends beyond bone health (136).

Choice of treatment for osteoporosis and low bone
mass in the perioperative setting remains controversial,
although individual patient needs can allow antiresorp-
tives, such as bisphosphonates and denosumab, as well as
anabolic medications, possible treatments. Small studies
culoskeletal Health Volume 25, 2022
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of teriparatide in spine surgery patients have shown both
small improvements in bone fusion rates as well as
decreased pedicle screw loosening rates compared with
bisphosphonates (137). In another study, patients started
on teriparatide at least one month prior to spine surgery
were found to have increased torque power required for
the placement of pedicle screws suggestive of improve-
ments in bone strength (138). The recommendation of a
3- to 6-month delay a prior to surgery after the start of
the bone medication recognizes that there is a period of
time before demonstrable changes in bone mass and bone
structure can be seen in patients, it even with the best ana-
bolic agents. It takes approximately 12 months on treat-
ment to obtain 5% improvement in lumbar spine BMD
and 3% improvements in hip BMD for both bisphospho-
nates and denosumab (139). While spine BMD increases
greater than 5% can occur within the first six months with
the anabolic agents (i.e., teriparatide, abaloparatide, and
romosozumab), it can take 12 months to see 3% increases
in hip BMD with teriparatide and abaloparatide (140).
Romosozumab demonstrates gains greater than 3% in
hip BMD within six months (141). Treatment with IV
zoledronic acid can cause transient muscle aches, fever,
and flu-like symptoms, particularly in bisphosphonate-
naı̈ve patients. This can be problematic in the periopera-
tive period, as post-operative fever can be interpreted as
signs of infection. Infusions given close to scheduled sur-
gical dates can also be problematic if the patient becomes
symptomatic, potentially leading to a delay in surgery. If
zoledronic acid is to be used as treatment, infusion more
than one month prior to surgery or at least six weeks after
surgery is suggested. Management of acute phase reaction
symptoms with either acetaminophen (1000 mg three
times daily) or nonsteroidals started on the day of infu-
sion and continued for one week is also recommended.

Identifying patients with osteoporosis or low bone
mass early before elective joint and spine surgery allows
time for perioperative treatment to improve bone
strength prior to surgery. For patients newly identified
with osteoporosis or low bone mass in urgent need of sur-
gery, there may be insufficient time to improve bone
health. However, addressing bone health concerns should
be considered as long-term investment to reduce fracture
risk as well as an effort to optimize surgical outcomes.
Bone health assessment with appropriate interventions
should be a standard component of perioperative treat-
ment protocols for spine and joint surgery, especially for
older adults. This creates opportunities for care teams
that include nurses, physical therapists, primary care doc-
tors, hospitalists, and surgeons, to address bone health
issues and prevent problems before they happen.

Bone Health ECHO Progress Report

E. Michael Lewiecki, MD

Project ECHO is technology-enabled collaborative
learning, with a US government report stating that
Journal of Clinical Densitometry: Assessment & Management of Mus
consistently positive effects have been found in areas that
have been measured (142). Bone Health ECHO pro-
grams are ongoing, collegial, case-based, highly interac-
tive videoconferences linking healthcare professionals
with an interest in bone diseases, located in the USA and
many other countries. This is a form of telehealth (143)
that aims to expand global capacity to deliver best prac-
tice skeletal healthcare (144). These virtual communities
of practice provide opportunities to improve clinical skills
so that patients can receive better care, closer to home,
with greater convenience, and lower cost than referral to
a specialty center that may be located far from the patient
who needs the care (145). Progress with Bone Health
ECHO programs has been reported at previous SFBS (1),

(11-15) and updated here.
The prototype Bone Health ECHO program was

established in 2015 through collaboration of Project
ECHO at University of New Mexico Health Sciences
Center and the Osteoporosis Foundation of New Mexico.
Since that time, there have been weekly online meetings,
usually consisting of a short slide presentation on a topic
of interest followed by discussion, and presentation and
discussion of real but de-identified patient cases. Weekly
attendance has increased from an average of 13 in 2015 to
over 90 in 2021. The slide presentations are recorded and
archived on the Project ECHO website, with over 1,100
views since 2015. More than 7,000 hours of no-cost con-
tinuing medical education credits have been awarded to
attendees. Regular participation with Bone Health
ECHO has been shown to improve self-confidence in
managing patients with osteoporosis (146,147).

The growth of the prototype Bone Health ECHO pro-
gram has inspired the development of others in the US
and beyond. There are now 9 programs in the USA
(6 focusing on osteoporosis, 3 for rare bone diseases) plus
5 in other countries. These include Michigan Neurosurgi-
cal Institute Great Lakes ECHO LLC (Grand Blanc,
Michigan); Bone Health & Osteoporosis Foundation (for-
merly National Osteoporosis Foundation) FLS Bone
Health ECHO (Washington, DC); Own the Bone Ortho-
paedic Bone Health ECHO (Chicago, Illinois); Univer-
sity of Vermont Osteoporosis Management ECHO
(Burlington, Vermont); and West Coast Bone Health
ECHO: Strides for Strong Bones, Spokane (Spokane,
Washington). Programs devoted to rare bone diseases are
Rare Bone Disease ECHO and Osteogenesis Imperfecta
TeleECHO (both with Osteogenesis Imperfecta Founda-
tion, Gaithersburg, Maryland) (111); and Hypophospha-
tasia TeleECHO (Soft Bones, Boonton, New Jersey).
Programs outside the USA are National University of Ire-
land Galway Bone Health TeleECHO (Galway, Ireland);
Bone Health TeleECHO Moscow (Moscow, Russia)
(148); ECHO Saint Petersburg Orthogeriatrics (St.
Petersburg, Russia); Australia/New Zealand Bone Health
ECHO (Sydney, Australia); and Bone Health ECHO at
AUB and AUBMC (Beirut, Lebanon). In addition, the
Ehlers Danlos Society has 2 programs for Ehlers Danlos
culoskeletal Health Volume 25, 2022
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Syndrome based in the USA and United Kingdom. Each
of these ECHO programs has its own “flavor” to meet the
needs of its participants and the skills of the organizers,
while adhering to the ECHOmodel of learning.

An ECHO workshop was held at the SFBS to intro-
duce the concept of case-based collaborative learning for
attendees interested in attending an existing ECHO pro-
gram or developing a new one. Project ECHO resources
to facilitate new development were presented and oppor-
tunities for grant support explained.
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