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ABSTRACT 
Osteoporosis and fragility fractures (FFs) are closely in-
tertwined as the former is a common predisposing factor 
to the latter. This causal relationship is due to low bone 
density of osteoporosis and compromised bone microar-
chitecture, leading to structural failure, decreased ability 
to withstand applied stresses, and increased propensity 
to fracture. Osteoporosis can be idiopathic or due to a 
variety of secondary causes, and numerous treatment 
strategies are available. FFs are common injuries among 
the elderly and are caused by factors both intrinsic and 
extrinsic to the patient. The clinical and economic sig-
nificances of osteoporosis and FFs are substantial, with 
considerable associated morbidity and mortality, and bil-
lions spent on healthcare expenditures in the US annual-
ly. Osteoporosis and FFs are two of the most important 
topics related to fracture liaison services (FLSs), and their 
understanding is integral to appreciating the benefits an 
FLS can provide for patients and providers.
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INTRODUCTION

Osteoporosis is the most common cause of low bone den-
sity. It derives its clinical significance from its predisposi-
tion to fractures, often caused by low energy injuries and 
termed “fragility fractures.” Fractures of the spine and hips 
in osteoporotic individuals often result in deformity, loss 
of function, a variety of morbidities, and premature death. 
Osteoporosis is quite prevalent in the US with estimates of 
40,000,000 adults suffering from low bone density.1 Osteo-
porotic fractures, which are common, result in substantial 
morbidity and mortality, with a woman’s lifetime risk of 
dying from a hip fracture roughly equivalent to her risk of 
dying from breast cancer.2

Secondary forms of osteoporosis can result from endocrine 
disorders, genetic mutations, and hematologic malignancies 
(Table 1). Other causes of secondary osteoporosis include 
physical immobilization, often from neuromuscular dis-
eases, premature menopause, athletic amenorrhea, anorexia 
nervosa, and alcoholism. Common medications contributing 

to osteoporosis include glucocorticoids, oral hypoglycemics, 
anticonvulsants, proton pump inhibitors, and immune mod-
ulators. Adjuvant hormonal therapies for both breast and 
prostate cancer reduce bone density and increase the risk 
of fracture. Aromatase inhibitors deprive bone of estro-
gen. Gonadotropin-releasing hormone (GnRH) agonists  
produce androgen deprivation.3

Other important causes of secondary osteoporosis are 
related to end-stage organ failure and organ transplantation. 
The most rapid bone loss is observed in the first 3–6 months 
post-transplant and is multifactorial, with contributions 
from pre-transplant bone loss. Immunosuppressive agents, 
prominently glucocorticoids but also the calcineurin inhib-
itors, contribute to transplant-related bone loss. Cyclospo-
rine and tacrolimus inhibit the enzyme calcineurin, which 
plays an important role in bone remodeling and whose inhi-
bition results in increased bone resorption.4 Other immu-
nosuppressants such as rapamycin and mycophenolate 
mofetil (CellCept) do not contribute to post-transplant bone 
loss.4,5 Post-transplant bone loss and fracture risk have been 
reported to range from 6–53% after cardiac, pulmonary, or 
liver transplantation.6 Patients with chronic renal disease 
pre-transplant are especially prone to reduced bone density 
because of the decreased renal parenchyma and inability to 
convert cholecalciferol to the active form, 1,25 dihydroxy 
vitamin D. Bone density and fractures particular to specific 
organ transplantations have been described in detail.4,6,7

BONE STRUCTURE AND OSTEOPOROSIS
Bone is characterized, in part, by an ongoing remodeling pro-
cess of resorption and formation of both osteoid, the organic 

Table 1. Common Causes of Secondary Osteoporosis

Endocrine Genetic Malignancies

Hypercortisolism Marfan’s Syndrome Multiple Myeloma

Hyperparathyroidism Ehlers-Danlos 
Syndrome

Monoclonal 
Gammopathies

Hyperthyroidism Osteogenesis 
Imperfecta

Lymphomas

Diabetes Fibrous Dysplasia Leukemias

Hypogonadism Pseudoglioma 
Syndrome
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component of bone matrix, and mineral in the form of cal-
cium hydroxyapatite. An imbalance in remodeling in favor 
of resorption results in the net reduction of bone tissue per 
unit volume. Osteoporosis is characterized histologically by 
low trabecular bone volume and number, cortical thinning 
due to endosteal reabsorption, increased bone porosity, and 
compromised bone microarchitecture. Notably observed 
are thin, discontinuous trabeculae that reduce the ability of 
bone to withstand applied stresses and predispose to struc-
tural failure or fracture (Figure 1). Structural compromises 
are due to bone resorption, reduced osteoid formation, and 
decreased mineralization.

The histopathologic characteristics of osteoporosis are 
reflected in conventional radiographic features that provide 
clues to reduced density of both cortical and trabecular bone 

and indicate the need for further investigation. Cortices nor-
mally occupy about 50% of the diameter of the diaphysis 
on the anteroposterior X-ray. Endosteal resorption, cortical 
thinning, and concomitant medullary canal widening reflect 
the presence of severe osteoporosis (Figure 2). Bone trabec-
ulae normally align coincident with patterns of stress and 
loss of trabeculation can be an early indicator of decreased 
bone density. Tensile trabeculae are lost before compressive 
trabeculae. Loss of compressive trabeculae usually indicates 
severely reduced bone density (Figure 3).

CELL BIOLOGY
Osteoporosis results from an imbalance between osteo-
blastic bone formation and osteoclastic bone resorption in 
bone remodeling. Remodeling of bone consists of the cou-
pled activity of osteoclasts and osteoblasts communicat-
ing by endocrine and paracrine signaling. In a remodeling 
cycle, osteoclasts first resorb bone matrix closely followed 
by osteoblastic new bone formation. Endocrine regulation 
by estrogen, thyroid and parathyroid hormones, glucocorti-
coids, and vitamin D acting through cell surface receptors 
is essential for maintenance of bone volume and structure. 
Receptors for bone morphogenic proteins and low-density 
lipoprotein receptor-related protein 5 (LRP5) have been 
found on osteoblast precursors. LRP5 functions as a Wnt 
receptor and is important for bone formation since deletion 
of LRP5 results in profound osteoporosis. The Wnt pathway 
is a complex, highly conserved signaling pathway that reg-
ulates cell fate commitment and is crucial in determining 
polarity and axis patterning in embryogenesis. The family 
of Wnt proteins regulate bone formation through the LRP5 
receptor. Wnt signaling is regulated in part by sclerostin, a 
protein synthesized by osteocytes, that binds to the LRP5 
receptor on osteoblasts and inhibits canonical Wnt signaling 

Figure 1. Trichrome stain of trabecular bone

Metabolic bone histopathology can be highly characteristic and often 

diagnostic. A: Normal bone volume and trabecular thickness.  

B: Low bone volume (density) and thin discontinuous trabeculae. 

(Reproduced with permission from the American Academy of Orthopaedic Surgeons 
and the Orthopaedic Basic Science text, ed. R. Aaron)

Figure 2. AP X-rays of left hand

A: In normal bone, the two cortices of the third metacarpal occupy about 

½ the width of the bone. B: Osteoporotic bone exhibits endosteal resorp-

tion of the cortices and widening of the medullary canal. An incidental 

distal radius fracture is seen. 

(Reproduced with permission from the American Academy of Orthopaedic Surgeons 
and the Orthopaedic Basic Science text, ed. R. Aaron)

Figure 3. AP X-rays of left hip

A: In the normal proximal femur, thick cortices and well-defined tensile 

trabeculae (solid arrow) and compressive trabeculae (open arrow) are 

seen. B: In the osteoporotic proximal femur, trabeculae are not distinct 

due to resorption. 

(Reproduced with permission from the American Academy of Orthopaedic Sur-
geons and the Orthopaedic Basic Science text, ed. R. Aaron)

(Reproduced with permission from the American Academy of Orthopaedic Surgeons 
and the Orthopaedic Basic Science text, ed. R. Aaron)
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resulting in a decrease in bone formation. Studies of the 
genetics of the osteoporosis pseudoglioma syndrome have 
shown mutations in the LRP5 gene.8 Recently, biophar-
maceuticals have been developed which inhibit sclerostin 
expression allowing greater Wnt binding to LRP5, result-
ing in enhanced activation of canonical Wnt signaling and  
preserving bone mass in the remodeling process.8  

PATHOPHYSIOLOGY –  
BONE AS A CALCIUM DONOR

Maintenance of serum calcium concentration is a homeo-
static priority because of the dependence upon it of cell 
membrane signal transmission including neuromuscular 
excitation-contraction coupling of skeletal and cardiac mus-
cle. Responses to hormonal regulation, the conductivity of 
nerves, and the contractility of muscle are directly affected 
by cytosolic calcium concentration.9 To accomplish this 
homeostatic regulation, parathyroid hormone and 1,25, 
dihydroxy vitamin D interact with three organ systems, 
renal, gastrointestinal, and skeletal, to regulate serum cal-
cium concentration within appropriate levels to ensure 
both normal membrane transmission and the calcium-phos-
phorus solubility product. Among the organs maintaining 
serum calcium concentration, bone is unique in that its role 
as a calcium donor can compromise its structure and lead 
to decreased bone density and fractures. In fact, the role of 
bone as a calcium donor takes precedence over its struc-
tural roles of support, leading to the perspective that the 
primary function of bone is to act as the reservoir for serum 
calcium. Chronic, low-grade demand for serum calcium 
exerts a downward physiologic pressure on bone calcium 
stores and can lead to resorption of calcium from bone and 
osteoporosis. In response to serum calcium requirements, 
parathyroid hormone and vitamin D increase intestinal 
absorption of calcium, enhance renal tubular reabsorption of 
calcium, induce a phosphate diuresis, and produce osteoly-
sis via osteocytic bone resorption. It is only bone that suffers 
a loss of structural integrity in this complex interaction to  
maintain serum calcium concentration.

DEXA SCANNING IN OSTEOPOROSIS

Bone density determination by dual-energy X-ray absorpti-
ometry (DEXA) scanning is described in The Roles of a Frac-
ture Liaison Service in this volume. The T-score is utilized 
as the DEXA criterion for osteoporosis. The World Health 
Organization has defined osteoporosis as either a T-score 
below -2.5 in men and postmenopausal women over 50, or a 
low-energy hip or spine fragility fracture regardless of bone 
mineral density. DEXA scanning is very useful in osteopo-
rosis but, as pointed out, it must be appreciated that it does 
not provide a pathological cause of reduced bone density and 
needs to be interpreted in the whole patient context.

PHARMACOLOGIC TREATMENT  
OF OSTEOPOROSIS

Two therapeutic strategies are applied to the medical treat-
ment of osteoporosis. Because bone loss is often due to 
overactive resorption, anti-resorptive agents are the first-
line therapy, especially if excessive resorption is shown by 
bone turnover markers. Repairing microstructural damage 
requires the use of osteoanabolics. Prior to instituting phar-
macotherapy, adequate serum calcium and vitamin D need 
to be assured and deficiencies corrected. Combining dietary 
and supplemental sources, about 1000–1200 mg/day of cal-
cium and 1000–2000 IU/day of vitamin D for individuals 
with osteoporosis are recommended.

Pharmacotherapy needs to be tailored to the specific 
patient’s medical condition, fracture history, DEXA scans, 
and laboratory evaluation. For example, oral agents may 
not be suitable for individuals with gastroesophageal reflux, 
Barrett’s esophagitis, or bariatric surgery. Additionally, 
most medications have time limitations and long-term 
therapies are often complicated by the need for sequential 
prescriptions.

Oral bisphosphonates such as alendronate (Fosamax), rise-
dronate (Actonel), and others, may be the agents of choice 
in mild to moderate osteoporosis. They exhibit different 
efficacies and durations of action but all are anti-resorptive.3 
They are analogues of pyrophosphate, bind to the surface 
of hydroxyapatite crystals, and inhibit osteoclastic bone 
resorption. Since they depend upon renal clearance, patients 
should have a creatinine clearance >30 ml/min. Bisphospho-
nates cannot be used for >5 years because of atypical femur 
fractures discussed in the section on fragility fractures below. 

Denosumab (Prolia) is a human monoclonal antibody that 
acts as a decoy receptor for receptor activator of nuclear fac-
tor kappa-Β ligand (RANKL) and inhibits the differentiation 
and activation of osteoclasts. It is an injectable anti-resorp-
tive and may be a better choice for some patients who cannot 
take oral agents, assuming they can and will take adequate 
calcium supplements since it can lower serum calcium con-
centration. Denosumab increases the mineral density of 
the hip and spine and reduces resorptive bone markers to 
a greater degree than bisphosphonates. It has been shown 
to reduce hip and vertebral fractures by 40–60%. Deno-
sumab is not dependent upon renal function and does not 
produce gastrointestinal symptoms. It has been associated 
with increased risks of a variety of infections, however, and 
should not be used in patients who are subject to recurrent 
infections, have impaired immune systems, or are on immu-
nosuppressive agents.10

Two parathyroid hormone-related agents are of interest for 
their anabolic effects on building bone density. Parathyroid 
hormone (PTH) 1–34, teriparatide (Forteo) and the PTH-rP 
analogue, abaloparatide (Tymlos) produce both cortical and 
trabecular bone formation and reconnect discontinuous tra-
beculae. The parathyroid analog osteoanabolics should not 

17O C T O B E R  2 0 2 2   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  O C T O B E R  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2022-10.asp
https://www.rimedicalsociety.org


be used in individuals with risks of sarcomas. Patients need 
to be screened for possible bone malignancies and recom-
mended usage is limited to 2 years.

FRAGILITY FRACTURES

Fragility fractures, as defined by the International Osteopo-
rosis Foundation, are fractures that result from low-energy 
trauma, such as a fall from standing height.11 Common fra-
gility fracture patterns include fractures of the distal radius, 
vertebrae, proximal humerus, hip, and pelvis.12 Nine mil-
lion fragility fractures occur annually worldwide, equating 
to one fracture every three seconds.13,14 Approximately 1 in  
every 3 women and 1 in every 5 men over the age of 50 
will experience an osteoporosis-related fracture during the 
course of their lifetimes, with these proportions anticipated 
to rise.11,13,14 In 2010, there were an estimated 158 million 
individuals at high risk for fragility fracture and this figure 
is projected to double by 2040.11,14,15 Individuals who expe-
rience fragility fractures incur an 86% increased risk of a 
subsequent fracture.16 Among these individuals, between 
5–10% of patients experience a subsequent hip fracture, 
with 23% occurring within a year of their first hip fracture 
and 70% within the first five years.17 Patients with a history 
of vertebral osteoporotic fracture have a 2.3-fold increased 
risk of future hip fracture and a 1.4-fold increased risk of 
distal forearm fracture.18 Given this data, it is important that 
primary care physicians and orthopedic surgeons collaborate 
to recognize, prevent, and treat osteoporosis.

THE IMPORTANCE OF FALLS  
IN FRAGILITY FRACTURES

Important associations with low-energy fractures are falls 
and poorly arranged living spaces contributing to falls. Falls 
are a major contributing cause of fractures and can be asso-
ciated with muscle weakness, balance disturbances, and 
impaired vision and hearing that predispose to environmen-
tal distractions (Figure 4). One study identified bone-related 
and fall-related risk factors (Table 2) and, while these risk 
factors may overlap, the study points out the importance 
of falls in low-energy fractures.19 Related contributions to 
falls and fractures are unsafe environments which can result 
from cluttered or obstructed walkways, poor lighting, inse-
cure floor mats, unstable area rugs, unsafe bathrooms with 
slippery surfaces, and the absence of grab bars in showers 
and bathtubs. Iatrogenic contributions to propensity to 
fall center on medications such as sedatives and anti-hy-
pertensives, as well as polypharmacy that leads to unsafe 
medication interactions. The physical and environmental 
contributions to fractures are not to be neglected and should 
be part of every screening conversation.

TREATMENT OF FRAGILITY FRACTURES
Several general principles exist among patterns of osteopo-
rotic fracture presentations. For example, distal radius frac-
tures, which are among the most common fragility fractures, 
can often be managed with closed reduction and splinting/
casting as the first line of treatment.20 Proximal humerus 
fractures can also often be managed nonoperatively when 
sufficiently well-aligned, with sling immobilization being 
a common first-line treatment modality.21 Conversely, hip 
fractures are typically managed surgically with fracture 
fixation or replacement arthroplasty procedures to prevent 
complications related to immobility, such as deep venous 
thrombosis, pneumonias, and decubitus ulcers.22 Specific 
patient characteristics, such as overall health, functional 
status, fracture morphology, and patient activity level, are 
essential to consider when deciding between operative or 
nonoperative management.

OSTEOPOROSIS, METABOLIC BONE DISEASES, AND FRAGILITY FRACTURES

Figure 4. Illustration demonstrating the interactions of falls and 

low bone density in the fracture diathesis

Bone-related and fall-related risk factors interact with low bone 

density contributing to fractures. 

(Adapted from reference 19 with permission.)

Table 2. Risk Factors for Fracture

(Adapted from reference 19 with permission.)

Bone-Related Risk Factors Fall-Related Risk Factors

Fracture history >1 fall last year

Mother with fracture history Psychoactive drugs

Body mass index (BMI) < 19 Low level of activities of daily 
living

Severe immobility Articular symptoms

Glucocorticoids Impaired vision

Urinary incontinence

Parkinson’s Disease
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Fractures in the setting of osteoporosis are particularly 
challenging to treat for multiple reasons and require special 
consideration by the treating clinician. Osteoporotic bones 
are less dense than healthy bone, often leading to more com-
minuted, complex periarticular fracture patterns.23 In addi-
tion to meticulous surgical technique, specialized implants 
(e.g., fixed angle or locking devices) and more robust implants 
may be required to obtain and maintain adequate fracture 
alignment in the operating room.24 Due to the mechanical 
properties of osteoporotic bone resulting from porous can-
cellous and thin cortical bone, rigid implants must be used 
for added support and longevity. As such, implant loosening, 
implant retention, and peri-implant fractures are more com-
mon complications of osteoporotic fracture treatment.25 Fra-
gility fractures typically occur in elderly and metabolically 
depleted patients who have decreased capacity to manage 
their functional limitations and weight-bearing status, lead-
ing to increased falls and corresponding increased loading 
of the fixation constructs.26 Additionally, elderly individuals 
often have marginal nutritional and hydrational status and 
other medical comorbidities making them more vulnerable 
to post-traumatic complications including infection, poor 
wound healing, and venous thrombosis. Brisk mobilization 
is desirable to counteract some of these morbidities adding 
to the challenges of stabilizing or replacing osteoporotic 
bone to facilitate early weight bearing.27

CONSIDERATIONS WHEN USING  
BISPHOSPHONATES

Bisphosphonates are first-line medications in the treatment 
of osteoporosis, but like most medications are associated 
with particular risks. Although concerns have been raised 
about retardation of fracture healing, studies have failed 
to detect differences in time to fracture healing and other 

outcomes with bisphosphonate use in surgically repaired hip 
and distal radius fractures.13 Atypical femur fractures (AFFs) 
are an important clinical entity about which to be aware 
in patients treated with bisphosphonates, especially those 
patients treated for over 5 years. AFFs are defined by a char-
acteristic type of subtrochanteric, short-oblique hip fracture 
originating in the lateral cortex of the proximal femur and 
occurring with no or minimal trauma (Figure 5).28 AFFs may 
occur without prodromal symptoms or may be preceded 
by a dull, aching pain in the proximal thigh. This type of 
pain should not be disregarded. A high index of suspicion 
should be maintained for this fracture type in patients on 
long-term bisphosphonates, especially with thigh pain, and 
should stimulate imaging.29 AFFs may appear as stress frac-
tures on plain X-rays (Figure 6) but they also may be invis-
ible on X-rays and seen only on MRIs. Therefore, patients 
presenting with proximal thigh pain and normal X-rays on 
long-term bisphosphonates should be studied with an MRI.

Although the relative risks of AFFs are high in patients on 
bisphosphonates, their absolute risk is extremely low, rang-
ing from 3.2 to 50 cases per 100,000 person-years.28 How-
ever, long-term use (>3 years) may be associated with higher 
risk (>100 per 100,000 person-years).28 The risk-benefit ratio 
of bisphosphonates is highly supportive of their use assum-
ing that the duration of use is kept below 5 years. An investi-
gation of the cost-benefit of the risk of AFFs versus fragility 
fracture prevention with bisphosphonates analyzed 196,000 
women who were aged 50 or older receiving bisphosphonates 

and concluded that reductions in the risk of osteoporotic hip 
fractures during 1–10 years of bisphosphonate use far out-
weighed the increased risk of AFF among White patients, 
with a less quantifiable effect among Asian patients.30

Figure 5.  

AP X-ray of left femur

A short oblique atypical 

midshaft fracture with 

associated cortical thicken-

ing and beaking. Patient 

reported a history of an-

tecedent left thigh pain and 

bisphosphonate therapy.

Figure 6. AP X-ray of left femur

Lateral proximal femoral cortical hypertrophy and a fracture line at the 

lateral cortex of the subtrochanteric region (arrow) observed in a patient 

with long-term bisphosphonate use. She presented with subtle, yet 

symptomatic, changes in her gait.
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OUTCOMES OF FRAGILITY FRACTURES
Fragility fractures have a substantial impact on a patient’s 
personal, family, and financial life. The impact of fragility 
fractures, particularly those of the hip, can lead to early mor-
bidity and mortality. Patients often experience some degree 
of loss of function, primarily independent gait, and loss of 
overall personal and functional independence. Mortality 
in the first year after hip fracture surgery ranges between 
15% and 36%.31 Also, there are significant financial burdens 
placed on patients with fragility fractures, with those related 
to inpatient medical services, skilled nursing facilities, and 
homecare, comprising the highest expenses.32

PREVENTION OF FRAGILITY FRACTURES

Fragility fractures are, to a degree, preventable through 
assessment of risk and multimodal therapy. A full evalua-
tion of risk factors should be carried out as described above. 
Antiresorptive agents are first-line medications that should 
be considered in patients identified as at-risk for fragility 
fractures. Certain modifiable factors, such as tobacco use 
and excessive alcohol intake, are detrimental to bone health. 
Therefore, cessation of tobacco use and limiting alcohol 
consumption should be recommended.33 Adequate intake 
of calcium and vitamin D are important nutritional factors 
to consider. The National Osteoporosis Foundation recom-
mends 1200 mg/day of calcium (from diet or supplement) as 
well as 800–1200 IU/day of Vitamin D for all adults over 50 
years of age.34 Weight-bearing exercise is another important 
consideration for high-risk patients.33 A Cochrane review 

investigated the effect of exercise on prevention of bone 
loss and fractures in postmenopausal women and identi-
fied a statistically significant improvement of bone mineral 
density associated with exercise.35 Since these fractures are 
commonly a result of falls, patient safety at home must be 
considered. Related recommendations include balance train-
ing exercises, avoiding central nervous system depressants, 
careful monitoring of hypertensive medication, and recom-
mending visual corrective devices when needed.36 Finally, 
the U.S. Preventive Services Task Force recommends bone 
mineral density testing in all women aged 65 years and older 
and in postmenopausal women younger than 65 years with 
increased risk as determined by a formal clinical risk assess-
ment.37 They currently do not recommend screening men 
due to insufficient evidence. 

CONCLUSIONS

Osteoporosis is the most common cause of low bone density. 
It derives its clinical significance from its association with 
fragility fractures and their attendant morbidity and mor-
tality. (1) Osteoporosis may be idiopathic, postmenopausal, 
or senile, and may result from multiple secondary causes 
as well; (2) cortical and trabecular resorption and porosity 

lead to structural weakness and predispose to fractures; (3) 
assuming appropriate causal diagnosis, pharmacologic treat-
ments are available to increase bone density and decrease 
the risk of fractures; (4) falls are associated with osteoporotic 
fractures and can be due to both bone-related and fall-related 
factors as well as unsafe environments; (5) and despite state-
of-the-art surgical therapy, fragility fractures often pose 
grave consequences in terms of morbidity and mortality, as 
well as economic, family, and personal costs.
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