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Abstract
Osteoporotic vertebral compression fractures (OVCFs) are the most common 
fragility fracture and significantly influence the quality of life in the elderly. 
Currently, the literature lacks a comprehensive narrative review of the 
management of OVCFs. The purpose of this study is to review background 
information, diagnosis, and surgical and non-surgical management of the OVCFs. 
A comprehensive search of PubMed and Google Scholar for articles in the English 
language between 1980 and 2021 was performed. Combinations of the following 
terms were used: compression fractures, vertebral compression fractures, 
osteoporosis, osteoporotic compression fractures, vertebroplasty, kyphoplasty, 
bisphosphonates, calcitonin, and osteoporosis treatments. Additional articles were 
also included by examining the reference list of articles found in the search. 
OVCFs, especially those that occur over long periods, can be asymptomatic. 
Symptoms of acute OVCFs include pain localized to the mid-line spine, a loss in 
height, and decreased mobility. The primary treatment regimens are pain control, 
medication management, vertebral augmentation, and anterior or posterior 
decompression and reconstructions. Pain control can be achieved with aceta-
minophen or nonsteroidal anti-inflammatory drugs for mild pain or opioids 
and/or calcitonin for moderate to severe pain. Bisphosphonates and denosumab 
are the first-line treatments for osteoporosis. Vertebroplasty and kyphoplasty are 
reserved for patients who have not found symptomatic relief through conser-
vative methods and are effective in achieving pain relief. Vertebroplasty is less 
technical and cheaper than kyphoplasty but could have more complications. 
Calcium and vitamin D supplementation can have a protective and therapeutic 
effect. Management of OVCFs must be combined with multiple approaches. 
Appropriate exercises and activity modification are important in fracture 
prevention. Medication with different mechanisms of action is a critical long-term 
causal treatment strategy. The minimally invasive surgical interventions such as 
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vertebroplasty and kyphoplasty are reserved for patients not responsive to conservative therapy 
and are recognized as efficient stopgap treatment methods. Posterior decompression and fixation 
or Anterior decompression and reconstruction may be required if neurological deficits are present. 
The detailed pathogenesis and related targeted treatment options still need to be developed for 
better clinical outcomes.

Key Words: Vertebral body; Osteoporosis; Fragility fractures; Osteoporotic vertebral compression fractures; 
Kyphoplasty; Vertebroplasty
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Core Tip: Management of osteoporotic vertebral compression fractures must be combined with multiple 
approaches. Appropriate exercises and activity modification are important in fracture prevention. 
Medication with different mechanisms of action is a critical long-term causal treatment strategy. The 
minimally invasive surgical interventions such as vertebroplasty and kyphoplasty are reserved for patients 
not responsive to conservative therapy and are recognized as efficient stopgap treatment methods. 
Posterior decompression and fixation or Anterior decompression and reconstruction may be required if 
neurological deficits are present.
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INTRODUCTION
Osteoporotic vertebral compression fractures (OVCFs) are the most common fragility fracture and are a 
marker of osteoporosis[1]. In the United States, approximately 700,000 OVCFs occur annually[2]. OVCFs 
and hip fractures are estimated to cost between $10 and $15 billion annually, indicating the immense 
burden of these conditions[3]. Along with the financial burden, osteoporotic fractures are associated 
with a decrease in health-related quality of life and quality-adjusted life years[4-6]. Therefore, it is 
imperative to better understand this prevalent condition and how to prevent and treat it.

Despite how common VCFs are, there has not been a definitive treatment course for patients suffering 
from these conditions. Overall, managing an acute OVCF includes pain control, activity modification, 
education, and treatment of the underlying osteoporosis. Patients can be treated conservatively with rest 
and/or medications or surgical management, such as vertebroplasty and kyphoplasty. However, there 
are no treatment algorithms to decide the best course of action. The American Academy of Orthopedic 
Surgeons (AAOS) developed a clinical practice guideline with 11 recommendations for treating 
osteoporotic VCFs, but only 1 has a strong recommendation and 1 has a moderate recommendation; the 
other 9 are weak or inconclusive[7]. This lack of robust evidence for specific treatment methods over 
others provides clinicians with leniency to make decisions based primarily on personal experience.

This review aims to provide a comprehensive overview of the presentation and treatment of 
osteoporotic vertebral compression fractures.

DIAGNOSIS AND MANIFESTATION
Even though OVCFs are very common, they are often undiagnosed because patients can be 
asymptomatic, especially those that occur slowly over time[1]. Further contributing to the lack of 
diagnosis is the fact that neurological complications are rare and acute symptoms can be overlooked[8,
9]. Some signs that can be indicative of OVCFs are a decrease in height, change in kyphosis (when 
adjusted for age, Figure 1), acute-onset back pain that increases when changing posture and decreases 
when lying supine, and limited mobility[1,9]. These acute fractures typically occur in the lower thoracic 
vertebra and can be due to a fall in people with moderate osteoporosis or minor activities such as 
coughing in people with severe osteoporosis[1]. The pain is usually well localized to the midline spine 
but often refers to a unilateral or bilateral pattern into the flank, anterior abdomen, or the posterior 
superior iliac spine[10]. Diagnosis can be determined based on history and physical exam (e.g., 
tenderness over vertebrae; neurological assessment) and imaging. Magnetic resonance imaging (MRIs) 
and computed tomography (CT) scans are used to determine the timing and extent of the fracture along 
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Figure 1 Osteoporotic vertebra. A: Osteoporotic vertebra before a compression fracture; B: Osteoporotic vertebra after a compression fracture. Note the wedge 
shape of the vertebral body, which can cause kyphotic deformity.

with soft-tissue or spinal cord involvement[11].
Evaluation for osteoporosis should be done as soon as possible after the VCF if not already 

diagnosed. Dual-energy X-ray absorptiometry (DEXA) is used to measure bone mineral density (BMD) 
and confirm the diagnosis of osteoporosis[12]. Osteoporosis is the most prevalent bone disorder 
worldwide and is defined as a T-score of -2.5 SD below the BMD of a healthy younger person of the 
same sex[13-15]. Low bone density, or osteopenia, is defined as a T-score between -1 and -2.5. The 
decrease in BMD is primarily due to loss of gonadal function and aging, but by two different 
mechanisms[16]. The loss of gonadal function, specifically a decrease in estrogens especially seen in 
postmenopausal women, results in excessive osteoclast activity, whereas in aging, the demand for 
osteoblasts outweighs the supplies[16,17]. These two different causes of osteoporosis also differ in the 
location they affect: postmenopausal bone loss is mainly in trabecular bone whereas aging-associated 
bone loss occurs mainly in cortical bone[16]. The excessive increase in reabsorption or decreased 
formation leads to compromised bone volume and integrity, thus increasing the risk of fracture. Other 
risk factors for osteoporosis include inadequate calcium and vitamin D levels. Vitamin D improves the 
absorption of calcium from the gut and helps ensure there are adequate calcium levels for normal bone 
mineralization[18]. The evaluation of an OVCF also includes assessment for neurologic findings, which 
may necessitate further imaging and consultation with a spine surgeon depending on the results; 
laboratory evaluation to assess for malignancy, such as multiple myeloma, and secondary causes of 
osteoporosis, including adverse effects of drug therapy, immobilization, and endocrine disorders, may 
be indicated[19].

Treatments of OVCF remain challenging. They usually include pain management, Anti-osteoporosis 
medications, vertebral augmentation, and surgical decompression and reconstruction (Figure 2).

PAIN MANAGEMENT
Nonsteroidal anti-inflammatory drugs (NSAIDs) and opioid analgesics are the most commonly used 
medications for pain control[20]. The choice of the initial agent depends upon the severity of pain[21]. 
Acetaminophen or NSAIDs, such as ibuprofen and naproxen, are the first-line options for patients with 
mild pain. These medications are easily accessible over the counter and used due to their perceived 
safety and relatively low cost[22]. Even though NSAIDs are used first is partially due to the incidence of 
more serious risks associated with other medications such as opioids and tricyclic depressants, they are 
not without their own adverse effects[22]. Some significant complications from the use of NSAIDs 
include gastrointestinal toxicity, cardiovascular thrombotic events, stroke, and renal toxicity; there is an 
increased risk of these complications in older patients and those with preexisting conditions (e.g., 
cardiovascular disease, heart failure, impaired renal function), which are more prevalent in older 
populations[22-24]. Clinicians should be aware of potential contraindications for NSAID treatment in 
their patients and consider gastrointestinal protective therapy for those prescribed NSAIDs.

If the pain is not managed with initial medications or is moderate to severe, opioids and calcitonin are 
options. Calcitonin is unique because it has a positive impact on bone health, as discussed later in this 
review, and can provide pain relief possibly through modulating nociception in the central nervous 
system[25]. Opioids are typically required at the outset for patients with severe pain with an acute (0 to 
4 wk) VCF. It has been suggested that initial treatment with an opioid is combined with low-dose 
acetaminophen. There is sufficient evidence of the short-term efficacy of opioids, but the long-term 
effectiveness is diminished because of serious adverse reactions[26]. These adverse events include 
constipation, nausea and vomiting, dizziness, drowsiness, dependence, and abuse[27]. Because the risks 
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Figure 2 Treatment steps for osteoporotic vertebral compression fractures. NSAIDs: Nonsteroidal anti-inflammatory drugs; MRI: Magnetic resonance 
imaging; CT: Computed tomography; DEXA: Dual-energy X-ray absorptiometry.

of opioid use for chronic back pain outweighs the benefits, the American Academy of Neurology 
recommends against using opioid pain medications in this patient demographic[26]. Similarly, the 
AAOS are unable to recommend for or against opioids/analgesics for neurologically intact and 
symptomatic VCF patients[7]. Muscle relaxants can be used initially, but their long-term use is not 
recommended for similar reasons as long-term opioid use[28].

A brace can also be used for pain relief because it stabilizes the spine. Bracing can be used initially in 
the acute and subacute phases but should not be used long-term because atrophy of the core 
musculature can occur with prolonged use[28]. Additionally, the efficacy of bracing in preventing future 
vertebral body collapse has not been established and it is often poorly tolerated in older patients[29]. 
The AAOS is also inconclusive in its stance on bracing and other forms of therapy such as exercise[7]. If 
patients choose to exercise, programs should be implemented to improve flexibility, muscle strength, 
and core and gait stability[30]. It is important to note that exercise regimens should be tapered as pain 
improves[11]. Another potential treatment method for fracture repair is low-level laser therapy (LLLT). 
Although the exact mechanisms of LLLT are unknown, it is hypothesized to increase angiogenesis and 
bone formation while decreasing inflammation, as tested in animal studies[31,32]. LLLT could accelerate 
fracture healing and thus improve patient outcomes by enhancing callus formation, but there is limited 
evidence for its use in patients with bone fractures[33]. Further research into the mechanisms of LLLT 
and the appropriate parameters for therapeutic use and minimal side effects need to be studied before 
clinical application.

SURGICAL TREATMENT AND OUTCOMES
Patient selection is a critical factor for both the decision to perform vertebral augmentation and the 
selection of the type of procedure. Surgical interventions are typically reserved for those who have not 
experienced relief from medical management. For patients with incapacitating pain from acute and 
subacute vertebral compression fractures who are unable to taper parenteral or transition to oral opioids 
within seven d of admission or have intolerable sedation, constipation, or delirium from this therapy, it 
has been suggested that vertebral augmentation be performed rather than continue medical 
management. This is typically performed during the initial hospitalization. A vertebral augmentation is 
also an option for those without improvement in pain despite four to six weeks of conservative 
management with oral opioids and calcitonin, or for those who are intolerant of oral opioids.

The two main surgical treatment options are vertebroplasty and kyphoplasty. Vertebroplasty 
involves injecting cement, such as polymethylmethacrylate, directly into the fractured vertebrae for pain 
relief and fracture stabilization[34]. Success rates for pain relief and functional improvement after 
vertebroplasty range between 78% and 90%[35-39]. Some complications include cement extravasation 
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(the most common), rib fracture, radiculopathy, spinal cord compression, and cement pulmonary 
embolism[40-43]. However, studies have demonstrated no significant difference in pain improvement or 
pain-related disability when comparing patients who underwent vertebroplasty and a control group[44-
46].

Kyphoplasty involves inflating a balloon in the bone and then injecting cement into the cavity[34]. 
This method has similar success to vertebroplasty in pain relief and functional improvement but is more 
successful at restoring the kyphotic angle[47]. However, there have been fewer complications associated 
with kyphoplasty compared to vertebroplasty, partly due to decreasing the risk of cement leakage 
(Figure 3)[34,48-51].

The characteristics of the VCF can influence which surgical procedure is performed. The AAOS 
strongly recommends against vertebroplasty in patients with an osteoporotic VCF on imaging with 
correlating signs and symptoms and are neurologically intact[7]. Kyphoplasty is weakly recommended 
in this patient demographic[7]. The AAOS cannot recommend or be against any treatment for patients 
who are not neurologically intact[7]. Based on the recommendations of the AAOS and relatively fewer 
complications, kyphoplasty is most likely to be the preferred surgical method in treating symptomatic 
VCFs. However, kyphoplasty is more technically challenging than vertebroplasty as it involves bilateral 
placement in nearly all cases and relies on the use of a balloon tamponade system that can have its own 
technical difficulties. Additionally, vertebroplasty does not commit to a bipedicular approach, does not 
rely on the performance of a balloon system, and is less expensive by approximately $5000[52]. The 
difference between these two procedures should be discussed with the patient, so they can be involved 
in the decision-making process.

Other surgical interventions include decompression then screw implantation and vertebral fixation. 
Decompression is indicated if the patient has neurological deficits due to neural compression. 
Additionally, screw augmentation can be used to increase the pull-out strength and may be combined 
with cement injection if fenestrated screws are used[53]. Vertebral fixation, specifically posterior 
vertebral fixation, has limited indications, including burst fractures, multiple VCFs causing kyphotic 
deformity, and malunion[53]. Both of these interventions can be combined with cement injection, so 
they can result in similar complications as vertebroplasty and kyphoplasty, such as cement 
extravasation.

PHARMACEUTICAL TREATMENT AND PREVENTION
Pharmaceutical therapy can also be initiated for treatment or prevention and is the recommended 
therapy for long-term treatment of OVCFs. The first-line drug treatment for osteoporosis is bisphos-
phonates. The FDA has approved this drug class for the prevention and treatment of osteoporosis. 
Bisphosphonates work by inhibiting osteoclast activation and decreasing bone resorption, leading to a 
decrease in bone loss[54-56]. Alendronate, an aminobisphosphonate, is often the specific first-line 
treatment because its efficacy in reducing fracture risk and favorable safety profile[57]. Alendronate 
significantly decreases the risk of fractures, specifically by 44% for radiographic vertebral fractures and 
57% for osteoporotic women or those with an existing vertebral fracture[59,59]. Another aminobisphos-
phonate considered first-line, risedronate, has been shown to have a relative risk reduction in vertebral 
fractures of 39%[60]. Over three years, risedronate decreased the vertebral fracture risk by 41%[61]. The 
main adverse effects of bisphosphonates are gastrointestinal complications, such as reflux, esophagitis, 
and gastric ulcers[20]. Bisphosphonates, especially oral bisphosphonates, are contraindicated for 
patients who cannot tolerate the gastrointestinal side effects or have esophageal dysmotility.

Denosumab is another popular medication used for treating osteoporosis that can increase BMD[62,
63]. It is a human monoclonal antibody that inhibits RANKL and thus prevents the formation and 
activation of osteoclasts. Unlike other osteoporosis medications, denosumab is administered 
subcutaneously every six mo, which can be more convenient for the patient and increase compliance, 
given that compliance with anti-osteoporotic therapy is lacking[64]. When administered for three years, 
denosumab has been shown to decrease the risk of vertebral, nonvertebral, and hip fractures in 
postmenopausal women[65]. Importantly, there were no differences in the incidence of adverse events (
e.g., infection, hypocalcemia, cancer, cardiovascular events) between patients who received denosumab 
and those who received a control[66]. Because of the infrequent administration of denosumab, its effect-
iveness, and its lack of adverse effects, denosumab is a promising treatment option.

Calcitonin is a thyroid hormone (TH) that can also be used for the prevention and treatment of 
postmenopausal osteoporosis[66]. Calcitonin decreases the resorption of bone by osteoclasts and can 
increase bone density in postmenopausal women while potentially reducing the risk of VCFs[67,68]. The 
AAOS moderately recommends a four-week regiment of calcitonin for patients with an acute (0-5 d 
after identifiable event or onset of symptoms) symptomatic osteoporotic VCF (confirmed with imaging) 
and who are neurologically intact[7]. There are other hormone therapies available, such as selective 
estrogen receptor modulators like raloxifene or parathyroid hormone analogs like teriparatide that have 
a positive impact on reducing fracture risk, but the use of hormone therapy for osteoporosis has 
declined[69,70]. The increase in the risk of cardiovascular complications (e.g., stroke, coronary heart 
disease) and breast cancer have led to a decrease in the use of hormone therapy[71,74].
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Table 1 Pharmaceutical management of osteoporosis and efficacy

Drug Dosing Efficacy Adverse effects

Bisphosphonates

Alendronate 10 mg daily, PO; 70 
mg weekly, PO

RR of 0.55 in postmenopausal women compared to placebo

Ibandronate 2.5 mg daily, PO; 
150 mg monthly, 
PO; 3 mg every 3 
mo, IV

RR between 0.50 and 0.62 in postmenopausal women 
compared to placebo

Risedronate 5 mg daily, PO; 35 
mg weekly, PO; 150 
mg monthly, PO

RR of 0.64 in postmenopausal women compared to placebo

Zoledronate 5 mg annually, IV 7% increase in spine BMD; RR of 0.23 in postmenopausal 
women compared to placebo

Esophageal irritation; Dyspepsia; Acute phase 
reaction; Atrial fibrillation; Musculoskeletal pain; 
Renal toxicity; Atypical fracture; Osteonecrosis of 
the jaw

Rankl inhibitors

Denosumab 60 mg every 6 mo, 
SQ

68% decrease in incidence of radiographic vertebral fractures; 
9.2% increase in lumbar spine BMD

Fatigue; Weakness; Diarrhea; Hypophosphatemia

Hormones

Raloxifene 
(SERM)

60 mg daily, PO; 120 
mg daily, PO

RR of 0.65 in postmenopausal women compared to placebo (60 
mg); RR of 0.54 in postmenopausal women compared to 
placebo (120 mg); 2.6% increase in lumbar spine BMD (60 mg); 
2.5% in lumbar spine BMD (120 mg)

Flu syndrome; Vasodilation; Endometrial cavity 
fluid; Peripheral edema

Teriparatide 
(PTH)

20 microg daily, SQ; 
40 microg daily, SQ

65% decrease in fracture risk (20 microg); 69% decrease in 
fracture risk (40 microg); 9% increase in lumbar spine BMD (20 
microg); 13% increase in lumbar spine BMD (40 microg)

Nausea; Headache; Dizziness; Leg cramps

Calcitonin 
(TH)

200 mg daily, IN 33% decrease in fracture risk; 1%-1.5% increase in lumbar 
spine BMD 

Epistaxis; Rhinitis; Ulceration of nasal mucosa; 
Hypocalcemia

Supplementations

Vitamin D 400 IU daily, PO 

Calcium 1500 mg daily, PO

15% decrease in fracture risk -

PO: Orally; RR: Relative risk; IV: Intravenous; BMD: ; SQ: Subcutaneous; IN: Intranasal; SERM: Selective estrogen receptor modulators; PTH: Parathyroid 
hormone; TH: Thyroid hormone; IU: International unit.

Supplementation can also have a positive impact on bone health. Postmenopausal osteoporotic 
women should receive 1500 mg of calcium and 400 IU of vitamin D daily[29]. Calcium plus vitamin D 
supplementation has been shown to significantly reduce the risk of fractures by 15%[18]. Exercise and 
physical therapy can also strengthen bones to prevent fractures. Strengthening the spinal extensor 
muscles can increase bone density and decrease the risk of VCFs[75]. Additional lifestyle modifications 
can also be implemented to reduce the risk of vertebral fractures. For example, patients should be 
advised to quit smoking and consume less alcohol (< 3 drinks/d) to decrease their risk for osteoporotic 
vertebral fractures[28]. Table 1 summarizes the different pharmaceutical managements of osteoporosis 
and their efficacy; different medications have different routes of administration (PO = orally, IV = 
intravenous, SQ = subcutaneous, IN = intranasal) and different effects on the relative risk of fracture 
(RR). It is important to note that certain side effects, such as renal toxicity and atypical fracture are 
extremely rare, as depicted by the asterisk.

CONCLUSION
Osteoporosis is a chronic disease with a great clinical impact on the increasing geriatric population and 
OVCFs are seen most frequently. Therefore, it is essential to understand the manifestation and treatment 
of these conditions. Steps for diagnosis and treatment of OVCFs can follow these recommendations: (1) 
Obtain diagnostic imaging (X-ray, MRI, or CT) and DEXA scan; (2) Pain management: (a) Mild: 
Acetaminophen or NSAIDs; and (b) Moderate to severe: Opioids and/or calcitonin; (3) Osteoporosis 
management: (a) First-line: bisphosphonates (e.g., alendronate, risedronate, etc.) or denosumab; (b) 
Second-line: hormonal therapy (e.g., calcitonin, raloxifene, teriparatide, etc.); and (c) Supplements: 
Vitamin D and calcium; (4) Vertebral augmentation (if refractory to above): Vertebroplasty, or 
Kyphoplasty; and (5) Posterior decompression and fixation or Anterior decompression and 
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Figure 3 Kyphoplasty. A: Kyphoplasty involves inserting a balloon into the vertebral body with compression fractures; B: Kyphoplasty involves inflating a balloon 
to reduce the fractures and injecting cement into the cavity to fix the fractures.

reconstruction may be required if neurological deficits are present.
This narrative review summarized the current literature surrounding OVCFs and serves as a 

guideline for managing these fractures. The detailed pathogenesis and related targeted treatment 
options still need to be developed for better clinical outcomes.
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