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ACR Appropriateness Criteria® 1 Vertebral Compression Fractures 

American College of Radiology 
ACR Appropriateness Criteria® 

Management of Vertebral Compression Fractures 

Variant 1: New symptomatic vertebral compression fracture (VCF) identified on radiographs. No known 
malignancy. Next imaging study. 

Procedure Appropriateness Category 

MRI spine area of interest without IV contrast Usually Appropriate 

CT spine area of interest without IV contrast Usually Appropriate 

Bone scan whole body May Be Appropriate 

SPECT or SPECT/CT spine area of interest May Be Appropriate 

CT spine area of interest with IV contrast Usually Not Appropriate 

CT spine area of interest without and with IV contrast Usually Not Appropriate 

MRI spine area of interest with IV contrast Usually Not Appropriate 

MRI spine area of interest without and with IV contrast Usually Not Appropriate 

CT myelography spine area of interest Usually Not Appropriate 

FDG-PET/CT skull base to mid-thigh Usually Not Appropriate 

Variant 2: New symptomatic VCF identified on radiographs. History of malignancy. Next imaging study. 

Procedure Appropriateness Category 

MRI spine area of interest without and with IV contrast Usually Appropriate 

CT spine area of interest without IV contrast Usually Appropriate 

MRI spine area of interest without IV contrast Usually Appropriate 

FDG-PET/CT skull base to mid-thigh May Be Appropriate 

Bone scan whole body May Be Appropriate 

Image-guided biopsy spine area of interest May Be Appropriate 

MRI spine area of interest with IV contrast May Be Appropriate (Disagreement) 

SPECT or SPECT/CT spine area of interest May Be Appropriate 

CT myelography spine area of interest May Be Appropriate 

CT spine area of interest with IV contrast Usually Not Appropriate 

CT spine area of interest without and with IV contrast Usually Not Appropriate 
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Variant 3: New back pain. Previously treated VCF or multiple VCFs. Initial Imaging. 

Procedure Appropriateness Category 

CT spine area of interest without IV contrast Usually Appropriate 

MRI spine area of interest without IV contrast Usually Appropriate 

MRI spine area of interest without and with IV contrast May Be Appropriate 

Bone scan whole body May Be Appropriate 

FDG-PET/CT skull base to mid-thigh May Be Appropriate 

SPECT or SPECT/CT spine area of interest May Be Appropriate 

CT myelography spine area of interest Usually Not Appropriate 

CT spine area of interest with IV contrast Usually Not Appropriate 

CT spine area of interest without and with IV contrast Usually Not Appropriate 

MRI spine area of interest with IV contrast Usually Not Appropriate 

Variant 4: Asymptomatic VCF identified on radiographs. History of malignancy. Next imaging study. 

Procedure Appropriateness Category 

MRI spine area of interest without and with IV contrast Usually Appropriate 

CT spine area of interest without IV contrast Usually Appropriate 

MRI spine area of interest without IV contrast Usually Appropriate 

Bone scan whole body May Be Appropriate 

FDG-PET/CT skull base to mid-thigh May Be Appropriate 

Image-guided biopsy spine area of interest May Be Appropriate 

SPECT or SPECT/CT spine area of interest May Be Appropriate 

CT myelography spine area of interest Usually Not Appropriate 

CT spine area of interest with IV contrast Usually Not Appropriate 

CT spine area of interest without and with IV contrast Usually Not Appropriate 

MRI spine area of interest with IV contrast Usually Not Appropriate 

Variant 5: Asymptomatic, osteoporotic VCF. Initial treatment. 

Procedure Appropriateness Category 

Medical management only Usually Appropriate 

Percutaneous vertebral augmentation Usually Not Appropriate 

Surgical consultation Usually Not Appropriate 

Percutaneous ablation spine Usually Not Appropriate 

Radiation oncology consultation Usually Not Appropriate 
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Variant 6: Symptomatic osteoporotic VCF with bone marrow edema or intravertebral cleft. Initial 
treatment. 

Procedure Appropriateness Category 

Medical management only Usually Appropriate 

Percutaneous vertebral augmentation Usually Appropriate 

Surgical consultation May Be Appropriate 

Percutaneous ablation spine Usually Not Appropriate 

Radiation oncology consultation Usually Not Appropriate 

Systemic radionuclide therapy Usually Not Appropriate 

Variant 7: New symptomatic VCF. History of prior vertebroplasty or surgery. Initial treatment. 

Procedure Appropriateness Category 

Percutaneous vertebral augmentation Usually Appropriate 

Medical management only Usually Appropriate 

Surgical consultation May Be Appropriate 

Percutaneous ablation spine Usually Not Appropriate 

Radiation oncology consultation Usually Not Appropriate 

Systemic radionuclide therapy Usually Not Appropriate 

Variant 8: Benign VCF with worsening pain, deformity, or pulmonary dysfunction. Initial treatment. 

Procedure Appropriateness Category 

Percutaneous vertebral augmentation Usually Appropriate 

Surgical consultation Usually Appropriate 

Medical management only May Be Appropriate 

Percutaneous ablation spine Usually Not Appropriate 

Radiation oncology consultation Usually Not Appropriate 

Systemic radionuclide therapy Usually Not Appropriate 

Variant 9: Pathological VCF with ongoing or increasing mechanical pain. Initial treatment. 

Procedure Appropriateness Category 

Radiation oncology consultation Usually Appropriate 

Surgical consultation Usually Appropriate 

Percutaneous ablation spine Usually Appropriate 

Percutaneous vertebral augmentation Usually Appropriate 

Medical management only May Be Appropriate 

Systemic radionuclide therapy May Be Appropriate 
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Summary of Literature Review 

Introduction/Background 
Vertebral compression fractures (VCFs) can be caused by benign clinical conditions such as osteoporosis, metabolic 
disorders, congenital disorders, infections, and acute trauma or neoplasms. Neoplasms may incorporate 
primary/secondary bone tumors and myeloma. Painful VCFs may cause a marked decline in physical activity and 
quality of life, leading to general physical deconditioning with increased psychological distress. This physical 
deconditioning, in turn, may prompt further complications related to poor inspiratory effort (ie, atelectasis and 
pneumonia) [1] and venous stasis (ie, deep venous thrombosis and pulmonary embolism) [2]. Successful and timely 
management of painful VCFs can improve quality of life, increase the likelihood of an independent and productive 
life, and prevent superimposed medical complications. 

This document addresses the management of both osteoporotic and pathologic VCFs. 

Comprehensive medical management involves appropriate osteoporosis screening and follow-up treatment (see the 
ACR Appropriateness Criteria® topic on “Osteoporosis and Bone Mineral Density” [3]). The postmenopausal 
female population is most at risk for developing osteoporotic fractures of any type, and VCFs comprise 25% of 
osteoporotic fractures [4-6]. However, there is also an increased incidence of osteoporosis-related fragility fractures 
in males [7], with a lack of widespread awareness of the risk of osteoporosis in men currently comparable to that of 
osteoporosis in women 30 years ago [8]. In the setting of “red flags” (see Appendix 1), the initial evaluation of a 
painful VCF includes assessing any neurologic deficits and evaluating mechanical versus radicular pain. 
Subsequently, imaging of the affected spinal segment is performed to characterize the fracture and to determine the 
extent of disease. In a meta-analysis of more than 2 million patients, those with osteoporotic VCFs who underwent 
vertebral augmentation (VA) were 22% less likely to die at up to 10 years after treatment than those who received 
nonsurgical treatment [9]. Hirsch et al [10] analyzed the Medicare database for the number needed to treat to save 
one life at 1 year and up to 5 years after VA and showed that VA conferred a significant mortality benefit over 
nonsurgical management with the adjusted number needed to treat to save one life for nonsurgical management 
versus kyphoplasty ranged from 14.8 at year 1 to 11.9 at year 5. The adjusted number needed to treat for nonsurgical 
management versus vertebroplasty (VP) ranged from 22.8 at year 1 to 23.8 at year 5. 

Neoplasms causing VCFs include 1) primary benign bone neoplasms, such as hemangioma (aggressive type) or 
giant cell tumors [11], and tumor-like conditions causing bony and cellular remodeling, such as aneurysmal bone 
cysts, or Paget disease (osteitis deformans); 2) primary malignant neoplasms including but not limited to multiple 
myeloma and lymphoma; and 3) metastatic neoplasms [2,12,13]. Because the literature has focused predominantly 

 
aThomas Jefferson University Hospital, Philadelphia, Pennsylvania. bResearch Author, Washington University, Saint Louis, Missouri. cMallinckrodt Institute 
of Radiology Washington University School of Medicine, Saint Louis, Missouri. dFroedtert & The Medical College of Wisconsin, Milwaukee, Wisconsin. 
ePanel Chair, University of Utah, Salt Lake City, Utah. fPanel Chair, University of Wisconsin, Madison, Wisconsin. gPanel Chair, Mayo Clinic, Jacksonville, 
Florida. hPanel Vice-Chair, Duke University Medical Center, Durham, North Carolina. iPanel Vice-Chair, Wake Forest University School of Medicine, 
Winston Salem, North Carolina. jPanel Vice-Chair, Mallinckrodt Institute of Radiology, Saint Louis, Missouri. kDeaconess Hospital, Evansville, Indiana; 
American College of Emergency Physicians. lUniversity of Washington School of Medicine, Seattle, Washington; Commission on Radiation Oncology. 
mBrigham & Women's Hospital & Harvard Medical School, Boston, Massachusetts; American Association of Neurological Surgeons/Congress of Neurological 
Surgeons. nBrigham & Women's Hospital, Boston, Massachusetts; Committee on Emergency Radiology-GSER. oMedical University of South Carolina, 
Charleston, South Carolina; North American Spine Society. pSunnybrook Health Sciences Centre, Toronto, Ontario, Canada; Commission on Radiation 
Oncology. qMayo Clinic, Jacksonville, Florida; Commission on Nuclear Medicine and Molecular Imaging. rMallinckrodt Institute of Radiology, Saint Louis, 
Missouri, Primary care physician. sSpecialty Chair, University of Kentucky, Lexington, Kentucky. tSpecialty Chair, University of Michigan, Ann Arbor, 
Michigan. uSpecialty Chair, Montefiore Medical Center, Bronx, New York. 
 The American College of Radiology seeks and encourages collaboration with other organizations on the development of the ACR Appropriateness 
Criteria through representation of such organizations on expert panels. Participation on the expert panel does not necessarily imply endorsement of the final 
document by individual contributors or their respective organization. 
 Reprint requests to: publications@acr.org 

https://acsearch.acr.org/docs/69358/Narrative/
mailto:publications@acr.org


ACR Appropriateness Criteria® 5 Vertebral Compression Fractures 

on VCFs due to metastatic disease, this document focuses on the management of pathological VCFs secondary to 
metastatic disease. However, it should be noted that treatment can vary depending on tumor type. 

VCFs secondary to underlying malignant or metastatic disease can result in skeletal-related events, including bone 
pain, pathologic vertebral fractures, and epidural spinal cord compression. The pathologic vertebral fractures may 
also have associated mechanical instability. The Spine Oncology Study Group (SOSG) has developed the Spinal 
Instability Neoplastic Score (SINS) to evaluate spinal stability. One of the categories within SINS is the presence 
of a pathologic VCF. The rating is a composite of clinical and radiographic data, including location, pain, bone 
quality, alignment, vertebral body collapse, and posterolateral involvement. The affected spinal segment can be 
classified as stable (0–6), potentially unstable (7–12), and unstable (13–18). The SINS is routinely used by 
oncologic spine surgeons and spine radiation oncologists and has excellent interobserver and intraobserver 
reliability [14]. SINS has also been shown in clinical studies to be a tool enabling the prediction of VCF or the 
progression of an existing VCF postradiation [15]. A radiographic grading system for metastatic epidural spinal 
cord compression developed by the SOSG can also be used to guide management [16]. 

Special Treatment Considerations 
VA is a generic term that includes percutaneous VP, balloon-assisted kyphoplasty (BK) [2], and other implantable 
methods of VA [17-20]. These procedures, the majority of which are described in the lumbar and thoracic spine, 
are used for the palliation of pain related to VCFs and have been shown to be effective compared to medical 
management [13,21-23]. 

Many studies have compared VP to BK [24-30] and the appropriate timing of VA [21-23,31-34]. A thorough 
description of the indications and contraindications to VA is detailed in the ACR–ASNR–ASSR–SIR–SNIS 
Practice Parameter for the Performance of Vertebral Augmentation [35]. Because the clinical outcome studies show 
essentially the same benefit of BK as VP for patient pain relief and mobility and similar complication rates, a 
multisociety panel of spine interventionalist holds the position that BK or VP may be considered to be useful and 
generally interchangeable techniques for the performance of VA. The panel recognizes that selection of VP or BK 
may be related to additional factors, such as the degree of compression deformity, the age of fracture, and the 
presence of neoplastic involvement [36]. 

Minimally invasive percutaneous image-guided techniques for treating spine tumors include newer technologies, 
such as radiofrequency ablation (RFA) [37], cryoablation, microwave ablation, alcohol ablation, and laser 
photocoagulation. These modalities provide an alternative or adjunct therapeutic option for treating spinal tumors 
beyond medical pain management, surgery, radiation therapy (RT), and standard VA. Curative ablation can be 
applied to treat specific benign or selected cases of malignant oligometastatic spinal tumors. Pain palliation of 
primary and secondary bone tumors is also possible with ablation (chemical, thermal, mechanical), cavitation 
(radiofrequency ionization), and consolidation (VP, BK) techniques performed separately or in combination. 

Discussion of Procedures by Variant 
Variant 1: New symptomatic vertebral compression fracture (VCF) identified on radiographs. No known 
malignancy. Next imaging study. 
The body regions covered in this clinical scenario are the cervical, thoracic, and lumbar spine. These body regions 
might be evaluated separately or in combination as guided by physical examination findings, patient history, and 
other available information, including prior imaging. 

For some authors, focal tenderness upon palpation in correlation with radiographs of the vertebral column is a 
satisfactory indication for intervention. However, spine radiographs are often nonspecific with respect to the acuity 
or cause of the vertebral fracture [38]. 

CT Spine Area of Interest 
CT provides osseous details of axial spine fractures before VA [12,39]. CT permits evaluation of vertebral body 
height, architecture, and integrity of the posterior cortex and pedicles before VA, which is critical in patients with 
cortical disruption, posterior cortex osseous retropulsion, and spinal canal compression. Comparison to prior 
imaging is helpful to determine acuity. Dual-energy CT may show bone marrow edema with reasonably high 
sensitivity and specificity [40,41] and good concordance to MRI in thoracolumbar VCFs [42]. Intravenous (IV) 
contrast does not provide additional value in this clinical scenario. 

https://www.acr.org/-/media/ACR/Files/Practice-Parameters/VerebralAug.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/VerebralAug.pdf
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CT Myelography Spine Area of Interest 
CT myelography is not routinely used for evaluating benign VCFs unless the patient has a neurologic deficit with 
suspected spinal canal compression. 

MRI Spine Area of Interest 
MRI may provide valuable information to determine the need for intervention and procedural guidance. The benefits 
of MRI for preprocedural planning have been reported [43-45]. Minimally deforming fractures that may not be well 
seen on conventional radiographs may be better detected on preprocedure MRI, mainly if the imaging evaluation is 
>3 months since the suspected injury or if there is a change in symptoms from the initial workup [43,46]. Fluid-
sensitive MRI sequences (short tau inversion recovery or fat-saturated T2-weighted imaging) help detect and 
differentiate acute/subacute versus chronic fractures, identifying fracture clefts, and differentiating synchronous 
fractures [46,47]. MRI is also valuable for distinguishing recent from chronic vertebral fractures in patients with 
multiple vertebral fractures and diffuse back pain, which can at times confound the clinical examination [48,49]. 
However, vertebral body edema is not a precise measure of compression fracture age because the duration after an 
osteoporotic compression fracture is often not known with certainty. Bone marrow edema typically resolves within 
1 to 3 months [50,51]. IV contrast is not useful because it does not add information in the setting of recent 
osteoporotic VCF. 

Bone Scan Whole Body 
Tc-99m whole-body bone scan (bone scintigraphy) may be helpful to determine the painful vertebrae [52], 
particularly the causative level [53,54]. Bone scan and MRI have higher concordance with single-level fractures 
compared with multiple level involvements [55]. When more than one area of increased activity is detected, bone 
scans may overestimate the number of acute fractures. As such, multiple regions of radiotracer accumulation should 
be interpreted cautiously [56]. The utilization of bone scans may be based on institutional preference. 

SPECT or SPECT/CT Spine Area of Interest 
Single-photon emission computed tomography (SPECT) coupled with CT provides complementary information 
because sites of abnormal radiopharmaceutical uptake on the spine are of interest. SPECT images can be 
anatomically localized on the CT, and anatomic abnormalities on CT images can draw attention to subtle areas of 
SPECT tracer uptake. SPECT/CT has been shown to localize abnormalities in the vertebra more precisely compared 
with SPECT imaging alone, particularly in complicated cases, such as multiple collapsed vertebrae of different ages 
[57]. Studies have demonstrated a 63% to 80% agreement between SPECT/CT and MRI in detecting acute VCF 
[58,59]. Li et al [60] found that SPECT/CT is useful for imaging diagnosis of acute fractures in their study of 46 
patients. 

FDG-PET/CT Skull Base to Mid-Thigh 
PET using the tracer fluorine-18-2-fluoro-2-deoxy-D-glucose (FDG) combined with morphologic CT imaging can 
noninvasively localize metabolic activity in areas of spinal infection [61-63]. Vertebral osteomyelitis may present 
as a compression fracture [64] and may be difficult to distinguish from noninfectious, osteoporotic VCF. Vertebral 
osteomyelitis may be considered in the setting of severe back pain, persistent unexplained fever, elevated 
inflammatory markers (ie, erythrocyte sedimentation rate), or bacteremia without a known extravertebral focus of 
infection, particularly if the patient is immunocompromised. Importantly, acute benign VCFs can be a source of 
false positive findings due to increased FDG uptake in the acute phase; however, the increased activity should return 
to normal in 3 months from the fracture date. If there is a failure of increased PET FDG activity in a VCF to return 
to normal by 3 months, clinical suspicion for malignancy or infection should remain high [65]. 

Variant 2: New symptomatic VCF identified on radiographs. History of malignancy. Next imaging study. 
The body regions covered in this clinical scenario are the cervical, thoracic, and lumbar spine. These body regions 
might be evaluated separately or in combination, guided by physical examination findings, patient history, and other 
available information, including prior imaging. 

For some authors, focal tenderness upon palpation in correlation with radiographs of the vertebral column is a 
satisfactory indication for intervention. However, spine radiographs are often nonspecific with respect to the acuity 
or cause of the vertebral fracture [38]. 

CT Spine Area of Interest 
CT provides osseous details of axial spine fractures before VA [12,39]. CT permits evaluation of vertebral body 
height, architecture, and integrity of the posterior cortex and pedicles before VA, which is critical in patients with 
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cortical disruption, posterior cortex osseous retropulsion, epidural extension, and spinal canal compression. 
Comparison to prior imaging is helpful to determine acuity. The presence of lobulated paraspinal masses with 
involvement of both vertebral body and posterior elements at the same time favors malignant involvement [66]. 
Dual-energy CT may show bone marrow edema with reasonably high sensitivity and specificity [40,41] and good 
concordance to MRI in thoracolumbar VCFs [42]. The presence of intravertebral vacuum phenomenon favors a 
benign etiology [67]. IV contrast does not provide additional value in this clinical scenario. 

CT Myelography Spine Area of Interest 
CT myelography of the spine may be useful in patients in this clinical scenario because it can delineate the degree 
of thecal sac compression. Myelography is also obtained in patients with previous metal hardware to evaluate 
epidural disease and to accurately delineate the spinal cord for preirradiation treatment planning. 

MRI Spine Area of Interest 
MRI may provide valuable information to differentiate malignant from benign VCFs. Neoplastic VCFs often have 
a total replacement of the normally high T1 bone marrow signal intensity, resulting in diffuse homogeneous low 
signal intensity. In osteoporosis, the underlying mechanism leading to fracture is the loss of bone mineral density 
with preservation of the marrow [68]. Abnormal marrow signal involving the pedicles or other posterior elements 
is a strong indicator of malignancy in VCFs because tumor spread to the posterior elements typically occurs before 
tumor-associated structural instability leads to fracture within the vertebral body [65,69]. Although osteoporotic 
fractures can also have edema in the pedicles related to stress reaction, they infrequently have signal change in the 
posterior elements [65,69]. Abnormal epidural or paravertebral soft tissue is another imaging finding suggesting a 
pathologic VCF with convex retropulsion of the posterior cortex [70]. A bilobed appearance in the ventral extradural 
space is more commonly seen in neoplastic disease, as opposed to nonneoplastic disease, in which there is 
preservation of the strong attachment of the central sagittal septum [71]. Fluid-sensitive MRI sequences (short tau 
inversion recovery or fat-saturated T2-weighted imaging) can help detect fracture clefts and identify synchronous 
fractures [46,47]. IV contrast may yield beneficial information with increased homogenous and heterogenous 
enhancement patterns seen more in neoplastic fractures with or without associated enhancing paraspinal soft tissues. 
Enhancement involving the posterior elements raises the suspicion for malignancy further [66]. Diffusion and 
perfusion imaging are also used to help differentiate benign from malignant compression fractures with low 
apparent diffusion coefficient values and increased perfusion parameters, suggesting neoplastic over benign 
involvement [66]. 

Bone Scan Whole Body 
Tc-99m whole-body bone scan (bone scintigraphy) may be helpful to determine the painful vertebrae [52] and also 
to evaluate other areas of metastases because of complete skeletal coverage, especially in a patient with a history of 
malignancy [53,54,58]. Bone scan and MRI have higher concordance with single-level fractures compared with 
multiple-level involvement [55]. When more than one area of increased activity is detected, bone scans may 
overestimate the number of acute fractures. As such, multiple regions of radiotracer accumulation should be 
interpreted cautiously [56]. Osteosclerotic bone metastases can be detected on bone scintigraphy up to 18 months 
earlier than on radiographs [72]. The utilization of bone scans may be based on institutional preference. 

SPECT or SPECT/CT Spine Area of Interest 
SPECT coupled with CT provides complementary information because sites of abnormal radiopharmaceutical 
uptake on the spine are of interest. SPECT images can be anatomically localized on the CT, and anatomic 
abnormalities on CT images can draw attention to subtle areas of SPECT tracer uptake. SPECT/CT has been shown 
to localize abnormalities in the vertebra more precisely compared to SPECT imaging alone, particularly in 
complicated cases, such as multiple collapsed vertebrae of different ages [57]. Studies have demonstrated a 63% to 
80% agreement between SPECT/CT and MRI in detecting acute VCF [58,59]. Bone SPECT/CT can also gauge 
successful treatment response after VA and adds valuable information for the cause of back pain. [59]. 

FDG-PET/CT Skull Base to Mid-Thigh 
FDG-PET combined with morphologic CT imaging can noninvasively localize metabolic activity in areas of spinal 
neoplastic involvement and can differentiate between benign and malignant VCFs, with the caveat that acute 
osteoporotic fractures can also have a high standardized uptake value on PET/CT imaging. A meta-analysis by Kim 
et al [73] showed high sensitivity and moderate specificity for the use of FDG-PET/CT to differentiate benign from 
malignant compression fractures. In a patient with a history of malignancy, PET/CT is routinely included in the 
paradigm of metastatic disease evaluation workup [61]. Vertebral osteomyelitis may present as a compression 
fracture [64] and may be difficult to distinguish from noninfectious, osteoporotic VCF. Other potential radiotracers 
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have been described for the early detection of marrow-based metastases, such as 18F-NaF PET/CT, which indicates 
areas of increased bone turnover and is generally used in the assessment of primary and secondary osseous 
malignancies, the evaluation of response to treatment, and the clarification of abnormalities on other imaging 
modalities or clinical data. However, 18F-NaF PET/CT is a highly sensitive method in evaluating bone metastases 
(eg, prostate cancer). Still, it can be problematic because of low specificity because the tracer accumulates in 
degenerative and inflammatory bone diseases. 18F-fluorocholine may be able to differentiate between degenerative 
and malignant osseous abnormalities because degenerative changes are not choline-avid [74]. Prostate-specific 
membrane antigen (PSMA)-PET imaging has been approved by the FDA in patients with prostate cancer with 
radioactive agent binding to prostatic cancer cells. 

Image-Guided Biopsy Spine Area of Interest 
Percutaneous biopsy is performed to verify the etiology of VCF, especially if imaging findings are equivocal or the 
fractured vertebra is the only site of involvement in a patient with known malignancy. Biopsy has been shown to 
confirm clinical suspicion of neoplastic involvement and also aids in directing future treatment planning [75]. 

Variant 3: New back pain. Previously treated VCF or multiple VCFs. Initial Imaging. 
The body regions covered in this clinical scenario are the cervical, thoracic, and lumbar spine. These body regions 
might be evaluated separately or in combination, guided by physical examination findings, patient history, and other 
available information, including prior imaging. 

CT Spine Area of Interest 
CT provides osseous details of axial spine fractures prior to VA [12,39]. CT permits evaluation of vertebral body 
height, architecture, and integrity of the posterior cortex and pedicles before VA, which is critical in patients with 
cortical disruption, posterior cortex osseous retropulsion, epidural extension, and spinal canal compression. CT is 
also the optimal modality to identify cement leakage in paraspinal, epidural, intravascular, or adjacent discal regions 
[76,77]. CT also depicts the development of adjacent level fracture in a patient with recent augmentation and new 
back pain [78]. CT is also useful to evaluate the cause of new pain in patients with surgical intervention with 
hardware placement. This modality can evaluate a patient with new back pain after undergoing treatment of single- 
or multiple-level VCFs. 

CT Myelography Spine Area of Interest 
CT myelography is not routinely used for evaluating benign VCFs unless the patient has a neurologic deficit with 
suspected spinal canal compression. This modality can also be helpful in patients who have surgical hardware from 
prior spinal surgical intervention to evaluate the spinal canal at the involved level. 

MRI Spine Area of Interest 
Fluid-sensitive MRI sequences (short tau inversion recovery or fat-saturated T2-weighted imaging) help detect new 
acute adjacent level fractures after VCF treatment. MRI can also show the presence of procedure-related 
complications that can result in new pain in a treated patient, including epidural or paraspinal hematomas, infection 
in or around the treated level(s), spinal canal compression, and cord injury/ischemia [79]. A cerebrospinal fluid leak 
or pseudomeningocele formation is also well depicted with MRI [80]. IV contrast can add information in a 
posttreatment scan, especially to evaluate for any infection/inflammation in or adjacent to the spinal canal but it 
should be noted that sometimes a rind of enhancement maybe seen around the bone cement in treated vertebra due 
to reactionary changes and mild inflammatory response induced by polymethylmethacrylate. 

Bone Scan Whole Body 
Tc-99m whole-body bone scan (bone scintigraphy) may be helpful to determine the painful vertebrae [52], 
particularly the causative level [53,54]. Bone scan and MRI have higher concordance with single-level fractures 
compared with multiple-level involvement [55]. When more than one area of increased activity is detected, bone 
scans may overestimate the number of acute fractures. As such, multiple regions of radiotracer accumulation should 
be interpreted cautiously [56]. The utilization of bone scans may be based on institutional preference. 

SPECT or SPECT/CT Spine Area of Interest 
SPECT coupled with CT provides complementary information because sites of abnormal radiopharmaceutical 
uptake on the spine are of interest. SPECT images can be anatomically localized on the CT, and anatomic 
abnormalities on CT images can draw attention to subtle areas of SPECT tracer uptake. SPECT/CT has been shown 
to localize abnormalities in the vertebra more precisely compared with SPECT imaging alone, particularly in 
complicated cases, such as multiple collapsed vertebrae of different ages [57]. Studies have demonstrated a 63% to 
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80% agreement between SPECT/CT and MRI in detecting acute VCF [58,59]. SPECT/CT may be useful for 
imaging diagnosis of acute fractures [60]. 

FDG-PET/CT Skull Base to Mid-Thigh 
In the postprocedure setting, new pain may be due to infection. FDG-PET combined with morphologic CT imaging 
can noninvasively localize metabolic activity in areas of spinal infection. Studies on the diagnosis of vertebral 
osteomyelitis reported a sensitivity and specificity of 83% and 88% for FDG-PET/CT [61-63]. Vertebral 
osteomyelitis may present as a compression fracture [64] and may be difficult to distinguish from noninfectious, 
osteoporotic VCF. Vertebral osteomyelitis may be considered in the setting of severe back pain, persistent 
unexplained fever, elevated inflammatory markers (ie, erythrocyte sedimentation rate), or bacteremia without a 
known extravertebral focus of infection, particularly if the patient is immunocompromised. 

Variant 4: Asymptomatic VCF identified on radiographs. History of malignancy. Next imaging study. 
The body regions covered in this clinical scenario are the cervical, thoracic, and lumbar spine. These body regions 
might be evaluated separately or in combination, guided by physical examination findings, patient history, and other 
available information, including prior imaging. 

Algorithms for patient selection and VCF management have been proposed by multidisciplinary groups that include 
oncology, surgery, and interventional radiology, based on evidence and expert opinion for managing metastatic 
spinal disease [81]. Medical therapy, including bisphosphonates for osteoclast inhibition [82-84] and osteoclast 
regulating agents [85-87], can be used to prevent skeletal-related events. 

The SOSG has developed the SINS to evaluate spinal stability in patients with metastatic spinal disease, and the 
presence of VCF is within the SINS classification system. The rating is a composite of clinical and radiographic 
data that include location, pain, bone quality, alignment, presence and degree of VCF, and posterolateral 
involvement. The affected spinal segment can be classified as stable (0–6), potentially unstable (7–12), and unstable 
(13–18). The SINS is routinely used by oncologic spine surgeons and spine radiation oncologists and has excellent 
interobserver and intraobserver reliability [14]. A radiographic grading system for metastatic epidural spinal cord 
compression developed by the SOSG can also be used to guide management [16]. 

CT Spine Area of Interest 
CT provides osseous details of axial spine fractures before VA [12,39]. CT permits evaluation of vertebral body 
height, architecture, and integrity of the posterior cortex and pedicles before VA, which is critical in patients with 
cortical disruption, posterior cortex osseous retropulsion, epidural extension, and spinal canal compression [12,39]. 
Comparison to prior imaging is helpful to determine acuity. The presence of lobulated paraspinal masses with 
involvement of both vertebral body and posterior elements at the same time favors malignant involvement [66]. CT 
is fast and can be used to evaluate a patient with new back pain after undergoing single- or multiple-level VCFs. 
Dual-energy CT may show bone marrow edema with reasonably high sensitivity and specificity [40,41] and good 
concordance to MRI in thoracolumbar VCFs [42]. Performing contrast-enhanced CT does not add much to the 
information already available. 

MRI Spine Area of Interest 
MRI can provide valuable information in the assessment of VCFs in patients with a history of malignancy or atypical 
clinical features. In addition to detecting metastases localized entirely in the bone marrow cavity, MRI can be used 
to differentiate benign from malignant fractures, because osteoporotic VCFs can occur in patients with malignancy 
[66,67,70,88,89]. MRI allows assessment of the degree of thecal sac or spinal cord compression, epidural tumor 
extension [16], paraspinal tumor extension, presence of other lesions, and lesion vascularity. Intraosseous disease 
is best delineated on noncontrast MRI sequences (T1-weighted and short tau inversion recovery). Contrast-
enhanced MRI is helpful to delineate epidural, foraminal, paraspinal, and intrathecal disease extension, including 
intramedullary disease, compared to sequences without contrast. It is most beneficial to compare precontrast and 
postcontrast MRI sequences. With tumor involvement, marrow edema may be difficult to detect on conventional 
MRI sequences [90]. Diffusion-weighted [88] and MR perfusion techniques [91] may be helpful tools to 
differentiate benign from pathological fractures and new metastasis from previously treated lesions despite a similar 
appearance on conventional MRI [92]. MRI is also important for further treatment planning, such as VA, 
percutaneous ablation, RT (stereotactic body RT [SBRT] or conventional palliative radiation), or systemic 
chemotherapy [93-96]. 
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CT Myelography Spine Area of Interest 
Myelography of the spine may be obtained especially to detect epidural tumor extension and spinal cord 
compression. This modality can also be helpful in patients who have surgical hardware from prior spinal surgical 
intervention to evaluate the spinal canal at the involved level. 

Bone Scan Whole Body 
Tc-99m bone scan (bone scintigraphy) of the whole body is often used for initial detection of metastases as well as 
the staging of patients with cancer. Hot uptake on a bone scan can persist for 2 years after the fracture [97] and 
hence is hard to differentiate a subacute from chronic fracture. In patients with osteoporosis, bone scan can show 
additional fractures in the skeleton and also can be helpful in distinguishing the cause of back pain among fracture, 
facet joint arthritis, and disc degenerative lesions and can be of help to triage appropriate treatment [98]. Bone scans 
may be performed based on institutional preference. 

SPECT or SPECT/CT Spine Area of Interest 
SPECT/CT has been shown to precisely localize abnormalities in the vertebra, particularly in complicated cases, 
such as multiple collapsed vertebrae of different ages [57]. However, MRI has a greater sensitivity and specificity 
for metastasis in specific spine locations [99] and for certain primaries, such as prostate cancer [100]. 

FDG-PET/CT Skull Base to Mid-Thigh 
FDG-PET/CT may demonstrate localized metabolic activity in a neoplastic VCF and in areas of spinal infection 
[61-63]. MRI features coupled with clinical symptoms may help discern the etiology of a VCF with increased FDG 
uptake [101]. A meta-analysis study showed high sensitivity and moderate specificity for FDG-PET/CT to 
differentiate malignant versus benign VCFs [73]. Other potential radiotracers have been described for the early 
detection of marrow-based metastases, such as 18F-NaF PET/CT, which indicates areas of increased bone turnover 
and is generally used in the assessment of primary and secondary osseous malignancies, the evaluation of response 
to treatment, and the clarification of abnormalities on other imaging modalities or clinical data. However, 18F-NaF 
PET/CT is a highly sensitive method in evaluating bone metastases (eg, prostate cancer). Still, it can be problematic 
because of low specificity because the tracer accumulates in degenerative and inflammatory bone diseases. 18F-
fluorocholine may be able to differentiate between degenerative and malignant osseous abnormalities because 
degenerative changes are not choline-avid [74]. 

Image-Guided Biopsy Spine Area of Interest 
If the imaging features are ambiguous and not definitely in keeping with a pathologic VCF, a biopsy can be 
performed to verify the etiology. A biopsy of the spine region of interest may be important for staging when isolated 
spine involvement is the first presentation of metastatic disease. Both fluoroscopy- and CT-guided spine biopsies 
can be performed with high diagnostic accuracy and few complications [102]. 

Variant 5: Asymptomatic, osteoporotic VCF. Initial treatment. 
Most patients with VCFs have a gradual improvement in pain over 2 to 12 weeks, with a variable return of function 
[103,104]. Bone marrow edema associated with acute fractures on MRI typically resolves within 1 to 3 months 
[50,51]. 

Because conservative medical treatment does not prevent further collapse and does not prevent kyphosis, the timing 
of intervention has been an issue of debate. The VERTOS II trial, a randomized control trial comparing VA with 
medical management, revealed that 40% of conservatively treated patients had no significant pain relief after 1 year 
despite higher class prescription medication [34]. Approximately 1 in 5 patients with osteoporotic VCFs will 
develop chronic back pain as a result of the fracture [105,106]. Additionally, spinal deformity associated with VCF 
can contribute to impaired mobility and physical functioning. Spinal deformity may be defined as ≥15% kyphosis, 
≥10% scoliosis, ≥10% dorsal wall height reduction, or vertebral body height loss ≥20% [107]. 

Patients may not be candidates for percutaneous or surgical intervention because of factors related to performance 
status, pregnancy, infection, or coagulation disorders, among others. Clinical decision-making must account for the 
overall risk and benefit to the patient. 

Medical Management Only 
Medical management is complementary to other therapies and should be offered in all clinical scenarios. The natural 
history of most healing VCFs is that of gradual improvement in pain over 2 to 12 weeks, with a variable return of 
function [103,104]. Conservative management includes medical management with or without methods of 
immobility and is the initial treatment of painful VCFs [36,107,108]. 
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Asymptomatic osteoporotic VCFs do not require active management if not associated with focal mechanical pain 
and if there is no restriction of physical activity due to the fracture. Patients should return for a follow-up evaluation 
after 2 to 4 weeks of nonsurgical management, and, after a satisfactory result, continued follow-up may be 
unnecessary. Additional imaging and clinical assessment may be obtained for patients who have recurrence or 
persistence of symptoms to determine the source of their discomfort. There should be continuous evaluation and 
treatment for the underlying disorder of osteoporosis to prevent future fractures. Concerning follow-up, most 
currently available guidelines are restricted to recommendations on pharmacologic treatment for osteoporosis [109]. 

Physical therapy is likely to be useful in patients with VCFs and osteoporosis. Home exercise programs have a more 
limited evidence base, with some small trials demonstrating pain reduction, improved balance, and improved quality 
of life. Back extensor strengthening can improve strength and bone density and reduce the risk of future VCFs. 
Exercise is beneficial for all patients with osteoporosis [110,111]. 

Percutaneous Vertebral Augmentation 
VA is not useful for compression fractures without clinical symptomatology such as mechanical pain or restricted 
physical activity appropriate for the patient’s age. Clinical and imaging follow-up should be obtained in such 
patients, especially if there is new or a recurrence of pain or development of physical spinal deformity, to triage 
patients for future interventions if needed. 

Percutaneous Ablation Spine 
Percutaneous thermal ablation procedures are reserved for symptomatic spinal metastatic disease [112]. 

Surgical Consultation 
Surgical intervention is reserved for patients with neurologic deficits, spinal deformity (eg, junctional kyphosis, 
retropulsion), or spinal instability. Surgical consultation can assist in prescribing and supervising immobilization 
devices. 

Radiation Oncology Consultation 
There is no role for RT in a patient without a cancer diagnosis and a nonpathologic VCF. If cancer is thought to be 
the cause of a VCF, a biopsy is needed to confirm a cancer diagnosis. RT is reserved for metastatic spinal disease 
and typically for those spinal metastases causing pain, neurologic compromise, or those asymptomatic lesions with 
radiologic features suggesting a risk of neurologic compromise or VCF. 

Variant 6: Symptomatic osteoporotic VCF with bone marrow edema or intravertebral cleft. Initial 
treatment. 
Medical Management Only 
The traditional first-line treatment of painful VCFs has been nonoperative or conservative management [107,108]. 
Conservative management includes a short period of bed rest followed by gradual mobilization with external 
orthoses. Because VCFs are flexion-compression injuries, a hyperextension brace is used. These braces may be 
beneficial for the first few months until the pain resolves [101]. Although younger patients may tolerate bracing 
well, elderly patients generally do not because of increased pain with bracing, leading to limited activity with more 
bed rest. Immobility predisposes patients to venous thrombosis and life-threatening complications such as 
pulmonary embolism [101]. It can also lead to pressure ulcers, pulmonary complications, urinary tract infections, 
and progressive deconditioning. Medical management is often complementary to other treatment strategies. To 
reduce pain and thus promote early mobilization with conservative management, appropriate analgesics should be 
prescribed. Narcotics should be reserved for patients who receive inadequate relief from regular analgesics and have 
to be used with caution given the associated effects of sedation, nausea, further decrease in physical conditioning, 
and fall risks. Most patients with osteoporotic VCF have spontaneous resolution of pain, even without medication, 
in 6 to 8 weeks [103,104,108,113]. Prevention and treatment of osteoporosis are one of the first steps in managing 
VCFs. Cigarette smoking should be discouraged, and alcohol should only be consumed in moderation. A daily 
weight-bearing exercise program should be recommended [101]. 

Patients may not be candidates for percutaneous or surgical intervention because of factors related to performance 
status, pregnancy, infection, or coagulation disorders, among others. Clinical decision-making must account for the 
overall risk and benefit to the patient. 
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Percutaneous Vertebral Augmentation 
VA, in the form of VP and BK, may be offered to patients who have failed conservative therapy for 3 months [34]. 
However, recent studies have found VA superior to placebo intervention for pain reduction in patients with acute 
osteoporotic VCF of <6 weeks duration [22]. 

Two randomized controlled trials that reported no statistically significant advantage for VA versus sham therapy 
raised discussions and controversial editorials, particularly regarding the inclusion criteria and other methodological 
issues [113,114]. Several studies have shown the benefit of VA versus conservative treatment in acute osteoporotic 
VCF [23,108,115-117], with benefits persisting through 1 year after intervention. However, others demonstrated 
that VA procedures might not affect global spinal alignment [118]. A meta-analysis found improvements in pain 
intensity, vertebral height, sagittal alignment, functional capacity, and quality of life with BK compared with 
conventional medical management [119]. Multiple other studies demonstrated the benefit of VA for alignment with 
improvement in pain relief [22,120-122] and respiratory function [89,123,124]. In a multisociety position statement, 
it was concluded that the VA of osteoporotic VCF is clearly beneficial in the short term and is likely beneficial in 
the long term [36]. Given the evidence that VA is more effective than prolonged medical treatment in achieving 
analgesia, improving function in patients with painful VCFs [117,125], and avoiding the complications of narcotic 
use, the threshold for performing VA has declined. Farrokhi et al [23] showed in a randomized control trial of 
percutaneous augmentation versus medical management for relief of pain and disability that the VA group had 
statistically significant improvements in pain and disability scores maintained over 24 months, improved vertebral 
body height restoration maintained over 36 months, and fewer adjacent level fractures compared to the medical 
management group. 

The timing of when VA is useful has been debated. Studies found VA to be superior to placebo intervention for 
pain reduction in patients with acute osteoporotic VCF of <6 weeks duration [22]. In a study by Syed et al [33], 
patients with VCFs >12 weeks compared to those patients with VCFs <12 weeks had equivalent benefit, suggesting 
that the age of the fracture does not independently affect the outcomes of VA. However, Chen et al [21] showed 
improved pain relief in chronic fractures >3 months treated with VA compared to conservative management at 1 
year follow-up. 

Implant kyphoplasty is being performed more after the Sakos Trial findings supported the use of titanium 
implantable VA devices as an early treatment option for painful, acute VCFs with excellent risk/benefit profile 
[126]. Tutton et al [20] in the KAST study (The Kiva safety and effectiveness Trial), a multicentered randomized 
control trial successfully established that the Kiva system is noninferior to BK based on a composite primary 
endpoint assessment incorporating pain-, function-, and device-related serious adverse events for the treatment of 
osteoporotic VCFs. 

Cianfoni et al [127] demonstrated the use of stent-assisted internal fixation as a minimally invasive option to obtain 
VA and restore axial load capability in severe osteoporotic fractures, potentially obviating more invasive surgical 
interventions in situations that would pose significant challenges to standard VA. 

When the etiology of the VCF is questionable, biopsy may be necessary and can be performed as a part of the VA 
procedure [128,129]. 

Percutaneous Ablation Spine 
Percutaneous thermal ablation procedures are reserved for symptomatic spinal metastatic disease [112]. 

Surgical Consultation 
Surgical intervention is reserved for patients with neurologic deficits, spinal deformity (eg, junctional kyphosis, 
retropulsion), or spinal instability. Several surgical techniques have been developed to treat osteoporosis-related 
deformities, including posterior instrumentation with fusion. However, achieving fixation and fusion in these 
patients can be difficult secondary to insufficient bone integrity. Augmentation methods to improve pedicle screw 
fixation have evolved, including instrumentation at multiple levels, bioactive cement augmentation, and fenestrated 
or expandable pedicle screws, but their impact on clinical outcomes remains unknown. Management of osteoporosis 
in patients undergoing spine surgery is challenging. Still, with appropriate patient selection, medical optimization, 
and surgical techniques, these patients can experience pain relief, deformity correction, and improved function 
[130]. Surgical consultation can assist in prescribing and supervising immobilization devices. 

When the etiology of the VCF is questionable and not amenable to percutaneous biopsy, an open biopsy may be 
necessary. 
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Radiation Oncology Consultation 
There is no role for RT in a patient without a cancer diagnosis and a nonpathologic VCF. If cancer is thought to be 
the cause of a VCF, a biopsy is needed to confirm a cancer diagnosis. RT is reserved for metastatic spinal disease 
and typically for those spinal metastases causing pain, neurologic compromise, or those asymptomatic lesions with 
radiologic features suggesting a risk of neurologic compromise or VCF. 

Systemic Radionuclide Therapy 
This procedure is not useful for benign osteoporosis-related compressions fractures. 

Variant 7: New symptomatic VCF. History of prior vertebroplasty or surgery. Initial treatment. 
Patients can develop additional VCFs in an adjacent vertebra or at another vertebral level after successful VA with 
potential risk factors including patient’s bone mineral density, early postprocedure activity, and chronic 
corticosteroid use, which can lead to an increased risk of refracture or development of adjacent level fractures in 
the first few months after the procedure. However, there is a very small subgroup of patients who have no pain 
relief or even worsening pain after the VA, perhaps indicating continued progression of the treated fracture or 
development of a new fracture at the previously treated site. The causes of failure of the initial VA procedure include 
inadequate filling of the fracture site and persistent or increasing intravertebral fluid-filled clefts. The presence of 
an unfilled intravertebral fluid cleft on preoperative diagnostic studies is an important indicator of risk for 
progression, as is the later development of fluid at the bone cement interface. A recurrent fracture at a level 
previously treated with kyphoplasty or VP is very rare, varying from <1% to 2% of cases in a large series [131]. 
One of the largest studies reported with a 2 year follow-up study of 1,800 patients, only 10, or 0.56%, developed a 
recurrent same level fracture after VP [132]. 

Medical Management Only 
Medical management is complementary to other therapies and should be offered in all clinical scenarios. 
Conservative management includes medical management with or without methods of immobility [36,107,108]. If 
there is failure of medical management with worsening of symptoms to medications or in the setting of spinal 
deformity or pulmonary dysfunction, other management alternatives should be considered. 

Patients complaining of significant pain after undergoing a VA must be re-evaluated with radiographs, CT, and 
MRI scans because the increased pain maybe due to progression of fracture at the same level or development of 
adjacent level fracture. 

Percutaneous Vertebral Augmentation 
A recent meta-analysis from 2017 comprising 1,328 patients found no increased risk for adjacent or remote level 
vertebral body fracture following augmentation using VP or BK compared with nonsurgical management. Of the 
randomized control trials discussed in this document, only 2 studies showed a statistically significant difference in 
the rate of adjacent vertebral fractures in follow-up between the VA and control groups, one favoring VA and the 
other nonsurgical management. In addition, VP and BK may be protective against further height loss of a fractured 
vertebra. In the VERTOS IV trial, the risk of further height loss was almost 10 times higher after the sham procedure 
compared with VA treatment [133,134]. 

Patients with ongoing compression at a previously treated level can undergo a second augmentation, especially if 
the initial fluid-filled cleft did not completely fill or the cleft enlarges afterward. In several large studies, 
intravertebral clefts were identified in between 90% and 100% of cases of recurrent fractures in a previously treated 
level [135,136]. The goal is more uniform filling of the vertebra to decrease the micromotion at the fractured 
vertebral endplates, which helps in pain palliation. After initial augmentation, the development of a new adjacent 
level fracture can also be addressed by repeating the procedure for the new fracture level. 

Percutaneous Ablation Spine 
Percutaneous thermal ablation procedures are reserved for symptomatic spinal metastatic disease [112]. 

Surgical Consultation 
Surgery is typically reserved for patients who have developed new neurologic compromise, new spinal instability, 
or leakage of cement into the spinal epidural space with canal compression and the development of new radicular 
symptoms. Observational studies suggest that surgical decompression and stabilization improve neurological status 
from nonambulatory to ambulatory as well as pain relief [137]. Surgical consultation can be performed concurrently 
with other procedures. 
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Radiation Oncology Consultation 
There is no role for RT in a patient without a cancer diagnosis and a nonpathologic VCF. If cancer is thought to be 
the cause of a VCF, a biopsy is needed to confirm a cancer diagnosis. RT is reserved for metastatic spinal disease 
and typically for those spinal metastases causing pain, neurologic compromise, or those asymptomatic lesions with 
radiologic features suggesting a risk of neurologic compromise or VCF. 

Systemic Radionuclide Therapy 
This procedure is not useful for this clinical scenario. 

Variant 8: Benign VCF with worsening pain, deformity, or pulmonary dysfunction. Initial treatment. 
Most VCFs show a gradual improvement in pain over 2 to 12 weeks, with a variable return of function [103,104]. 
Bone marrow edema associated with acute fractures on MRI typically resolves within 1 to 3 months [50,51]. 

Because conservative medical treatment does not prevent further collapse and does not prevent kyphosis, the timing 
of intervention has been an issue of debate. The VERTOS II trial, a randomized control trial comparing VA with 
medical management, revealed that 40% of conservatively treated patients had no significant pain relief after 1 year 
despite higher class prescription medication [34]. Approximately 1 in 5 patients with osteoporotic VCFs will 
develop chronic back pain as a result of the fracture [105,106]. Additionally, spinal deformity associated with VCF 
can contribute to impaired mobility and physical functioning. Spinal deformity may be defined as ≥15% kyphosis, 
≥10% scoliosis, ≥10% dorsal wall height reduction, or vertebral body height loss ≥20% [107]. 

Medical Management Only 
Medical management is complementary to other therapies and should be offered in all clinical scenarios. 
Conservative management includes medical management with or without methods of immobility and is the initial 
treatment of painful VCFs [36,107,108]. 

Patients may not be candidates for percutaneous or surgical intervention because of factors related to performance 
status, pregnancy, infection, or coagulation disorders, among others. Clinical decision-making must account for the 
overall risk and benefit to the patient. 

Percutaneous Vertebral Augmentation 
VA may be a treatment option [36,107] for osteoporotic VCFs because there is evidence that VA is associated with 
better pain relief and improved functional outcomes compared to conservative therapy [21,23,32,34]. VA has shown 
immediate and considerable improvement in pain and patient mobility. This supports consideration of VA to abate 
the secondary sequelae of VCFs, such as decreased bone mineral density and muscle strength with immobility 
[138,139], increased risk of deep venous thrombosis [138], and deconditioning of cardiovascular and respiratory 
muscles [1,139]. Because of improved alignment and decreased pain, VA has been shown to improve pulmonary 
function in patients with VCF [89,123,124,140]. Certain newer variants of VA are shown to be comparable to 
standard methods, such as BK, for decreased pain score, functional improvement, and height restoration [17,141]. 

The timing of when VA is useful has been debated. In the VERTOS II trial, of the patients who had significant pain 
relief on medical management, the majority achieved this level by 3 months; this study suggested that patients who 
had not received sufficient pain relief by 3 months with conservative treatment may be candidates for VA [34]. 
Studies have found VA to be superior to placebo intervention for pain reduction in patients with acute osteoporotic 
VCF of <6 weeks duration [22]. As noted in Variant 1 in the study by Syed et al [33], patients with VCF >12 weeks 
compared with VCF <12 weeks had equivalent benefit suggesting that the age of the fracture does not independently 
affect the outcomes of VA, although there is evidence for treatment of subacute and chronic, painful compression 
fractures [21,23,31,32]. 

Many studies have compared VP versus BK. A randomized control trial by Evans et al [27] found that VP and BK 
are equally effective in substantially reducing pain and disability in such patients. Others have corroborated these 
findings with improvements in vertebral deformity and less cement leakage with BK [25,26]. This comparable 
effectiveness between VA techniques in clinical outcomes has been shown to persist from 2 years [26] to 5 years 
[28] after the procedure. The improvement in spinal deformity with an extension of the kyphotic angle and increased 
vertebral body height with BK has been shown to provide superior functional recovery compared with VP [30]. 
Unilateral versus bilateral VP techniques have shown no statistical difference in visual analog scale score, Oswestry 
disability index, Short Form-36, cement leakage rate, or vertebral height restoration [24,29]. Because clinical 
outcome studies show essentially the same benefit of BK as VP for patient pain relief and mobility and similar 
complication rates, a multisociety (ACR–ASNR–ASSR–SIR–SNIS) panel of spine interventionalists holds the 
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position that BK or VP may be considered to be useful and generally interchangeable techniques for the performance 
of VA [36]. 

Percutaneous Ablation Spine 
Percutaneous thermal ablation procedures are reserved for symptomatic spinal metastatic disease [112]. 

Surgical Consultation 
Surgical intervention is reserved for patients with neurologic deficits or spinal instability. When the etiology of the 
VCF is questionable and percutaneous biopsy is not feasible, an open biopsy may be necessary. Surgical 
consultation can assist in prescribing and supervising immobilization devices. 

Radiation Oncology Consultation 
There is no role for RT in a patient without a cancer diagnosis and a nonpathologic VCF. If cancer is thought to be 
the cause of a VCF, then a biopsy is needed to confirm a cancer diagnosis. RT is reserved for metastatic spinal 
disease and typically for those spinal metastases causing pain, neurologic compromise, or those asymptomatic 
lesions with radiologic features suggesting a risk of neurologic compromise or VCF. 

Systemic Radionuclide Therapy 
This procedure is not useful for this clinical scenario but this therapy maybe an option for pain palliation in patients 
with multifocal osteoblastic metastases, particularly hormone-resistant prostate and breast cancers. The 
radionuclides are incorporated into the bony matrix and emit radioactive alpha or beta particles that reduce tumor 
volume and decrease the production of pain sensitive cytokines 

Variant 9: Pathological VCF with ongoing or increasing mechanical pain. Initial treatment. 
Medical Management Only 
Medical management is complementary to other therapies and should be offered in all clinical scenarios. Upon 
presentation with neurological deficits, the patient should be treated with corticosteroid therapy, and treatment 
should be initiated as soon as possible to prevent further neurological deterioration [142]. 

Percutaneous Ablation Spine 
Image-guided ablative therapies demonstrate potential advantages, including reduced morbidity, lower procedural 
suitability for real-time imaging guidance, the ability to perform therapy in an outpatient setting, synergy with other 
cancer treatments, repeatability, and short procedural time [143]. Percutaneous thermal ablation of vertebral 
metastases is a valid therapeutic option for the following patient subgroups: patients with a life expectancy of more 
than 6 months, good performance status, and few visceral metastases; uncomplicated (lack of metastatic epidural 
spinal cord compression), painful spinal metastases; and stable pathologic VCF. Percutaneous thermal ablation has 
been demonstrated to be an effective treatment option for the management of vertebral metastases with an excellent 
safety profile. The local tumor control rates of percutaneous thermal ablation of spinal osseous metastatic disease 
have been reported at 70% to 96% in several case series [144-146]. Implementation of appropriate patient selection 
guidelines, the optimal choice of ablation modality, and the use of thermal protection when necessary are major 
contributors to improved treatment outcomes. 

RFA is typically used to treat osteolytic or mixed osteolytic-osteoblastic vertebral (body and/or posterior elements) 
tumors without soft tissue components. RFA is often ineffective in treating primarily osteoblastic lesions because 
of the high impedance of densely sclerotic bone [145]. 

Microwave ablation uses electromagnetic waves to agitate water molecules, producing friction and heat that induces 
cellular death via coagulation necrosis. Microwave ablation is more effective in high-impedance tissues like bone 
because poor thermal conduction in bone may be at times a limiting factor in RFA. Osseous relative permeability 
and low conduction help microwaves penetrate deeper and are more effective in thermal ablation than RFA. 
Microwave ablation is a promising, safe, and effective treatment for osseous tumors, resulting in both a reduction 
in pain and a degree of locoregional control of the disease process [143]. 

Cryoablation results in the formation of a hypoattenuating ice ball, which is readily identified by CT, beyond which 
tissues are safe from thermal injury. Additional advantages of cryoablation are decreased intraprocedural and 
postprocedural pain, the ability to use multiple probes in various orientations to achieve additive overlapping 
ablation zones, and efficiency in treating osteoblastic metastases [147]. Typically followed VA procedure patients 
should still be considered for radiation. 
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Percutaneous Vertebral Augmentation 
VA is a safe and effective treatment for vertebrae weakened by neoplasia [148]. VA provides analgesia and 
structural reinforcement more rapidly than other treatment measures [149]. Certain newer variants of VA have been 
shown to be comparable to standard methods, such as BK, in decreasing pain scores and functional improvement 
[17]. VCFs following SBRT are also amenable to VA. Typically followed VA procedure patients should still be 
considered for radiation. 

Surgical Consultation 
Surgery is the standard of care for pathologic VCF complicated by frank spinal instability and/or neurologic deficits. 
The SINS can be used to categorize the metastatic spinal segment as stable, potentially unstable, or unstable based 
on anatomic and clinical factors [150] and can guide surgical referral [14,150]. In the setting of metastatic spinal 
cord compression, mainly because of osseous compression, surgery is more likely to allow recovery compared to 
RT alone [151]. Observational studies suggest that surgical decompression, tumor excision, and stabilization 
improve neurological status from nonambulatory to ambulatory and provide pain relief [137]. Decompressive 
surgery followed by RT may benefit symptomatic spinal cord compression in patients who are <65 years of age, in 
the setting of a single level of compression, in patients with neurologic deficits for <48 hours, and in those patients 
with a predicted survival of at least 3 months [152]. The combination of a spine stabilization procedure and RT may 
also help manage axial pain and aid in neurologic recovery [153]. 

A large prospective randomized trial shows that patients with metastatic epidural spinal cord compression treated 
with direct decompressive surgery plus postoperative radiotherapy retain the ability to walk for longer and regain 
the ability more often than patients treated with radiotherapy alone. Surgery allows most patients to remain 
ambulatory for the remainder of their lives, whereas patients treated with radiation alone spend a substantial 
proportion of their remaining time paraplegic. Surgical treatment also results in increased survival time. The better 
survival time in the surgical group was probably because a greater proportion of patients in this group were 
ambulatory and remained so for longer than those in the radiation group. Therefore, patients in the surgery group 
were less susceptible to infections, blood clots, and other problems that result in the death of paraplegic patients. 
Surgical treatment also reduces the need for corticosteroids and opioid pain relief [154]. Palliative surgery using 
posterior decompression and fixation combined with intraoperative VA to treat spinal metastases with osseous and 
epidural disease can improve neurological function, alleviate pain effectively, and allow low cement leakage and 
timely disposal of leakage if it happens [155]. 

Radiation Oncology Consultation 
The current standard of care for the management of diffuse painful osseous metastases is external beam RT [156] 
for at least partial pain palliation [157]. A short course, such as 8 Gy in 1 fraction (as opposed to 20 Gy in 5 fractions 
or 30 Gy in 10 fractions), is best for patients who have radiosensitive tumors (hematologic primary, seminoma, 
small-cell lung cancer) or have a poor survival prognosis (<3 months). Some studies have demonstrated benefit in 
up to 70% of patients treated with respect to neurologic improvement for patients with symptomatic spinal cord 
compression [158,159]. Advancements in radiotherapy have allowed for the delivery of high precision dose-
escalated treatment, known as SBRT, to targets throughout the body with excellent local control rates. Recently, 
the first phase II randomized trial comparing conventional radiotherapy to comprehensive SBRT of oligometastatic 
disease demonstrated an overall survival and progression-free survival advantage [160]. The spine is a common site 
of metastasis and a complex site for SBRT given the adjacent spinal cord and the tumor embedded within the bone 
tissue putting the patient at risk of fracture [161]. SBRT delivers precise, high-dose radiation to the target region 
while sparing the spinal cord and provides satisfactory efficacy and an acceptable safety profile for spinal 
metastases. A recent landmark randomized phase 3 trial led by Sahgal et al [162] showed that SBRT delivering 24 
Gy in 2 fractions was superior to conventional radiotherapy delivering 20 Gy in 5 fractions for patients with limited 
painful spinal metastases. They reported an 11% risk of VCF in the SBRT arm and superior complete response rates 
for pain at 3 and 6 months posttreatment with SBRT [162]. 

No comparative randomized trials have been performed to establish optimal dosing of spine SBRT. Single-fraction 
SBRT may result in a higher local control rate than those of the other fractionations, particularly with 24 Gy in 1 
fraction. However, high-dose single fraction SBRT comes at the expense of a greater rate of vertebral fracture, 
which can even approximate 40% [96]. At present, the dose of spine SBRT varies from 18 to 24 Gy in 1 fraction, 
24 Gy in 2 fractions, and 24 to 40 Gy in 3 to 5 fractions [95]. A study by Chen et al [163] using normal tissue 
complication probability modeling suggests that the larger volume of the vertebral segment receiving lower doses 
is more closely associated with post-SBRT VCF than high dose regions, and technical developments in spine SBRT 



ACR Appropriateness Criteria® 17 Vertebral Compression Fractures 

continue to evolve with respect to mitigating the risk of iatrogenic fracture. Typically VCF secondary to radiation 
can be managed with a cement augmentation procedure, and there is increasing use of cement augmentation 
procedures prophylactically to mitigate the risk of iatrogenic VCF [15,164]. Postoperative SBRT has also been 
increasingly used with promising results [165] and should be considered in selected patients to optimize local tumor 
control. 

Systemic Radionuclide Therapy 
Systemic radionuclide therapy may be an option for palliation of multifocal osteoblastic metastases, particularly 
hormone-resistant prostate and breast cancer. The radionuclides are incorporated into the bone matrix at sites of 
increased osteoblastic activity and emit radioactive alpha or beta particles that reduce tumor volume and decrease 
the production of pain-sensitizing cytokines [166]. Radioisotopes are effective in providing pain relief 1 to 4 weeks 
after initiation, with response rates of between 40% and 95% that can continue for up to 18 months. For example, 
a prospective study on the palliative efficacy of strontium-89 showed an overall response rate of 76% and a complete 
response rate of 32% [167]. Repeat doses are effective in providing pain relief in many patients. The combination 
with chemotherapeutic agents, such as cisplatin, can increase the effectiveness of radioisotopes. Radionuclides may 
also be used to prevent skeletal-related events, as in the use of radium-223 for patients with multiple spinal 
metastases from castration-resistant prostate cancer. 

Summary of Highlights 
• Variant 1: When a new, symptomatic VCF is identified on radiographs with no history of malignancy, either 

CT or MRI of the spine without IV contrast is recommended as the next imaging study to differentiate between 
acute/subacute and chronic fractures and to evaluate for complications. Either procedure can be performed, but 
they may be complementary when knowledge of bony anatomy is relevant to treatment planning. Bone scan, 
SPECT, or SPECT/CT of the whole spine may be appropriate as complementary alternatives in cases in which 
there are multiple fractures or concern for more widespread distribution of fractures. 

• Variant 2: When a new, symptomatic VCF is identified on radiographs with a history of malignancy, both CT 
of the spine without IV contrast, or MRI of the spine either without or with and without IV contrast is 
recommended as the next imaging study to differentiate between acute/subacute and chronic fractures, 
enhancing tumor, and to evaluate for complications. Either procedure can be performed, but they may also be 
complementary when knowledge of bony anatomy is relevant to treatment planning. Other procedures including 
bone scan, SPECT or SPECT/CT of the whole spine, and FDG-PET/CT may be appropriate in cases in which 
there are multiple fractures or concern for more widespread distribution of fractures. 

• Variant 3: In the setting of new back pain and either previously treated VCF or multiple VCFs, either CT or 
MRI of the spine without IV contrast is recommended as the initial imaging study. MRI of the spine with and 
without IV contrast may be useful to assess for inflammation but should be carefully assessed because it is 
prone to artifactual distortion. Other procedures including bone scan, SPECT or SPECT/CT of the whole spine, 
and FDG-PET/CT may be appropriate in cases in which there are multiple fractures or concern for more 
widespread distribution of fractures. 

• Variant 4: When an asymptomatic VCF is identified on radiographs and there is a history of malignancy, both 
CT of the spine without IV contrast, or MRI of the spine either without or with and without IV contrast is 
recommended as the next imaging study to evaluate for bone marrow edema, enhancing tumor, or other 
complication. Either procedure can be performed, but they may also be complementary in certain 
circumstances. Other procedures including bone scan, SPECT or SPECT/CT of the whole spine, and FDG-
PET/CT may be appropriate in cases in which there are multiple fractures or concern for more widespread 
distribution of fractures. Image-guided biopsy may be useful when tissue sampling is needed before treatment. 

• Variant 5: In the setting of an asymptomatic, osteoporotic VCF, medical management only is usually 
appropriate as the initial treatment. Other treatments are usually not appropriate at this stage. 

• Variant 6: In the setting of a symptomatic osteoporotic VCF with bone marrow edema or intravertebral cleft, 
both medical management and percutaneous VA are usually appropriate as initial treatment strategies. Medical 
management is always appropriate and is complementary to VA and should never be omitted even when 
intervention is performed. Surgical consultation may be appropriate depending on fracture morphology and 
patient-related factors. 
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• Variant 7 and Variant 8: In the setting of either a new, symptomatic VCF and history of prior VP or surgery, 
or in the setting of benign VCF with worsening pain, deformity, or pulmonary dysfunction, both medical 
management and percutaneous VA are usually appropriate as initial treatment strategies. Medical management 
is always appropriate and is complementary to VA and should never be omitted even when intervention is 
performed. Surgical consultation may be appropriate depending on fracture morphology and patient-related 
factors. 

• Variant 9: In the setting of a pathological VCF with ongoing or increasing mechanical pain, surgical 
consultation and/or radiation oncology consultation are usually appropriate. Treatment with percutaneous VA 
and/or in combination with percutaneous spinal ablation treatment are also usually appropriate and may be 
complementary. Medical management only or systemic radionuclide therapy may be appropriate in this context 
as well. 

Supporting Documents 
The evidence table, literature search, and appendix for this topic are available at https://acsearch.acr.org/list. The 
appendix includes the strength of evidence assessment and the final rating round tabulations for each 
recommendation. 

For additional information on the Appropriateness Criteria methodology and other supporting documents go to 
www.acr.org/ac. 

Appropriateness Category Names and Definitions 

Appropriateness Category Name Appropriateness 
Rating Appropriateness Category Definition 

Usually Appropriate 7, 8, or 9 
The imaging procedure or treatment is indicated in the 
specified clinical scenarios at a favorable risk-benefit 
ratio for patients. 

May Be Appropriate 4, 5, or 6 

The imaging procedure or treatment may be indicated 
in the specified clinical scenarios as an alternative to 
imaging procedures or treatments with a more 
favorable risk-benefit ratio, or the risk-benefit ratio for 
patients is equivocal. 

May Be Appropriate 
(Disagreement) 5 

The individual ratings are too dispersed from the panel 
median. The different label provides transparency 
regarding the panel’s recommendation. “May be 
appropriate” is the rating category and a rating of 5 is 
assigned. 

Usually Not Appropriate 1, 2, or 3 

The imaging procedure or treatment is unlikely to be 
indicated in the specified clinical scenarios, or the 
risk-benefit ratio for patients is likely to be 
unfavorable. 
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The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for 
diagnosis and treatment of specified medical condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians in 
making decisions regarding radiologic imaging and treatment. Generally, the complexity and severity of a patient’s clinical condition should dictate the 
selection of appropriate imaging procedures or treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked. 
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this document. 
The availability of equipment or personnel may influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as 
investigational by the FDA have not been considered in developing these criteria; however, study of new equipment and applications should be encouraged. 
The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring physician and 
radiologist in light of all the circumstances presented in an individual examination. 
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Appendix 1. Red Flags: Indications of a more complicated status include back pain/radiculopathy in the 
following settings (adapted from [168]). 

Potential Underlying Condition as Cause of LBP  Red Flag  

Cancer or infection 

• History of cancer 
• Unexplained weight loss 
• Immunosuppression 
• Urinary infection 
• Intravenous drug use 
• Prolonged use of corticosteroids 
• Back pain not improved with conservative 

management 
• Fever  

Spinal fracture 

• History of significant trauma 
• Minor fall or heavy lift in a potentially osteoporotic 

or elderly individual 
• Prolonged use of steroids  

Epidural spinal cord compression  

• Cauda equina syndrome  
 Acute onset of urinary retention or overflow 

incontinence 
 Loss of anal sphincter tone or fecal 

incontinence 
 Saddle anesthesia 

• Global or progressive motor weakness in the lower 
limbs 

• Severe neurologic compromise 
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