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The American College of Radiology, with more than 30,000 members, is the principal organization of radiologists, radiation oncologists, and clinical 

medical physicists in the United States. The College is a nonprofit professional society whose primary purposes are to advance the science of radiology, 

improve radiologic services to the patient, study the socioeconomic aspects of the practice of radiology, and encourage continuing education for 

radiologists, radiation oncologists, medical physicists, and persons practicing in allied professional fields. 

The American College of Radiology will periodically define new practice parameters and technical standards for radiologic practice to help advance the 

science of radiology and to improve the quality of service to patients throughout the United States. Existing practice parameters and technical standards 

will be reviewed for revision or renewal, as appropriate, on their fifth anniversary or sooner, if indicated. 

Each practice parameter and technical standard, representing a policy statement by the College, has undergone a thorough consensus process in which it has 

been subjected to extensive review and approval. The practice parameters and technical standards recognize that the safe and effective use of diagnostic 

and therapeutic radiology requires specific training, skills, and techniques, as described in each document. Reproduction or modification of the published 

practice parameter and technical standard by those entities not providing these services is not authorized. 

 
              Revised 2012 (Resolution 15)* 

 
ACR–ASNR–SCBT-MR–SSR PRACTICE PARAMETER FOR THE 
PERFORMANCE OF MAGNETIC RESONANCE IMAGING (MRI) OF THE 
ADULT SPINE
 
PREAMBLE 
 
This document is an educational tool designed to assist practitioners in providing appropriate radiologic care for 
patients. Practice Parameters and Technical Standards are not inflexible rules or requirements of practice and are 
not intended, nor should they be used, to establish a legal standard of care1. For these reasons and those set forth 
below, the American College of Radiology and our collaborating medical specialty societies caution against the 
use of these documents in litigation in which the clinical decisions of a practitioner are called into question. 

The ultimate judgment regarding the propriety of any specific procedure or course of action must be made by the 
practitioner in light of all the circumstances presented. Thus, an approach that differs from the guidance in this 
document, standing alone, does not necessarily imply that the approach was below the standard of care. To the 
contrary, a conscientious practitioner may responsibly adopt a course of action different from that set forth in this 
document when, in the reasonable judgment of the practitioner, such course of action is indicated by the condition 
of the patient, limitations of available resources, or advances in knowledge or technology subsequent to 
publication of this document. However, a practitioner who employs an approach substantially different from the 
guidance in this document is advised to document in the patient record information sufficient to explain the 
approach taken. 

The practice of medicine involves not only the science, but also the art of dealing with the prevention, diagnosis, 
alleviation, and treatment of disease. The variety and complexity of human conditions make it impossible to 
always reach the most appropriate diagnosis or to predict with certainty a particular response to treatment. 
Therefore, it should be recognized that adherence to the guidance in this document will not assure an accurate 
                                                           
1 Iowa Medical Society and Iowa Society of Anesthesiologists v. Iowa Board of Nursing, ___ N.W.2d ___ (Iowa 2013) Iowa Supreme Court refuses to find 
that the ACR Technical Standard for Management of the Use of Radiation in Fluoroscopic Procedures (Revised 2008) sets a national standard for who may 
perform fluoroscopic procedures in light of the standard’s stated purpose that ACR standards are educational tools and not intended to establish a legal 
standard of care. See also, Stanley v. McCarver, 63 P.3d 1076 (Ariz. App. 2003) where in a concurring opinion the Court stated that “published standards or 
guidelines of specialty medical organizations are useful in determining the duty owed or the standard of care applicable in a given situation” even though 
ACR standards themselves do not establish the standard of care. 
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diagnosis or a successful outcome. All that should be expected is that the practitioner will follow a reasonable 
course of action based on current knowledge, available resources, and the needs of the patient to deliver effective 
and safe medical care. The sole purpose of this document is to assist practitioners in achieving this objective. 

I.   INTRODUCTION 1 
 2 
This practice parameter was revised collaboratively by the American College of Radiology (ACR), the American 3 
Society of Neuroradiology (ASNR), and the Society of Computed Body Tomography and Magnetic Resonance 4 
(SCBT-MR) and the Society for Skeletal Radiology (SSR). 5 
 6 
Magnetic resonance imaging (MRI) of the spine is a powerful tool for the evaluation, assessment of severity, and 7 
follow-up of diseases of the spine. Spine MRI should be performed only for a valid medical reason. While spinal 8 
MRI is one of the most sensitive diagnostic tests for detecting anatomic abnormalities of the spine and adjacent 9 
structures, findings may be misleading if not closely correlated with the clinical history, clinical examination, or 10 
and physiologic tests. Adherence to the following practice parameter will enhance the probability of detecting 11 
such abnormalities.  12 
 13 
Spine MRI has important attributes that make it valuable in assessing spinal disease. Alternative Other diagnostic 14 
imaging tests that can be used to evaluate the spine include radiography, computed tomography (CT), nuclear 15 
medicine examinations, myelography, and combined CT-myelography. Compared with these other modalities, 16 
MRI does not use ionizing radiation. This is particularly advantageous in the lumbar area where gonadal exposure 17 
may occur, and in the cervical spine to avoid radiation to the thyroid. Myelography requires an invasive procedure 18 
to introduce intrathecal contrast agents. Both the puncture and the contrast agent can produce side effects and 19 
rarely significant adverse reactions. MRI allows direct visualization of the spinal cord, nerve roots, and discs, 20 
while their location and morphology can only be inferred on plain radiography and less completely evaluated on 21 
CT, myelography or CT-myelography. Compared to CT, MRI provides better soft tissue contrast and the ability 22 
to directly image in the sagittal and coronal planes. It is also the only modality for evaluating the internal structure 23 
of the cord. Another imaging test, ultrasound, that also uses no ionizing radiation, is limited for evaluating 24 
spine pathology, but can be used to evaluate soft tissues around the spine, and the extra-spinal nerves, such 25 
as in the brachial plexus.   26 
 27 
However Although more useful in most circumstances, MRI has not completely supplanted CT for spine 28 
imaging. For example, CT provides better visualization of cortical bone than MRI, and some patients who have 29 
contraindications to MRI will require other tests modalities, usually CT, for primary evaluation. While not a 30 
contraindication to spine MRI, metallic hardware in the area of scanning may in some cases limit the usefulness 31 
of MRI. In selected cases, more than one of these modalities imaging modality will be needed for a complete 32 
evaluation. 33 
 34 
II.   INDICATIONS  35 
 36 
This section includes most but not all of the reasons one might perform spine MRI. Indications Disorders 37 
affecting for the spine that may warrant MRI include, but are not limited to, the evaluation of: 38 
 39 

1. Congenital spine and spinal cord malformations 40 
2. Inflammatory/autoimmune disorders 41 

a. Demyelinating disease 42 
i. Multiple sclerosis (MS) 43 
ii. Acute disseminated encephalomyelitis (ADEM) 44 
iii. Acute inflammatory demyelinating polyradiculopathy (Guillian-Barre syndrome) 45 
iv. Chronic inflammatory demyelinating polyradiculopathy (CIDP), aka chronic relapsing 46 

polyneuropathy (CRP) 47 
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b. Connective tissue disorders, eg, systemic lupus erythematosus 48 
c. Muscular dystrophies and myopathies 49 

3. Infectious conditions 50 
a. Spinal infection, including disc space infection, vertebral osteomyelitis, and epidural abscess, and 51 

surrounding soft tissue infection, including post-operative infections 52 
b. Spinal cord infection including abscess 53 

4. Vascular disorders 54 
a. Spinal vascular malformations and/or the cause of occult subarachnoid hemorrhage 55 
b. Spinal cord infarction 56 
c. Extraspinal vascular malformations and neoplasms 57 

5. Degenerative conditions 58 
a. Degenerative disc disease and its sequelae in the lumbar, thoracic, and cervical spine, including 59 

myelopathy 60 
b. Disc herniation and radiculopathy 61 
c. Neurodegenerative disorders such as subacute combined degeneration, spinal muscular atrophy, 62 

amyotrophic lateral sclerosis 63 
d. Spinal Stenosis 64 

6. Trauma 65 
Nature and extent of injury to spinal cord, vertebral column, ribs, and skull base; ligaments, thecal sac, 66 
and paraspinal soft tissues following trauma (CT can augment this evaluation) 67 

7. Neoplastic abnormalities 68 
a. Intramedullary tumors masses 69 
b. Intradural extramedullary masses 70 
c. Intradural leptomeningeal disease 71 
d. Bone tumors 72 
e. Extradural soft tissue and bony neoplasms 73 
f. Treatment fields for radiation therapy 74 
g. Soft tissue masses 75 
h. Tumors of nerves 76 
i. Tumors of muscle and connective tissues 77 

8. Miscellaneous 78 
a. Spinal abnormalities associated with scoliosis.  79 
a. Syringohydromyelia (multiple etiologies, including Chiari malformations, trauma, etc.) 80 
b. Postoperative fluid collections and soft tissue changes (extradural and intradural) 81 
c. Epidural and subdural fluid collections 82 
d. Symptoms that create the concern for the presence of any of the above disorders 83 
e. Preprocedure assessment for vertebroplasty and kyphoplasty 84 
f. Follow up of findings seen on other imaging examinations 85 
g. Amyloid deposition in the spine 86 
h. CSF leak, intracranial hypotension 87 
i. Spinal cord herniation 88 

 89 
III.  SAFETY GUIDELINES AND POSSIBLE CONTRAINDICATIONS 90 
 91 
See the ACR Practice Parameter for Performing and Interpreting Magnetic Resonance Imaging (MRI), the ACR 92 
Manual on Contrast Media, and the ACR Guidance Document on MR Safe Practices [1-3]. 93 
 94 
Peer-reviewed literature pertaining to MR safety should be reviewed on a regular basis. 95 
 96 
 97 

https://www.acr.org/%7E/media/EB54F56780AC4C6994B77078AA1D6612.pdf
http://www.acr.org/%7E/media/37D84428BF1D4E1B9A3A2918DA9E27A3.pdf
http://www.acr.org/%7E/media/37D84428BF1D4E1B9A3A2918DA9E27A3.pdf
http://onlinelibrary.wiley.com/doi/10.1002/jmri.24011/pdf
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IV. QUALIFICATIONS AND RESPONSIBILITIES OF PERSONNEL 98 
 99 
See the ACR Practice Parameter for Performing and Interpreting Magnetic Resonance Imaging (MRI) [1]. 100 
 101 
V. APPLICATIONS OF MAGNETIC RESONANCE IMAGING 102 
 103 
A. Neoplasms 104 
 105 
MRI is an excellent way of defining tumors of and around the spine.  It defines anatomy and, because of its 106 
ability to differentiate tissue types, can be used to characterize tumors and suggest histologic diagnoses.   107 
 108 
Due to its ability to localize In evaluation of intraspinal soft tissue tumors, MRI facilitates localizing disease 109 
into various compartments (intramedullary, intradural-extramedullary, extradural), an important step in creating 110 
differential diagnoses MRI is usually the most useful method for evaluating spinal tumors. and has superior 111 
contrast resolution. CT also is often indicated for evaluating bone in tumors with osseous involvement. MRI is 112 
well suited for delineating an abnormal intraspinal lesion, assessing its extent within and outside the spinal canal, 113 
and evaluating involvement of the spinal cord and intracanalicular spinal nerves. The administration of 114 
intravenous gadolinium-based paramagnetic contrast agents further improves sensitivity for some lesion detection 115 
and characterization. enhances lesion delineation, and distinguishes solid and cystic components 116 
 117 
In addition to spinal soft tissue tumor evaluation, MRI provides an accurate assessment of osseous neoplasms 118 
involving the vertebral column, both primary and metastatic. It helps not only demonstrate the presence and 119 
extent of bony involvement but also shows the presence and location of epidural and paravertebral extension and 120 
the degree of spinal cord and neural foraminal compression. Overall, MRI appears to be more sensitive than bone 121 
scintigraphy using single photon emission computed tomography (SPECT) for detecting metastatic disease [4-6] 122 
but may not be as sensitive for detecting small metastases in the posterior elements [7]. MRI is also more 123 
sensitive and specific than 18F-FDG-PET (but slightly less sensitive and specific that 18F-NaF PETCT) for 124 
detecting bone marrow metastases and infiltration of the spine and has a great impact in staging cancer patients 125 
[8,9]. 126 
 127 
B. Infection   128 
 129 
In a patient with suspected spinal infection, MRI demonstrates high sensitivity and specificity compared to 130 
radiographs and bone scans [10-12]. It can localize the site(s) of infection (eg, within the disc space, vertebral 131 
bodies, or both), assess the extent of epidural and paravertebral involvement, and determine presence of a frank 132 
abscess [10,13]. Intravenous administration of gadolinium-based contrast agents increases the sensitivity, 133 
conspicuity, and observer confidence in the diagnosis, especially in early stages, and is considered mandatory for 134 
distinguishing abscess from phlegmon identifying abscess formation and guiding needle biopsies [10,12]. 135 
 136 
MRI can also diagnose and characterize the presence of infections in other spinal regions such as the facet joints, 137 
meninges, and spinal cord. Due to its unique ability to characterize intraparenchymal lesions, it is critical for 138 
evaluating potential spinal cord infections or abscesses [10]. 139 
 140 
In the post-operative setting, MRI is useful define post-operative changes including fluid collections and 141 
bone and soft tissue abnormalities that may suggest infection and assess its’ extent.  142 
  143 

http://www.acr.org/%7E/media/EB54F56780AC4C6994B77078AA1D6612.pdf
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C. Idiopathic Spinal Cord Herniation  144 
 145 
Idiopathic Spinal cord herniation is a rare cause of myelopathy that has been increasingly recognized in the last 146 
few years. with the improved contrast resolution of newer magnets While it is rare, it can be diagnosed 147 
preoperatively on MRI with resolution of symptoms after surgery, thereby making it essential to be aware of the 148 
imaging findings of this condition [14-17]. MRI helps demonstrate the location of the cord herniation through the 149 
dural defect, to assess the degree of herniation, and determine if there are any cord signal changes, all of which 150 
impact patient management and prognosis [14-17]. The MRI appearance may not be pathognomonic for a 151 
spinal cord herniation as it may be difficult to distinguish from an arachnoid web and arachnoid cyst. 152 
 153 
D. Degenerative Disc Disease 154 
 155 
MR imaging provides a precise representation of the anatomy and the degenerative conditions of the disc, spinal 156 
canal, and discovertebral complex, information and facet joints that will allow promote accurate diagnosis of 157 
degenerative disc disease and influence therapeutic decision making [18]. It is well established as the modality of 158 
choice for evaluating degenerative disease of the spine, although in selected patients CT +/- myelography may be 159 
an provide complementary and alternative information for assessing the lumbar and cervical spine [19]. 160 
 161 
E. Spinal Stenosis   162 
 163 
The anatomic assessment provided by MRI allows accurate evaluation of both acquired and developmental spinal 164 
stenosis. MRI can assess the morphology of the spinal canal itself, as well and as the intervertebral foramina and 165 
nerve root canals, to accurately and can characterize the presence [20,21] as well as type of stenosis [20]. It may 166 
also be useful in identifying other causes of spinal stenosis in which the osseous architecture is unremarkable, 167 
such as epidural lipomatosis [22]. 168 
 169 
F. Intramedullary Disease 170 
 171 
MR imaging, without and/or with intravenous contrast, is almost unique in its capability is the optimal imaging 172 
test to demonstrate the presence and extent of a range of spinal cord disease processes, eg  of many different 173 
etiologies: demyelinating, neoplastic, degenerative, inflammatory, metabolic, traumatic, ischemic, vascular, 174 
congenital, etc. No other spinal imaging modality, invasive or noninvasive, reliably allows the detection and, in 175 
many cases, the differentiation of intramedullary processes that do not expand the spinal cord.  176 
 177 
G. Trauma [3,23-32] 178 

 179 
MR imaging is a valuable tool for assessing patients with known vertebral injury. In addition to assessing the 180 
fractures themselves and their extent and acuity; it can aid in evaluating the integrity of ligaments, which may 181 
predict are critical to spinal stability. It also contributes to imaging the spinal cord for transection, contusion, 182 
edema, or and hematoma. Cord compression by bone fragments, disc herniation, and epidural or subdural 183 
hematomas can also be demonstrated. Serial examination of patients with hemorrhagic contusion within the cord 184 
can reveal the onset of post-traumatic progressive myelopathy. Furthermore, refinement of MR angiography 185 
(MRA) can provide information about the vertebral arteries. MR imaging is also useful in patients with equivocal 186 
findings on CT examinations by searching for evidence of occult injury (edema, ligament injury). In instances of 187 
cervical trauma, MR imaging and, MR angiography (MRA) can provide information about the vertebral 188 
and carotid arteries. Finally, MR imaging can help to predict whether osteoporotic compression fractures are 189 
acute or chronic when there are no previous studies for comparison.   190 
  191 
 192 
 193 
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H. Iatrogenic Changes of from radiotherapy to the Spine   194 
 195 
Radiation therapy has been a mainstay of treatment of neoplastic diseases. Unfortunately, radiation therapy that 196 
includes the spine can also result in unintended iatrogenic complications. These complications can occur to both 197 
the vertebral column and the underlying spinal cord. 198 
 199 
In the vertebral column, the most benign changes are well seen by MRI and initially consist of marrow edema, 200 
followed by fatty replacement of the marrow. These changes can occur as soon as a few weeks after the cessation 201 
of radiation therapy. More serious complications include radiation osteonecrosis [33,34]. Radiation osteonecrosis 202 
is most common after treatment for head and neck tumors, although it can be seen following radiation therapy for 203 
other neoplasms (such as in the pelvis) as well. Typically, radiation osteonecrosis results in degeneration and 204 
collapse of the involved vertebral body. Superimposed osteomyelitis may complicate the clinical scenario. MRI is 205 
not only superb in localizing the involved vertebral body but can also bones and can suggest a diagnosis, 206 
although a history of radiation is a sine qua non. through the visualization of vertebral body destruction and 207 
fragmentation. 208 
 209 
Radiation therapy can also induce complications of radiation myelopathy [35-44]. Acute radiation myelopathy 210 
does not produce MR findings. However, in Later stages of radiation myelopathy typically result in mass effect, 211 
swelling, and solid or rim enhancement, followed by atrophy [45]. MRI is particularly suited in making the 212 
diagnosis of radiation myelopathy due to its ability to portray the underlying cord lesion, with characteristic ring 213 
enhancement, associated with radiation changes in the spinal column, ranging from fatty infiltration to radiation-214 
induced bone infarcts and necrosis. 215 
 216 
Radiation therapy can lead to the development of treatment-related tumors several years to several decades later 217 
[46]. These include bony neoplasms of the vertebral column, intradural extramedullary tumors such as 218 
meningiomas, and gliomas of the cord. Again, MRI can portray the association of the neoplasm with the classic 219 
changes of prior radiation in the vertebral column. 220 
 221 
I. Vascular Lesions of the Spine   222 
 223 
Multiple vascular lesions can affect the spine. There are two general categories, spinal cord ischemia and vascular 224 
malformations. MRI is the most sensitive method of verifying the presence of abnormalities of the cord that 225 
may represent  cord ischemia and infarction [47-49]. As in the brain, diffusion weighted imaging is particularly 226 
sensitive and diagnostic in the appropriate clinical settings. Conventional MRI, however, can also demonstrate 227 
classic findings of cord infarction, with hyperintense abnormal T2 signal acutely involving the anterior half to 228 
two-thirds of the cord or being centered primarily in the grey matter. In addition, associated vertebral body 229 
infarction can be seen [48]. Due to the small size of the multiple collaterals that feed the cord, MR angiography is 230 
generally not as useful in this clinical setting. 231 
 232 
Vascular malformations are comprised of include arteriovenous fistulas, including dural arteriovenous 233 
fistulas (dAVF), arteriovenous malformations (AVM) and cavernous hemangiomas [50-54]. AVMs are classified 234 
in the Anson and Spetzler system into four groups. MR imaging is the most successful noninvasive method of 235 
assessing the spine for vascular malformations. Multiple findings can be seen, including a characteristic 236 
intramedullary lesion in cavernous hemangioma the presence of frank fistulas, a nidus of serpentine signal 237 
voids in AVMs, or posteriorly draining enlarged veins in dural arteriovenous fistulas (dAVF). In addition, MR 238 
imaging is also sensitive to secondary changes in the cord, such as edema from venous congestion. and 239 
gadolinium enhancement MRA, generally with or without contrast administration and particularly helpful if 240 
time resolved, can also play a role in helps to detect and characterize these lesions [55]. It is helpful in depicting 241 
pial fistulas and dural AVFs the presence of an arteriovenous shunt and can be useful in guiding subsequent 242 
spinal angiography.  243 
 244 
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Occult vascular malformations, including cavernous angiomas and partially thrombosed ateriovenous 245 
malformations, as in the brain, generally appear as focal lesions containing byproducts of hemoglobin degradation 246 
[51]. In the majority of cases, virtually no surrounding edema is present, unless there has been recent bleeding. 247 
Using sequences sensitive to local variations in magnetic susceptibility, MR is very the most sensitive technique 248 
available for detecting in the detection of suspected cavernous hemangiomas. In addition, the absence of 249 
surrounding cord swelling and edema are also well depicted on MR imaging, allowing differentiation from 250 
neoplasms.  251 
 252 
J. Congenital Lesions 253 
 254 
Congenital abnormalities of the spine and spinal cord can be detected in screening tests of scoliosis, in 255 
patients with clinical suspicion, or incidentally.  MRI of the entire spine can be used as a screening test for 256 
anomalies.   257 
 258 
Coil selection and field of view will depend on patient size and the region imaged. A spine coil should be 259 
considered while larger patients may be imaged with a cardiac, torso, spine, or body coil. Commercially available 260 
combined coil arrays may also be suitable. 261 
 262 
Imaging sequences should include T1-weighted and T2-weighted sequences, preferably in two planes This can be 263 
achieved using conventional, fast or turbo spin echo, or gradient echo sequences with slice thickness dependent 264 
on the area to be imaged (usually 3 to 5 mm). Fat suppression techniques are also valuable to confirm congenital 265 
fatty lesions. Physiologic motion suppression techniques and software may help optimize image quality. 266 
 267 
In case of spinal curvature (scoliosis), imaging in the plane of the spine, both sagittal and cross-sectional, should 268 
be attempted and may require multiple acquisitions or reformatted images with compound and/or complex 269 
angles to cover the areas of concern. 270 
 271 
Use of intravenous contrast agents may increase conspicuity of the anatomy and pathology relative to surrounding 272 
vascular structures and may help to define avascular areas.  273 
 274 
K. Demyelinating Diseases 275 
 276 
MR imaging, without and with intravenous contrast, is the examination of choice for the imaging diagnosis and 277 
follow up of demyelinating processes affecting the spinal cord. Only MRI can identify MR is the best available 278 
imaging techniques for identifying the extent of disease. and the response to therapy, if any, although Lesion 279 
burden does not correlate well with clinical status in patients with multiple sclerosis [56]. Advanced imaging 280 
techniques, such as diffusion tensor imaging and spectroscopy, may be valuable adjuncts [57,58]. Brain imaging 281 
is typically performed if a spinal cord abnormality suggests a demyelinating disease. 282 
 283 
Application of this practice parameter should be in accordance with the ACR Practice Parameter for Performing 284 
and Interpreting Magnetic Resonance Imaging (MRI) and the ACR–SIR Practice Parameter for 285 
Sedation/Analgesia [1,59]. 286 
 287 
VI. SPECIFICATIONS OF THE EXAMINATION 288 
 289 

The supervising physician must have complete understanding of the indications, risks, and benefits of the 290 
examination, as well as alternative imaging procedures. The physician must be familiar with potential hazards 291 
associated with MRI; including potential adverse reactions to contrast media (potential hazards might include 292 
spinal hardware if recently implanted, especially in the case of neoplasia or significant trauma). The physician 293 

http://www.acr.org/%7E/media/EB54F56780AC4C6994B77078AA1D6612.pdf
http://www.acr.org/%7E/media/EB54F56780AC4C6994B77078AA1D6612.pdf
https://www.acr.org/%7E/media/F194CBB800AB43048B997A75938AB482.pdf
https://www.acr.org/%7E/media/F194CBB800AB43048B997A75938AB482.pdf
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should be familiar with relevant ancillary studies that the patient may have undergone. The physician performing 294 
MRI interpretation must have a clear understanding and knowledge of the anatomy and pathophysiology relevant 295 
to the MRI examination. 296 

 297 
The written or electronic request for MRI of the adult spine should provide sufficient information to demonstrate 298 
the medical necessity of the examination and allow for its proper performance and interpretation.  299 
 300 
Documentation that satisfies medical necessity includes 1) signs and symptoms and/or 2) relevant history 301 
(including known diagnoses). Additional information regarding the specific reason for the examination or a 302 
provisional diagnosis would be helpful and may at times be needed to allow for the proper performance and 303 
interpretation of the examination.   304 
 305 
The request for the examination must be originated by a physician or other appropriately licensed health care 306 
provider. The accompanying clinical information should be provided by a physician or other appropriately 307 
licensed health care provider familiar with the patient’s clinical problem or question and consistent with the 308 
state’s scope of practice requirements. (ACR Resolution 35, adopted in 2006) 309 
 310 

The supervising physician must also understand the imaging parameters, including pulse sequences and field of 311 
view, and their effect on the appearance of the images, including the potential generation of image artifacts. 312 
Standard imaging protocols may be established and optimized on a case-by-case basis when necessary. These 313 
protocols should be reviewed and updated periodically.  314 

 315 
A. Patient Selection  316 
 317 

The physician responsible for the examination should supervise patient selection and preparation and be available 318 
in person or by phone for consultation. Patients must be screened and interviewed prior to the examination to 319 
exclude individuals who may be at risk by exposure to the MR environment.  320 
 321 
Certain indications require administration of intravenous (IV) contrast media. IV contrast enhancement should be 322 
performed using appropriate injection protocols and in accordance with the institution’s policy on IV contrast 323 
utilization. (See the ACR–SPR Practice Parameter for the Use of Intravascular Contrast Media [60]). 324 
 325 
Patients suffering from anxiety or claustrophobia may require sedation or additional assistance. Administration of 326 
moderate sedation may be needed to achieve a successful examination. If moderate sedation is necessary, refer to 327 
the ACR–SIR Practice Parameter for Sedation/Analgesia [59]. 328 

 329 
B. Facility Requirements 330 
 331 

Appropriate emergency equipment and medications must be immediately available to treat adverse reactions 332 
associated with administered medications. The equipment and medications should be monitored for inventory and 333 
drug expiration dates on a regular basis. The equipment, medications, and other emergency support must also be 334 
appropriate for the range of ages and sizes in the patient population. 335 

 336 
  337 

http://www.acr.org/%7E/media/536212D711524DA5A4532407082C89BA.pdf
https://www.acr.org/%7E/media/F194CBB800AB43048B997A75938AB482.pdf
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C. Examination Technique 338 
 339 

1. General principles 340 
MRI should depict structures as clearly as possible. Standard protocols should be created and 341 
implemented that are appropriate for most patients suspected of having spinal pathology. The 342 
precise details of that performance may vary among equipment (magnets, coils, and software), 343 
patient body habitus, and the personal preferences of the radiologists who manage and interpret 344 
the studies. Generally, images should cover the relevant anatomy/pathology.   345 
 346 
Physicians who determine the pulse sequences to be used and interpret spine MR examinations must 347 
understand the artifacts associated with and the limitations of the various imaging pulse sequences. MRI 348 
of the spine involves the application of various MR pulse sequences that are designed to provide a range 349 
of imaging characteristics and capabilities. These include the following: 350 
a. Variable soft tissue contrast, eg, T1-weighted, T2-weighted, and T2*(T2 star)-weighted images. 351 
b. Direct multiplanar display, eg, sagittal, axial, and coronal images. 352 
c. Darkening of certain tissues (eg, fat) or defined regions (eg, anterior abdomen) of an image by 353 

suppression of their MR signal. 354 
d. Flow (cerebral spinal fluid [CSF] or blood) sensitization or desensitization.  355 
 356 
The MR signal that is produced from a region of the spine (cervical, thoracic, and lumbosacral) in 357 
response to a particular pulse sequence is often, but not always, detected using dedicated surface coil 358 
receivers, commonly in a phased array configuration. Two-dimensional (2D) or three-dimensional (3D) 359 
data sets are generated from the received MR signal intensities.  360 

 361 
  1” Contrast 362 

In addition to images with contrast based on intrinsic MR properties of the spinal and paraspinal tissues, 363 
some images may be acquired after the intravenous administration of a paramagnetic MR contrast agent 364 
(eg, a chelate of gadolinium). This agent is used to detect regions where the normal vascular circulation 365 
has been altered by injury or disease. For example, the use of intravenous paramagnetic contrast is 366 
recommended for distinguishing recurrent or residual disc material from scar tissue in patients who have 367 
undergone prior spinal surgery. 368 

  369 
  1’ Artifacts 370 

Imaging sequences should minimize artifacts as much as possible.  371 
 372 

Physicians and technologists who determine the pulse sequences to be used and interpret spine MR 373 
examinations must understand the artifacts associated with and the limitations of the various 374 
imaging pulse sequences. They must use techniques to minimize inherent artifacts (such as 375 
pulsation artifact) when it is likely to obscure pathology.  Some of the techniques that are used to 376 
move/reduce artifacts include changing phase and frequency directions (to move pulsation artifact), 377 
increase resolution (to reduce frequency mis-registration), apply saturation bands, flow 378 
sensitization (for cerebrospinal fluid (CSF) or blood), alterations in patient/coil position to improve 379 
comfort, respiratory compensation.  380 
 381 
Saturation bands, or spatial saturation zones, can be applied outside of the spinal region of interest. 382 
They suppresses signal from these regions, so that motion outside the intended field of view (eg, 383 
breathing, blood flow, bowel motion) produces less conspicuous artifact in the areas of clinical 384 
interest. 385 
 386 
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Physiologic motion suppression techniques and software may help reduce artifacts from patient 387 
motion. 388 
 389 
When dealing with imaging around metal such as fixation devices, STIR for fat suppression, high 390 
receiver bandwidth, fat-water separation, or multi-spectral methods for metal artifact suppression 391 
may be helpful to reduce artifacts.  Specialized metal reduction sequences are available depending 392 
upon software and hardware being used.  393 

 394 
2. Pulse sequences 395 

 396 
The choice of MR pulse sequences is generally standardized for particular studies but can be guided 397 
by the clinical history and physical examination and is based on the indications for the study (see section 398 
III, Indications). Certain sequences are commonly used in MR imaging of the spine. These include: 399 
a. Two-dimensional T1-weighted sagittal imaging. 400 
b. Two-dimensional T2-weighted or T2*-weighted sagittal imaging. 401 
c. Two-dimensional T1-weighted axial imaging. 402 
d. Two-dimensional T2-weighted or T2*-weighted axial imaging. 403 
 404 
T1, intermediate TE or proton density or FLAIR, and T2 weighted sequences; T2*; and various 405 
fat-suppression techniques. These techniques can be employed as two or three dimensional 406 
acquisitions. Vascular techniques can be used for angiography. The types of fat suppression include 407 
frequency select fat saturation, short tau inversion recover (STIR), and chemical shift techniques 408 
(Dixon). Although these techniques are not all T2-weighted, they can substitute for the T2-weighted 409 
sequences noted below. 410 
 411 
Three-dimensional implementations of these images are progressively used and may replace the two-412 
dimensional methods. 413 
 414 
The pulse sequences described above may be modified to suppress the MR signal from lipid-containing 415 
regions, producing images in which fat is dark. T1-weighted images with fat saturation are primarily 416 
acquired as part of studies that include the intravenous administration of a paramagnetic contrast agent. 417 
Short tau inversion recovery (STIR) methods often are performed to increase conspicuity of osseous and 418 
ligamentous lesions. For the purpose of comparison or subtraction, images with fat suppression are 419 
sometimes acquired both before and after administration of the contrast agent. Alternate approaches to fat 420 
suppression, such as three-point Dixon methods, may be used instead. 421 
 422 
Low-flip-angle sequences with intermediate to long TE values produce T2*-weighted tissue contrast. This 423 
has similarities to T2-weighted contrast but is usually T2* or gradient echo images have a good signal 424 
and contrast and are sensitive to local magnetic field inhomogeneities heterogeneity (eg, greater signal 425 
loss at interfaces between bone and CSF or between bone and soft tissue) and are less sensitive to CSF 426 
flow-induced artifacts (eg, signal voids due to brisk or pulsatile CSF flow). 427 
 428 
Another commonly used modification is the set of MR pulses that produce spatial saturation zones 429 
anterior, inferior, and/or superior to the spinal region of interest. This suppresses signal from these 430 
regions, so that motion outside the intended field of view (eg, breathing, blood flow) produces less 431 
conspicuous phase encoding artifacts and less degradation of the spinal images. 432 

 433 
Due to anatomical and physiological differences in three major spinal regions, radiologists are more likely 434 
to may prefer to use certain different sequences in different regions. in one region than in another In 435 
the cervical and thoracic spine, CSF flow rate is normally more dynamic greater than in the lumbosacral 436 
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spine. and T2*-weighted axial and sagittal images are often acquired because these are less are apt to 437 
have less CSF flow-related artifacts than are T2-weighted fast-spin-echo images.   438 
 439 
In the cervical spine, where the neural foramina are generally small than those in the thoracolumbar 440 
region and have an oblique orientation, direct oblique imaging or a T2 volume acquisition with 441 
reformations may improve the detection and characterization of neural foraminal pathology. 442 
gradient-echo or fast-spin-echo pulse sequence data may be acquired in three dimensions in order to 443 
provide higher spatial resolution and postprocessed multiplanar display of the foramina. In the 444 
lumbosacral spine, T1-weighted axial images benefit from the tissue contrast between abundant high-445 
signal-intensity epidural fat juxtaposed to low-signal-intensity CSF and intermediate signal intensity 446 
epidural lesions (eg, disc herniation). Computed tomography provides addition information about 447 
bony proliferation that may narrow the neural foramina. 448 
 449 
Minimum recommended pulse sequences for evaluating the spine for routine imaging to evaluate; back 450 
pain, radiculopathy, or suspected stenosis may include: 451 
  452 
a.  Cervical/thoracic spine 453 
 -Sagittal T1or PD-weighted   454 
 -Sagittal fat suppressed non T1-weighted (ie water sensitive) T2 weighted or T2*-weighted  455 

 -Axial T2-weighted and or T2*-weighted  456 
b.  Lumbar spine 457 
 -Sagittal T1or PD-weighted  458 
 -Sagittal fat suppressed non T1-weighted (ie water sensitive) T2-weighted or T2*-weighted  459 

-Axial T1-weighted and/or T2-weighted   460 
 461 

Coronal PD or T2-weighted sequences are very helpful, especially in the lumbar and thoracic 462 
spines.  Axial T1-weighted sequences are sometimes performed, especially in the lumbar spine 463 
for detection of fat in the filum terminale, or after intravenous contras administration. 464 

 465 
In postoperative cases when trying to differentiate scar from disc, postcontrast sagittal and axial T1-466 
weighted sequences with or without fat suppression, are useful. Coronal sequences may also be helpful, 467 
particulary in a postoperative patient who had an operation for a foraminal or extraforaminal disc 468 
herniation.  469 
 470 
When evaluating spinal bone marrow for tumor, sagittal T1-weighted sequences, should be performed. 471 
Fat-suppressed T2 weighted or STIR sequences can make focal lesions more conspicuous, as well as 472 
short TI inversion recovery (STIR) sequences, fat-suppressed T2-weighted fast-spin-echo sequences, or 473 
other fat suppressed acquisitions are recommended. In addition, When evaluating soft tissue neoplasms, 474 
infections, trauma, and muscles, and equivocal cord signal; an axial fluid sensitive sequence may be 475 
helpful. For neoplasms some radiologist use a contrast-enhanced or a fat suppressed contrast enhanced 476 
study can to further evaluate extraosseous extension of a neoplastic process. When evaluating soft 477 
tissues after trauma or surgery, STIR or other T2-weighted fat-suppressed fast-spin-echo sequences are 478 
recommended.  479 

 480 
3. Slice thickness 481 

 482 
The following are recommended maximum slice thicknesses for performing the typical spine 483 
examinations:2 484 
 485 

                                                           
2Thicker slices may be acceptable when the goal of the examination is primarily to survey most or the entire spine. 
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Sequence Slice Thickness Gap  
 

Cervical spine - sagittal ≤ 3 mm ≤ 1 mm  

Cervical spine - axial ≤ 3 mm ≤ 1 mm 

Thoracic spine – sagittal ≤ 4 mm ≤ 1 mm 

Thoracic spine – axial ≤ 4 mm ≤ 1 mm 

Lumbar spine – sagittal ≤ 4 mm ≤1 mm 

Lumbar spine – axial ≤ 4 mm  ≤ 1 mm 

 486 
When attempting to diagnose particular pathologies, thinner slices may be appropriate. For 487 
example when evaluating a for pars defect, 3mm or less in the sagittal plane may be warranted.   488 
When attempting to detect and characterize spinal cord pathology, 2mm sections may be 489 
appropriate. Interslice gaps will depend on hardware and software.  Contiguous imaging has the 490 
advantage of not missing any anatomy.  491 

 492 
4. Area of coverage 493 

 494 
The imaging protocol should be designed to cover the area of clinical interest. Because the clinical 495 
situation is a crucial determinant of treatment, the following are general recommendations and not strict 496 
criteria. In addition to covering the area of clinical interest, technologists may further evaluate areas 497 
of pathology identified on scans while they are being performed. 498 
 499 
For routine imaging for example for pain, radiculopathy, suspected stenosis, or other degenerative 500 
conditions: 501 
 502 
Cervical spine: Sagittal and axial images should include from the skull base atlanto-occipital joints 503 
through at least the C7 to T1 intervertebral disc. The axial images should have contiguous slices from 504 
at least C2-3 through C7-T1.  505 
 506 
Sagittal imaging should include the entire cervical spine, including parasagittal imaging through all 507 
of the neural foramina on both sides.  Coronal imaging, if performed, should include the proximal 508 
brachial plexus unless there is a specific area of clinical concern, in which case that area should be 509 
covered. 510 
 511 
Thoracic spine: Sagittal and axial images should include the area of clinical interest. If the entire thoracic 512 
spine is to be studied, C7 to L1 should be imaged in the sagittal plane, with axial images obtained as 513 
warranted. If no area of interest is identified axial images should span the entire thoracic spine. In 514 
patients being evaluated for disc pathology, axial images should be approximately parallel to the 515 
discs. In patients whose spines are curved, this may necessitate several axial sequences or 516 
reformatted images at different angles.   517 
 518 
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For thoracic imaging, visualization of the craniocervical junction C2-3 or the first rib is useful for 519 
accurate localization of thoracic levels and pathology. The upper cervical spine can be obtained on a 520 
separate low-resolution sagittal sequence.  521 
 522 
Sagittal imaging should include the entire thoracic spine, including parasagittal imaging through all 523 
of the neural foramina on both sides. Coronal imaging, if performed, should include the exiting 524 
nerves in the area of concern, as well as the proximal ribs. 525 
 526 
Lumbar spine: The entire lumbar spine should be studied imaged in on the sagittal images sequences 527 
and include the entire neural foramina and immediate paraspinal soft tissue (T12 to S1). 528 
Contiguous and axial images (not just through the disc) should be obtained through at least the lowest 529 
three lumbar discs (L3/4, L4/5, and L5/S1) and preferentially also L1/2 and L2/3. Axial images through 530 
discs can be obtained as needed. The stacked axial images should be as perpendicular to the central 531 
spinal canal and parallel to the disc spaces as possible and typically two or three overlapping axial 532 
sequences or reformatted images are needed to cover all lumbar motion segments. If 2-D or non- 533 
isotropic voxels are used, the axial images should be approximately parallel to the discs. Sagittal 534 
imaging should include the entire lumbar spine, including parasagittal imaging of all of the neural 535 
foramina on both sides. Coronal imaging can be tailored to the pathology, often to include the exiting 536 
nerves at the lower lumbar levels. Imaging should provide enough anatomic coverage to detect 537 
transitional anatomy at the lumbosacral junction. permit counting spinal levels if necessary Tailored 538 
examinations may be appropriate for follow-up of known pathology. 539 

 540 
For tumor and infection, sagittal and axial images should include the area of clinical interest and fat 541 
suppression on the post contrast images may be helpful. If other imaging modalities or the clinical 542 
evaluation narrow the levels of suspected abnormalities, then at times it may be appropriate to limit an 543 
MRI to these areas of interest. If MRI is to be used as the only diagnostic imaging modality for clinically 544 
occult disease, screening of the entire spine may be indicated.  545 
 546 
Screening: 547 

 548 
Occasionally, screening of the entire spine is performed to look for anatomic variations.  In these 549 
situations, larger fields of view and thicker slices may be appropriate. 550 

 551 
Other techniques  552 
 553 
a. Parallel Imaging [61-67]   554 
 555 

Parallel imaging (PI) uses the spatial sensitivity information from phased-array radiofrequency (RF) 556 
coils to reduce the number of phase-encoding steps and therefore shortens the time of image 557 
acquisition. These time savings imply a loss of signal-to-noise ratios, but without compromising 558 
image contrast or spatial resolution. The coil sensitivity information is obtained by performing a 559 
prescan calibration or by obtaining additional lines of k-space with each sequence as “auto 560 
calibration.” Numerous image reconstruction algorithms have been developed including space 561 
domain based techniques (SENSE), k-space regenerative techniques (SMASH, generalized SMASH 562 
and GRAPPA) and other hybrid techniques (SPACE-RIP). The maximum reduction in imaging time, 563 
reflected in parallel imaging acceleration factor, is 2 to 3 in each phase-encoding direction. The 564 
limitation of the accelerating factor is due to increased noise associated with both reduced temporal 565 
averaging and the reconstruction process. The reduction in signal-to-noise ratio associated with higher 566 
parallel imaging factors can be counterbalanced by the increased signal-to-noise ratio at higher fields, 567 
improved surface coils, and advanced acquisition schemes. When imaging a small field of view, 568 
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the sensitivity maps may be used to reduce wraparound artifact if the images are acquired without 569 
reduced k-space sampling.  570 
 571 
Parallel imaging is applicable to all pulse sequences and complementary to other existing acceleration 572 
methods. In spine imaging, pulse sequences with high contrast and spatial resolution can be combined 573 
with PI and allow evaluation of disc pathology, cord and nerve root impingement, and neural 574 
foraminal patency. In 3D imaging, the phase-encoding steps can be reduced in 2 directions, for a 575 
maximum parallel imaging factor of 6 to 9. Coronal plane reconstruction from 3D imaging may be 576 
helpful for evaluating scoliosis and extraforaminal disease. 577 
 578 

b. CSF flow imaging of the spine [68-71] 579 
 580 

CSF flow can be imaged with phase-contrast cine MRI evaluation.  Cardiac gating with either ECG or 581 
peripheral leads can be used to reduce cardiac-dependent flow artifacts. These approaches also permit 582 
quantitative velocity and qualitative vector measurements of CSF flow. Spinal CSF flow imaging is 583 
performed in the axial and/or sagittal planes.   584 
 585 
Typical parameters are as follows: Cardiac gating, flip angle 20 degrees, TR/TE 20/5 ms, slice 586 
thickness 5 mm, field of view 180 mm, matrix 256 x 256, and encoding velocity (venc) 10 cm/s. 587 
 588 
Common indications for phase contrast cine imaging in the spine include evaluation of flow dynamics 589 
at the craniocervical junction in patients with Chiari I malformation as well as craniocervical and 590 
whole spine imaging of patients with idiopathic syringomyelia in the search for myelographically 591 
occult arachnoid cysts or webs.   592 

 593 
c. T1-FLAIR vs. FSE T1 imaging of the spine [72-75]   594 
 595 

T1 fast spin echo (FSE) is a routine pulse sequence for imaging of the spine and can provide anatomic 596 
detail at a relatively short acquisition time compared with conventional spin echo imaging. However, 597 
T1 FSE often suffers from poor image contrast. 598 

 599 
Fast T1-FLAIR (fluid-attenuated inversion recovery) imaging is a newer technique and takes 600 
advantage of short image acquisition with T1-weighting as well as suppression of CSF signal. While 601 
both T1 FSE and fast T1-FLAIR of the spine are useful for demonstrating normal anatomic structures 602 
and determining the presence of both degenerative and neoplastic processes of the spine, there are 603 
advantages to using fast T1-FLAIR imaging of the spine at higher magnetic field strengths. Recent 604 
evidence at 3T suggests that fast T1-FLAIR imaging appears to allow for superior conspicuity of 605 
normal tissue interfaces as well as spinal cord lesions and abnormal vertebral body marrow at 3T. 606 
Due to the increased T1 values at higher magnetic field strength that result in reduced T1 contrast, 607 
fast T1-FLAIR has improved CSF nulling and higher contrast-to-noise ratio (CNR), as compared to 608 
T1 FSE. Additionally, there is a reduction in susceptibility artifacts from the presence of metallic 609 
hardware using T1-FLAIR as compared to T1 FSE. due to multiple 180 degree refocusing pulses; 610 
however, the echo train length (ETL) must be optimized in order to avoid the blurring artifacts at 611 
longer ETL. T1-FLAIR may also reduce specific absorption rate (SAR), which can be a limiting 612 
factor at higher fields. 613 

 614 
d. Chemical shift imaging [76-80] 615 
 616 

Chemical shift imaging also known as opposed phase or in-and-out of phase imaging, is a modality 617 
that is relatively new to the field of spinal MRI. The technique takes advantage of small differences in 618 
precession frequencies of lipid and water protons to determine the presence of intracellular lipid and 619 
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water within the same imaging voxel. It can therefore be used to aid in distinguishing between 620 
marrow-replacing processes and marrow-preserving processes. Specifically, the technique has shown 621 
promise in the ability to distinguish pathologic from benign compression fractures, and there are data 622 
that support the ability of opposed-phase imaging to differentiate benign vertebral lesions 623 
(hemangiomas, degenerative endplate changes, etc.) from malignancy. The T1-weighted GRE 624 
sequences can be rapidly acquired, with a total scanning time of less than 5 minutes. Chemical shift 625 
imaging can also be used as a technique for fat-suppression. Preliminary studies of the utility of 626 
chemical shift imaging in the spine have shown promise, and the technique is becoming more widely 627 
accepted in routine clinical practice.  628 

 629 
e. Perfusion  630 
 631 

MR perfusion-weighted imaging (PWI) has enjoyed great clinical and research success in assessment 632 
of cerebrovascular reserve and as an adjunct for assessing biologic behavior of cerebral neoplasms. 633 
PWI use rapid data acquisition techniques to generate temporal data series that capture the first pass 634 
kinetics of a contrast agent as it passes through a tissue matrix. PWI uses three general contrast 635 
mechanisms, (1) dynamic susceptibility contrast (DSC), which uses a gradient echo technique is 636 
sensitive to transient changes in magnetic susceptibility caused by a contrast bolus; (2) dynamic 637 
contrast enhancement (DCE), which uses T1-weighted methods tracks T1 changes caused by 638 
intravenous contrast; and (3) arterial spin labeling (ASL), which does not require contrast 639 
administration and uses radiofrequency tagging of spins to elicit the contrast mechanism depict 640 
blood flow. Both DSC and DCE methods are based on the first pass kinetics of gadolinium contrast, 641 
whereas ASL uses unique RF tagging to generate the contrast mechanism. PWI has been less 642 
commonly used in the spine; however, several investigators have examined its potential in helping to 643 
discriminate spine lesions and to assess the vascular reserve in the spinal cord.   644 

 645 
In the setting of neoplasia, MR-PWI is thought to provide physiologic information about the 646 
microcirculation of tumors, with the PWI metrics being a direct reflection of angiogenesis, vascular 647 
density and capillary permeability. It has also been utilized to discriminate pathologic and benign 648 
insufficiency fractures with variable success, and in conjunction with diffusion-weighted imaging 649 
(DWI), to improve the specificity in discriminating benign and malignant spine bone tumors [81,82]. 650 
Chen et al used PWI to differentiate benign from metastatic compression fractures in 42 patients. 651 
They found that while metastatic lesions exhibited higher absolute peak enhancement characteristics 652 
and steeper slope than chronic compression fractures, PWI did not reliably discriminate acute benign 653 
compression fracture from malignant compression fracture  654 
 655 
Tokuda et al used DCE techniques to evaluate 48 benign and pathologic vertebral compression 656 
fractures. Enhancement characteristics were classified into five time-intensity curve subtypes. 657 
Steepest slopes were characteristic of metastatic lesions with or without pathologic fracture; however, 658 
there were insufficient features found to make this clinically useful as a decision support tool . Sun et 659 
al evaluated 39 spine tumors with DWI and PWI and found that the accuracy of MR-PWI (89.7%) 660 
was greater than MR-DWI (79.5%), noting that benign vascular tumors were falsely positive on PWI. 661 
They concluded that combined PWI/DWI would lead to greater diagnostic specificity [80] . Biffar et 662 
al developed a more sophisticated methodology to assess the tissue composition of vertebral bone 663 
marrow by accounting for contributions by fat and tissue water fractions. They concluded that 664 
correcting for the fat component in the baseline signal and parametrization by tracer-kinetic analysis 665 
are necessary to avoid diagnostic errors [81].  666 

 667 
Small case series have used PWI to assess spinal cord vascular reserve in specific clinical 668 
applications. It has also been used to predict outcomes of spinal metastases [83]. One case report 669 
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used PWI to show alteration in spinal cord perfusion metrics in the edematous region of the spinal 670 
cord from a spinal dural arteriovenous fistula[82] . In another investigation PWI techniques were 671 
successfully used to discriminate recovery characteristics in patients with cervical spondylitis 672 
myelopathy before and after decompressive surgery. The investigators showed that reduction in mean 673 
transit times (MTT) after surgery correlated with neurologic recovery [83]. While interesting 674 
observations have been made regarding application of MR-PWI in the spine, there is no substantial 675 
class A evidence to suggest that these technique are of clinical benefit at this time. 676 
 677 

f. Dynamic imaging/motion studies   678 
 679 

Dynamic MR imaging of the spine is the natural extension of other types of imaging which attempt to 680 
visualize the relationships of the spinal components during physiologic loading or in varying stages of 681 
position. The most conventional form of imaging that is in common use historically is lateral flexion-682 
extension radiography of the spine to assess for areas of segmental instability. There are known 683 
alterations in spinal canal diameter and neural foraminal size between extremes of flexion and 684 
extension. Hyperextension produces bulking of the ligamentum flavum that can produce dynamic 685 
mechanical causes of cervical spondylotic myelopathy. Prior investigations principally used 686 
myelography and postmyelographic CT with intrathecal contrast media, although more recently 687 
MRI has been used.  688 
 689 
As MRI provides exceptional simultaneous soft tissue and bone detail in unlimited imaging planes, it 690 
is a logical next approach to evaluate dynamic dimensional changes to neural axis and neural 691 
elements. However, capabilities to study the spine under physiologic load are limited on most 692 
conventional scanners. Whereas flexion/extension radiography is performed in an upright position to 693 
simulate physiologic loading, conventional MRI is performed recumbent. This deficiency has led to 694 
several technical developments that in theory more closely replicate physiologic loading by 695 
incorporating gravity and thus direct axial loading to the spinal axis. A study by Kanno et al 696 
confirmed that axial loaded lumbar MRI will show a significant reduction in spinal canal 697 
diameter compared to a passive recumbent MRI, with a sensitivity of 96.4% and a specificity of 698 
98.2%. Axial loaded MRI more closely replicated the findings of upright lumbar myelography 699 
[84]. This includes upright MRI and compression devices that can provide an equivalent axial load to 700 
the spinal axis even while imaging in the supine position. The latter is more limited in capability in 701 
that it does not facilitate imaging in extremes of position; rather it only replicates normal physiologic 702 
load imposed by gravity in the upright position. This group also showed significant correlation 703 
between reduction in spinal canal cross-sectional area in axial-loaded MRI and severity of 704 
lower extremity symptoms such as walking distance, JOA score, and leg numbness. Moreover, 705 
these changes were not evident on the conventional MRI studies [85]. Alyasa et al showed 706 
increased conspicuity of annular fissures in upright extension MRI compared to conventional 707 
supine imaging [86]. In a large retrospective study using kinematic MRI in 315 patients, Kong 708 
et al demonstrated increased prevalence of instability or abnormal translational motion in 709 
patients with advanced degenerative disc disease and facet joint osteoarthritis compared to 710 
lower grades of degeneration. Ligamentum flavum hypertrophy was associated with abnormal 711 
translational and angular motion, and the combination of interspinous ligament degeneration 712 
and paraspinal muscle denervation were associated excessive abnormal angular motion [92]. 713 
 714 
Upright MRI units in particular are designed to image the spine in a variety of normal physiologic 715 
conditions: supine, upright, sitting, flexion, extension, or a combination of postures. Moreover, these 716 
devices are designed to demonstrate anatomic changes between modes of positioning. A number of 717 
investigations have been performed using flexion/extension MRI to study changes in the 718 
disc/ligament complexes and their effect on the spinal cord and neural elements. Studies have shown 719 
correlation of changes with loading and motion with symptoms [85,87]. They may improve 720 
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conspicuity of pathology such as annular tears and disc herniation. Compared to high-field 721 
MRI exams, overall image quality may be reduced if a larger field of view, thicker sections or a 722 
reduced matrix is employed.  723 

 724 
A study by Kanno et al confirmed that axial loaded lumbar MRI will show a significant reduction in 725 
spinal canal diameter compared to a passive recumbent MRI, with a sensitivity of 96.4% and a 726 
specificity of 98.2%. Axial loaded MRI more closely replicated the findings of upright lumbar 727 
myelography [84]. This group also showed significant correlation between reduction in spinal canal 728 
cross-sectional area in axial-loaded MRI and severity of lower extremity symptoms such as walking 729 
distance, JOA score, and leg numbness. Moreover, these changes were not evident on the 730 
conventional MRI studies [85]. Alyasa et al showed increased conspicuity of annular fissures in 731 
upright extension MRI compared to conventional supine imaging [86].  732 

 733 
In a large retrospective study using kinematic MRI in 315 patients, Kong et al demonstrated increased 734 
prevalence of instability or abnormal translational motion in patients with advanced degenerative disc 735 
disease and facet joint osteoarthritis compared to lower grades of degeneration. Ligamentum flavum 736 
hypertrophy was associated with abnormal translational and angular motion, and the combination of 737 
interspinous ligament degeneration and paraspinal muscle denervation were associated excessive 738 
abnormal angular motion [87]. In another study, 553 patients underwent kinematic MRI to determine 739 
whether position improves diagnostic sensitivity in detecting lumbar disc herniations. Extension and 740 
flexion upright MRI revealed 16.5% and 12% more disc herniations, respectively, than those visible 741 
in neutral position [88].  742 
 743 
Although kinematic or dynamic MRI offers some intriguing physiologic information regarding 744 
potential segmental instability, there is very little supportive evidence that this additional information 745 
correlates with individual patient symptoms or improves patient outcomes after therapy. 746 

 747 
g. Diffusion 748 

 749 
Diffusion imaging has been applied for imaging of vertebral body disease and spinal cord 750 
abnormalities. Reports of the performance for bone lesions have been variable, with some authors 751 
finding relatively poor sensitivity and specificity when diffusion imaging is considered in isolation, 752 
but a useful adjunct to T1 weighted imaging when used in combination [89]. Smaller diffusion 753 
coefficients in osseous metastases than normal marrow have been attributed to higher cellular density 754 
in malignant than in benign conditions. For example, Bun et al reported perfect separation of sacral 755 
insufficiency fractures from metastases by diffusion MR [90]. Similar findings have been reported, 756 
and the same mechanism invoked by other authors [91-93], but others have found no incremental 757 
contribution of diffusion to distinguishing benign from metastatic disease [94]. 758 

 759 
For spinal cord lesions, there is ample evidence, and more reason to expect, that diffusion imaging 760 
should be of similar value as in the brain. However, spinal diffusion imaging faces technical 761 
limitations not encountered when studying the head. The most challenging are motion of the spinal 762 
cord, and susceptibility artifacts that cause image distortion, particularly for echo planar approaches. 763 
Currently popular solutions revolve around reduced field of view imaging. Currently two major 764 
approaches are under active investigation. One method is to perform conventional excitation and 765 
suppress the signal from outside the desired field of view. These outer volume suppression (OVS) 766 
methods have been successfully applied in spinal cord imaging, often with fast spin-echo acquisitions 767 
to further control susceptibility artifacts [95]. Another approach is to selectively induce signal only 768 
from the desired FOV. Several authors have also used these inner volume excitation (IVE) methods; 769 
for example, the interleaved multisection inner volume (IMIV) approaches [96]. 770 
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 771 
Using these methods, authors have applied diffusion-weighted spinal cord imaging to map the 772 
characteristics of normal tissue [96,97] in chronic spinal cord injury [98], cervical spontaneity 773 
myelopathy [99], intramedullary neoplasms [100], and demyelinating disease [101,102]. In all of 774 
these conditions diffusion imaging helps identify axonal loss, myelin loss, and, in the early stages of 775 
disease, axonal injury. Tractography can highlight axonal injury as seen as loss of fractional 776 
anisotropy. The usual application of tractography, to determine fiber direction, is of little significance 777 
in the spinal cord, where one knows the fiber orientation.  778 

 779 
Although diffusion imaging is a critical component of MR evaluation of brain stroke, it has been far less studied 780 
for spinal cord ischemia. This is likely largely due to the relative rarity of spinal cord infarction. The above-781 
mentioned conditions, especially trauma and inflammation, are far more common causes of myelopathy.   782 
 783 
VII. DOCUMENTATION 784 
 785 

Reporting should be in accordance with the ACR Practice Parameter for Communication of Diagnostic Imaging 786 
Findings [103]. 787 

 788 
VIII. EQUIPMENT SPECIFICATIONS 789 
 790 
The MRI equipment specifications and performance must meet all state and federal requirements. The 791 
requirements include, but are not limited to, specifications of maximum static magnetic strength, maximum rate 792 
of change of magnetic field strength (dB/dt), maximum radiofrequency power deposition (specific absorption 793 
rate), and maximum acoustic noise levels. 794 
 795 
IX.  QUALITY CONTROL AND IMPROVEMENT, SAFETY, INFECTION CONTROL, AND 796 

PATIENT EDUCATION  797 
 798 

Policies and procedures related to quality, patient education, infection control, and safety should be developed and 799 
implemented in accordance with the ACR Policy on Quality Control and Improvement, Safety, Infection Control, 800 
and Patient Education appearing under the heading Position Statement on QC & Improvement, Safety, Infection 801 
Control, and Patient Education on the ACR website (http://www.acr.org/guidelines). 802 

 803 
The quality of a study involves the quality of the images themselves and the interpretation, with 804 
technologist and radiologist expertise required for an optimal outcome. 805 
 806 

1. Technologist quality 807 
 808 

This section discusses the performance of the exam and measures that might be necessary on the 809 
technologist side that is not covered in the specifications section. 810 

 811 
Whereas not generally thought of as a user-dependent examination, a technologist's vigilance and 812 
knowledge are keys to creating the best examination possible using available equipment.  Coil selection, 813 
parameter selection, and patient positioning are important in the initial setting up of a study including 814 
appropriate scout images to assure correct numeration of the vertebral bodies.  Once images are 815 
available, the technologist must identify artifacts and understand how to reduce them, as well as assess 816 
appropriate coverage.  Another important role of the technologist is to understand the clinical 817 
indication and have a basic knowledge of the anatomical site of potential pathology and furthermore to 818 
ask for help when uncertain.  In addition, identifying unexpected pathology is important in order to 819 
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determine whether or not additional imaging is warranted.  The hope is to meet all the patient’s needs 820 
on the initial visit, but it is understood that patients may need to be recalled for further imaging. 821 

 822 
Additional sequences may be necessary to distinguish between pathology and artifact (such as 823 
potentially abnormal cord signal). 824 

 825 
2. Radiologist quality 826 

 827 
The quality of an exam interpretation involves many aspects of interpretation including perception and 828 
disease understanding. Both aspects require a systematic and rigorous evaluation of a good quality 829 
examination [104]. 830 

 831 
Imaging examinations should be performed in a systematic and thorough fashion.  What ends up in a 832 
report is often the preference of the interpreting physician, with some physicians being more detailed 833 
than others.  Despite the form of a report or its content, the interpreting physician should see all 834 
pathology and report clinically relevant pathology. 835 

 836 
A description of alignment, discs, canal and foraminal stenosis and what is causing each is typical in a 837 
report.  It may not always be possible to distinguish between disc and osteophyte. 838 

 839 
In the spine, one of the most important causes of pain is nerve compression.  Identification of 840 
compressed or displaced nerves and the location thereof, with an eye on defining the cause of a patient's 841 
pain, in some of the most valuable information derived from spine MRI. Identification and descriptions 842 
of disc protrusions, extrusions, and sequestrations, though often subtle, are imperative for the MRI 843 
reader.  Less common causes of pain include spinal cord and soft tissue (eg, muscle) abnormalities. The 844 
facet joints should be evaluated as a source of pain, as should the sacroiliac joints in lumbar MRI. 845 

 846 
Incidental findings, such as parotid or thyroid masses, are important to identify in order to catch 847 
potential malignancies early. Liver lesions can potentially be seen on scout images. Congenital vascular 848 
abnormalities, aortic aneurysms, and retroperitoneal adenopathy may also be incidentally observed 849 
and reported. 850 

  851 
Some diseases are particularly difficult to confirm on imaging, such as infection, and repeat studies 852 
may be necessary to prove that a finding is or is not clinically relevant. 853 

 854 
Specific policies and procedures related to safety should be in place along with documentation that these policies 855 
and procedures are updated annually and that they are formulated under the supervision and direction of the 856 
supervising MRI physician. Guidelines should be provided that deal with potential hazards associated with MRI 857 
examinations to the patients as well as to others in the immediate area. Screening forms must also be provided to 858 
detect those patients who may be at risk for adverse events associated with the MRI examination. 859 
 860 

Equipment performance monitoring should be in accordance with the ACR–AAPM Technical Standard for 861 
Diagnostic Medical Physics Performance Monitoring of Magnetic Resonance Imaging (MRI) Equipment [105]. 862 

 863 
ACKNOWLEDGEMENTS  864 
 865 

This practice parameter was revised according to the process described under the heading The Process for 866 
Developing ACR Practice Guidelines and Technical Standards on the ACR website 867 

http://www.acr.org/%7E/media/6D14C0958CD143DA9C3BFD8E545F06E6.pdf
http://www.acr.org/%7E/media/6D14C0958CD143DA9C3BFD8E545F06E6.pdf


Field Review Draft – MRI Adult Spine 10/16/17 
 

NOT FOR PUBLICATION, QUOTATION, OR CITATION 
 

20  /  MRI Adult Spine    PRACTICE PARAMETER 

(http://www.acr.org/guidelines) by the Committee on Body Imaging (Musculoskeletal) of the ACR Commission 868 
on Body Imaging and the Committee on Practice Parameters – Neuroradiology of the ACR Commission on 869 
Neuroradiology in collaboration with the ASNR and the SCBT-MR.  870 

 871 
Collaborative Committee – members represent their societies in the initial and final revision of this practice 872 
parameter 873 
 874 
ACR ASNR 
Douglas N. Mintz, MD, FACR, Chair Kristine Blackham, MD 
Douglas P. Beall, MD Kavita Erickson, MD 
David B. Hackney, MD, FACR Stephen A. Kieffer, MD 
Richard J. Herzog, MD, FACR Eric J. Russell, MD 
A. Orlando Ortiz, MD, MBA, FACR Raymond K. Tu, MD, MS, FACR 
Gordon K. Sze, MD, FACR  
 875 
SCBT-MR SSR 
Garry Gold, MD Alex Rosioreanu, MD 
 Daniel S. Siegal, MD 
 876 
Committee on Body Imaging (Musculoskeletal)   
(ACR Committee responsible for sponsoring the draft through the process) 
 
William B. Morrison, MD, Chair Jonathan S. Luchs, MD, FACR 
Dawn M. Hastreiter, MD, PhD Kambiz Motamedi, MD 
Mary K. Jesse, MD Catherine C. Roberts, MD 
Kenneth S. Lee, MD David A. Rubin, MD, FACR 
Suzanne S. Long, MD Naveen Subhas, MD 
 877 
Committee on Practice Parameters – Neuroradiology 
(ACR Committee responsible for sponsoring the draft through the process) 
 
John E. Jordan, MD, MPP, FACR, Chair Alexander M. McKinney, IV, MD 
Merita A. Bania, MD David M. Mirsky, MD 
Kristine A. Blackham, MD Robin J. Mitnick, MD 
Brian Conley, MD  A. Orlando Ortiz, MD, MBA, FACR 
H. Simms Hardin, IV, MD Robert J. Rapoport, MD, FACR 
Steven W. Hetts, MD Glenn H. Roberson, MD 
Jacqueline C. Junn, MD  Rathan M. Subramaniam, MD, PhD, MPH 
Stephen A. Kieffer, MD, FACR Raymond K. Tu, MD, MS, FACR 
Robert McDonald, MD Max Wintermark, MD 
 878 
Lincoln L. Berland, MD, FACR, Chair, Commission on Body Imaging  879 
Alexander M. Norbash, MD, FACR, Chair, Commission on Neuroradiology  880 
Jacqueline A. Bello, MD, FACR, Chair, Commission on Quality and Safety 881 
Matthew S. Pollack, MD, FACR, Chair, Committee on Practice Parameters and Technical Standards 882 
 883 
REFERENCES  884 
 885 
1. American College of Radiology. ACR practice parameter for performing and interpreting magnetic 886 

resonance imaging (mri). 2011; Available at: 887 

http://www.acr.org/guidelines


Field Review Draft – MRI Adult Spine 10/16/17 
 

NOT FOR PUBLICATION, QUOTATION, OR CITATION 
 

 
PRACTICE PARAMETER  MRI Adult Spine  /  21 

https://www.acr.org/~/media/EB54F56780AC4C6994B77078AA1D6612.pdf. Accessed December 29, 888 
2016. 889 

2. American College of Radiology. Manual on Contrast Media, v7. 2010; 890 
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/contrast_manual.aspx. Accessed August 891 
9, 2011. 892 

3. Kanal E, Barkovich AJ, Bell C, et al. ACR guidance document for safe MR practices: 2007. AJR Am J 893 
Roentgenol. 2007;188(6):1447-1474. 894 

4. Algra PR, Bloem JL, Tissing H, Falke TH, Arndt JW, Verboom LJ. Detection of vertebral metastases: 895 
comparison between MR imaging and bone scintigraphy. Radiographics. 1991;11(2):219-232. 896 

5. Carmody RF, Yang PJ, Seeley GW, Seeger JF, Unger EC, Johnson JE. Spinal cord compression due to 897 
metastatic disease: diagnosis with MR imaging versus myelography. Radiology. 1989;173(1):225-229. 898 

6. Carroll KW, Feller JF, Tirman PF. Useful internal standards for distinguishing infiltrative marrow 899 
pathology from hematopoietic marrow at MRI. J Magn Reson Imaging. 1997;7(2):394-398. 900 

7. Kosuda S, Kaji T, Yokoyama H, et al. Does bone SPECT actually have lower sensitivity for detecting 901 
vertebral metastasis than MRI? J Nucl Med. 1996;37(6):975-978. 902 

8. Ghanem NA, Pache G, Lohrmann C, et al. MRI and (18)FDG-PET in the assessment of bone marrow 903 
infiltration of the spine in cancer patients. Eur Spine J. 2007;16(11):1907-1912. 904 

9. O'Sullivan GJ, Carty FL, Cronin CG. Imaging of bone metastasis: An update. World J Radiol. 905 
2015;7(8):202-211. 906 

10. Hong SH, Choi JY, Lee JW, Kim NR, Choi JA, Kang HS. MR imaging assessment of the spine: infection 907 
or an imitation? Radiographics. 2009;29(2):599-612. 908 

11. Modic MT, Feiglin DH, Piraino DW, et al. Vertebral osteomyelitis: assessment using MR. Radiology. 909 
1985;157(1):157-166. 910 

12. Tali ET. Spinal infections. Eur J Radiol. 2004;50(2):120-133. 911 
13. Dagirmanjian A, Schils J, McHenry M, Modic MT. MR imaging of vertebral osteomyelitis revisited. AJR 912 

Am J Roentgenol. 1996;167(6):1539-1543. 913 
14. Ishida M, Maeda M, Kasai Y, Uchida A, Takeda K. Idiopathic spinal cord herniation through the inner 914 

layer of duplicated anterior dura: evaluation with high-resolution 3D MRI. J Clin Neurosci. 915 
2008;15(8):933-937. 916 

15. Karadeniz-Bilgili MY, Castillo M, Bernard E. Transdural spinal cord herniation: pre- and postoperative 917 
MRI findings. Clin Imaging. 2005;29(4):288-290. 918 

16. Sasani M, Ozer AF, Vural M, Sarioglu AC. Idiopathic spinal cord herniation: case report and review of the 919 
literature. J Spinal Cord Med. 2009;32(1):86-94. 920 

17. Watters MR, Stears JC, Osborn AG, et al. Transdural spinal cord herniation: imaging and clinical spectra. 921 
AJNR Am J Neuroradiol. 1998;19(7):1337-1344. 922 

18. Modic MT, Ross JS. Lumbar degenerative disk disease. Radiology. 2007;245(1):43-61. 923 
19. Gallucci M, Puglielli E, Splendiani A, Pistoia F, Spacca G. Degenerative disorders of the spine. Eur Radiol. 924 

2005;15(3):591-598. 925 
20. Arnoldi CC, Brodsky AE, Cauchoix J, et al. Lumbar spinal stenosis and nerve root entrapment syndromes. 926 

Definition and classification. Clin Orthop Relat Res. 1976(115):4-5. 927 
21. Kent DL, Haynor DR, Larson EB, Deyo RA. Diagnosis of lumbar spinal stenosis in adults: a metaanalysis 928 

of the accuracy of CT, MR, and myelography. AJR Am J Roentgenol. 1992;158(5):1135-1144. 929 
22. Venkatanarasimha N, Parrish RW. Case 148: Thoracic epidural lipomatosis. Radiology. 2009;252(2):618-930 

622. 931 
23. Baker LL, Goodman SB, Perkash I, Lane B, Enzmann DR. Benign versus pathologic compression fractures 932 

of vertebral bodies: assessment with conventional spin-echo, chemical-shift, and STIR MR imaging. 933 
Radiology. 1990;174(2):495-502. 934 

24. Como JJ, Thompson MA, Anderson JS, et al. Is magnetic resonance imaging essential in clearing the 935 
cervical spine in obtunded patients with blunt trauma? J Trauma. 2007;63(3):544-549. 936 

https://www.acr.org/%7E/media/EB54F56780AC4C6994B77078AA1D6612.pdf
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/contrast_manual.aspx


Field Review Draft – MRI Adult Spine 10/16/17 
 

NOT FOR PUBLICATION, QUOTATION, OR CITATION 
 

22  /  MRI Adult Spine    PRACTICE PARAMETER 

25. Cothren CC, Moore EE, Biffl WL, et al. Cervical spine fracture patterns predictive of blunt vertebral artery 937 
injury. J Trauma. 2003;55(5):811-813. 938 

26. Hogan GJ, Mirvis SE, Shanmuganathan K, Scalea TM. Exclusion of unstable cervical spine injury in 939 
obtunded patients with blunt trauma: is MR imaging needed when multi-detector row CT findings are 940 
normal? Radiology. 2005;237(1):106-113. 941 

27. Krakenes J, Kaale BR. Magnetic resonance imaging assessment of craniovertebral ligaments and 942 
membranes after whiplash trauma. Spine (Phila Pa 1976). 2006;31(24):2820-2826. 943 

28. Muchow RD, Resnick DK, Abdel MP, Munoz A, Anderson PA. Magnetic resonance imaging (MRI) in the 944 
clearance of the cervical spine in blunt trauma: a meta-analysis. J Trauma. 2008;64(1):179-189. 945 

29. Saifuddin A. MRI of acute spinal trauma. Skeletal Radiol. 2001;30(5):237-246. 946 
30. Stassen NA, Williams VA, Gestring ML, Cheng JD, Bankey PE. Magnetic resonance imaging in 947 

combination with helical computed tomography provides a safe and efficient method of cervical spine 948 
clearance in the obtunded trauma patient. J Trauma. 2006;60(1):171-177. 949 

31. Tomycz ND, Chew BG, Chang YF, et al. MRI is unnecessary to clear the cervical spine in 950 
obtunded/comatose trauma patients: the four-year experience of a level I trauma center. J Trauma. 951 
2008;64(5):1258-1263. 952 

32. Vaccaro AR, Kreidl KO, Pan W, Cotler JM, Schweitzer ME. Usefulness of MRI in isolated upper cervical 953 
spine fractures in adults. J Spinal Disord. 1998;11(4):289-293; discussion 294. 954 

33. Donovan DJ, Huynh TV, Purdom EB, Johnson RE, Sniezek JC. Osteoradionecrosis of the cervical spine 955 
resulting from radiotherapy for primary head and neck malignancies: operative and nonoperative 956 
management. Case report. J Neurosurg Spine. 2005;3(2):159-164. 957 

34. Mut M, Schiff D, Miller B, Shaffrey M, Larner J, Shaffrey C. Osteoradionecrosis mimicking metastatic 958 
epidural spinal cord compression. Neurology. 2005;64(2):396-397. 959 

35. Antunes NL, Wolden S, Souweidane MM, Lis E, Rosenblum M, Steinherz PG. Radiation myelitis in a 5-960 
year-old girl. J Child Neurol. 2002;17(3):217-219. 961 

36. de Toffol B, Cotty P, Calais G, et al. Chronic cervical radiation myelopathy diagnosed by MRI. J 962 
Neuroradiol. 1989;16(3):251-253. 963 

37. Hirota S, Yoshida S, Soejima T, et al. Chronological observation in early radiation myelopathy of the 964 
cervical spinal cord: gadolinium-enhanced MRI findings in two cases. Radiat Med. 1993;11(4):154-159. 965 

38. Koehler PJ, Verbiest H, Jager J, Vecht CJ. Delayed radiation myelopathy: serial MR-imaging and 966 
pathology. Clin Neurol Neurosurg. 1996;98(2):197-201. 967 

39. Maranzano E, Bellavita R, Floridi P, et al. Radiation-induced myelopathy in long-term surviving metastatic 968 
spinal cord compression patients after hypofractionated radiotherapy: a clinical and magnetic resonance 969 
imaging analysis. Radiother Oncol. 2001;60(3):281-288. 970 

40. Martin D, Delacollette M, Collignon J, et al. Radiation-induced myelopathy and vertebral necrosis. 971 
Neuroradiology. 1994;36(5):405-407. 972 

41. Melki PS, Halimi P, Wibault P, Masnou P, Doyon D. MRI in chronic progressive radiation myelopathy. J 973 
Comput Assist Tomogr. 1994;18(1):1-6. 974 

42. Phuphanich S, Jacobs M, Murtagh FR, Gonzalvo A. MRI of spinal cord radiation necrosis simulating 975 
recurrent cervical cord astrocytoma and syringomyelia. Surg Neurol. 1996;45(4):362-365. 976 

43. Warscotte L, Duprez T, Lonneux M, et al. Concurrent spinal cord and vertebral bone marrow radionecrosis 977 
8 years after therapeutic irradiation. Neuroradiology. 2002;44(3):245-248. 978 

44. Zweig G, Russell EJ. Radiation myelopathy of the cervical spinal cord: MR findings. AJNR Am J 979 
Neuroradiol. 1990;11(6):1188-1190. 980 

45. Pompili A, Crispo F, Raus L, Telera S, Vidiri A. Symptomatic spinal cord necrosis after irradiation 981 
for vertebral metastatic breast cancer. J Clin Oncol. 2011;29(3):e53-56. 982 

46. Gorospe L, Madrid-Muniz C, Royo A, Garcia-Raya P, Alvarez-Ruiz F, Lopez-Barea F. Radiation-induced 983 
osteochondroma of the T4 vertebra causing spinal cord compression. Eur Radiol. 2002;12(4):844-848. 984 

47. Bowen BC, Pattany PM. Vascular anatomy and disorders of the lumbar spine and spinal cord. Magn Reson 985 
Imaging Clin N Am. 1999;7(3):555-571. 986 



Field Review Draft – MRI Adult Spine 10/16/17 
 

NOT FOR PUBLICATION, QUOTATION, OR CITATION 
 

 
PRACTICE PARAMETER  MRI Adult Spine  /  23 

48. Bowen BC, Pattany PM. Contrast-enhanced MR angiography of spinal vessels. Magn Reson Imaging Clin 987 
N Am. 2000;8(3):597-614. 988 

49. Alblas CL, Bouvy WH, Lycklama ANGJ, Boiten J. Acute spinal-cord ischemia: evolution of MRI 989 
findings. J Clin Neurol. 2012;8(3):218-223. 990 

50. Anson JA, Spetzler RF. Spinal dural arteriovenous malformations. In: Awad IA, Barrow DL, ed. Dural 991 
arteriovenous malformations. Park Ridge, IL: American Association of Neurological Surgeons; 1993:175-992 
191. 993 

51. Bemporad JA, Sze G. Magnetic resonance imaging of spinal cord vascular malformations with an emphasis 994 
on the cervical spine. Neuroimaging Clin N Am. 2001;11(1):viii, 111-129. 995 

52. Hurst RW. Spinal Vascular Disorders. In: Atlas SW, ed. Magnetic image resonance of the brain and spine. 996 
2nd ed. Philadelphia, PA: Lippincott-Raven; 1996:1387-1412. 997 

53. Narvid J, Hetts SW, Larsen D, et al. Spinal dural arteriovenous fistulae: clinical features and long-term 998 
results. Neurosurgery. 2008;62(1):159-166; discussion 166-157. 999 

54. Sharma AK, Westesson PL. Preoperative evaluation of spinal vascular malformation by MR angiography: 1000 
how reliable is the technique: case report and review of literature. Clin Neurol Neurosurg. 2008;110(5):521-1001 
524. 1002 

55. Faig J, Busse O, Salbeck R. Vertebral body infarction as a confirmatory sign of spinal cord ischemic stroke: 1003 
report of three cases and review of the literature. Stroke. 1998;29(1):239-243. 1004 

56. Stankiewicz JM, Neema M, Alsop DC, et al. Spinal cord lesions and clinical status in multiple sclerosis: A 1005 
1.5 T and 3 T MRI study. J Neurol Sci. 2009;279(1-2):99-105. 1006 

57. Lee JW, Park KS, Kim JH, et al. Diffusion tensor imaging in idiopathic acute transverse myelitis. AJR Am J 1007 
Roentgenol. 2008;191(2):W52-57. 1008 

58. Marliani AF, Clementi V, Albini Riccioli L, et al. Quantitative cervical spinal cord 3T proton MR 1009 
spectroscopy in multiple sclerosis. AJNR Am J Neuroradiol. 2010;31(1):180-184. 1010 

59. American College of Radiology. ACR–SIR practice parameter for sedation/analgesia. 2015; Available 1011 
at: https://www.acr.org/~/media/F194CBB800AB43048B997A75938AB482.pdf. Accessed December 1012 
29, 2016. 1013 

60. American College of Radiology. ACR–SPR practice parameter for the use of intravascular contrast 1014 
media. 2012; Available at: 1015 
https://www.acr.org/~/media/536212D711524DA5A4532407082C89BA.pdf. Accessed December 29, 1016 
2016. 1017 

61. Griswold MA, Jakob PM, Heidemann RM, et al. Generalized autocalibrating partially parallel acquisitions 1018 
(GRAPPA). Magn Reson Med. 2002;47(6):1202-1210. 1019 

62. Heidemann RM, Ozsarlak O, Parizel PM, et al. A brief review of parallel magnetic resonance imaging. Eur 1020 
Radiol. 2003;13(10):2323-2337. 1021 

63. Larkman DJ, Nunes RG. Parallel magnetic resonance imaging. Phys Med Biol. 2007;52(7):R15-55. 1022 
64. Nolte I, Gerigk L, Brockmann MA, Kemmling A, Groden C. MRI of degenerative lumbar spine disease: 1023 

comparison of non-accelerated and parallel imaging. Neuroradiology. 2008;50(5):403-409. 1024 
65. Pruessmann KP, Weiger M, Scheidegger MB, Boesiger P. SENSE: sensitivity encoding for fast MRI. Magn 1025 

Reson Med. 1999;42(5):952-962. 1026 
66. Ruel L, Brugieres P, Luciani A, Breil S, Mathieu D, Rahmouni A. Comparison of in vitro and in vivo MRI 1027 

of the spine using parallel imaging. AJR Am J Roentgenol. 2004;182(3):749-755. 1028 
67. Sodickson DK, Manning WJ. Simultaneous acquisition of spatial harmonics (SMASH): fast imaging with 1029 

radiofrequency coil arrays. Magn Reson Med. 1997;38(4):591-603. 1030 
68. Mauer UM, Freude G, Danz B, Kunz U. Cardiac-gated phase-contrast magnetic resonance imaging of 1031 

cerebrospinal fluid flow in the diagnosis of idiopathic syringomyelia. Neurosurgery. 2008;63(6):1139-1144; 1032 
discussion 1144. 1033 

69. Quigley MF, Iskandar B, Quigley ME, Nicosia M, Haughton V. Cerebrospinal fluid flow in foramen 1034 
magnum: temporal and spatial patterns at MR imaging in volunteers and in patients with Chiari I 1035 
malformation. Radiology. 2004;232(1):229-236. 1036 

https://www.acr.org/%7E/media/F194CBB800AB43048B997A75938AB482.pdf
https://www.acr.org/%7E/media/536212D711524DA5A4532407082C89BA.pdf


Field Review Draft – MRI Adult Spine 10/16/17 
 

NOT FOR PUBLICATION, QUOTATION, OR CITATION 
 

24  /  MRI Adult Spine    PRACTICE PARAMETER 

70. Rubin JB, Enzmann DR, Wright A. CSF-gated MR imaging of the spine: theory and clinical 1037 
implementation. Radiology. 1987;163(3):784-792. 1038 

71. Struck AF, Haughton VM. Idiopathic syringomyelia: phase-contrast MR of cerebrospinal fluid flow 1039 
dynamics at level of foramen magnum. Radiology. 2009;253(1):184-190. 1040 

72. Erdem LO, Erdem CZ, Acikgoz B, Gundogdu S. Degenerative disc disease of the lumbar spine: a 1041 
prospective comparison of fast T1-weighted fluid-attenuated inversion recovery and T1-weighted turbo spin 1042 
echo MR imaging. Eur J Radiol. 2005;55(2):277-282. 1043 

73. Lavdas E, Vlychou M, Arikidis N, Kapsalaki E, Roka V, Fezoulidis IV. Comparison of T1-weighted fast 1044 
spin-echo and T1-weighted fluid-attenuated inversion recovery images of the lumbar spine at 3.0 Tesla. 1045 
Acta Radiol. 2010;51(3):290-295. 1046 

74. Melhem ER, Israel DA, Eustace S, Jara H. MR of the spine with a fast T1-weighted fluid-attenuated 1047 
inversion recovery sequence. AJNR Am J Neuroradiol. 1997;18(3):447-454. 1048 

75. Phalke VV, Gujar S, Quint DJ. Comparison of 3.0 T versus 1.5 T MR: imaging of the spine. Neuroimaging 1049 
Clin N Am. 2006;16(2):241-248, ix. 1050 

76. Eito K, Waka S, Naoko N, Makoto A, Atsuko H. Vertebral neoplastic compression fractures: assessment by 1051 
dual-phase chemical shift imaging. J Magn Reson Imaging. 2004;20(6):1020-1024. 1052 

77. Erly WK, Oh ES, Outwater EK. The utility of in-phase/opposed-phase imaging in differentiating 1053 
malignancy from acute benign compression fractures of the spine. AJNR Am J Neuroradiol. 1054 
2006;27(6):1183-1188. 1055 

78. Ragab Y, Emad Y, Gheita T, et al. Differentiation of osteoporotic and neoplastic vertebral fractures by 1056 
chemical shift {in-phase and out-of phase} MR imaging. Eur J Radiol. 2009;72(1):125-133. 1057 

79. Yagmurlu B, Erden I, Tanju S, Genc Y. Opposed phase imaging in lumbar disc disease: an option providing 1058 
faster image acquisition times. J Magn Reson Imaging. 2007;26(6):1578-1584. 1059 

80. Zajick DC, Jr., Morrison WB, Schweitzer ME, Parellada JA, Carrino JA. Benign and malignant processes: 1060 
normal values and differentiation with chemical shift MR imaging in vertebral marrow. Radiology. 1061 
2005;237(2):590-596. 1062 

81. Chen WT, Shih TT, Chen RC, et al. Blood perfusion of vertebral lesions evaluated with gadolinium-1063 
enhanced dynamic MRI: in comparison with compression fracture and metastasis. J Magn Reson Imaging. 1064 
2002;15(3):308-314. 1065 

82. Biffar A, Dietrich O, Sourbron S, Duerr HR, Reiser MF, Baur-Melnyk A. Diffusion and perfusion imaging 1066 
of bone marrow. Eur J Radiol. 2010;76(3):323-328. 1067 

83. Chu S, Karimi S, Peck KK, et al. Measurement of blood perfusion in spinal metastases with dynamic 1068 
contrast-enhanced magnetic resonance imaging: evaluation of tumor response to radiation therapy. 1069 
Spine (Phila Pa 1976). 2013;38(22):E1418-1424. 1070 

84. Kanno H, Endo T, Ozawa H, et al. Axial Loading During Magnetic Resonance Imaging in Patients with 1071 
Lumbar Spinal Canal Stenosis: Does It Reproduce the Positional Change of the Dural Sac Detected by 1072 
Upright Myelography? Spine (Phila Pa 1976). 2011. 1073 

85. Kanno H, Ozawa H, Koizumi Y, et al. Dynamic change of dural sac cross-sectional area in axial loaded 1074 
MRI correlates with the severity of clinical symptoms in patients with lumbar spinal canal stenosis. Spine 1075 
(Phila Pa 1976). 2011. 1076 

86. Alyas F, Sutcliffe J, Connell D, Saifuddin A. Morphological change and development of high-intensity 1077 
zones in the lumbar spine from neutral to extension positioning during upright MRI. Clin Radiol. 1078 
2010;65(2):176-180. 1079 

87. Kong MH, Hymanson HJ, Song KY, et al. Kinetic magnetic resonance imaging analysis of abnormal 1080 
segmental motion of the functional spine unit. J Neurosurg Spine. 2009;10(4):357-365. 1081 

88. Zou J, Yang H, Miyazaki M, et al. Missed lumbar disc herniations diagnosed with kinetic magnetic 1082 
resonance imaging. Spine (Phila Pa 1976). 2008;33(5):E140-144. 1083 

89. Grankvist J, Fisker R, Iyer V, et al. MRI and PET/CT of patients with bone metastases from breast 1084 
carcinoma. Eur J Radiol. 2011. 1085 



Field Review Draft – MRI Adult Spine 10/16/17 
 

NOT FOR PUBLICATION, QUOTATION, OR CITATION 
 

 
PRACTICE PARAMETER  MRI Adult Spine  /  25 

90. Byun WM, Jang HW, Kim SW, Jang SH, Ahn SH, Ahn MW. Diffusion-weighted magnetic resonance 1086 
imaging of sacral insufficiency fractures: comparison with metastases of the sacrum. Spine (Phila Pa 1976). 1087 
2007;32(26):E820-824. 1088 

91. Baur A, Dietrich O, Reiser M. Diffusion-weighted imaging of bone marrow: current status. Eur Radiol. 1089 
2003;13(7):1699-1708. 1090 

92. Baur A, Huber A, Ertl-Wagner B, et al. Diagnostic value of increased diffusion weighting of a steady-state 1091 
free precession sequence for differentiating acute benign osteoporotic fractures from pathologic vertebral 1092 
compression fractures. AJNR Am J Neuroradiol. 2001;22(2):366-372. 1093 

93. Park SW, Lee JH, Ehara S, et al. Single shot fast spin echo diffusion-weighted MR imaging of the spine; Is 1094 
it useful in differentiating malignant metastatic tumor infiltration from benign fracture edema? Clin 1095 
Imaging. 2004;28(2):102-108. 1096 

94. Castillo M, Arbelaez A, Smith JK, Fisher LL. Diffusion-weighted MR imaging offers no advantage over 1097 
routine noncontrast MR imaging in the detection of vertebral metastases. AJNR Am J Neuroradiol. 1098 
2000;21(5):948-953. 1099 

95. Wilm BJ, Gamper U, Henning A, Pruessmann KP, Kollias SS, Boesiger P. Diffusion-weighted imaging of 1100 
the entire spinal cord. NMR Biomed. 2009;22(2):174-181. 1101 

96. Kim TH, Zollinger L, Shi XF, et al. Quantification of diffusivities of the human cervical spinal cord using a 1102 
2D single-shot interleaved multisection inner volume diffusion-weighted echo-planar imaging technique. 1103 
AJNR Am J Neuroradiol. 2010;31(4):682-687. 1104 

97. Ellingson BM, Ulmer JL, Kurpad SN, Schmit BD. Diffusion tensor MR imaging of the neurologically intact 1105 
human spinal cord. AJNR Am J Neuroradiol. 2008;29(7):1279-1284. 1106 

98. Ellingson BM, Ulmer JL, Kurpad SN, Schmit BD. Diffusion tensor MR imaging in chronic spinal cord 1107 
injury. AJNR Am J Neuroradiol. 2008;29(10):1976-1982. 1108 

99. Budzik JF, Balbi V, Le Thuc V, Duhamel A, Assaker R, Cotten A. Diffusion tensor imaging and fibre 1109 
tracking in cervical spondylotic myelopathy. Eur Radiol. 2011;21(2):426-433. 1110 

100. Setzer M, Murtagh RD, Murtagh FR, et al. Diffusion tensor imaging tractography in patients with 1111 
intramedullary tumors: comparison with intraoperative findings and value for prediction of tumor 1112 
resectability. J Neurosurg Spine. 2010;13(3):371-380. 1113 

101. Benedetti B, Rocca MA, Rovaris M, et al. A diffusion tensor MRI study of cervical cord damage in benign 1114 
and secondary progressive multiple sclerosis patients. J Neurol Neurosurg Psychiatry. 2010;81(1):26-30. 1115 

102. van Hecke W, Nagels G, Emonds G, et al. A diffusion tensor imaging group study of the spinal cord in 1116 
multiple sclerosis patients with and without T2 spinal cord lesions. J Magn Reson Imaging. 2009;30(1):25-1117 
34. 1118 

103. American College of Radiology. ACR practice parameter for communication of diagnostic imaging 1119 
findings. 2014; Available at: 1120 
https://www.acr.org/~/media/C5D1443C9EA4424AA12477D1AD1D927D.pdf. Accessed December 29, 1121 
2016. 1122 

104. Herzog RJ. Are all spine MRI studies created equal? Understanding and rewarding quality. Spine J. 1123 
2015;15(10):2122-2125. 1124 

105. American College of Radiology. ACR–AAPM technical standard for diagnostic medical physics 1125 
performance monitoring of magnetic resonance imaging (mri) equipment. 2014; Available at: 1126 
https://www.acr.org/~/media/6D14C0958CD143DA9C3BFD8E545F06E6.pdf. Accessed December 29, 1127 
2016. 1128 

 
OLD REFERENCES 
48. Faig J, Busse O, Salbeck R. Vertebral body infarction as a confirmatory sign of spinal cord ischemic stroke: 1129 

report of three cases and review of the literature. Stroke. 1998;29(1):239-243.  1130 
81. Sun M, Wang S. MR perfusion and diffusion imaging for the diagnosis of benign and malignant bone 1131 

tumors. Chinese-German Journal of Clinical Oncology. 2008;7(6):P352-357. 1132 

https://www.acr.org/%7E/media/C5D1443C9EA4424AA12477D1AD1D927D.pdf
https://www.acr.org/%7E/media/6D14C0958CD143DA9C3BFD8E545F06E6.pdf


Field Review Draft – MRI Adult Spine 10/16/17 
 

NOT FOR PUBLICATION, QUOTATION, OR CITATION 
 

26  /  MRI Adult Spine    PRACTICE PARAMETER 

83. Yanaka K, Matsumaru Y, Uemura K, Matsumura A, Anno I, Nose T. Perfusion-weighted MRI of spinal 1133 
dural arteriovenous fistula. Neuroradiology. 2003;45(10):744-747. 1134 

84. Uemura K, Matsumura A, Isobe T, et al. Perfusion-weighted magnetic resonance imaging of the spinal cord 1135 
in cervical spondylotic myelopathy. Neurol Med Chir (Tokyo). 2006;46(12):581-588. 1136 

89. Zou J, Yang H, Miyazaki M, et al. Missed lumbar disc herniations diagnosed with kinetic magnetic 1137 
resonance imaging. Spine (Phila Pa 1976). 2008;33(5):E140-144. 1138 

 1139 
*Practice parameters and standards are published annually with an effective date of October 1 in the year in which 
amended, revised or approved by the ACR Council.  For parameters and technical standards published before 
1999, the effective date was January 1 following the year in which the practice parameter or technical standard 
was amended, revised, or approved by the ACR Council.   
 
Development Chronology for this Practice Parameter 
2001 (Resolution 13) 
Revised 2006 (Resolution 8, 35) 
Revised 2012 (Resolution 15) 
Amended 2014 (Resolution 39) 


	Preamble
	VI. SPECIFICATIONS OF THE EXAMINATION
	VII. DOCUMENTATION
	VIII. equipment specifications
	IX.  QUALITY CONTROL AND IMPROVEMENT, SAFETY, INFECTION CONTROL, AND PATIENT EDUCATION

