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Abstract
As physics introduces more complex and seemingly thorough techniques to evaluate patient symptoms,
cross-sectional imaging, especially magnetic resonance imaging (MRI), seems like the modality of choice to
best help patients. However, musculoskeletal radiology (MSK) requires not just the excellent soft-tissue
contrast provided by MRI but also an evaluation of the aggressiveness of a lesion, a detailed evaluation of
osseous anatomy or distribution of disease, and a way to easily identify calcifications and gas in soft tissue
in order to make the correct diagnosis. This article will demonstrate, through numerous cases, the
importance of radiographs in the full characterization of MSK-related pathology. It will focus on imaging
pearls and pitfalls to avoid when radiographs are not available and discuss the findings that can be expected
if comparison radiographs were available.
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Introduction And Background
Magnetic resonance imaging (MRI) has become increasingly prominent in modern medicine. To put this into
perspective, consider that 40.44 million MRI examinations were performed in the United States in 2019 [1].
Important to note is that it is not uncommon for radiologists to be faced with the interpretation of these
MRI examinations without radiographic correlation despite the guidelines provided by the American College
of Radiology (ACR) appropriateness criteria. The reasons for the lack of radiographic correlation are unclear
and likely multifactorial; however, radiographs have been shown to be essential to MRI interpretation in
61%-75% of cases in one study [2].

The strengths of MRI imaging are excellent soft-tissue contrast resolution, multiplanar imaging, and lack of
ionizing radiation. However, a common pitfall when using MRI to evaluate a mass is the mischaracterization
of the aggressiveness of a lesion. Some benign lesions, such as chondroblastoma or infection, can have an
aggressive appearance on MRI, causing the radiologist to consider a malignant process. Likewise, an
aggressive malignant lesion can have well-defined margins on MRI, mimicking a less aggressive process. A
pearl is that aggressive appearance on imaging does not equate to malignancy and while MRI better assesses
the extent of involvement of a lesion, radiographs are often better or at least complementary for the
characterization of aggressiveness. Remember that the tumor matrix (chondroid or osteoid) is often better
assessed on radiographs and is a key feature in narrowing the differential diagnosis. Additionally,
radiographs are important in evaluating the surrounding osseous anatomy, including the distribution of
disease, and in evaluating the presence of calcifications and gas within the soft tissue. Because of this, the
lack of comparison radiographs may lead to misinterpretation, additional/unnecessary imaging, or
unnecessary treatments.

This article will evaluate different conditions in which radiographs are essential to the interpretation of MRI
examinations, focusing on potential pitfalls and highlighting diagnostic pearls. These conditions will be
grouped into four broad entities: arthropathy/deposition disease; infection; trauma; and tumors (both soft
tissue and osseous).

Review
Arthropathy/deposition disease
Calcium Hydroxyapatite Deposition Disease (HADD)

HADD manifests by the deposition of periarticular calcifications most commonly affecting the shoulder;
however, it can involve other joints such as the hips near the greater trochanter, the wrist, or involving the
digits. HADD can be exquisitely painful or asymptomatic and can present with a wide spectrum of imaging
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features, causing a diagnostic conundrum when interpreted without radiographs.

In the inflammatory phase, the calcifications may be surrounded by robust soft tissue edema (T2
hyperintense and T1 hypointense signal) in and around tendons such as the rotator cuff tendons, bursar
fluid collections, such as the subacromial-subdeltoid bursa, intra-articular rupture resulting in a destructive
inflammatory arthropathy termed Milwaukee shoulder, or with intraosseous involvement where HADD has
the ability to incite bone marrow edema. All of these findings can mimic other processes such as other
inflammatory arthropathies (rheumatoid arthritis (RA), gout or calcium pyrophosphate deposition disease
(CPPD)), infection (septic arthritis, osteomyelitis, or infected bursitis), or neoplasm.

In the quiescent phase, HADD is typically hypointense on T1, T2, and PD weighted sequences or imaging
and can be difficult to detect when adjacent to other hypointense structures such as tendons, ligaments, or
cortical bone (Figure 1, panel A). A useful mnemonic for T2 hypointense lesions is CHAFTS (Calcium,
Hemosiderin, Amyloid or Air, Fibrosis, Tophi, and Synovitis) [3]. Mineralization related to HADD is much
more obvious on radiographs that are diagnostic when their classic cloud-like morphology without
cortication or trabeculations are seen (Figure 1, panel B). Careful evaluation in periarticular locations is
required, as these findings can be faint in appearance or overlie bone on some views. When radiographs are
not available, soft tissue mineralization is best appreciated on T1 sequences, as it will be more hypointense
than the surrounding tendons and bursae while often blending with these structures on T2 sequences.

FIGURE 1: Hydroxyapatite Deposition Disease
MRI coronal T2 fat saturation (FS) (1A) and plain radiograph of the shoulder in the Grashey view (1B)
demonstrate mineralization within the soft tissues adjacent to the greater tuberosity (arrows). While easy to
appreciate on the MRI in this case because of the extent of calcification and interval rupture into the bursa
(MRI obtained several months after the radiographs), HADD can be difficult to distinguish from surrounding
tendons and easily overlooked on MRI without comparison radiographs.

Rheumatoid Arthritis (RA)

There is no question that MRI is superior to radiographs in the early detection of RA, as it recognizes early
synovial inflammation before osseous changes occur. This is especially helpful when the typical symptoms
of early morning stiffness, pain, and swelling are present [4]. However, RA findings can be more obscure
when presenting with atypical symptoms or occurring in an atypical joint.

Without a clinical history of RA and without small joint comparison radiographs, a soft tissue mass with
intermediate heterogeneous signal in the subcutaneous soft tissue with extension/erosion into the adjacent
calcaneus may be mistaken for soft tissue malignancy (Figure 2, panels A-B). Comparison radiographs
showing small joint erosions in a symmetric distribution without periostitis, enthesopathy, or ankyloses
helps one recognize that the soft tissue mass is likely a rheumatoid nodule (Figure 2, panel C).
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FIGURE 2: Rheumatoid Arthritis
MRI sagittal T2 fat saturation (FS) (2A) and MRI sagittal T1 (2B) demonstrate a heterogenous predominately
intermediate signal intensity mass within the subcutaneous soft tissues of the heel fat pad (yellow arrows)
with extension/erosion of the adjacent calcaneus (green arrows). Upon close inspection, there is a
T2 hyperintense signal deep to the calcaneal insertion of the Achilles tendon (circle). The diagnosis becomes
much clearer when the comparison radiograph of the foot is reviewed (2C) demonstrating extensive erosive
changes to the first interphalangeal joint and the 3rd-5th metatarsal heads (green arrows). In addition, there is
soft tissue prominence along the first interphalangeal joint likely representing an additional site of an
additional rheumatoid nodule (yellow arrow).

Remember that osseous erosions adjacent to the soft tissue mass, patient demographics, multifocal process,
and review of records for the involvement of classic joints may simplify the diagnosis.

Gout

Similar to RA, atypical symptoms occurring in an atypical joint or initial presentation early in the patient’s
disease process when radiographs are often negative may lead to a request for advanced imaging.

The MRI features of gout are highly variable. Tophi have an intermediate to low signal on T1-weighted
imaging and heterogeneous signal on fluid sensitive sequences (Figure 3, panels A-B). They can enhance
uniformly or have non-enhancing centers. Bone erosions adjacent to tophi can produce cortical disruption
and a variable degree of bone marrow edema [5]. Tophi and large erosions of less common locations and in
younger patients can be mistaken as osteomyelitis or malignancy [5]. Radiographs can be used to evaluate
for juxta-articular erosion with sclerotic margin, an overhanging edge, and/or amorphous calcifications
associated with soft tissue mass (tophi) to support the diagnosis of gout (Figure 3, panel C). As previously
mentioned, a review of the patient’s medical records for radiographs of more commonly involved joints can
be helpful.
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FIGURE 3: Gout
MRI sagittal T2 fat saturation (FS) (3A) and MRI sagittal T1 (3B) demonstrate a nonspecific heterogeneous,
predominately intermediate signal intensity soft tissue mass (yellow arrow) with surrounding soft tissue
edema (green arrow) superficial to the patella and patellar tendon. Lateral knee radiograph (3C) demonstrates
an area of soft tissue prominence (yellow arrow) corresponding to the mass noted on MRI. The mass appears
slightly dense but there are no associated mineralized bodies, which would be a helpful discriminator. Also,
no erosive changes are present. It is also important to recognize that the patella and patellar tendon are
common sites for tophus formation. A search of the patient’s radiology records demonstrated findings
suggestive of gout involving the foot (not shown).

Also remember that malignant intra-articular processes are rare. Intra-articular masses can be categorized as
synovial (RA, lipoma arborescence, or pigmented villonodular synovitis), deposition disease (gout or
amyloid), infectious, vascular (synovial hemangioma), malignant (metastasis, synovial sarcoma, or
chondrosarcoma), and post-surgical (arthrofibrosis (aka cyclops lesion)). A patient’s demographics and
history can help order the differential diagnosis.

Neuropathic Arthropathy

Presenting with a swollen unstable joint, neuropathic (Charcot) arthropathy is a rapidly progressive and
severely destructive process. MRI aids in problem-solving the cause of osseous destruction and can be
particularly helpful in differentiating between neuropathic arthropathy and osteomyelitis. However,
anatomy can be severely distorted and difficult to interpret on MRI. Radiographs allow for easier assessment
of osseous anatomy [6]. Diagnosis is made when the 5 Ds are seen: Distended joint (effusion), Dislocation,
Debris (osseous), Disorganization, and Density of bone increased [7].

Hemophilia 

Like many of the disease processes already discussed, the MRI appearance can be aggressive and nonspecific,
mimicking other processes. The classic radiographic features are radiodense soft tissue swelling and
effusions; osteopenia (juxta-articular or diffuse); epiphyseal overgrowth (widened intercondylar notch when
the knee is involved); and subchondral cysts [8]. Hemophilic arthropathy can be a mono- or polyarticular
process with an asymmetric sporadic distribution. The knee, elbow, ankle, and hip (in decreasing order of
prevalence) are most commonly affected and are often more easily recognized. MRI features are non-
specific, demonstrating thickened synovium with hypointense signal due to hemosiderin deposition, which
is best appreciated on gradient echo sequences (GRE) sequences because of blooming artifact, cartilage loss,
and erosions. MRI may also be confusing, as the classic radiographic appearances, such as epiphyseal over-
growth, is generally presented on radiographs in an educational setting. Radiologists and clinicians should
be able to identify classic radiograph findings on advanced imaging. Like other processes, the demographics
and history are extremely helpful, as this is an X-linked recessive bleeding disorder that occurs almost
exclusively in males. Roughly 50% of hemophilia patients will develop severe arthropathy.

Tumoral Calcinosis

Initially presenting as an enlarged painless joint, tumoral calcinosis is most commonly due to renal failure or
hereditary disorders in phosphate regulation. This leads to profuse soft tissue calcifications, which
occasionally liquefy to form milk of calcium. On MRI, T1 heterogeneously hypointense signal and T2
hyperintense cysts with low signal sediment and surrounding edema can be mistaken for other causes of
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metabolic or dystrophic calcifications (Figure 4, panel A). As previously mentioned, calcifications are often
more readily identified on radiographs and easily overlooked on MRI (Figure 4, panel B). Radiographs will
show cloudlike calcifications in a periarticular distribution without destructive osseous findings, confirming
the diagnosis. A history of renal failure or other metabolic derangements is seldom provided with the order
for musculoskeletal examinations and, therefore, it is often helpful to review the patient’s imaging records
for other signs of metabolic derangement or renal failure such as atrophied kidneys, dialysis catheters,
peripheral vascular disease, or additional locations of soft tissue calcifications [9].

FIGURE 4: Tumoral Calcinosis
MRI sagittal T1 post-contrast fat saturation (FS) of the right knee (4A) demonstrates multiple T1 hypointense
rounded structures (yellow arrows) with intervening regions of enhancing synovium (orange oval) anterior to
the patella and patellar tendon within the region of the prepatellar bursa. The right knee radiograph (4B)
allows for easy recognition that the previously described T1 hypointense structures correspond to coarse
lobulated calcifications (yellow arrow). There is no scalloping of adjacent bone nor other aggressive osseous
features.

Scleroderma

Scleroderma is a multisystem autoimmune connective tissue disorder with variable presentation.
Musculoskeletal manifestations can involve both osseous structures and soft tissues. MRI is nonspecific and
may be confused for trauma, infection, soft tissue neoplasm, tenosynovitis, other arthropathies, and/or
myopathy. Radiographs are diagnostic when showing acro-osteolysis and soft tissue calcifications.
Additionally, acro-osteolysis at the phalangeal tufts with osseous resorption of the first carpometacarpal
joint resulting in radial subluxation is specific to scleroderma.

Calcium Pyrophosphate Deposition Disease (CPPD)

CPPD arthropathy is the most common crystal deposition arthropathy typically presenting in middle-aged or
elderly patients. It can be asymptomatic or mimic symptoms of gout, RA, osteoarthritis (OA), and
neuropathic arthropathy. Chondrocalcinosis is nonspecific and reported in 5% of the population with
increased prevalence with age [10]. When present and in the appropriate setting, it can help distinguish
CPPD arthropathy from other processes [11].

Chondrocalcinosis is difficult to appreciate on MRI (Figure 5, panel A); however, the faint punctate and
linear calcifications deposited in hyaline and fibrocartilage (labrum, TFCC, and meniscus) are easily
identified on radiographs, as demonstrated in Figure 5, panel B [12]. The presence of chondrocalcinosis in
the setting of erosive arthropathy points to the diagnosis of CPPD arthropathy. Other clues include uniform
joint space loss, osteophyte formation (not typical of other erosive arthropathies), and bilateral distribution.
Commonly involved joints include the knees, hands, hips, and pubic symphysis in decreasing order of
prevalence. When the knees are involved, there is uniform joint space loss predominately affecting the
patellofemoral compartment. Classic imaging features of hand/wrist involvement include chondrocalcinosis
of the scapholunate ligament and triangular fibrocartilage, hook-like osteophytes of the second and third
metacarpal heads, and in advanced cases, disruption of the scapholunate ligament with proximal migration
of the capitate, and scapholunate advanced collapse (SLAC wrist).
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FIGURE 5: Calcium Pyrophosphate Deposition Disease
MRI coronal T2 fat saturation (FS) (5A) demonstrates a linear hyperintense T2 signal within the menisci
(arrows). Incidentally, the medial collateral ligament is thickened and heterogenous with increased T2 signal
both within and around the ligament consistent with a sprain (circle). Anteroposterior (AP) knee radiograph
(5B) demonstrates chondrocalcinosis of the menisci (arrows).

A pitfall associated with chondrocalcinosis on MRI imaging is related to its high T2 signal within
fibrocartilage. The high T2 signal from chondrocalcinosis within menisci, labrum, or TFCC can be mistaken
for tears, especially when comparison radiographs are not available for review at the time of MRI
interpretation.

Infection
Septic Arthritis

Traditionally, septic arthritis presents as a painful, warm, and swollen joint with decreased range of motion.
When clinical suspicion is high, joint aspiration should be performed early, as it is diagnostic. This allows for
rapid initiation of treatment (improving outcome) and antibiotics can be tailored from the cultures. In less
straightforward cases, radiographs and MRI are obtained though MRI does not have specific findings early in
the disease [13].

The first radiographic sign of septic arthritis is a joint effusion; however, this is also nonspecific. The most
important radiographically visible sign of infection is the identification of gas. On MRI, gas will appear
hypointense on both T2 and T1, like calcifications, and can easily be overlooked, blending with tendons,
fibrocartilage, ligaments, or cortex (Figure 6, panel A). The lucency associated with soft tissue gas is more
readily appreciated on radiographs (Figure 6, panel B). It is important to remember that other potential
sources of gas may be secondary to a recent procedure such as joint injection/aspiration.
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FIGURE 6: Septic Arthritis
MRI sagittal proton density (PD) of the right knee (6A) shows thickened edematous synovium, subcutaneous
edema, and large suprapatellar joint effusion with low PD signal (yellow arrow) within the suprapatellar bursa.
Lateral radiograph of the right knee (6B) allows for easy recognition of gas (yellow arrow) within
the suprapatellar bursa. Of note, there is also an abnormal bone marrow signal in the distal femur and
proximal tibia (green arrows) with a radiograph showing cortical destruction involving the posterior tibia
adjacent to the proximal tib-fib joint (green arrow). The final diagnosis was septic arthritis and osteomyelitis.

Necrotizing Fasciitis

Presenting with severe pain, swelling, and crepitus, necrotizing fasciitis is most commonly caused by a
polymicrobial process. MRI is nonspecific, showing soft tissue edema and thickened, enhancing fascia with
increased T2 signal [14]. As previously discussed, gas can be easily overlooked on MRI, appearing as small
foci of low signal on both T1 and T2 and is more readily appreciated as small round or oval lucent foci on
radiographs, which are more easily and rapidly obtained. Necrotizing fasciitis is generally diagnosed
clinically and requires urgent surgical debridement. In many cases, MRI is unnecessary and may lead to a
delay in treatment [15].

Osteomyelitis

Similar to RA, MRI is more sensitive than radiographs in the early detection of osteomyelitis, showing
noticeably low T1 and high T2 signals within the bone marrow. Other imaging features of osteomyelitis
include periostitis and cortical destruction [16]. Radiographs are a useful first step because they are readily
available, quick to obtain, and inexpensive. A pitfall of radiographs is that they may be negative early in the
process. As previously discussed, gas associated with infection may be more obvious on radiographs, and the
overall osseous anatomy in advanced destructive osteomyelitis is better appreciated (see discussion on
highly destructive processes in the section titled neuropathic arthropathy). These findings are exemplified
in Figure 7, panels A-C. In addition to high sensitivity and early detection, MRI allows the evaluation of the
extent of soft tissue involvement (cellulitis, abscess formation, and fasciitis), as well as the extent of osseous
and joint involvement, which is generally underestimated on radiographs and physical exams, thereby
aiding in management planning. Osteomyelitis in adults is most commonly seen in the setting of direct
extension from a penetrating injury or chronic ulceration. It is helpful if these areas are marked by the MRI
technologist prior to imaging. Soft tissue defects or foreign bodies can sometimes be appreciated on
radiographs more easily than MRI, however, markers are also helpful for radiographic assessment.
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FIGURE 7: Osteomyelitis
MRI coronal T2 fat saturation (FS) (7A) and MRI coronal T1 (7B) demonstrates marrow edema predominately
in the first metatarsal and phalanges with surrounding soft tissue edema and areas of hypointense T1/T2
signal between the first and second metatarsals (yellow arrows). Extensive/near-complete destruction of the
first distal phalanx and medial margin of the first metatarsal head with associated soft tissue mineralized
debris (orange arrows). The mineralized debris is not well-appreciated on the MRI images. A marker is noted
along the medial foot, marking an ulcer appreciated on the exam but not well-displayed on the provided
images. Edema extends from the ulcer to the underlying first metatarsal. Left foot radiograph (7C) illustrates
extensive destruction of the first distal phalanx, the base of the first proximal phalanx (orange arrow), and
medial margin of the first metatarsal head with associated soft tissue mineralized debris. Hypointense T1/T2
gas is much easier to appreciate on the radiograph (yellow arrows).

Without the typical presentation of pain, decreased range of motion, trouble bearing weight, swelling, and
fever, MRI findings can be similar to findings seen with trauma, tumor, neuropathic arthropathy, and
advanced erosive arthropathy. In these cases, history, laboratory values, and distribution are important
factors for establishing the diagnosis. A review of the patient’s radiology records may sometimes reveal a
pertinent history, such as bilateral foot or hand radiographs due to a prior workup of inflammatory
arthropathy, or advanced atherosclerosis as can be seen in chronic diabetes/peripheral neuropathy
suggesting neuropathic arthropathy. In some cases, especially when there are superimposed etiologies,
tissue sampling may be indicated. It should be noted that in the setting of osteomyelitis, bone cultures are
not uncommonly negative and do not exclude infection. In these situations, tissue sampling should include
the adjacent soft tissues and periosteum when a bone biopsy is performed [17].

Trauma
Myositis Ossificans

Myositis ossificans (MO) typically presents as a soft tissue mass in the setting of trauma but is also
associated with burns and neurologic disorders. However, in many cases, the patient may not remember the
inciting factor and advanced imaging may be obtained to evaluate a palpable soft tissue mass. The MRI
appearance of MO varies with age. Early features of MO include a T1 hypointense-to-intermediate mass,
with surrounding T2 hyperintense reactive edema lasting up to eight weeks with variable heterogeneous
intermediate to high T2 signals centrally depending on the extent of cellularity and cartilage components
(Figure 8, panel A). In mature MO, there will be a peripheral T1/T2 hypointense rim corresponding to mature
bone, while centrally, it will be a heterogeneous intermediate to high T1 and T2 signal [18]. If close to the
bone, there may be reactive bone marrow edema and periosteal reaction. In some cases, when close to the
bone, it can be mistaken for a surface lesion (periosteal or juxtacortical).
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FIGURE 8: Myositis Ossificans
MRI sagittal T2 fat saturation (FS) (8A) obtained at the time of initial presentation demonstrates an ill-defined
T2 hypointense region (yellow arrows) with a surrounding T2 hyperintense signal likely representing edema
(orange arrows), a non-specific imaging appearance. Lateral tibia/fibula radiograph (8B) shows immature
mineralization (yellow arrows), which, especially with the clinical history, aids in the diagnosis of myositis
ossificans. A follow-up radiograph six weeks later (not shown) demonstrated the development of peripheral
mineralization with central lucency consistent with myositis ossificans.

MO can be misdiagnosed as a neoplasm on MRI, especially early in the maturation process when the lesion
has a nonspecific appearance. When MO is a clinical consideration for a soft tissue mass, it is critical to
perform short interval follow-up imaging and a clinical exam and obtain radiographs to assess resolution or
normal maturation (Figure 8, panel B). On follow-up imaging, myositis ossificans will demonstrate the
development of peripheral mineralization with central lucency on radiographs, which is a pathognomic
finding.

Calcific Myonecrosis 

Calcific myonecrosis is characterized by a painful, slowly enlarging, soft tissue mass. Unlike myositis
ossificans, the inciting factor is usually remembered by the patient and can include a history of compartment
syndrome or vascular or neurologic injury. MRI shows a well-circumscribed mass with a heterogeneous
signal on T2 (Figure 9, panel A). T1 shows a homogenous intermediate signal throughout the central fluid
region (Figure 9, panel B) with a corresponding T2 hyperintense signal [19]. The heterogeneous appearance
of the muscle with an area of enhancement can be mistaken as a tumor (e.g. sarcoma) when the capsule is
thin and thus easily overlooked. Radiographs show a fusiform mass with peripherally oriented, plaque-like,
amorphous calcifications aiding in diagnosis, especially when calcifications correspond to the surrounding
capsule (Figure 9, panel C).
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FIGURE 9: Calcified Myonecrosis
MRI coronal T1 fat saturation (FS) post-contrast (9A) and MRI coronal T1 (9B) show a heterogeneous mass
(oval) with scattered foci of internal enhancement (green arrow) replacing the majority of the peroneus longus
and brevis muscles. Also noted is a peripheral T1/T2 hypointense capsule (yellow arrows). The extensive
peripheral and internal soft tissue calcifications are better appreciated on the comparison tibia/fibula
radiograph (9C).

Ossicles/Sesamoids (Displaced or Fractured)

Meniscal ossicles may be difficult to identify on MRI examinations if the ossicle is highly mineralized and the
MRI protocol only has fat-saturated sequences, as the ossicle may be isointense to the surrounding
meniscus. If the ossicle is not highly mineralized and instead demonstrates a T2 hyperintense signal, it may
be confused for a meniscal tear, intra-articular body, or intrameniscal cyst (Figure 10, panel A). Meniscal
ossicles are easily identified on radiographs, classically as an ovoid or triangular, corticated osseous body
(Figure 10, panel B), most commonly in the posterior horn of the medial meniscus [20]. Its triangular shape
in the appropriate location helps distinguish it from an intra-articular body or “ossicle such as a fabella.”

FIGURE 10: Meniscal Ossicle
MRI coronal T2 fat saturation (FS) (10A) shows intermediate to hyperintense T2 signal noted within the
posterior horn of the medial meniscus (yellow arrow), which may be interpreted as a meniscal tear or
intrasubstance degeneration. A lateral knee radiograph (10B) demonstrates an ossified triangular-shaped
body within the posterior joint space (yellow arrow) revealing the apparent meniscal tear or intrasubstance
degeneration to be a meniscal ossicle.

Once a meniscal ossicle has been identified, a close scrutinization of the posterior root ligaments of the
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corresponding meniscus is recommended, as meniscal ossicles are commonly associated with root tears [21].
Also look for secondary signs of meniscus root tear, such as meniscal extrusion, which is best appreciated on
the coronal images.

In addition to meniscal ossicles, sesamoids/ossicles can also be located within tendons, ligaments, or
periarticular tissues. When present within tendons, they present as focal areas of ossification, as the
tendon passes over joints or bones. Similar to a meniscal ossicle, MRI appearance follows the bone on all
sequences. These also can be difficult to appreciate on fat-suppressed sequences due to blending with
surrounding structures.

When fractured or displaced, sesamoids/ossicles can be mistaken as soft-tissue tumors, intra-articular
bodies, or soft tissue injuries, especially when there is significant surrounding soft tissue edema. Not
surprisingly, ossified ossicles and ossicle fractures are more readily appreciated on radiographs. When an
ossicle is displaced, there should be a high suspicion of an associated tendon rupture. Similarly, small
ligament avulsion injuries are better visualized on radiographs.

A common pitfall is overlooking subtle small areas of bone marrow edema and tiny avulsion injuries
associated with a second fracture or soft tissue injury (ligamentous avulsion) on MRI, whereas the osseous
fragment is easily seen on radiographs. It should be noted that avulsion fractures are well-known to elicit
relatively minor, small areas of bone marrow edema in comparison to bone contusion or impaction injuries
[22].

Tumors (osseous and soft tissue)
Vascular Malformations

Hemangiomas and other vascular malformations of the soft tissue present as a slow-growing mass with
additional characteristics depending on the subtype. MRI appearance is variable but includes areas of T1
hyperintensity corresponding to fat and a slow-flow mass that is T2 hyperintense to muscle and contrast
enhancement of vascular portions (Figure 11, panels A-B). The variable appearance can sometimes be
nonspecific and confusing on MRI especially when the lesion has little to no internal fat. In these cases,
considerations would also include, but are not limited to, desmoid, synovial sarcoma, or other myxoid
tumors. Radiographs showing phleboliths (Figure 11, panel C) together with the MRI findings are consistent
with a vascular malformation, alleviating the need for tissue sampling [23]. Remember, as previously
discussed, soft tissue calcifications are more obvious on radiographs; therefore, when considering
hemangioma or vascular malformation in the differential diagnosis on cross-sectional imaging, look at the
radiographs for the presence of phleboliths [24]. If no radiographs are available, phleboliths may be
appreciated on the T1 sequences. If still not identified, recommend them prior to tissue sampling.
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FIGURE 11: Vascular Malformation
MRI long-axis T2 fat saturation (FS) (11A) and MRI long-axis T1 (11B) demonstrate a heterogenous
predominately T2 hyperintense, T1 hypointense, lobulated, somewhat infiltrating mass (yellow arrows). There
are some areas of T1 hyperintense signal suggesting intralesional fat (orange arrows), which is helpful for
forming a differential diagnosis; however, the MRI is nonspecific. Considerations, in this case, would include
but are not limited to a Desmond tumor, vascular malformation, or synovial sarcoma. Oblique foot radiograph
(11C) demonstrates mild splaying of the second and third metatarsal bones with the chronic remodeling of
the third metatarsal diaphysis, and the most important finding, soft tissue calcification consistent with a
phlebolith (circle). This key feature helps establish the diagnosis of hemangioma, precluding the need for
biopsy.

Synovial/Tenosynovial Chondromatosis

Synovial or tenosynovial osteochondromatosis can be primary (neoplastic), where the bodies are similar in
size, or secondary (mechanical injury) in the setting of degenerative osteoarthritis, where the bodies are
generally more variable in size [25]. Osteochondromatosis may be difficult to appreciate on MRI alone,
especially in small joints, such as the wrist (Figure 12, panel A), where there are several hypointense
structures, such as tendons, ligaments, cortical bone, or vascular flow voids (don’t forget CHAFTS), which
may obscure small adjacent ossified or cartilaginous bodies. Additionally, the differential diagnosis may be
broader without radiographs and could include septic arthritis, inflammatory arthropathies, such as gout or
RA, nodular synovitis, or neoplasms such as giant cell tumor of the tendon sheath, if they are located in the
tenosynovial sheath.
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FIGURE 12: Synovial Osteochondromatosis
MRI axial T2 fat saturation (FS) (12A) shows multiple small, round, hypointense, similar-sized foci along the
volar wrist on both the radial and ulnar sides surrounded by fluid (yellow arrows). Lateral radiograph of the
wrist (12B) demonstrates multiple mineralized bodies along the volar aspect of the wrist (yellow arrows).

Radiographs readily identify the characteristic multiple intra-articular ossified bodies distributed evenly
throughout the joint in osteochondromatosis as shown in Figure 12, panel B [25]. Be sure to always
scrutinize T2 hypointense structures surrounded by fluid and/or edema for the presence of bodies.
Additionally, assess T2 hypointense structures in two orthogonal planes to distinguish between tendons or
ligaments and round mineralized foci.

Osteoid Osteoma

Osteoid osteoma is a benign tumor classically presenting as aching pain, worse at night, and relieved by
nonsteroidal anti-inflammatory drugs (NSAIDs). Central nidus is T1 hypointense with a variable signal on
T2. There is surrounding bone marrow edema and enhancement of the nidus, which can make it difficult to
differentiate from other conditions such as infection, inflammatory/non-inflammatory arthritis, and other
tumors. An additional limitation of MRI is inconsistent ability to identifying the nidus. Radiographs showing
an intracortical nidus, which can display variable amounts of mineralization, surrounded by cortical
thickening and dense sclerosis assists in the diagnosis [26]. This may be better appreciated on CT.

Chondroblastoma

Chondroblastoma is a benign bone tumor with a nonspecific clinical presentation of joint pain, tenderness
to palpation, and soft tissue swelling in young patients generally less than 20 years of age. It frequently
appears aggressive on MRI with periosteal reaction, extensive bone marrow edema, surrounding soft-tissue
edema, joint effusion, and synovitis (Figure 13, panel A). Radiographs show a less aggressive appearing
geographic lucent lesion with variable amounts of the ring and arc mineralized chondroid matrix and
sclerotic margins located eccentrically within the epiphysis (Figure 13, panel B). The extent of
mineralization of the chondroid matrix can increase over time, a feature that can also be seen with
enchondromas.
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FIGURE 13: Chondroblastoma
MRI coronal T2 fat saturation (FS) shoulder (13A) demonstrates a mildly heterogeneous, predominately
hypointense, lobulated mass within the glenoid (yellow arrows). There is glenohumeral joint effusion,
synovitis, and surrounding soft tissue and bone marrow edema. The imaging appearance suggests an
aggressive process. A Grashey view radiograph of the right shoulder (13B) demonstrates a lobulated,
sclerotic mass (yellow arrows) with an “arc and ring” appearance. Incidentally, there is severe glenohumeral
joint space loss new from comparison radiographs (not shown) likely related to chronic inflammation of the
glenohumeral joint. The location of the lesion and radiographic appearance is most consistent with
chondroblastoma. The radiographic appearance is less aggressive than MRI findings.

Paget Disease

Paget disease is usually asymptomatic for years and can present with a variety of signs/symptoms, including
bone pain, osseous deformity, hearing loss, neurological issues from spinal stenosis, warm skin, or fracture.
MRI findings are variable and depend on the location and stage of the disease; early destructive stage
(primarily lytic), intermediate stage (mixed lytic and blastic), and late inactive stage (primarily blastic). A
long-standing disease has a dominant signal intensity similar to fat and is seen with most patients. The
intermediate stage can show low T1 signal with high T2 signal and enhancement, all of which are likely
related to the presence of granulation tissue, hypervascularity, and edema of active disease (Figure 14,
panels A-B). The low T1/T2 signal seen in late disease, secondary to compact bone or fibrous tissue
formation, is the least common presentation [27]. The variable, heterogeneous, infiltrative appearance of the
marrow can be mistaken for an infiltrative marrow process such as myeloma, leukemia, infection, or
metastasis.
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FIGURE 14: Paget
MRI coronal T1 of the pelvis (14A) and coronal T1 post-contrast fat saturation (FS) of the pelvis (14B)
demonstrates T1 hypointensity (yellow arrows) in the cranial aspect of the right iliac wing with diffuse
speckled contrast enhancement (green arrows) relative to the contralateral osseous structures. A frontal
radiograph of the pelvis (14C) demonstrates hypertrophic right side iliac wing and innominate bone with a
slightly expanded appearance and thickened trabecula. No evidence of periarticular soft tissue calcification,
destructive or blastic lesion, or other abnormality.

The pathognomonic findings of trabecular and cortical thickening with enlargement of the bone, which are
easily recognized on radiographs are often overlooked or misinterpreted on MRI (Figure 14C). Other classic
radiographic imaging features such as osteoporosis circumscripta, cotton wool skull, widened diploic space,
picture frame sign of the vertebral body, and bowing deformities of the long bones may also be missed on
MRI because they have been traditionally taught and presented on radiographs. It is important to be able to
recognize classic imaging findings across multiple imaging modalities.

Conclusions
Radiographs have been shown to be helpful in the interpretation of MRI examinations in the majority of
cases, especially when evaluating the aggressiveness of a lesion, the osseous anatomy or distribution of
disease, and calcifications and gas in soft tissue. There are numerous processes to include various
arthropathies, infection, trauma, and neoplasm, which may have nonspecific, easily overlooked, and/or
confusing features on musculoskeletal MRI examinations. Comparison radiographs, when available, can
more clearly delineate findings that may be subtle on MRI allowing for a more specific differential diagnosis.
This decreases the likelihood of further unnecessary workup. Knowledge of these entities and their
sometimes subtle or confusing MRI appearance is essential to the successful interpretation of
musculoskeletal MRI.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Number of magnetic resonance imaging (MRI) units in selected countries as of 2019 . (2020). Accessed: June

1, 2021: https://www.statista.com/statistics/282401/density-of-magnetic-resonance-imaging-units-by-
country/.

2. Taljanovic MS, Hunter TB, Fitzpatrick KA, Krupinski EA, Pope TL Jr: Musculoskeletal magnetic resonance
imaging: importance of radiography. Skeletal Radiol. 2003, 32:403-11. 10.1007/s00256-003-0648-7

3. Dieckman S, Bui-Mansfield LT: The “CHAFT" mnemonic for musculoskeletal lesions with low T2 signal
intensity. Contemp Diagn Radiol. 2012, 35:1-7. 10.1097/01.CDR.0000413060.40910.1f

4. Narváez JA, Narváez J, De Lama E, De Albert M: MR imaging of early rheumatoid arthritis . Radiographics.
2010, 30:143-63; discussion 163-5. 10.1148/rg.301095089

2021 Richter et al. Cureus 13(7): e16419. DOI 10.7759/cureus.16419 15 of 16

https://assets.cureus.com/uploads/figure/file/233427/lightbox_d9738e20d83411ebb22a4b91a4700779-Paget.png
https://www.statista.com/statistics/282401/density-of-magnetic-resonance-imaging-units-by-country/
https://www.statista.com/statistics/282401/density-of-magnetic-resonance-imaging-units-by-country/
https://dx.doi.org/10.1007/s00256-003-0648-7
https://dx.doi.org/10.1007/s00256-003-0648-7
https://dx.doi.org/10.1097/01.CDR.0000413060.40910.1f
https://dx.doi.org/10.1097/01.CDR.0000413060.40910.1f
https://dx.doi.org/10.1148/rg.301095089
https://dx.doi.org/10.1148/rg.301095089


5. Girish G, Glazebrook KN, Jacobson JA: Advanced imaging in gout . AJR Am J Roentgenol. 2013, 201:515-25.
10.2214/AJR.13.10776

6. Rosskopf AB, Loupatatzis C, Pfirrmann CW, Böni T, Berli MC: The Charcot foot: a pictorial review . Insights
Imaging. 2019, 10:77. 10.1186/s13244-019-0768-9

7. Rajbhandari SM, Jenkins RC, Davies C, Tesfaye S: Charcot neuroarthropathy in diabetes mellitus .
Diabetologia. 2002, 45:1085-96. 10.1007/s00125-002-0885-7

8. Maclachlan J, Gough-Palmer A, Hargunani R, Farrant J, Holloway B: Haemophilia imaging: a review.
Skeletal Radiol. 2009, 38:949-57. 10.1007/s00256-008-0586-5

9. Olsen KM, Chew FS: Tumoral calcinosis: pearls, polemics, and alternative possibilities . Radiographics. 2006,
26:871-85. 10.1148/rg.263055099

10. Parperis K, Carrera G, Baynes K, Mautz A, Dubois M, Cerniglia R, Ryan LM: The prevalence of
chondrocalcinosis (CC) of the acromioclavicular (AC) joint on chest radiographs and correlation with
calcium pyrophosphate dihydrate (CPPD) crystal deposition disease. Clin Rheumatol. 2013, 32:1383-6.
10.1007/s10067-013-2255-x

11. Rosenthal AK: Clinical manifestations and diagnosis of calcium pyrophosphate crystal deposition (CPPD)
disease. UpToDate. Ted W Post (ed): UpToDate, Waltham, MA; 2021.

12. Miksanek J, Rosenthal AK: Imaging of calcium pyrophosphate deposition disease . Curr Rheumatol Rep.
2015, 17:20. 10.1007/s11926-015-0496-1

13. Graif M, Schweitzer ME, Deely D, Matteucci T: The septic versus nonseptic inflamed joint: MRI
characteristics. Skeletal Radiol. 1999, 28:616-20. 10.1007/s002560050562

14. Hayeri MR, Ziai P, Shehata ML, Teytelboym OM, Huang BK: Soft-tissue infections and their imaging mimics:
from cellulitis to necrotizing fasciitis. Radiographics. 2016, 36:1888-910. 10.1148/rg.2016160068

15. Donovan A, Schweitzer ME: Use of MR imaging in diagnosing diabetes-related pedal osteomyelitis .
Radiographics. 2010, 30:723-36. 10.1148/rg.303095111

16. Stevens DL, Baddour LM: Necrotizing soft tissue infections . UpToDate. Ted W Post (ed): UpToDate,
Waltham, MA; 2021.

17. Husseini JS, Habibollahi S, Nelson SB, Rosenthal DI, Chang CY: Best practices: CT-guided percutaneous
sampling of vertebral discitis-osteomyelitis and technical factors maximizing biopsy yield. AJR Am J
Roentgenol. 2020, [Epub ahead of print]:10.2214/AJR.20.24313

18. Lacout A, Jarraya M, Marcy PY, Thariat J, Carlier RY: Myositis ossificans imaging: keys to successful
diagnosis. Indian J Radiol Imaging. 2012, 22:35-9. 10.4103/0971-3026.95402

19. O'Dwyer HM, Al-Nakshabandi NA, Al-Muzahmi K, Ryan A, O'Connell JX, Munk PL: Calcific myonecrosis:
keys to recognition and management. AJR Am J Roentgenol. 2006, 187:W67-76. 10.2214/AJR.05.0245

20. Mohankumar R, Palisch A, Khan W, White LM, Morrison WB: Meniscal ossicle: posttraumatic origin and
association with posterior meniscal root tears. AJR Am J Roentgenol. 2014, 203:1040-6.
10.2214/AJR.13.11821

21. Mohankumar R, Palisch A, Khan W, White LM, Morrison WB: Meniscal ossicle: posttraumatic origin and
association with posterior meniscal root tears. AJR Am J Roentgenol. 2014, 203:1040-6.
10.2214/AJR.13.11821

22. Rios AM, Rosenberg ZS, Bencardino JT, Rodrigo SP, Theran SG: Bone marrow edema patterns in the ankle
and hindfoot: distinguishing MRI features. AJR Am J Roentgenol. 2011, 197:W720-9. 10.2214/AJR.10.5880

23. Legiehn GM, Heran MK: A step-by-step practical approach to imaging diagnosis and interventional
radiologic therapy in vascular malformations. Semin Intervent Radiol. 2010, 27:209-31. 10.1055/s-0030-
1253521

24. Kransdorf MJ, Murphey MD: Imaging of soft-tissue musculoskeletal masses: fundamental concepts .
Radiographics. 2016, 36:1931-48. 10.1148/rg.2016160084

25. Murphey MD, Vidal JA, Fanburg-Smith JC, Gajewski DA: Imaging of synovial chondromatosis with
radiologic-pathologic correlation. Radiographics. 2007, 27:1465-88. 10.1148/rg.275075116

26. Chai JW, Hong SH, Choi JY, Koh YH, Lee JW, Choi JA, Kang HS: Radiologic diagnosis of osteoid osteoma:
from simple to challenging findings. Radiographics. 2010, 30:737-49. 10.1148/rg.303095120

27. Theodorou DJ, Theodorou SJ, Kakitsubata Y: Imaging of Paget disease of bone and its musculoskeletal
complications: review. AJR Am J Roentgenol. 2011, 196:S64-75. 10.2214/AJR.10.7222

2021 Richter et al. Cureus 13(7): e16419. DOI 10.7759/cureus.16419 16 of 16

https://dx.doi.org/10.2214/AJR.13.10776
https://dx.doi.org/10.2214/AJR.13.10776
https://dx.doi.org/10.1186/s13244-019-0768-9
https://dx.doi.org/10.1186/s13244-019-0768-9
https://dx.doi.org/10.1007/s00125-002-0885-7
https://dx.doi.org/10.1007/s00125-002-0885-7
https://dx.doi.org/10.1007/s00256-008-0586-5
https://dx.doi.org/10.1007/s00256-008-0586-5
https://dx.doi.org/10.1148/rg.263055099
https://dx.doi.org/10.1148/rg.263055099
https://dx.doi.org/10.1007/s10067-013-2255-x
https://dx.doi.org/10.1007/s10067-013-2255-x
https://www.uptodate.com/contents/clinical-manifestations-and-diagnosis-of-calcium-pyrophosphate-crystal-deposition-cppd-disease#H19
https://dx.doi.org/10.1007/s11926-015-0496-1
https://dx.doi.org/10.1007/s11926-015-0496-1
https://dx.doi.org/10.1007/s002560050562
https://dx.doi.org/10.1007/s002560050562
https://dx.doi.org/10.1148/rg.2016160068
https://dx.doi.org/10.1148/rg.2016160068
https://dx.doi.org/10.1148/rg.303095111
https://dx.doi.org/10.1148/rg.303095111
https://www.uptodate.com/contents/necrotizing-soft-tissue-infections?search=necrotizing fasciitis&source=search_result&selectedTitle=1~102&usage_type=default&display_rank=1#H2611694952
https://dx.doi.org/10.2214/AJR.20.24313
https://dx.doi.org/10.2214/AJR.20.24313
https://dx.doi.org/10.4103/0971-3026.95402
https://dx.doi.org/10.4103/0971-3026.95402
https://dx.doi.org/10.2214/AJR.05.0245
https://dx.doi.org/10.2214/AJR.05.0245
https://dx.doi.org/10.2214/AJR.13.11821
https://dx.doi.org/10.2214/AJR.13.11821
https://dx.doi.org/10.2214/AJR.13.11821
https://dx.doi.org/10.2214/AJR.13.11821
https://dx.doi.org/10.2214/AJR.10.5880
https://dx.doi.org/10.2214/AJR.10.5880
https://dx.doi.org/10.1055/s-0030-1253521
https://dx.doi.org/10.1055/s-0030-1253521
https://dx.doi.org/10.1148/rg.2016160084
https://dx.doi.org/10.1148/rg.2016160084
https://dx.doi.org/10.1148/rg.275075116
https://dx.doi.org/10.1148/rg.275075116
https://dx.doi.org/10.1148/rg.303095120
https://dx.doi.org/10.1148/rg.303095120
https://dx.doi.org/10.2214/AJR.10.7222
https://dx.doi.org/10.2214/AJR.10.7222

	Challenges in the Interpretation of MRI Examinations Without Radiographic Correlation: Pearls and Pitfalls to Avoid
	Abstract
	Introduction And Background
	Review
	Arthropathy/deposition disease
	FIGURE 1: Hydroxyapatite Deposition Disease
	FIGURE 2: Rheumatoid Arthritis
	FIGURE 3: Gout
	FIGURE 4: Tumoral Calcinosis
	FIGURE 5: Calcium Pyrophosphate Deposition Disease

	Infection
	FIGURE 6: Septic Arthritis
	FIGURE 7: Osteomyelitis

	Trauma
	FIGURE 8: Myositis Ossificans
	FIGURE 9: Calcified Myonecrosis
	FIGURE 10: Meniscal Ossicle

	Tumors (osseous and soft tissue)
	FIGURE 11: Vascular Malformation
	FIGURE 12: Synovial Osteochondromatosis
	FIGURE 13: Chondroblastoma
	FIGURE 14: Paget


	Conclusions
	Additional Information
	Disclosures

	References


