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introduction
3D volumetric MRI is playing an increasingly important 
role in musculoskeletal diagnostic imaging.1 3D volumetric 
acquisitions have the advantage of improving through 
plane spatial resolution and generate high-quality refor-
mats to yield multiplanar images from the original dataset. 
Volumetric interpolated breath-hold examination (VIBE) 
is a form of volumetric imaging using fast 3D gradient-echo 
sequences that produces T1 images and was first introduced 
by Rofsky in 1999.2 It has the advantage of improving Z-axis 
resolution, which makes it possible to obtain high-quality 
multiplanar and 3D reconstruction images. VIBE has 
been effectively used in abdominal and breast imaging,3,4 
where short “breath-hold” length acquisitions, typically less 
than 30 s, are required to obtain dynamic, high-resolution 
T1 weighted tissue imaging minimally affected by respi-
ratory movement. VIBE sequences are characterised by 
lower signal characteristics of fluid compared to standard 
T1 weighted images, otherwise, the appearances are similar 
to standard T1 weighted images.

As with standard T1, VIBE images have low contrast reso-
lution for soft tissue and chondral pathology compared to 
other MRI sequences. Consequently, VIBE sequences have 

been of limited use in musculoskeletal imaging. However, 
there is high intrinsic tissue contrast between cortical bone 
and fatty marrow, and to a lesser extent, between bone and 
muscle. By applying high-resolution, small field of view 
(FoV) imaging to a part of the musculoskeletal system that 
has such high intrinsic contrast resolution, VIBE sequences 
can be utilised to clearly define normal cortical bony 
anatomy when surrounded by fat and muscle. Further-
more, mineralising callus and fibrous tissue within bone 
have similar signal to soft tissues on VIBE sequences, and 
therefore a relatively high intrinsic contrast resolution that 
allows ready identification of intra-cortical bone pathology. 
When standard images are inverted and windowed, VIBE 
MRI can generate high-resolution volumetric imaging 
of bony pathology. The images can then be inverted to 
resemble a similar attenuation pattern to CT.

The majority of our athletic patients are young and are having 
MRI examinations for musculoskeletal injury. The most clini-
cally useful application for VIBE sequences in athletes visiting 
our clinic has been in the identification of traumatic osseous 
injury. By adding in VIBE sequences to our standard protocol, 
we are attempting to negate the requirement for supporting 
CT and its accompanying radiation exposure.
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aBstract

MRI is an excellent diagnostic tool in the imaging of sports-related musculoskeletal pathology; however, standard 
slice thickness acquisitions can lack the spatial resolution to accurately define and characterise osseous abnormali-
ties. Standard MRI sequences may be supplemented with CT to reduce diagnostic uncertainty. We provide a clinical 
perspective, in the form of pictorial review, on the potential applications of 3D MRI sequences, specifically using volu-
metric interpolated breath-hold examination in the characterisation of various musculoskeletal osseous pathologies. 
The potential to negate the requirement for CT in a young radiation sensitive cohort is a clinically significant concept 
and suggests the requirement for further studies comparing the performance of volumetric MRI to CT.
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VIBE sequences at our clinic have been produced on a Siemens 
Magnetom 1.5T Aera & Siemens Magnetom  3T Skyra. In spinal 
imaging looking for stress fractures, acquisitions are run as a 3D 
slab with 200 × 200 mm FoV, 1.5–2 mm slice thickness, 80 mm slab 
thickness, fat suppression, TR 6–8, TE 3–5 ms, BW 200–220 Hz/
Px, 12 deg flip angle, 0.4 × 0.4 × 2 mm voxels, slab selective Volume.

For extremities that allow the use of a higher density coil (hence 
greater signal) we use an isotropic 3D sequence, allowing 
3D reconstructions. This is run with 0.4–0.5 mm voxels,  
140–150 mm FoV, variable slab thickness (depending on region 
being covered). The images are then inverted to resemble a 
similar attenuation pattern to that of a CT image.

luMBar osseous stress inJury
In the investigation of lumbar osseous stress injury, MRI has 
demonstrated similar sensitivity and specificity to CT in the detec-
tion of complete pars fractures, with or without marrow oedema.5 
However, when assessing for the presence of incomplete pars frac-
tures CT has long been regarded as the “gold standard” especially 

for mature incomplete fractures that are sclerotic without marrow 
oedema. Incomplete pars fractures are most commonly seen to 
involve the infero-medial cortex of the pars. Accurately identifying 
the position, size and orientation of the fracture can guide patient 
management and imaging follow-up.6 Dunn et al6  reviewed the 
appearances of incomplete pars fractures in adolescent patients 
using CT and standard MRI sequences. They concluded that CT 
was the superior modality to detect size and extent of incomplete 
pars fractures and was the most appropriate tool for follow-up. We 
share this view, finding standard MRI sequences limited in their 
ability to detect incomplete stress fractures especially in the absence 
of marrow oedema.

Ang et al recently compared 3D VIBE MRI with multislice CT 
for the detection of pars stress fractures of the lumbar spine.7 3 
T MRI and CT of 24 patients involving 70 pars interarticu-
laris were retrospectively reviewed. The fracture morphology 
(complete, incomplete or normal) was assessed on MRI and CT. 
They concluded that 3D T1 VIBE is 100% accurate in diagnosing 
complete pars fractures and has comparative diagnostic ability 
to CT in the detection and characterisation of incomplete pars 
stress fractures with sensitivity and specificity of 96.7 and 92% 
respectively.

Figure 1. A  22-year-old fast bowling cricketer with left-sided 
lower lumbar pain. (a) Inverted sagittal VIBE MRI (1.5 mm slice 
thickness, contiguous) and sagittal reconstructed (2 mm slice 
thickness). (b) Targeted CT of L5 performed on the same day 
show morphologically identical appearances of an incomplete 
posterior lumbar stress injury (arrows). VIBE, volumetric inter-
polated breath-hold examination. 

Figure 2. A 25-year-old fast bowling cricketer with left lower 
lumbar pain. (a) Routine sagittal T2 FS MRI showing left L4 
pedicle marrow oedema (arrow). The osseous nature of the 
posterior lumbar bone stress injury is not characterised.  
(b and c) Inverted sagittal and reconstructed axial VIBE MRI 
clearly resolve an incomplete posterior lumbar stress fracture 
(dash arrow) due to the increased spatial and contrast reso-
lution. 

Figure 3. A  27-year-old fast bowling cricketer with lower 
lumbar pain. VIBE MRI is able to document healing of pos-
terior lumbar stress injury. (a) Sagittal reconstructed CT. (b) 
Inverted VIBE MRI image, with hardened windows, performed 
on the same day shows an early incomplete posterior lum-
bar stress fracture (arrows). (c) Inverted sagittal VIBE MRI at  
4 weeks shows a more prominent L4 pars fracture (arrow) due 
to resorption of cartilaginous callus in normal bone healing in 
a clinically quiescent injury. (d and e) Inverted sagittal VIBE 
MRI shows radiological correlation of progression to clinical 
healing at 12 and 16 weeks (arrows). The craniocaudal extent 
of the fracture has reduced at 12 weeks and there is increasing 
mineralisation at 12 and 16 weeks scan. VIBE, volumetric inter-
polated breath-hold examination.
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When included in a lumbar spine MRI protocol for lumbar stress 
injury, VIBE sequences can reduce the need for complementary 
diagnostic and follow-up CT imaging of the lumbar spine in a 
radiation sensitive population (Figures 1–3).

shoulder instaBility
MRI is a proven useful tool in the detection of shoulder soft 
tissue injury, particularly when assessing the labrum with MRI 
arthrography.8

Vandevenne et al looked at VIBE MR arthrography to assess the 
rotator cuff.9 82 patients underwent direct MR arthrography of 
the shoulder joint using VIBE on a 1.0 T MR. T1-FS sequences 
were considered the gold standard and surgical correlation was 
only available in a small sample. Sensitivity and specificity of 
VIBE were greater than 92% for large articular-sided partial 
thickness and full thickness tears. However, the sensitivity and 

specificity for fraying and partial thickness tears were less. They 
concluded fast MR arthrography using VIBE was a valid alter-
native to standard T1-FS sequences for large articular-sided 
tears.

In the detection of accompanying osseous glenoid rim inju-
ries, standard MRI sequences and MRI arthrography can 
lack the spatial resolution. CT has gained popularity by 
orthopaedic surgeons in pre-operative planning to more 
accurately identify and quantify osseous glenoid rim  
injuries.10

3D volumetric MRI sequences such as VIBE can also be 
used to more accurately characterise osseous glenoid rim 
injuries (Figure 4). 

Tian et al compared 3D VIBE sequences with CT in the detec-
tion of traumatic glenoid lesions.11 Fat-suppressed 3D VIBE 
MR arthrography and MSCT were performed in 56 patients. 
Compared with multislice CT, the sensitivity and specificity 
of fat-suppressed 3D VIBE images in detecting bony Bankart 
lesions were 95.7–100% and 93.9–97.0%, respectively, and 

Figure 4. A  26-year-old AFL player post anterior shoulder 
dislocation. (a) Sagittal oblique T2 FS MRI showing anterior 
Bankart lesion. Partial volume artefact due to greater slice 
thickness impairs characterisation of bony Bankart injury 
(arrows). (b) Sagittal VIBE MRI (1 mm slice thickness) more 
accurately defines the size and morphology of the bony 
Bankart lesion (dashed arrows). VIBE, volumetric interpolated 
breath-hold examination. AFL, australian football league.

Figure 5. A  27-year-old fast bowling cricketer with medial 
elbow pain, instability symptoms and clicking. (a) Coronal T2 
FS MRI shows an oedematous focus (arrows) that is difficult 
to perceive on routine coronal T2 FS image due to surround-
ing medial elbow synovitis and ligament oedema. (b) Coronal 
VIBE MRI shows the ossified loose body more distinctly from 
adjacent synovitis. VIBE, volumetric interpolated breath-hold 
examination.

Figure 6. A 13-year-old with bilateral ankle pain and stiffness. 
(a) Sagittal PD MRI of the right ankle. (b) Sagittal inverted 
VIBE MRI demonstrates fibro-osseous talocalcaneal coalition, 
with bone bridging more conspicuous (arrows). (c) Coro-
nal reconstructed VIBE MRI allows multiplanar evaluation of 
the fibro-osseous coalition (dashed arrow). VIBE, volumetric 
interpolated breath-hold examination.
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those in predicting glenoid bone loss were 95.0 and 93.8%,  
respectively.

Stillwater et al recently compared the osseous reformats 
of 3D-MR  vs  3D-CT in patients with glenohumeral insta-
bility.12 The results suggested 3D-MR performed as well 
as CT with no statistical significance between measured 
parameters of humeral height, glenoid height and glenoid  
width.

loose Bodies
CT arthrography is a popular method in the detection of intraar-
ticular loose bodies particularly in the elbow with a reported 

ability to detect loose bodies as small as 3 mm. There is however 
limited research to support the claim that CT arthrography is 
a sensitive and specific method. Gadolinium-enhanced MR 
arthrography has demonstrated a high accuracy in the detection 
of osseous and cartilaginous bodies combined and was signifi-
cantly better than standard MR sequences (92 to 57–70%) accu-
racy respectively.13

Dubberly compared MRI with 3D volumetric sequences to CT 
arthrography in 26 consecutive patients with mechanical elbow 
symptoms.14 MRI studies were performed on a 1.5 T magnet. 
Images were produced using 3D gradient echo T2 weighted with 
a slice thickness of 1.5 mm reconstructed in all three planes. 
No gadolinium contrast was administered. Both MRI and CT 
arthrography had excellent sensitivity (92 to 100%) but low to 
moderate specificity (15 to 77%) in identifying posteriorly based 
loose bodies. Neither MRI nor CT arthrography was consistently 
sensitive (46 to 91%) or specific (13 to 73%) in predicting the 
presence or absence of loose bodies anteriorly.

We appreciate that MRI has limited sensitivity in the detection 
of loose bodies and oedematous and/or small loose bodies in 
complex joints, particularly when surrounded by synovitis, may 
be very difficult to perceive on routine MRI sequences. We anec-
dotally find VIBE sequences are a useful adjunct in defining 
loose bodies from small osteophytes (Figure 5).

osseous coalition
Tarsal coalition is defined as abnormal bridging across two 
or more of the tarsal bones and favoured to be secondary to 
segmentation of the primitive mesenchyme during develop-
ment.15 This can be in the form of cartilaginous (synchondrosis), 
fibrous (synfibrosis or syndesmosis) or osseous (synostosis). 
When assessing for osseous coalition, CT is considered the gold 
standard. Emery et al compared the performance of CT  vs  MRI 
in the diagnosis of tarsal coalition in 20 consecutive patients.16 
Coalition was divided into complete (osseous) or incomplete 
(non-osseous). They concluded that MRI had a high rate of 
agreement to CT in tarsal coalition. However CT is still regarded 
as the “gold standard” for detecting osseous coalition. We are not 
aware of any studies directly comparing the accuracy of 3D MRI 
sequences  vs  CT but we have found VIBE sequences particu-
larly informative when characterising coalition and may obviate 
the need for ionising radiation in this predominantly skeletally 
immature population (Figures 6 and 7).

Medial tiBial stress syndroMe
Medial tibial stress syndrome (MTSS), also known as shin 
splints, is a common overuse injury characterised by local pain 
that occurs during exercise at the medial surface of the distal 
two thirds of the tibial shaft. Gaeta et al prospectively compared 
MRI, CT and bone scintigraphy in the assessment of MTSS in 
42 patients experiencing pain due to early stress injuries.17 They 
found MRI to be the superior imaging modality with the greatest 
sensitivity and specificity (88 and 100%) respectively. In another 
study Gaeta et al concluded that CT was a particularly useful tool 
in detecting the early cortical osteopenic change associated with 
medial tibial stress response .18

Figure 8. A  32-year-old marathon runner with medial shin 
pain. (a and b) Axial PD and T2 FS MRI shows posteromedial 
tibial periostitis (arrows), marrow oedema and intra-cortical 
signal changes (dotted arrow), compatible with stress frac-
ture. It is difficult to determine Grade 4A  vs  4B (c and d). 
Sagittal and axial VIBE MRI confirms a well-defined intra- 
cortical fracture (arrows) of the posteromedial tibia compat-
ible with Fredericson Grade 4B MTSS. VIBE, volumetric inter-
polated breath-hold examination.

Figure 7. A 30-year-old with persistent left wrist pain following 
crush injury. Initial MRI diagnosed carpal fractures and capi-
tate-hamate articular injury. (a and b) Four-month follow-up 
coronal T2  FS and inverted coronal VIBE MRI demonstrates 
the presence of ongoing marrow oedema following previous 
trauma to a mis-diagnosed fibro-osseous coalition between 
the capitate and hamate (arrows). VIBE, volumetric interpo-
lated breath-hold examination.
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conclusion
3D MRI in the form of VIBE is a useful tool in the assessment 
of musculoskeletal osseous injury. VIBE has proven value in the 
assessment of lumbar stress injury and could potentially negate 
the requirement for supplementary CT in other musculoskeletal 
conditions in a young radiation sensitive cohort. This clinically 
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