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Purpose: To assess lung magnetic resonance (MR) imaging with 
a respiratory-gated pointwise encoding time reduction 
with radial acquisition (PETRA) sequence at 1.5 T and 
compare it with imaging with a standard volumetric inter-
polated breath-hold examination (VIBE) sequence, with 
extra focus on the visibility of bronchi and the signal in-
tensity of lung parenchyma.

Materials and 
Methods:

The study was approved by the local ethics committee, and 
all subjects gave written informed consent. Twelve healthy 
volunteers were imaged with PETRA and VIBE sequences. 
Image quality was evaluated by using visual scoring, num-
bering of visible bronchi, and quantitative measurement 
of the apparent contrast-to-noise ratio (CNR) and signal-
to-noise ratio (SNR). For preliminary clinical assessment, 
three young patients with cystic fibrosis underwent both 
MR imaging and computed tomography (CT). Compari-
sons were made by using the Wilcoxon signed-rank test 
for means and the McNemar test for ratios. Agreement 
between CT and MR imaging disease scores was assessed 
by using the k test.

Results: PETRA imaging was performed with a voxel size of 0.86 
mm3. Overall image quality was good, with little motion 
artifact. Bronchi were visible consistently up to the fourth 
generation and in some cases up to the sixth generation. 
Mean CNR and SNR with PETRA were 32.4% 6 7.6 
(standard deviation) and 322.2% 6 37.9, respectively, 
higher than those with VIBE (P , .001). Good agreement 
was found between CT and PETRA cystic fibrosis scores 
(k = 1.0).

Conclusion: PETRA enables silent, free-breathing, isotropic, and sub-
millimeter imaging of the bronchi and lung parenchyma 
with high CNR and SNR and may be an alternative to CT 
for patients with cystic fibrosis.
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Computed tomography (CT) is the 
modality of choice for lung im-
aging because of its high spatial 

resolution and good contrast between 
air and lung tissue. Conversely, lung 
magnetic resonance (MR) imaging suf-
fers from inherent technical difficulties, 
such as very low proton density, cardiac 
and chest motion, and the decaying of 
transverse relaxation time due to sus-
ceptibility effects. However, lung MR 
imaging is a nonionizing technique, and 
recent reports (1–3) about the risk of 
developing cancers with cumulated x-
ray exposures indicate that radiation-
free alternatives to CT are required. 
Therefore, there is a need for robust 
lung MR imaging sequences that would 
allow advantages comparable to those 
of CT, such as submillimeter spatial 
resolution, sufficient lung parenchyma 
signal, no need for contrast material 
injection, and isotropic voxel dimen-
sions for three-dimensional multiplanar 
reconstruction. A short echo time has 
been shown to be crucial in improving 
the quality of lung proton MR images 
(4). The pointwise encoding time re-
duction with radial acquisition (PE-
TRA) sequence is a noiseless prototype 
hybrid approach to ultrashort–echo 
time three-dimensional imaging (5,6) 
that has been shown to achieve the 
shortest possible encoding time for a 
given imaging unit (7) without the need 
for a hardware change. Although con-
ventional pulse sequences are efficient 
for depicting clinically relevant infor-
mation in chronic lung diseases (8–13), 
there are well-known shortcomings in 

Implication for Patient Care

nn PETRA MR imaging represents a 
noiseless, radiation-free alterna-
tive to CT in imaging the bronchi 
and lung parenchyma with sub-
millimeter resolution.

Advances in Knowledge

nn The noiseless pointwise encoding  
time reduction with radial acquisi-
tion (PETRA) sequence enables 
high-spatial-resolution three-dimen
sional lung MR imaging with a sub
millimeter voxel size of 0.86 mm3.

nn The PETRA sequence enables 
lung MR imaging with high con-
trast-to-noise (32.4% 6 7.6 
[standard deviation]) and signal-
to-noise (322.2% 6 37.9) ratios 
without the need for contrast 
material enhancement.
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imaging bronchi up to the lobar level 
and imaging lung signal (14). We hy-
pothesized that the use of the PETRA 
sequence would help correct these 
known inaccuracies. Thus, we aimed 
to assess lung imaging with a respira-
tory-gated PETRA sequence at 1.5 T in 
comparison with a standard volumetric 
interpolated breath-hold examination 
(VIBE) sequence (15), with extra focus 
on the visibility of the bronchi and lung 
parenchyma signal.

Materials and Methods

Siemens Healthcare (Erlangen, Germany) 
provided technical support. One author 
(D.G.) is employed by Siemens Health-
care. All authors who are not employees 
of Siemens Healthcare had full control 
over the data at all stages of the project.

Subjects
The study was approved by the lo-
cal ethics committee, and all subjects 
gave written informed consent. Twelve 
healthy volunteers (four women [mean 
age, 29.6 years 6 1.1 {standard devia-
tion}] and eight men [mean age, 28.0 
years 6 2.4]; P = .39) with a mean 
weight of 61.2 kg 6 3.4 were examined. 
They had no history of smoking, no 
clinical manifestation of respiratory dis-
orders, and no history of lung disease. 
Informed consent was obtained after a 
full explanation of the MR imaging pro-
cedure. Qualitative and quantitative as-
sessment of all anonymized image data 
sets was performed independently in 
random order and then in final consen-
sus by two experienced readers (G.D. 
[observer 1] and F.L. [observer 2], with 
10 and 30 years of experience in chest 
imaging, respectively).

MR Imaging Protocols and PETRA 
Sequence
MR imaging was performed with a 1.5-
T MR imaging unit (Magnetom Avanto; 

Siemens Healthcare). A 12–phased-ar-
ray body coil was used for detection. Pa-
tients were positioned in the supine po-
sition with arms raised above the body. 
Parameters of the PETRA sequence 
were as follows: repetition time msec/
echo time msec, 4.1/0.07; field of view, 
360 mm3; and matrix size, 416 mm3. 
Details of the unenhanced PETRA and 
VIBE protocols are provided in Table 
E1 (online). The PETRA sequence is 
an ultrashort–echo time sequence that 
has been previously reported (7) in 
which the imaging gradients are already 
switched on during a hard low-flip-
angle nonselective excitation (Fig 1). 
After the excitation, the acquisition of 
radial half-projections is begun as early 
as allowed by the hardware at time t = 
echo time after the middle of the exci-
tation pulse. Because encoding of spins 
already effectively starts at the middle 
of the pulse, points in the center of 
k-space are missed during the switch-
ing time from transmission to receive 
mode. These points are acquired single-
point–wise on a Cartesian grid. In the 
current implementation, data with iso-
tropic dimensions are collected. To take 
lung motion into account, an adaptive 
respiratory gating method involving a 
respiratory bellows signal was used. In 
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this study, we used a 30% threshold to 
accept end-expiratory data and reject 
inspiratory data. For image reconstruc-
tion, the k-space has to be filled up on 
a Cartesian grid. Points acquired in the 
Cartesian part are simply gridded to 
their corresponding positions, whereas 
data for the radial part have to be 
weighted with a density matrix (16,17). 
This density matrix was adapted to the 
density of points in the Cartesian cen-
ter of k-space with methods that have 
been previously described (18).

Semiquantitative Assessment of Image 
Quality
The visibility of fissures was graded ac-
cording to the following scale: A grade 
of 0 indicated that fissures were not pre-
sent on the image; a grade of 1, that the 
image was uninterpretable; a grade of 2, 
fair visibility; a grade of 3, good partial 
visibility; and a grade of 4, good com-
plete visibility. The level of visible air-
ways and vessels was rated by using the 
following system: A rating of 0 indicated 
the lobar level; a rating of 1, the segmen-
tal level; a rating of 2, the subsegmental 

level; a rating of 3, superior to the sub-
segmental level; and a rating of 4, up to 
the distal lung periphery. Lung signal 
homogeneity was graded as follows: A 
grade of 0 indicated no signal; a grade of 
1, poor homogeneity; a grade of 2, fair 
homogeneity; a grade of 3, good homo-
geneity; and a grade of 4, very good ho-
mogeneity. Motion artifacts were rated 
by using the following system: A rating 
of 0 indicated that no lung structure was 
recognizable; a rating of 1, important ar-
tifact; a rating of 2, moderate artifact; a 
rating of 3, slight artifact; and a rating of 
4, no artifact.

Quantitative Assessment of Visible 
Bronchi
Numbering of the visible bronchi 
was performed by using the Boyden 
classification system, with generation 
three corresponding to the segmental 
level (19).

Quantitative Assessment of Lung Signal 
Intensity
Regions of interest (ROIs) of the same 
shape (circle) and size (56 mm2) were 

manually placed by two independent 
observers (G.D. and F.L.) in the axial 
plane by using Myrian software (In-
trasense, Montpellier, France). ROIs 
corresponding to signal intensity (SI) 
within air were placed in the trachea 
and in the right and left main bron-
chus, and data in these ROIs were av-
eraged to calculate SIairway. ROIs cor-
responding to SI within vessels were 
traced in the pulmonary trunk and 
in the right and left main pulmonary 
arteries, and data in these ROIs were 
averaged to calculate SIvessel. Three 
axial sections were selected for the 
assessment of SI in the lung paren-
chyma: one at the level of the crossing 
of the aorta, one at the level of the ca-
rina, and one at the level of the pulmo-
nary inferior veins. ROIs were placed 
at each location in the anterior part 
and posterior part of the right and left 
lung, respectively, at least 2 cm from 
the lung periphery. Vessels were care-
fully avoided when ROIs were traced. 
Data in the 12 resulting ROIs were 
averaged to calculate SIlung. The mean 
value between readers was used for 
analysis. Apparent contrast-to-noise 
ratio (CNR) and apparent signal-to-
noise ratio (SNR) were calculated as 
follows (20,21): CNR = (SIlung – SIairway) 
/SIvessel · 100% and SNR = (SIlung /SIair-

way) · 100%.

Clinical Application in Cystic Fibrosis
For future clinical application, we pre-
sent our preliminary experience in 
three young adults, including two young 
men (mean age, 21.5 years 6 0.7) and 
one 20-year-old young woman, with cys-
tic fibrosis. They were referred to our 
institution for routine follow-up, includ-
ing CT. Patient 1 was a 21-year-old man 
whose body mass index (BMI) was 23 
and whose predicted forced expiratory 
volume in 1 second (FEV1) was 94%. 
He had no chronic bronchial infection. 
Patient 2 was a 20-year-old woman, 
with a BMI of 19 and an FEV1 of 50% 
predicted. She had chronic bronchial 
infection with Staphylococcus aureus. 
Patient 3 was a 22-year-old man with 
a BMI of 17 and an FEV1 of 35% pre-
dicted. He had chronic bronchial infec-
tion with Pseudomonas aeruginosa. All 

Figure 1

Figure 1:   Chart of PETRA sequence. B, After the gradient ramp-up, a hard low-flip-angle pulse is applied, 
and readout is started at time t = echo time ( TE ). B, As encoding starts at t = 0, k-space points in the center 
of k-space are missed. C, The gap is completely filled with exact measured Cartesian k-space points by 
using single-point imaging. ACQ = acquisition, Gx = gradient along x-axis, Gy,z = gradient along y-axis and 
z-axis, Rx = k-space point readout, Tx = encoding time after excitation.
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three patients were homozygous for the 
DF508 mutation. Informed consent was 
obtained to perform additional lung MR 
imaging with the unenhanced PETRA 
and VIBE protocols (Table E1 [online]). 
Quantification of disease severity at im-
aging was performed by using the scor-
ing system of Bhalla et al (22).

Statistical Analysis
Results are expressed as means 6 
standard deviations for continuous 
variables and as absolute numbers 
for categoric variables. Comparison 
of means was performed by using the 
Wilcoxon signed-rank test (23), and 
comparison of categoric variables was 
performed by using the McNemar test 
(24). Interobserver reproducibility was 
assessed with Bland-Altman analysis 
(25). Agreement between CT and MR 
imaging was assessed by using the k 
test (24). P , .05 was considered to 
indicate a significant difference.

Results

Semiquantitative Assessment of Image 
Quality
Results of visual scoring are given in 
Table 1 and are illustrated in Figure 2. 
Statistically significant differences were 
found regarding the visibility of fine 
structures such as lung fissures, bron-
chi, and small vessels (P , .001). There 
was no difference in lung signal homo-
geneity (P = .055). Although respiratory 
gating was used, motion artifacts were 
still more pronounced on PETRA images 
because of residual motions of the lung 
bases (P , .001). However, these arti-
facts did not impair mean overall image 
quality (20.0 6 1.2 for PETRA and 13.5 
6 1.6 for VIBE; P , .001).

Quantitative Assessment of Visible 
Bronchi per Generation
Table 2 shows that there was complete 
visualization of bronchi up to the sub-
segmental level with PETRA, whereas 
bronchi were visually missing starting 
from the segmental level with VIBE (P 
, .001). Bronchi remained visible up 
to the sixth bronchial generation with 
PETRA (Fig 3).

Quantitative Assessment of Lung 
Parenchymal Signal
An example of ROI placement is given 
in Figure E1 (online). The mean dif-
ference of the measurements was 
23.2 (95% confidence interval [CI]: 

245.0, 38.6) with PETRA and 0.2 
(95% CI: 29.6, 10.2) with VIBE (Fig 
E2 [online]). Details on the regional 
assessment of CNR and SNR with PE-
TRA are given in Table E2 (online). 
Table 2 indicates that the mean CNR 

Figure 2

Figure 2:  A, B, Axial PETRA (repetition time msec/echo time msec, 4.1/0.07; flip angle, 6°) and VIBE 
(3.3/1.18; flip angle, 8°) lung MR images in 28-year-old male volunteer. A, Image obtained with PETRA 
sequence shows conspicuous visibility of bronchi and vessels to the distal lung periphery, as compared with, 
B, image obtained with VIBE sequence. On, C, a coronal multiplanar reconstruction,  = air in the trachea, 
clearly different in signal intensity from the adjacent lung parenchyma. On, D, a sagittal reconstruction, 
arrows = complete visibility of the left fissure.

Table 1

Lung MR Image Quality Scores with PETRA and VIBE Sequences in 12 Healthy 
Volunteers

Image Quality Parameter PETRA (n = 12) VIBE (n = 12) P Value*

Visibility of fissures 3.8 6 0.4 0.3 6 0.5 ,.001
Visibility of bronchi 2.8 6 0.4 1.2 6 0.8 ,.001
Visibility of vessels 4.0 6 0.0 2.4 6 0.5 ,.001
Signal homogeneity 3.0 6 0.4 3.5 6 0.5 .055
Motion artifact
  Cardiac 3.1 6 0.4 2.4 6 0.5 ,.001
  Respiratory 2.8 6 0.4 3.7 6 0.5 ,.001
Overall summed score 20.0 6 1.2 13.5 6 1.6 ,.001

Note.—Data are means 6 standard deviations.

* Calculated with the Wilcoxon signed-rank test.
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Figure 3

Figure 3:  Axial CT and MR images show example of bronchial path starting from the segmental right upper lobe bronchus 
in a 33-year-old healthy male volunteer who underwent CT 3 months after an episode of posttraumatic pneumothorax. MR 
imaging was performed the same day. Arrows = bronchi at each generation. Bronchi from the third generation (G3) to the sixth 
generation (G6) are visible on both CT images (upper row) and PETRA MR images (4.1/0.07; flip angle, 6°) (middle row). On un-
enhanced VIBE MR images (3.3/1.18; flip angle, 8°) (lower row), bronchi are visible from the third to the fourth (G4) generation.

was 32.4% 6 7.6 and the mean SNR 
was 322.2% 6 37.9 for PETRA, with 
both values being considerably higher 
than those with the VIBE sequence  
(P , .001 for both).

Initial Experience in Cystic Fibrosis
Figure 4 shows axial images in pa-
tient 1. CT and PETRA images (Fig 
4, A and B) show subtle changes in 
wall thickening and lumen dilatation 
starting from the posterior segmen-
tal bronchus of the right upper lobe 
and visible up to the eighth genera-
tion. Figure 5 shows coronal recon-
structions in patient 2. A similar 
change in parenchymal attenuation 
and signal intensity between CT (Fig 
5, A) and unenhanced PETRA MR 
imaging (Fig 5, B) was observed.  

Table 2

Quantitative Assessment of Bronchi and Lung Parenchyma Signal Intensity with 
PETRA and VIBE in 12 Healthy Volunteers

Parameter PETRA (n = 12) VIBE (n = 12) P Value

No. of visible bronchi*
  Generation 0 12/12 12/12 ..99
  Generation 1 24/24  24/24 ..99
  Generation 2 60/60 60/60 ..99
  Generation 3 240/240 153/240 ,.001
  Generation 4 480/480 82/480 ,.001
  Generation 5 185/960 0/960 ,.001
  Generation 6 42/1920 0/1920 ,.001
  Generation 7 0/3840 0/3840 ..99
Lung parenchyma signal intensity†

  CNR (%) 32.4 6 7.6 1.6 6 1.9 ,.001
  SNR (%) 322.2 6 37.9 120.0 6 31.8 ,.001

* Data are absolute numbers of visible bronchi/theoretical number of bronchi expected at each generation.
† Data are means 6 standard deviations.
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Figure 6 shows images in patient 3. 
Owing to severe dyspnea and cough, 
this patient could not hold his breath. 
With the use of free-breathing PETRA, 
the CT and MR images appear to show 
close agreement. In all three patients, 
Bhalla scores at CT and unenhanced 
MR imaging showed 100% agreement 
(k = 1.0), despite the fact that motion 
artifacts were visible in the MR imag-
ing studies of patients 2 and 3.

Discussion

Our study demonstrates the feasi-
bility of a noiseless, free-breathing, 

three-dimensional, isotropic MR imag-
ing sequence with submillimeter spatial 
resolution (0.86 mm3) in imaging the 
bronchi and lung parenchyma with sub-
stantial SNR and CNR at 1.5 T.

PETRA offers several advantages 
for lung MR imaging. The gradient is 
already switched on during k-space en-
coding; therefore, there is no gradient 
delay and no eddy current (7). Hence 
there is no shading or streaking arti-
fact related to disturbed trajectories. 
In addition, PETRA allows the shortest 
encoding time for a given imaging unit 
without the need for hardware change 
(7) and thus allows the detection of 

substantial signal from short T2 spe-
cies. In the present study, an additional 
respiratory gating method was intro-
duced, and results showed that submil-
limeter lung MR imaging was feasible 
with little motion artifact in healthy 
volunteers. Moreover, PETRA is al-
most noiseless because of its unique 
gradient-pulse characteristics, without 
sacrificing SNR or CNR (5). Therefore, 
the long acquisition time associated 
with respiratory synchronization was 
not a problem because the volunteers 
and patients did not experience noise 
discomfort. This is a nonnegligible 
characteristic for future application 

Figure 5

Figure 5:  Coronal, A, CT, B, PETRA (4.1/0.07; flip angle, 6°), and, C, VIBE (3.3/1.18; flip angle, 8°) images in 20-year-old 
woman with cystic fibrosis. The Bhalla score was 10 at both CT and PETRA imaging. Black arrows = areas of decreased lung 
attenuation on, A, concordant with decreased signal intensity on, B, visible in the lung apices. White arrows = normal signal 
from the lung bases. Arrowheads indicate the major right lung fissure, clearly delineating these two areas at both CT and PETRA 
imaging.  = Residual motion artifact at the level of the diaphragm.

Figure 4

Figure 4:  Axial, A, CT and, B, C, MR images of the lung acquired with, B, PETRA (4.1/0.07; flip angle, 6°) and, C, 
VIBE (3.3/1.18; flip angle, 8°) in a 21-year-old man with cystic fibrosis. There is moderate bronchiectasis from the third 
(white arrows) to the eighth (black arrows) generations of the posterior segmental bronchus of right upper lobe that is 
visible with both, A, CT and, B, the PETRA sequence. With, C, the VIBE sequence, bronchial paths are visible up to the 
third (segmental) generation only. The Bhalla score was 5 at both CT and PETRA imaging.
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in children. Indeed, infants are prone 
to be afraid of MR imaging. They are 
also often afraid of needles; some of 
them are simply not willing to undergo 

contrast material–enhanced MR imag-
ing. We have not yet experienced the 
effect of contrast material injection on 
lung signal intensity. The use of PETRA 

appeared to provide a change in paren-
chymal signal similar to that seen on CT 
images without contrast enhancement.

This study had some limitations. 
We compared the PETRA sequence 
with the VIBE sequence only. How-
ever, as reviewed by Altes et al (14), 
the shortcomings of bronchi and lung 
signal visibility with conventional se-
quences are well known, and we spe-
cifically aimed at evaluating the ability 
of PETRA to solve these established 
drawbacks. A comparison between PE-
TRA and another standard ultrashort–
echo time sequence was not available 
with the same machine. For instance, a 
hard pulse is needed with the PETRA 
sequence, whereas different pulses can 
be applied with the ultrashort–echo 
time sequence (20), with no limit in 
flip angle or shape. However, potential  
issues in hard pulse section selectiv-
ity have been previously investigated, 
and a correction involving sync-shaped 
frequency excitation has been found 
to work (26). In addition, PETRA is a 
three-dimensional imaging technique 
only, whereas two-dimensional and 
three-dimensional imaging are pos-
sible with the ultrashort–echo time 
sequence. Moreover, there was no 
oversampling, and volunteers and pa-
tients had to raise arms to prevent 
aliasing (20). Finally, there were re-
spiratory motion artifacts with PE-
TRA, whereas VIBE was excellent at 
not generating them. Nevertheless, we 
aimed to demonstrate the performance 
of PETRA in disease conditions, when 
breathing patterns are irregular and 
unpredictable episodes of cough occur. 
Clinical interpretation was not altered 
in these conditions. Last, VIBE is a ro-
bust T1-weighted sequence that has 
been reported to be clinically useful in 
various chronic respiratory diseases, 
including cystic fibrosis (8–10), emphy-
sema (11), sarcoidosis (12), pneumonia 
(13), and lung nodules (27).

In conclusion, on the basis of our 
results, future MR imaging evaluation, 
including qualitative and/or quantita-
tive evaluation of PETRA images, may 
be an attractive field of investigation 
for radiation-free imaging of the lung 
with high spatial resolution.

Figure 6

Figure 6:  A, C, E, CT and, B, D, F, PETRA (4.1/0.07; flip angle, 6°) images in a 22-year-old man with 
severe cystic fibrosis. Images were reconstructed in the, A, B, axial, C, D, coronal, and, E, F, sagittal planes. 
Breath-holding maneuvers were impossible for the patient to perform because of severe dyspnea and cough. 
The voxel size at CT was 0.7 mm3, and the voxel size at PETRA imaging was 0.86 mm3. On, B, arrows = 
structural artifact related to motion during MR image acquisition and represent the chest wall at different 
levels of inflation. On, D and F, arrows = blurring of the lung bases caused by motion artifacts. However, 
clinical interpretation was not impaired, and the Bhalla scores were 13 at both CT and PETRA imaging, with 
100% agreement for all parameters.
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dergone changes since the time of our 
retrospective data review. Further-
more, unfortunately, there is no single 
universally accepted surgical approach 
for the treatment of endometrial carci-
noma, and the practice remains non-
uniform between Europe and North 
America, as well as amongst different 
institutions within North America.

Second, as Dr Thomassin-Naggara 
and colleagues accurately note, 50% of 
patients in our cohort had LVSI, which 
is higher than that in other reports. 
This may be explained by the fact that 
we selected patients with tumors that 
were large enough to undergo quanti-
tative assessment with MR volumetry.

Third, we could not directly corre-
late tumor volumes at MR imaging to 
those at histopathologic examination 
because this information was not con-
sistently available at the time of our ret-
rospective data review.

Fourth, we would like to direct Dr 
Thomassin-Naggara and colleagues 
to table 5 and to the “Qualitative As-
sessment of Myometrial Invasion” sec-
tion under Results for further infor-
mation regarding the comparison of 
T2-weighted imaging with diffusion-
weighted imaging and T2-weighted 
imaging with contrast-enhanced T1-
weighted imaging in the assessment of 
myometrial invasion. We did not per-
form a subgroup analysis to examine 
the influence of various confounding 
factors such as menopausal status and 
benign uterine abnormalities on the 
performance of MR imaging for the 
assessment of myometrial invasion be-
cause this analysis was previously re-
ported by Beddy et al (2).

Finally, in this study we aimed to 
investigate the value of quantitative tu-
mor volume measurements and whole 
tumor volume apparent diffusion coef-
ficient histogram metrics as predictive 
biomarkers of the depth of myometrial 
invasion, tumor grade, and LVSI at sur-
gery. Although beyond the scope of our 
study, we concur with Dr Thomassin-
Naggara and colleagues that it would 
be of interest for future studies to in-

vestigate how quantitative MR imaging 
criteria could influence surgical man-
agement of endometrial carcinoma in 
accordance with ESMO practice guide-
lines (3).
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Incorrect Learning Objectives were 
published with the print article. 
The Learning Objectives should be 
as follows: Describe correct MR 
imaging technique for assessment 
of labroligamentous injuries of the 
shoulder; Define common labral 
variants that can simulate injury; 
Discuss examples of sequelae of 
traumatic instability; Describe the 
SLAP tear and its major compo-
nents; Discuss the concepts of 
external and internal impingement 
and their major subcategories; De-
scribe the common nerve entrap-
ment syndromes and their major 
imaging characteristics.
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