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ABSTRACT
Magnetic resonance imaging (MRI) is essential for assessing shoulder conditions. This study aimed to evaluate cur-
rent shoulder MRI practices in Jordan, including technical parameter patterns, and determine if  they adhere to the 
American College of  Radiology (ACR) guidelines. The retrospective analysis included data from 48 eligible participants 
from 13 MRI centers in March 2021. Descriptive and correlation data analysis were performed using IBM SPSS sta-
tistics version_20 and Excel 2013. Most MRI centers (50%) were private outpatient clinics with closed MRI machines 
above 1 Tesla. Most participants (62.5%) were male, and shoulder pain (47.9%) was the main clinical indication. Most 
shoulder orientations (68.7%, 33/48) were right shoulders, and the coronal MRI planes (43%, 121/280) were the most 
common. The alignment percentage for the axial plane was 100%, but MRI artifacts of  the shoulder were present 
in 8.2% of  cases (23/280). Dark fluid T1-W coronal sequence was not conducted in 25% of  the cases. The percent-
age of  the field view (FOV) within ACR recommendations was 45% (126/281), and slice thickness parameters were 
96% (269/281). The recommended pixel area for all sequences was 47.9% (134/280), encompassing all axial, sagittal 
oblique, and coronal planes. However, crucial parameters, such as FOV and slice thickness, were inadequate and did not 
meet the ACR guidelines, resulting in suboptimal image quality of  shoulder MRI. To improve MRI image quality, it is 
recommended that MRI technologists receive ongoing education and training on appropriate MRI image parameters.
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INTRODUCTION

The shoulder is a complex joint system characterized by the 
greatest range of  motion and the least stability in the musculo-
skeletal system [1]. As the optimal imaging modality varies for the 
shoulder, imaging techniques play an important role in diagnos-
ing and treating various pathologies and injuries [2]. Non-con-
trast magnetic resonance imaging (NC-MRI) is the leading and 
most accurate imaging modality for evaluating, detecting, assess-
ing, and staging shoulder pathology, allowing excellent visualiza-
tion of  the soft tissues forming the shoulder that are often the 
source of  shoulder pathology [3,4]. The success of  shoulder MRI 

as a golden modality for diagnosing MRI pathology depends on 
the technical quality of  this procedure [5,6]. The American Col-
lege of  Radiology (ACR) has developed evidence-based criteria 
and technical standards guidelines for shoulder MRI practice to 
evaluate the quality and appropriateness of  shoulder MRI imag-
ing [7]. These recommendations are intended to reduce shoulder 
MRI overutilization, which has been reported to range from 27% 
[8] to as high as 45% in some studies [9]. The American Col-
lege of  Radiology (ACR) emphasizes the importance of  proper-
ly performing and interpreting MRI, which not only aids in the 
diagnosis but also treatment planning and prognostication [7]. 
However, it should be performed only for valid medical reasons 
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and after careful consideration of  alternative diagnostic modal-
ities [10]. ACR has established adequacy factors for successful 
accreditation of  shoulder MRI [7]. These factors are categorized 
into three levels. The first level category includes plane coverage, 
slice alignment, and orientation (Table 1). Failure to meet these 
recommendations can result in the rejection of  accreditation.

The level 2 category focuses on the sequences protocol that 
controls the signal intensity and image contrast of  the tissues. 
As clinical requirements continue to evolve, imaging sequenc-
es are constantly being modified to address more specific clini-
cal needs [11]. On average, MRI shoulder protocols consist of  
4-5 sequences [12]. The ACR requires at least four mandatory 
sequences. These include two coronal oblique planes, one flu-
id-sensitive sequence with a suppressed fat signal (T2W FS), and 
another dark fluid sequence (T1W). The other two sequences are 
a proton density for axial (Long TR, Short TE PD) and a bright 
fluid for sagittal (T2W) [13].

The particular imaging parameters (i.e., TR, TE, FA, ETL, 
etc.) and the type of  pulse sequence are not specified and are 
left to the preference of  the imaging facility [14]. Nonetheless, 
fast 2D spin-echo sequences are currently the choice for evalu-
ating shoulder joint during non-contrast MRI [1]. Currently, the 
T1-weighted sequence can be acquired as a fast spin-echo acqui-

sition with optimized scanning parameters to depict sharp anat-
omy definition and reduce blurring. The fluid-sensitive sequence 
with the suppressed fat signal can be obtained with proton den-
sity fast spin echo or T2* gradient echo or inversion recovery 
method to stop fat movement, such as STIR (short tau inversion 
recovery) [2]. The outcome signal intensity from this sequence is 
the bright signal for fluid and a darker signal than fluid for fat.

The third level category is concerned with spatial resolution. 
Table 2 shows the main parameters recommended by ACR.

ACR guidelines recommend a maximum field of  view 
(FOV) of  16 cm or less and a maximum slice thickness of  4mm 
or less, with a slice gap not exceeding 20%. For higher magnetic 
strength, a slice thickness of  3.5 mm or less is recommended for 
the oblique sagittal and oblique coronal planes to achieve high 
spatial resolution and better visualization of  fine details such as 
tendon, labrum, and articular cartilage pathology. The literature 
review shows very limited articles about the adequacy factors of  
shoulder MRI. A retrospective study [15] on the adequacy of  
MRI of  the shoulder in tertiary care was conducted and was lim-
ited to only two main parameters of  the ACR factors, adequacy 
coverage and adequacy planes. The study showed 100% cover-
age for all axial, oblique coronal, and oblique sagittal planes. The 
adequacy of  the slice alignment was 63% and 84% for oblique 

Coverage Alignment

Axial

Above acromioclavicular joint to below axillary 
pouch proximal humeral diaphysis.

On a coronal plane, the axial slices are perpendicular to 
the long body axis or perpendicular to the scapular blade. 

Coronal

From coracoid process to about 1 cm below the lower edge of 
the glenoid to include the entire humeral head.

On axial plane perpendicular to the glenoid face or parallel 
to the supraspinatus muscle and tendon.

Sagittal

From lateral deltoid to the scapular body or from the scapular 
neck medially through the greater tuberosity laterally.

Perpendicular to the supraspinatus tendon or angle 
approximately parallel to GH joint.

Table 1. ACR recommendations for anatomy coverage and slice orientation for the basic shoulder MRI plane.
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sagittal and oblique coronal, respectively. Another retrospective 
study was conducted to assess the quality of  the arm position 
during shoulder MRI [16]. The study showed that one-third of  
shoulder MRIs were done in a supine position with the hand in 
internal rotation, which reduced the quality of  the procedure for 
better diagnoses. However, many articles discussed the appropri-
ateness criteria for shoulder MRI [17-19]. This study aimed to 
thoroughly examine the current practices of  non-contrast shoul-
der MRI against the well-established ACR's recommended cri-
teria to identify any discrepancies between actual and standard 
practices. The objective of  this study was to evaluate current 
shoulder MRI practices in Jordan, assess technical parameter 
patterns, and determine if  they meet the standards set by the 
ACR. A retrospective analysis was conducted on demographic 
data, clinical history, and the adequacy of  shoulder MRI to in-
vestigate this.

MATERIAL AND METHODS

Data collection

This study was conducted in multiple hospitals and private 
radiology clinics. An invitation was sent to 85 radiology depart-
ments to participate, where they were informed of  the study's 
objectives and guaranteed anonymity. They were asked to sub-
mit 4 cases of  shoulder MRIs on anonymized CDs performed in 
March 2021. The retrospective data was gathered from 48 eligi-
ble cases of  shoulder MRIs performed at 13 MRI centers out of  
52 initially recorded cases after eliminating those with damaged 
CDs or prior shoulder surgery. 

Analysis parameters

To evaluate the adequacy of  shoulder MRI, this study used 
the guidelines provided by the ACR. The guidelines categorize 
the evaluation into three levels, and Table 1 lists the parame-
ters for the anatomical coverage and plan alignment categories. 
Meeting these criteria is essential to proceed with the evaluation 
of  other types. The second level of  evaluation pertains to the 
adequacy of  the MRI sequence. The ACR recommends that at 
least four MRI sequences should be performed in three orthog-
onal planes. A case is considered failed if  there is a loss of  any 
planes or sequences.

Table 2 displays five technical parameters used to measure 
spatial resolution. The pixel area should not exceed 0.8 mm2, 
which can be calculated by the formula ((FOVp/Np)*(FOVf/
Nf)), where ((FOVp/Np)) represents the in-plane pixel (phase) 

of  1.0 mm, and (FOVf/Nf) represents the in-plane pixel (read) 
of  0.7 mm. 

Equipment

To facilitate the review and analysis of  MRI cases, a special 
cloud account was used to upload the CD cases to The Nether-
lands Stratus B.V. PACS system. RadiAnt. Viewer 2020.2 DI-
COM viewer software was also used to examine the technical 
information of  the MRI image (FOV, slice thickness and spacing, 
matrix size, phase, and frequency encoding) through the DICOM 
tag option. IBM SPSS statistics version 20 and Excel 2013 were 
used for data tabulation, descriptive analysis, and correlation. 

RESULTS

Out of  the 85 MRI centers invited to participate in the study, 
only 13 MRI centers in Jordan agreed to take part, resulting in a 
total of  48 shoulder MRI cases. The response rate was 15.3%. A 
sample size of  13 centers yielded a margin of  error of  +25% (at 
the 95% confidence interval).

Demographic characteristics

Most MRI centers (50%) were private outpatient clinics, and 
16.7% (8/48) reported operating compact MRI machines below 
1 Tesla. 62.5% (30/48) of  the cases were male, with a mean age 
of  44.9 years (SD=14.6, range 21-80 ). The main clinical indi-
cations for the shoulder MRI were pain (47.9%, 23/48), limita-
tion of  motion (20.9%), and rotator cuff  tear (16.7%), and the 
remainder were post-operative tendinopathy and trauma. Most 
shoulder orientation (68.7%, 33/48) was the right shoulder. 

Coverage and alignment

The axial plane, oblique sagittal plane, and oblique coronal 
plane imaging were used to assess the coverage of  the shoulder 
MRI according to the standards in Table 1. All of  these sequenc-
es were evaluated and found to be 100 percent adequate in terms 
of  coverage.

Alignment adequacy was assessed for the coronal, sagittal, 
and axial planes using ACR standards in Table 1, with a total 
number of  280 MRI sequences conducted across 48 cases. The 
majority of  sequences (43%,121/280) were coronal MRI planes. 
The percentage of  alignment adequacy was 100% for the axial 
plane, followed by 97.5% for the coronal and 94.9% for the sag-
ittal plane, as depicted in Figure 1.

Table 2. Recommend parameters of spatial resolution for shoulder MRI.

Parameter ACR recommended value

FOV (max) ≤16 cm

Number of phase encoding steps (Np) 162

Number of frequency encoding steps (Nf) 256

Slice thickness (ST) ≤4 mm

Inter-slice gap 0.8 mm

In-plane pixel (read) ≤0.7 mm

In-plane pixel (phase) ≤1.0 mm

Pixel area ≤0.8 mm2
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Figure 1. Adequacy percentage of recommended ACR MRI planes 
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Figure 1. Adequacy percentage of recommended ACR MRI planes.
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Figure 2. ACR-recommended sequences and planes 
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Figure 2. ACR-recommended sequences and planes.
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ACR recommended sequences and planes

On average, each patient underwent 5.8 MRI sequenc-
es with a total of  280 sequences conducted at a rate of  43% 
(121/280) on a coronal oblique plane, while the rest were distrib-
uted almost equally (28%) for sagittal oblique and axial planes. 
ACR recommends at least four MRI sequences for procedure 
adequacy, as shown in Table 2. The study showed that 25% of  
the cases failed to conduct dark fluid T1W coronal sequence, as 
illustrated in Figure 2.

Spatial resolution

The methodology section outlines the steps taken to quan-
tify the MRI spatial resolution and slice thickness, which were 
assessed and compared to ACR’s recommendations. The per-
centage of  the FOV (≤ 16 mm) within the ACR’s recommenda-
tion was 45% (126/281), whereas the slice thickness parameters 
(≤ 4 mm) were 96% (269/281). The recommended pixel area 
(≤0.8mm) was observed in 47.9% (134/280) of  all sequences, 
which encompassed all axial, sagittal oblique, and coronal planes, 
as depicted in Figure 3.

The distribution of  FOV accepted parameters, the slice 
thickness, and the pixel area according to imaging planes were 
also assessed. The accepted FOV values were very similar across 
all planes, and the highest was for the sagittal plane. The slice 
thickness of  4 mm or lesser was the highest for the sagittal plan 
(100%). The recommended pixel area was about 48% for all 
planes, shown in Table 3.

The cross-tabulation of  FOV, the slice thickness, and the 
pixel area with the MRI environment were also assessed. Table 4 

demonstrates that none of  the shoulder MRIs conducted on open 
MRIs (0.0%) met the ACR's recommended FOV criteria.

Although 45% of  the MRI sequences were performed on 
closed MRI, they still did not meet recommended parameters 
as per ACR's guidelines. Of  269 adequate MRI sequences, 225 
(80%) had a slice thickness of  4mm or less. Only 48% of  the 
MRI sequences matched the recommended pixel area (≤ 8 mm2), 
and these were conducted on closed MRI machines with 1 Tesla 
or greater. However, all the MRI sequences conducted on open 
MRI machines were inadequate and failed to meet the recom-
mendations.

DISCUSSION

The preferred noninvasive method for assessing shoulder 
joint injuries is a combination of  clinical examination and MRI 
[20]. MRI is an excellent tool for evaluating bony, cartilaginous, 
ligamentous, and synovial diseases, as well as trauma, infection, 
and malignancy [21,22]. Improving the accuracy of  diagnosing 
shoulder abnormalities is highly dependent on the quality of  
MRI images. MRI image quality is determined by a range of  
factors, including the Signal to Noise Ratio (SNR) and Contrast 
to Noise Ratio (CNR), as well as adherence to the practice pa-
rameters set by relevant radiology societies [23].

To properly evaluate the shoulder joint, MRI imaging must 
be performed in multiple planes. The American College of  Ra-
diology (ACR) guidelines for routine shoulder MRI studies re-
quire at least four sequences with different contrast weightings 
taken in three imaging planes, including axial, oblique coronal, 
and oblique sagittal, to enable better evaluation and diagnosis of  

Figure 3. ACR-recommended spatial resolution availability.
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Table 3. Adequacy percentage of FOV, slice thickness, and pixel area per ACR’s recommendation.

Plane
FOV ≤160 mm Slice thickness ≤4 mm Pixel area ≤8 mm2

Count % Count % Count %

Axial 32 50% 77 95% 37 48%

COR 56 55% 117 94% 60 48%

Sag 37 63% 75 100% 36 48%

Total 125 45% 269 96% 133 48%

Table 4. Adequacy percentage of FOV, slice thickness, and pixel area per MRI environment.

MRI Type
FOV ≤160mm Slice Thickness ≤4 mm Pixel area ≤8 mm2

Count % Count % Count %

Closed 125 45% 225 80% 133 48%

Open 0 0% 44 16% 0 0%

 125 45% 269 96% 133 48%

shoulder pathologies [24]. Each imaging plane has its advantag-
es when examining different anatomic components. Generally, 
MRI shoulder examination starts with the axial plane using pro-
ton density sequences with fat suppression to obtain transverse 
images for evaluating the subscapularis tendon, glenohumeral 
joint, glenoid labrum, and bicipital groove contents [25]. Dark 
fluid (T1-weighted) and bright fluid with fat suppression oblique 
(T2 or PD weighted) images in coronal oblique planes as well as 
bright fluid (T2-weighted) images in sagittal oblique are required 
by ACR to evaluate the labrum, biceps tendon, AC joint, rotator 
interval, supraspinatus, and infraspinatus muscles/tendons.

In this study, MRIs of  the shoulder were obtained on all 
three planes for each patient, with an average of  6 sequences ac-
quired in the axial, oblique sagittal, and oblique coronal planes. 
The scanning time was approximately 20 minutes, which is with-
in the maximum limit of  40 minutes set by ACR standards. In 
comparison, a study by Subhas et al. found that the mean standard 
protocol time for shoulder MRI was 4 minutes and 33 seconds 
for 3T MRI and 15 minutes and 40 seconds for 1.5T MRI [26].

The study showed that all sequences (100%) conducted in 
axial and sagittal oblique were performed according to ACR 
guidelines. Only 25% of  dark fluid (T1-weighted) sequences per-
formed in coronal planes failed to match the ACR’s guidelines. 
On the other hand, all bright fluid with fat suppression (T2 or PD 
weighted) sequences in oblique coronal planes fully matched the 
standards of  the ACR. Several studies from different countries 
other than the USA encourage using the same ACR practice pa-
rameters [24,25,27,28].

All the shoulder joint structures must be fully covered to 
reduce the likelihood of  missing any abnormalities [7]. On all 
sequences and planes of  MRI, shoulder anatomy was considered 
100% covered. This was in line with the findings in Pakistan, 
which also showed 100% accuracy for all plans and sequences 
[15] as recommended by the Royal College of  Radiologists [29] 
and the American College of  Radiology [30]. Researchers at 
Warrington and Halton Teaching Hospitals NHS Foundation 
Trust found that coronal oblique coverage was 100% accurate, 
while axial and sagittal oblique coverage were 69% and 72% ac-
curate, respectively [30].

 Slice orientation and direction are extremely important for 
depicting anatomy and preventing structure superimposition. In 

most MRI sequences and planes, slice orientation is determined 
by the supraspinatus muscle and tendon, especially in coronal 
and sagittal oblique planes, as shown in Table 1. According to 
the findings of  this study, all axial planes had 100% slice orienta-
tion, while coronal planes had a 97.5% slice orientation rate, and 
sagittal planes had a 94.9% slice orientation, consistent with the 
findings of  Altaf  [15]. The accuracy of  sagittal oblique orienta-
tion was 91%, and 94% for coronal oblique orientation at War-
rington and Halton Teaching Hospitals NHS Foundation Trust. 
The adequacy of  the slice orientation and direction for all studies 
was lesser than the 100% target of  ACR [30].

Optimizing spatial and contrast resolution can be achieved 
by controlling different technical parameters, including slice 
thickness, inter-slice gap, image matrix, and FOV. ACR has pub-
lished several editions of  clinical image quality guidelines over 
the past two decades to define and quantify MRI spatial reso-
lution using different determinants and formulas, as explained 
in the methodology section [13]. The FOV is inherently related 
to spatial determination, which is the key parameter that deter-
mines the quality of  MRI images. For this reason, FOV should 
be kept at 16 cm or less. However, the FOV parameter in this 
study was inadequate in most cases (55%, 155/280), specifically 
in axial and coronal planes conducted in open MRI. Another 
important factor affecting image quality is slice thickness. The 
study found that in almost all cases (96%), a slice thickness of  
4 mm or less was used. Matrix size is also a crucial parameter de-
termined by the frequency and phase encoding. The pixels area 
of  the image matrix measured in mm2 summarizes the frequency 
encoding, phase encoding, and the FOV in one figure and should 
be equal to or less than 0.8 mm2, as shown in the methodology 
section. All the sequences (53%, 148/280) conducted in open 
MRI were inadequate, with a value above 0.8 mm2. Open MRI 
with a magnetic field of  less than 1 Tesla has low SNR to produce 
high-resolution shoulder images. ACR recommends using larger 
FOVs and smaller matrix sizes on account of  spatial resolution 
that may limit the sensitivity of  the shoulder MRI examination.

The present study has some limitations that should be ac-
knowledged. The results may not be generalizable to other coun-
tries or regions due to variations in MRI practices. Therefore, the 
findings of  this study may be more useful as an internal quality 
control initiative within the government.
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CONCLUSION

MRI of  the shoulder is a useful noninvasive diagnostic tool 
that provides detailed images of  various structures within the 
shoulder joint. Accurate diagnosis relies heavily on obtaining 
high-quality images determined by several technical parame-
ters, including anatomical coverage, slice orientation, and more. 
However, this study found that important parameters such as 
slice thickness and FOV were below the recommended values 
by ACR guidelines, resulting in suboptimal image quality. Thus, 
it is recommended that MRI technologists receive continuous 
education on proper MRI image parameters. ACR guidelines 
should be disseminated to radiographers and radiologists, and 
radiographers should be educated on the anatomy of  the rotator 
cuff, as well as the importance of  aligning the localizer parallel 
to the supraspinatus central tendon to ensure visualization of  the 
rotator cuff  tendons in continuity.
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