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Abstract

This article reviews the role of the low field magnetic resonance imaging (MRI) with magnetic field strengths
of 0.4 Tesla in the evaluation of the main pathologic conditions of the shoulder joint commonly encountered
in clinical practice. Shoulder pain is a common clinical complaint that may be caused by abnormalities of the
rotator cuff tendon, labrum and a variety of other pathological conditions. The differential diagnosis is exten-
sive and includes tendinosis and rotator cuff pathology, instability, labral lesions, biceps disorders, radicu-
lopathy, and thoracic outlet syndrome. In older patients, arthritis may even be a factor. The goal of this study
was to evaluate the feasibility and diagnostic confidence of an open low field MRI in patients with shoulder
joint pain. Our data was obtained from 40 patients: 24 Male (60%) and 16-Female (40%). Their ages ranged
between 17 and 70 years. All patients were investigated by conventional X-rays and MRI in the medical
diagnostic center of Aden Resonance in Al-Mansoura district in Aden city. MRI was performed at an open
0. 4 Tesla MR-unit (Hitachi - Japan-Aperto Lucent). The study protocol comprised axial, sagittal & coronal
STIR-T2 and T1 weighted images of 3-4 mm thickness. 55 patients (52.4%) were investigated by high field
MRI 1. 5 T (Neusoft) as a reference method.
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Introduction diagnosing disorders of the shoulder joint, benefiting
from many of the developments that have occurred in

The shoulder is a unique joint because it allows for ex- open low-field MRI [4, 5, 6, 7]

cellent motion in all planes. This motion is necessary for
the placement of the hand and upper extremity in posi-
tions of function. To accommodate this range of motion,
the shoulder is a relatively unconstrained joint that de-
pends on soft-tissue structures for stability and function.

Objectives:

To evaluate the feasibility and diagnostic confidence of
low field an open MRI System understanding the anat-
omy & common pathology of the shoulder joint.

Shoulder pain is a common clinical complaint that may
be caused by abnormalities of the rotator cuff, labrum
and a variety of other pathological conditions. The dif-

Material & methods:

Material of this study is based on the analytical data ob-

ferential diagnosis is extensive and includes tendinosis
and rotator cuff pathology, instability, labral lesions, bi-
ceps disorders radiculopathy, and thoracic outlet syn-
drome [1, 2] In older patients, arthritis may even be a fac-
tor. Understanding the anatomy of the shoulder tendons,
labrum and ligaments is important for correct diagnosis
and treatment [3].

With respect to its low foot-print among the claustropho-
bic patients, children and subject accessibility, the open
low field MRI has become a routine imaging tool in

tained from 40 patients. 24 Male (60%) and 16-Female
(40%). Their ages ranged between 17 and 70 years.

Twenty-four patients (60%) were complaining of shoul-
der pain with limitation of shoulder movements, they
were suspected to have rotator cuff disease. The other
sixteen patients (40%) were complaining of shoulder
pain with a history of shoulder dislocation, they were sus-
pected to have glenohumeral instability.
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All patients were investigated by conventional X-rays Table (3): MRI findings in patients with rotator cuff le-
and MRI in the medical diagnostic center of Aden Reso- sions
nance in Mansoora district in Aden city. MRI was per- Tendinosis | Partial tear | Full thick-
formed at an open 0. 4 Tesla MR-unit (Hitachi - Japan- MRI findings ness tear
Aperto Lucent). The study protocol comprised axial, sag-
ittal & coronal STIR-T2 & T1 weighted images of 3-4
mm thickness. 31 patients (77.5%) underwent arthros- Intact tendon with PD

. & T2 WI high signals 3 [100%| O 0% 0 0%
copy & open surgery was done for 5 patients (12.5%). (Less than fluid )
MRI was performed with an open MRI 0.4 Tesla ( Hita- Focal disruption with PD

& T2 WI high signals 0 | 0% | 10 [100%| 2 |18%
(equal to fluid )

Complete disruption with PD

chi Japan- Aperto Lucent. This is open permanent mag-
net MRI system with field strength of 0.4Tesla, with a

multiparous coil. Hitachi company — 2014 product. Cur- & T2 W1 high signals o low! o low!| o |8
rently its Fuji company) (equal to fluid )
Total 3 |100%| 10 (100% 11 100%

Pulse sequences: MRI obtained included axial, oblique
coronal and oblique sagittal planes with different pulse
sequences as following:

Table (4): Surgical arthroscopic findings versus MRI in
patients with rotator cuff tear

Oblique Coronal T1 weighted images Axial T2 weighted images . Surgery
) ] Rotator cuff lesion (Arthroscopic & open)

. . . Axial Proton Density

Oblique Coronal T2 weighted images - . 3
weighted image Partial tear 6 7

Oblique Coronal T2 weighted fat sup- Axial T2 weighted fat sup- (Articular side)
pressed images pressed image Partial tear
Oblique Coronal Proton Density (Intratendinous) 3 4
weighted images
Oblique Sagittal T2 weighted images Partial tear 1 1

. . - (Bursal side)
Oblique sagittal T2 weighted fat sup-
pressed images Full thickness tear 11 9

Results: Table (5): Different MRI findings associated with rota-

tor cuff lesions.

This study included forty patients divided into two

groups; Tendinosis | Partial tear Fnuellst?;gl:—
. . . . Associated MRI findings | (N=3) (N=10)
Group | (Patients with rotator cuff disease included 24
patients) -
Group Il (Patients with shoulder instability included 16 Thinning of the 0 0% | 0 | 0% | 4 [364%
. P y tendon
patients)

Medial retraction of the

0, 0, 0,
musculotendinous junction g W v W [

Group | (Patients with rotator cuff disease) Atrophic changes of the

0, 0, o
muscle 0 0% 0 0% 3 [27.2%

Table (1): Age and sex distribution in group | patients.

Superior migration of the

Mal Femal Total 0 0 0

Age ale emale ota humeral head 0 0% 0 0% 6 [54.5%
N. % N. % N. %

H 1 0, 0, 0,
20 - <30 years ] 7 7% 0 0% ) 42% Subacromial bursal fluid | 0 0% 5 50% 9 |81.8%
30 - <40 years 3 23.1% 0 0% 3 12.5% Obliterated Subacromial —. 0 - ; — T p—
40-<S0years| 1 | 77% | 4 [363%| 5 |208% subdeltoid fat plane ’ ’ ’

50 - < 60 years 384% | 5 |455% | 10 [41.7% * More than one abnormality were seen in one patient

5
60-<70years| 3 |231%] 1 |91% | 4 |166% Table (6): Acromial shape distribution in patients with
0

> 70 years 0% 1 9.1% 1 4.2% rotator cuff lesions.

Total 13 [ 100% | 11 | 100% | 24 | 100% Tendinosis | Partial tear | ~UMl thick-
Acromial type ness tear
Table (2): Different rotator cuff lesions.
Sotato o ” % Type | 1 |333% 2 [20% | 5 [455%| 8 [33.3%
0, 0, 0, 0,
Tendinosis 3 T Type Il 2 |667%| T |70% | 5 [45.5%| 14 |58.4%
0, 0, 0, 0,
Partial tear 0 AL7% Type 111 0 | 0% | 1 [10%]| 1 | 9% | 2 |83%
o, 0, 0, 0,
Full thickness tear . S Total 3 |100%| 10 [100%| 11 [100%| 24 [100%
Total 24 100%
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Table (7): Associated osseous abnormalities in patients Table (10): Different lesions in patients with shoulder
with rotator cuff lesions. instability
Tendinosis P?rtial Full t?iCk' Instability lesions Number %
i ~ ear ness tear
aﬁzsoorcr:? ;ﬁ?y N=3 INE) NG Labral tear 14 87.5%
Occult fracture of the greater tuberosity 1 6.25%
Subacromial spur | 0 | 0% | 3 [30%| 6 [54.5%| 9 [37.5% Fracture posterior dislocation 1 6.25%
Acromioclavicular o 5 o o o
hypertrophy 1 333%| 2 [20%| 5 [45.5%| 8 [33.3% Total 16 100%

Acromial lateral
downward slopping Table (11): Surgical arthroscopic findings compared to
Os acromiale 1 333% 0 | 0% | 0 | 0% | 1 |42% MRI and direct MR arthrographic findings in patients

* More than one abnormality were seen in one patient with labro-ligamentous tear

Lesion ‘ Arthroscopy ‘ MRI

1 [33.3%| 4 [40%| 3 [27.2% 8 |33.3%

Table (8): Associated osseous abnormalities in patients
with rotator cuff lesions. Bankart lesion 4 0

Partial |[Full thick- Perthes lesion 2 0

Tendinosis

tear ness tear
N=10 N=11 Total 6 0

Associated abnormal- N=3

ity

Subacromial spur | 0 | 0% | 3 |30%| 4 [36.4% 7 [29.2% Table (12): Surgical arthroscopic findings compared to

MRI findings in patients with SLAP (superior labrum
anterior posterior) lesions

Lesion Arthroscopy MRI

Acromioclavicular
hypertrophy
Acromial lateral
downward slopping

1 [33.3%| 3 [30%| 5 [45.5% 9 [37.5%

1 [33.3%| 4 [40%| 2 |18.1% 7 [29.2%

Os acromiale 1 B33% 0 [0%| 0 | 0% | 1 |41% SLAP I 0 0

* More than one abnormality were seen in one patient SLAP I 7 3
SLAP 111 0 0

Group Il (Patients with shoulder instability) SLAP IV 1 0
Table (9): Age and sex distribution in group Il patients. Total 8 3

10 - <20 years 3

20 - <30 years 6 54.5% 4

30 - <40 years 1 9.1% 0

40 - <50 years 0 0% 0 0% 0
0
5

50 - <60 years 1 9.1%
Total 11 100%

T2 oblique-coronal Weighted Images (WI1) T1 oblique-coronal WI
An intrasubstancealtered intermediate signal intensity on T2 & T1 weighted
images seen within the supraspinatus tendon at its musculotendinous junction.
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T2 oblique-coronal WI

An intrasubstance abnormal high signal intensity seen within the supraspinatus tendon at its musculotendinous junction

reaching to its bursal surface

Case 3: Supraspinatous Partial tear (Articular surface surface)

T2 oblique-coronal WI Fat saturation (Stir) oblique-coronal WI
An intrasubstance abnormal high signal intensity seen within the supraspinatus tendon
at its musculotendinous junction reaching to its articular surface

Case 4: Supraspinatous full thickness tear Case 5:

T2 oblique - coronal WIls
Complete tendon defect communication between the superior contours of the humeral head and subacromial
bursa. Gap defect 3 and in case 5 4.5 cm. Associated supraspinatous muscle retraction.
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Case 6: SLAP Lesion (type I)

Proton Density oblique-coronal WI
Abnormal intrasubstance signal intensity of the superior labrum with no evidence of
fragmentation or displacement.

Case 7: SLAP Lesion (type II)

Proton Density oblique-coronal WI T1 oblique-coronal WI
The superior labrum showing intrasubstance isolated linear area of altered signal intensity
with normal biceps tendon & glenoid bone.

Case 8: SLAP Lesion (type I11)

.‘\ i 2203 15
Proton Density oblique-coronal WI T1 oblique-coronal WI
A bucket handle tear of the superior labrum is seen
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Case 9: SLAP Lesion (type 1V)

Proton Density oblique-coronal WI T1 oblique-coronal WI
Superior labral tear extending to the long head of the biceps tendon

Case 10: Bankart Lesion

20221204

T2 axial WI Proton Density axial WI
Detached anterior glenoid labrum with high signal intensity at its glenoid attachment (Bankart lesion)

Case 11: Bankart Lesion with Hill-Sachs defect

T2 axial WI Proton Density axial WI Stir (fat saturation) axial WI
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Case 12: Bankart Lesion with Hill-Sachs defect

T2 axial WI

Cases 11 and 12: A cortical bony defect of the postero-
lateral aspect of the proximal humeral head manifesting
with associated bone marrow edema (Hill-Sachs lesion)
and detached, avulsed anteroinferior labrum, displaced
from the glenoid margin (soft tissue Bankart lesion)

Discussion

Shoulder lesions as rotator cuff tear & labral injuries are
common cause for shoulder pain & instability [8]. MRI
playing vital role in the assessment of the shoulder pa-
thology such as tendons and labral tears along with
shoulder instability including osseous lesions [9, 10, 11].
The open nature of low field MRI reduce the incidence
of claustrophobia, require less space & comfortable for
children and teenagers patients. The newer extremity
coils and software's designed to improve image quality
[12,13].

The low-field scanner used in this study was a good pre-
dictor of rotator cuff tears, with higher accuracy for ten-
dinopathy & tendons tears (figures 1 to 5). The results
suggest that low-field MRIs are an excellent indicator of
differentiation partial tear (figures 2-3) from full-thick-
ness rotator cuff tears (Figures 4-5). This is an important
finding because distinguishing between partial- and full-
thickness tears can affect the treatment plan of a patient
[14].

Compared interpretations in our patients who underwent
MRI in a 0.4-Tesla with findings at arthroscopy, they
found that the predictive values for low field MRI of ro-
tator cuff and labral tears compared favorably [15]. Di-
agnosis of anterior labral lesions (Bankart lesion) ) and
superior labral Anterior Postrrior (SLAP) lesions was ac-
curate (Figures 6 to 12). Such lesions are confirmed by
arthroscopic surgery.

In comparison with the rotator cuff, decreased accuracy
for identifying pathology of the glenoid labrum is not iso-
lated to low-field MRIs. Mid- and high-field MRIs with-
out arthrogram also showed varied results when evaluat-
ing labral lesions. To better evaluate the glenoid labrum,
MR arthrography may be recommended.

Proton Density axial WI Stir (fat

- o
saturation) axial WI

In an effort to reduce confounding factors, we discussed
our data with a highly experienced radiologists in mus-
culoskeletal radiology, especially in shoulder MRI.

MRI has some limitations. One significant aspect is the
cost and accessibility of this technology. Patient cooper-
ation is another crucial factor to consider when opting for
MRI examinations. Unlike some imaging modalities, a
successful MRI procedure requires patients to remain
perfectly still for an extended period, ranging from 25
minutes to an hour. This demand for immobility can be
particularly challenging for individuals with severe pain,
claustrophobia, or conditions limiting their mobility. In
such cases, patient comfort and their ability to comply
with the examination requirements can significantly im-
pact the quality and success of the imaging results .

Conclusion

- Low-field MRI is an accurate tool for evaluation of
tendons degeneration, partial- and full-thickness rota-
tor cuff tears.

- Open nature of the low-field MRI markedly reduced
the incidence of claustrophobia due to large open
space of the magnet, with improve image quality, us-
ing a newer extremity coils and software.

- Like high field, low field MRI does not involve ioniz-
ing radiation, ensuring the safety of patients

- Like high field, low field MRI has the advantages ex-
ceptional soft tissue contrast & multiplanner projec-
tion allowing the visualization of both intra- and extra-
articular osseous and soft tissue structures of the
shoulder joint.
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