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INTRODUCTION

Strength training through weightlifting exercises (particularly the “clean-and-jerk,” a two-
move lift) has increasingly become a prevalent part of athletes’ training regimens.[1-4] The first 
movement, the “clean,” is the lifting of the barbell from the ground to a resting position on the 
lifter’s shoulders [Figure 1a]. The second movement is the “jerk” wherein both arms are extended 
to lift the barbell above the head [Figure 1b].[4] With the clean-and-jerk maneuver, the goal is 
to develop strength by lifting the maximum weight possible in one repetition.[4] Although 
weightlifting has many benefits including increased muscle/tendon/bone strength, bone density, 
metabolism, and cardiac function, it can also lead to injuries, as the body is exposed to great 
forces.[5-9]

Weightlifting most commonly injures the shoulder joint, followed by the lower back and 
elbow.[10,11] The spectrum of shoulder injuries can be ascribed to the transmission of force through 
the shoulder girdle during the phases of the clean-and-jerk. At the end of the “clean” phase, the 
weight is transmitted vertically through the lateral clavicles and acromioclavicular (AC) joints. 
During the “jerk,” as the weight is lifted to full overhead extension, force is transmitted through 
the glenohumeral joint and the inferior joint capsule.[4]

In this pictorial assay, we present the commonly seen magnetic resonance imaging (MRI) 
patterns of shoulder injuries caused by weightlifting regimens of elite athletes referred to 
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the radiology department of our tertiary sports-medicine 
center. These patients had a history of shoulder pain and/
or limited range of movement. The patients did not have 

any history of direct shoulder injury relating to a contact 
sport (i.e., football/wrestling/basketball) or other forms 
of strength training. Specific injury patterns relating to 

Figure 1: (a and b) Diagrams depicting the clean-and-jerk phases of weightlifting. The transmission 
of vector force changes through each phase of this exercise.

a b

Figure  2: Diagrams showing (a) the resting phase of the clean and (b) the end of the jerk. After 
elevating the barbell in the clean phase, the weights rest on the lateral clavicles and acromioclavicular 
joints (ACJ). The force is transmitted vertically through the lateral clavicle and ACJ (black arrows), 
resulting in injuries to the clavicle and ACJ/capsule. At the end of the jerk phase, the weights are 
held at extension over the head. Injury to the deltoid, rotator cuff, glenohumeral ligaments, glenoid 
labrum, and glenohumeral joint capsule can be attributed to the forces transmitted (black arrows) 
along the line of the vector force.

a b

Figure  3: A  34-year-old male presenting with shoulder pain. 
T2-weighted fat-saturated (a) coronal and (b) sagittal magnetic 
resonance images demonstrating acromioclavicular joints 
sprain. Note bone marrow edema of the acromion (white 
arrows), thickening of the joint capsule-ligament complex (white 
arrowheads), and inhomogeneous intact capsule fibers.

a b

Figure  4: A  40-year-old male presenting with shoulder pain. 
(a) T2-weighted fat-saturated and (b) T1-weighted sagittal 
magnetic resonance images demonstrating acromioclavicular 
joints (ACJ) capsule rupture. The ACJ capsule-ligament complex is 
disrupted at the superior joint. A small joint effusion/hemarthrosis 
is also noted.

a b
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Figure  5: A  36-year-old male presenting with subacute shoulder pain. T2-weighted fat-
saturated (a) coronal and (b) sagittal magnetic resonance images demonstrating post-traumatic 
acromioclavicular joints (ACJ) arthropathy. Note severe bone marrow edema of the lateral 
clavicle and acromion, subarticular cysts, and thickening of the ACJ capsule with surrounding 
soft-tissue edema.

a b

Figure  6: A  40-year-old female presenting with shoulder pain. T2-weighted fat-saturated 
(a) coronal and (b) axial magnetic resonance images demonstrating an intrasubstance tear 
of the acromial attachment of the deltoid tendon. Note linear high signal within the tendon 
attachment (white arrows).

a b

Figure  7: A  31-year-old male presenting with shoulder pain. (a) T1-weighted sagittal and 
(b) T2-weighted sagittal magnetic resonance images demonstrating supraspinatus tendinosis 
with intermediate T1/T2 tendon signal (white arrow). The normal infraspinatus tendon 
demonstrates dark T1/T2 signal (black arrow).

a b
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the biomechanics of weightlifting are discussed in this 
article.

DISCUSSION

By the end of the “clean” phase, the force of the weight is 
transmitted vertically through the lateral clavicles and AC 
joints [Figure  2a]. During the “jerk,” the weight is lifted 
to full overhead extension and the force is transmitted 
through the glenohumeral joint in a craniocaudal direction 
along the line of the vector force [Figure 2b].[12,13] The MR 

images demonstrate that the injuries sustained during 
these two maneuvers occur exclusively along the line of 
force.

The AC joint injuries include AC joint sprain [Figure  3], 
capsule-ligamentous complex tears [Figure  4], joint 
separation, and post-traumatic arthropathy [Figure  5]. 
Tendon injuries include deltoid tendon tears [Figure  6], 
rotator cuff tendinosis [Figure  7], and rotator cuff tears 
[Figures 8 and 9]. Rotator cuff pathologies include rotator 
cuff hypertrophy leading to pseudo-impingement from 
overfilling of the subacromial space [Figure  10]. Injuries 
of the glenohumeral joint include labrum [Figure  11], 
capsule, and glenohumeral ligamentous injuries 
[Figures  12 and 13]. Bony injuries include distal clavicle 
[Figure  14] and coracoid [Figure  15] stress reactions, 
marrow edema, traction edema, and cystic changes at the 
greater tuberosity of the humerus at the attachment of the 
rotator cuff tendons [Figure 16].

Knowledge of the biomechanics, injury patterns, and MRI 
appearances of weightlifting injuries, in conjunction with the 
clinical history of weightlifting regimens, can help with an 
accurate diagnosis of the underlying cause of shoulder pain 
and limitation of movement.

These shoulder injuries can have serious implications on an 
athlete’s function, performance, and return to sport. With 

Figure  8: A  34-year-old female presenting with shoulder 
pain. T1-weighted fat-saturated coronal magnetic 
resonance arthrogram demonstrating a partial thickness 
articular surface tear of the supraspinatus tendon (white 
arrow).

Figure 10: A 28-year-old male presenting with shoulder pain and 
decreased range of abduction. T2 weighted fat saturated coronal 
MR image demonstrating supraspinatus pseudo-impingement. 
There is hypertrophy of the supraspinatus muscle with increased 
muscle bulk and paucity of intramuscular fat. Similar changes 
are seen in the other periarticular muscles. There is overfilling of 
the subacromial space by the hypertrophied distal muscle belly 
and myotendon with resultant secondary indentation of these 
structures by the overlying acromion and AC joint, resulting in 
clinical features of impingement..

Figure  9: (a and b) A  44-year-old male presenting with shoulder 
pain. T2-weighted fat-saturated coronal magnetic resonance 
image demonstrating supraspinatus pseudo-impingement (black 
arrow head). There is hypertrophy of the supraspinatus muscle 
with increased muscle bulk and paucity of intramuscular fat. 
Similar changes are seen in the other periarticular muscles. There 
is overfilling of the subacromial space by the hypertrophied distal 
muscle belly and myotendon with resultant secondary indentation 
(white arrow head) of these structures by the overlying acromion 
and acromioclavicular joint, resulting in clinical features of 
impingement.
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weightlifting becoming a popular feature of strength-training 
programs, even in amateur athletes, the risk of shoulder 
injuries would undoubtedly rise.

Figure  11: A  41-year-old male presenting with shoulder pain. T1-weighted fat-saturated (a) axial 
and (b) coronal magnetic resonance arthrogram images demonstrating a superior labral tear (SLAP 
Type 3) involving its anteroposterior extent (white arrows).

a b

Figure  12: A  19-year-old female presenting with shoulder pain following an injury during 
weightlifting training. T1-weighted fat-saturated (a) axial, (b) + (c) sagittal magnetic resonance 
arthrogram images demonstrating a full thickness tear of the superior glenohumeral ligament 
(SGHL) with discontinuity of the SGHL fibers (white arrows). The intact coracohumeral ligament 
is thickened and inhomogenous (black arrows). The SGHL and coracohumeral ligament together 
form the biceps pulley, which stabilizes the long head biceps tendon and glenohumeral joint.

a b c

Figure  13: A  19-year-old female presenting with shoulder pain 
following an injury during weightlifting training. T1-weighted 
fat-saturated (a) coronal and (b) sagittal magnetic resonance 
arthrogram images demonstrating a complete rupture of the entire 
anteroposterior extent of the inferior glenohumeral ligament 
(IGHL)/capsule complex from the humeral attachment. Note 
the disruption of the “U”-shaped IGHL/capsule complex fibers 
(white arrows) from the humeral attachment with the resultant 
extracapsular extension of intraarticular gadolinium contrast 
(white arrow heads), confirming the capsular injury.

a b

Figure  14: A  40-year-old male presenting with focal shoulder 
pain following an injury during strength training. T2-weighted 
fat-saturated (a) coronal and (b) sagittal magnetic resonance 
images demonstrating lateral clavicle marrow edema seen as T2 
signal hyperintensity (white arrows). This is likely on the basis of 
trabecular stress injury from weightlifting mechanics. There is also 
a sprain of the adjacent inferior acromioclavicular joints capsule-
ligament complex.

a b
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CONCLUSION

This pictorial assay, therefore, aims to familiarize radiologists 
and sports physicians with MR patterns of shoulder/ 
shoulder-girdle injuries to ensure the detection and timely 
treatment of weightlifting injuries.
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Figure  15: A  36-year-old male presenting with 
shoulder pain. T2-weighted fat-saturated coronal 
magnetic resonance image demonstrating a coracoid 
process stress reaction. There is bone marrow edema 
of the coracoid process (white arrow) and lateral 
clavicle marrow edema (black arrow).

Figure 16: A 39-year-old male presenting with shoulder pain. T2-
weighted fat-saturated (a) axial and (b) coronal magnetic resonance 
images demonstrating traction cysts at the greater tuberosity of 
the humerus at the attachment of the supraspinatus tendon with 
surrounding marrow edema.
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