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This study shows a rare association between the anomalous position of the shoulder girdle, due to scoliosis, with altered shoulder kinematics, injury of joint capsule
ligaments and rotator cuff tendons, and shoulder dislocation due to a traumatic event. The subject has developed adolescent idiopathic scoliosis, with convex curvatures
to the right side in the lower region of the thorax (with the Cobb angle of 13 degrees) and to the left side of the upper region of the thorax (with the Cobb angle of
24-degrees), both of them with the axial rotation of vertebra and with visible gibbosities. The upper axial rotation has a 6.5-degree, which causes an unbalance between
the two shoulder girdles. In normal situations, the shoulder joint is turned 30 degrees anterior to the coronal plane, but in his case, the right shoulder girdle is pulled 28
degrees anterior by the groove, and the left one is pushed 34.5 degrees anterior by the gibbosity. The major effect of shoulder girdle unbalance appears to be the maximum
extension of the upper limbs when the hands can't be aligned to the coronal plane and this is an important risk factor for the injuries of the left shoulder joint, while some

weight training exercises are performed.

Introduction
Scoliosis

Scoliosis is a lateral (i.e. on the frontal or coronal plane)
deviation of the spinal column, consisting of developing
lateral curvatures and axial rotation of vertebrae [1-4]). The
development of scoliosis starts with the onset of the primary
curvature, which has the tendency to persist even when the
subject is supine or hanging by the arms [3]. In the superior
and/or inferior position of primary curvature, sometimes there
are developing compensation curvatures, giving the spine an S
shape. Physiological scoliosis with angles up to 10° is common
in the general population [4], due to unbalanced use of the
upper limbs, but pathological scoliosis with angles greater than
10° can be developed by 2% - 3% of the growing age population
[1,3], being more frequent in the girls [3,5]. In a standing or
sitting position, scoliosis can be observed upon asymmetry of

the shoulders and in anterior flexion of the trunk, upon the
unilateral gibbosity developed in the thoracic region of the
spine.

Scoliosis can develop in utero or after birth, during periods
of rapid growth of the body, in infancy, or at the onset of
puberty [6]. Scoliosis affects almost equally children of both
sexes, but after the age of 10 (adolescent idiopathic scoliosis),
the ratio changes to 6:1 for girls. It has genetic, neuromuscular,
syndrome-related, dysmetabolic, and osteopathic causes or it
can be associated with no known cause (idiopathic scoliosis), the
latter being the most prevalent by far [1,3]. Idiopathic scoliosis
is a> 10° curvature of the spine in the frontal plane, being a
common spinal deformity [7] and having no obvious cause.
Also, it could be associated with some spinal traumatic events
in childhood, some being minor and often going unnoticed.
It occurs at the thoracic level, is associated with some degree
of lordosis, is often C-shaped (i.e., it is characterized by the
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presence of a single, long, right-convex curvature) than
S-shaped, and always involves vertebral rotation (i.e., the
body of the vertebrae are rotated towards the convex side of
the curvature and the vertebral arches are rotated towards the
concave side of the curvature) and rib deformities [8], causing
a gibbosity on the convex side of the curvature. Ninety percent
of all idiopathic scoliosis are reported in adolescents, affecting
2 to 5 percent of children between 10 and 16 years of age [9-11],
girls being more likely to develop severe forms (i.e., the greater
angle of primary curvature, with poor prognosis) than the boys
(ratio of up to 10:1 for the girls). Mild scoliosis tends to affect
both sexes almost equally, with a ratio of 1.5:1 for girls [5,12].

Shoulder dislocation

The glenohumeral joint is by far the most freely moving
joint in the body, because of its conformation. The humeral
head is spherical and fits only in part inside the glenoid cavity
of the scapula. The surface of the glenoid cavity is deepened
by the glenoid labrum, a fibrocartilage ring that borders it and
gives more stability to the joint. On the upper side of the joint
is located the strong coracohumeral ligament, which supports
the weight of the upper limb, and in the front of the joint, there
are three weak glenohumeral ligaments, whose contribution
to the joint stabilization is insignificant. The main role in
shoulder joint stabilization is played by muscle tendons: the
biceps brachii, and the rotator cuff (the supraspinatus, the
infraspinatus, the subscapular, and the teres minor) [13].

Shoulder dislocations are the most common joint injuries,
accounting for 45% of all large joint dislocations [14]. Due
to the weakness of the anterior and inferior reinforcements,
the shoulder joint often tends to dislocate in an anterior and
inferior direction [13] (Figure 1).

Case report

Three hours after suffering a trauma, a 19-year-old male
student was brought consciously to the Emergency Department
with his left arm kept in internal rotation by his right arm,
feeling intense pain inside the left shoulder and with the
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inability to move his left upper limb. The injury occurred when
the subject stumbled over a wire and fell down from a snow
drift, bedding on his both arms. At that moment, the subject
heard a crackling followed very quickly by a crack, he felt very
intense pain inside his left shoulder, and, because of this, he
couldn’t rise straight, but only with his trunk bowed forward.

By shoulder self-palpation, the subject found a concavity
in the deltoid area, an “empty glenoid”, which appeared
consequent to the humerus head detachment from its socket,
which was found in the anterior and inferior position. He
reported that two months prior to the shoulder dislocation, he
performed front raises and pullovers, missing the warm-up
stage before training. He lay on the flat bench, got the barbell
in pronation with medium grip, and placed it on the upper side
of his thighs. He raised the barbell and performed a 180-degree
semicircular motion, until the barbell was horizontally above
his head, keeping the elbows fully extended throughout the
entire motion. He kept the barbell in this position for a second
and after that, he started to raise it again, to go back to the
initial position. While he started the positive movement (rising
motion), he heard a crackling and felt very intense pain inside
his left shoulder, due probably to a light form of the sprain. The
difference in extension capacity between the two glenohumeral
joints and the strain in the left shoulder, which was too intense
for the rotator cuff to cope with, led to tendons tearing of
anterior members of rotator cuff muscles (subscapular and/
or teres minor). At the same time, some ligaments of the
glenohumeral complex could be elongated or broken, especially
those on the inferior side of the glenoid cavity.

After two weeks, while performing the same exercise in
similar conditions (i.e., missing the warming-up stage), the
injury took place again, probably due to a new tear in the same
tendons or ligaments or to the exacerbation of the first ones.

After six weeks, the subject stumbled over a wire and fell
down from a snow drift, causing the shoulder dislocation.
When falling down, the subject helped himself with his arms,
pressing with left elbow against the snow drift. In abduction,
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Figure 1: Anterior radiograph of subject’s left shoulder dislocation; B. Anterior appearance of the shoulder joint in anteroinferior dislocation (left side) and of the normal

shoulder joint (right side).
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the left shoulder joint became quickly overextended and
the humerus head pushed against the acromion, to a lever
movement, leading the glenohumeral complex to be elongated
and some ligaments to be broken, when the subject heard
the crackling. The sound of the crackling was similar to one
breaking a chicken joint when eating meat. After the two
injuries, the weakened joint has become more mobile and this
helped to tear rotator cuff tendons at the moment of the fall.
When his body lay down on the left side, due to the pain and
left-arm lack of support, the humerus was suddenly pulled
back by supraspinatus and infraspinatus muscle tendons
towards its glenoid socket, but it was blocked by the anterior
crest of the glenoid labrum, producing the crackling which the
subject heard.

After the trauma, the most “comfortable” position for the
subject was bending the trunk in the front, which allowed the
arm to rest in anterior abduction. After one hour, the intensity
of the pain decreased and he could raise his trunk almost
completely only if his right hand supported the left arm.

Because of the intense pain, the shoulder dislocation was
reduced under general anesthesia with atropine. Meanwhile,
it could be observed that the subject is affected by idiopathic
S-shaped scoliosis type 3C, according to King and Moe criteria
[15,16]. It has convex deviations in the left upper region (with
the Cobb angle of 24°) and right lower region (with the Cobb
angle of 13°) of the trunk (Figure 2), with a left-side better-
developed gibbosity in the upper part of the rib cage (the
difference between left and the right side is about 6.5°) and a
right-side smaller gibbosity on the lower part of the rib cage
(the difference between the left and right side is below 2°).
On the opposite side of the humps, the rib cage has developed
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slight grooves. Meanwhile, he recalled that, at the age of 7 or 8,
he was picked up by an older boy, lifted up, and dropped, while
he blocked him with his foot so that he fell on his side. He was
able to walk with difficulty for a few hours after the incident,
after which he made a full recovery without any sequelae and
didn’t take the incident into account. Although the diagnosis of
idiopathic scoliosis was made, it is possible that this incident
contributed to the onset of scoliosis.

The treatment of shoulder dislocation

The arm was internally rotated and the shoulder was
immobilized in a chest-arm gypsum bandage, which was
changed with a chest-arm simple bandage, 4 days after the
trauma, due to the discomfort felt by the subject. After 21 days,
the bandages were taken off and the joint was fully recovered,
regaining its full range of motion.

After a break of seven months, the subject started to train
again and realized that he was not able to bring down the barbell
over the shoulders, and behind the neck, when performing
standing/sitting barbell presses behind the neck. He reported
weakness in his left shoulder that was felt on the lower stage
of the motion. Since he replaced this exercise with another one,
he had no other difficulty in performing his weight training,
and at his last review at 7 years post-trauma, his shoulder was
still asymptomatic; the subject did not investigate further the
shoulder joint weakness.

Discussion

Although taken separately, scoliosis and scapulohumeral
dislocation are not very rare events, the latter being
somewhat more common (45% of all joint dislocations),

Figure 2: Posterior-anterior (A) and lateral (B,C) radiographs of the subject. A. Radiograph showing S-shaped curvature of the spinal column and height asymmetry of the
shoulder girdles. The upper curvature has the Cobb angle of 24°, and the lower curvature has the Cobb angle of 13°. B,C. Lateral radiographs depicting the asymmetry of the

left (L) and right (R) sides of the rib cage in the thoracolumbar region (B) and in the thoracic region of the subject’s body.
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their association is less common. In the literature, the
occurrence of glenohumeral joint dysfunction and increased
risk of subacromial impingement syndrome and rotator
cuff pathology in idiopathic scoliosis are cited [17], with
no association between scoliosis and shoulder dislocation,
probably due to pain and marked limitation of joint mobility.
The case presented here shows a rare association between
scoliosis and shoulder dislocation. The spinal column of the
subject has a left-side convex deviation in the upper part of
the trunk (Figure 2A), leading to the asymmetry of the rib cage
(Figure 2B,C) with upper left gibbosity and right depression,
and imbalance of the pectoral arches. The position of the right
scapula tends to be almost normal, with the medial border and
inferior angle slightly pulled inward and the superior-lateral
angle pushed only a little bit backward, allowing the right arm
to go a little bit further in extension than is possible in the
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normal case (Figure 3A5-6, A7). On the other hand, the inferior
angle of the left scapula is pushed outward by the hump, forcing
its superior-lateral angle to fit in a position of protraction
and internal rotation. Unfortunately, this situation limits
somewhat the extension movements of the left arm, allowing
the achievement of its maximum range a few degrees earlier
than is possible in the normal case (Figure 3A3-4, A7, 3B2).
For most people who do not practice any sustained physical
activity, this limitation can be a source of back and shoulder
pain, dysfunction, and altered kinematics of the shoulder joint
[17-19], but for those who practice bodybuilding, where full
movement extension is required, it can lead to accidents, as
shown here.

Due to the presence of gibbosity in the superior left side of
the rib cage and to the pectoral arches’ asymmetry, each arm of

Figure 3: A. Comparison among the sketches of the skeleton and maximum extension (180°) of the glenohumeral joint to a normal subject (1, 2) and to the subject of
this case study (3 - 7): 3. The left side of the subject skeleton, showing the upper thoracic gibbosity and lower thoracic depression; 4. The difference of 6-degrees of less
maximum extension of glenohumeral joint of the subject than the normal subject; 5. The right side of the subject skeleton, displaying a smaller inferior gibbosity and a
superior small groove; 6. The maximum extension’s amplitude of the glenohumeral joint of the case study subject is increased with 1.5-degrees than the one of a normal
subject; 7. Complete skeleton sketch of the subject, showing the rib cage deformities and the 7.5-degrees difference among the two limbs in the maximum extent of
glenohumeral joint; B. 1. The orientation of shoulder blades in normal subjects, which are oriented to a 30° angle anterior to the frontal plane; 2. shoulder blades in the subject
in the case study, in which the right one is positioned 28° and the left one 34.5° to the frontal plane; C. Sketch of front raises and pullovers performing. Position 1 marked on
the image is the most prone for shoulder injuries, especially to those subjects which have pectoral arches asymmetries.
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the subject has a different maximum extension range, causing
an imbalance in the upper part of the motion. When trying to
align both arms in the superior position, the subject forced the
left arm to perform overextension, since the right arm fulfills
its entire extension potential (Figure 3A7). This difference
becomes more evident when the extension is performed using
an overloaded barbell, in a supine position, as it is when
performing front raises and pullovers (Figure 3C).

Conclusions and perspectives

This study shows the association between the anatomical
conformation of the glenohumeral joint and its capacity to
perform normal movements, in the presence of scoliosis.
Because scoliosis modifies the symmetry of the rib cage and
the conformation of pectoral arches, it can predispose to
glenohumeral joint injuries, especially in subjects who are
using them very intensively (i.e. athletes). In order to reduce
the risk of injuries, these individuals should ask for physician
advice before start practicing weight training. Also, all the
subjects who practice weight training or any kind of sports
should pay very much attention to the correct warm-up before
starting the training, which prepares the body for the following
effort and increases the mobility of the joints, significantly
reducing the risk of injuries.

Consent

Written informed consent was obtained from the patient
for publication of this case report and accompanying images.
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