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Fundamentals of the Shoulder

Mete Edizer

1.1 Functional Anatomy

of the Shoulder Joint

Shoulder is the area in the proximal part of the
arm connecting it to the thoracic skeleton [1-5].
There are connections to the sternum through the
scapula and clavicula. Clavicula extremitas late-
ralis is connected to the acromion region of the
scapula with strong ligaments [4—11].

Clavicula is attached to the first costa by the
costoclavicular ligament. Also, it is connected to
the sternum via sternoclavicular ligament. It
gains mobility through the joints at both ends.
The acromioclavicular ligament and acromiocla-
vicular joint at its lateral end provide strong con-
nections. Clavicula is not only attached at its
medial and lateral ends but also attached to the
coracoid process of the scapula via the coracocla-
vicular ligament from above [12-14].

Acromioclavicular joint and sternoclavicular
joint, which are the auxiliary joints of the shoul-
der girdle, work biomechanically together with
the humeroscapular joint, which is a main joint.
In a healthy shoulder joint, they take part in a
variety of movements at differing rates so as to
provide the necessary joint clearance [15-18].
For example, these auxiliary joints are not func-
tional in abduction of the shoulder joint up to
90°, but they participate in the movement when
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the joint movement exceeds 90°. However, when
pathology occurs in the shoulder joint, these
joints participate in the movement to compensate
for the stiffness and to ensure normal movement.
Under normal circumstances, the sliding of the
scapula on the thoracic wall allows the range of
motion to increase. The scapula can move up and
down, or it can slide forward and backward with-
out turning. The scapula can abduct up to 50° in
the transverse axis, taking the shape of a wing in
the acromioclavicular joint [9, 11, 18].

The shoulder girdle is versatile and highly
mobile. It is particularly important for the move-
ments of the arm in the humeroscapular joint. It
positions itself to facilitate the movements of this
spheroid type of joint. Although the acromiocla-
vicular joint is not very wide, the humeroscapular
joint becomes important in terms of range of
motion. In the acromioclavicular joint, it can
make period movements of 50° towards the cla-
vicula superior, 30-35° from the posterior to the
anterior and 35° along its long axis. These angu-
lations are compatible with the movements of the
scapula [18].

Rotational movements in the shoulder girdle
are also closely related to the position of the
humerus. For example, in the neutral position,
internal rotation can be performed more fre-
quently than external rotation.

Pulling Up the Scapula with Abduction The
patient sits, flexes the arm at 90° in the shoulder

G. Huri et al. (eds.), Fundamentals of the Shoulder, https://doi.org/10.1007/978-3-030-94702-6_1
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joint, and the elbow joint is flexed. When he tries to
push his arm forward against a resistance, serratus
anterior muscle starts abduction by pulling the
anterior scapula forward. This function is impor-
tant for the abduction of the arm above the 90°.

Adduction of the Scapula The patient lies with
face down; the arm is fixed away from the body.
The result is positive if the patient can bring his
arm closer to the midline. If he cannot, the patient
is brought to the sitting position, his arm rests on
the table, and he is asked to pull his arm back-
inward (adduction). If successful, the force is
considered medium. If he cannot do that, it is
checked whether trapezius muscle, rhomboideus
major muscle, and rhomboideus minor muscle
are contracted, and it is considered weak.

Elevation of the Scapula The patient is asked
to raise one or both shoulders upwards trapezius
muscle and levator scapulae muscle, which allow
this movement possible, and rhomboideus major
muscle and rhomboideus minor muscle, which
helps the movement are examined. The existence
of contraction in these muscles is determined
based on the success of the person’s performance
against resistance and the absence of resistance.
If he fails to perform these tasks, he is asked to lie
in face-down position, or palpations are detected,
respectively [10, 12].

1.2 Upper Extremity Bones (Ossa

Membri Superioris)

Upper extremity bones are placed symmetrically
on both sides of the rib cage. They can perform
extremely fine movements thanks to the ability of
humans using their hands. Bones of the upper
limbs are divided into two: the upper extremity
free bones and the upper extremity junction
bones connecting them to the trunk. Upper
extremity junction bones are scapula and clavic-
ula, and free upper extremity bones are humerus,
ulna, radius, and hand bones.

The Clavicula This bone extends laterally and
horizontally across the root of the neck. Clavicula
is S-shaped, and it is 15-17 cm long. The tip of
the scapula joining with the sternum is more flat-
tened and is called extremitas sternalis, while the
one joining with its acromion is thicker and is
called extremitas acromialis [5]. About 2/3 of the
inner part of the corpus claviculae between the
two ends shows anterior convexity, while the
outer 1/3 part shows posterior convexity. It is the
bone that first begins to ossify in the fetus and the
last to complete ossification. Despite being a long
bone, it shows intramembranous ossification
between clavicula and the first costa artery passes
the branches of subclavia and plexus brachialis. It
is the most superficial bone in the body and is
most frequently broken one. In adults, it often
gets broken as a result of falling on the shoulder.
The weakest part of the bone is the junction of the
1/3 middle and 1/3 outer parts [6, 14, 18].

The Scapula It is a flat bone with three corners,
three edges, and two sides and is attached to the
back of the rib cage. It is between the Th2-7
vertebrae.

Facies Posterior (Back Face) The protrusion
called scapular spine extending horizontally on
the back of the convex shape ends with acromion,
a flat and thick extension from the back to the
front. At the tip of the acromion is facies articu-
laris acromii that articulates with the clavicula.
Spina scapulae divides the facies posterior into
two separate regions, supraspinous fossa and
infraspinous fossa.

Anterior Face (Costal) It is the concave front
face of the scapula. On this obverse is the depres-
sion where the muscle of the same name, called
subscapular fossa, is located.

Superior Border It is the shortest edge of the
scapula. The notch named suprascapular notch
and located close to coracoid process is made
into a hole with superior transvers scapular liga-
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ment in the organism. From this hole, supracapu-
lary artery and vein pass above the ligament. It is
an important point in peripheral nerve
compression.

Medial Border On this edge is the triangular
space, which is the starting point of the spina
scapulae.

Lateral Border It is the thickest edge.

Superior Angle It is the corner where the supe-
rior angle and medial border meet.

Inferior Angle It is the corner where the medial
border and lateral border meet.

Lateral Angle It is the corner where the lateral
border and superior border meet. Lateral angle
has an oval articular surface called glenoid cavity
where the humeral head is located. There is
supraglenoidal tubercle on the upper edge of gle-
noid cavity and infraglenoid tubercle on the
lower edge.

The protrusion in the form of a bird’s beak that
starts with a broad root between the supraglenoid
tubercle and the suprascapular notch is called
coracoid process [14, 18].

The Humerus It is a single bone of the arm
region in the upper extremity. Humerus has upper
and lower ends and a body.

Extremitas Proximalis The round joint face of
the scapula, called the humeral head, articulating
with the glenoid cavity, is separated from the two
lower reliefs by a shallow groove, the anatomical
neck. The larger one on the outer side is called
greater tubercle, and the smaller one on the ante-
rior and inner side is called lesser tubercle. The
bony protrusions extending down from these
ridges are called crest of greater tubercle and
crest of lesser tubercle, respectively. Through the
groove called intertubercular groove among the
crest, the tendon of the long head of the biceps
brachii passes. The collum chirurgicum, the
weakest part of the bone is located where the
greater tubercle and lesser tubercle end. It is the

most common place where humerus fractures are
observed and axillar nerve is injured due to close
proximity [14, 18].

Body of Humeri The body of the humerus is
round at the top and nearly triangular at the bot-
tom. Its edges are medial border, lateral border,
and anterior border. Its faces are anteromedial
face, anterolateral face, and posterior face. On the
upper part of the anterolateral facies, which is a
rough field called deltoid tuberosity, deltoid mus-
cle ends. From the groove called radialis nerve
groove on the back of the body of humeri, both
radial nerve and deep brachial artery pass. The
most common complication of body of humeri
fractures is radial nerve injury [6, 14, 18].

Extremitas Distalis The face of the roller-
shaped joint that connects with the ulna on the
inner side of the lower end of the humerus is
called the trochlea humeri, and the small convex
joint surface that connects with the radius on the
outer side is called the capitulum humeri. On the
front face is located coronoid fossa where coro-
noid process of ulna is situated in forearm flex-
ion. The olecranon fossa, where the olecranon
part of the ulna sits, and the radial fossa, where
the radial head part of the radius sits, are located
at the forearm extension on the back. At the lower
end, there are two large lump-shaped projections
called medial condylus and lateral condylus. The
smaller protrusion on the inner one is called
medial epicondylus, and the outer one is called
lateral epicondylus, and both can be palpated
manually. Below medial epicondylus, there is a
notch called sulcus nervi ulnaris through which
ulnar nerve passes. In the distal end fractures of
the humerus, ulnar nerve, located in front median
nerve and brachial artery may be damaged [6, 10,
12, 18].

1.3  Shoulder Joints

The acromioclavicular joint and sternoclavicular
joint upper extremity junction joints and joints in
the upper extremity starting from the shoulder
joint are known as free upper extremity joints.



M. Edizer

Acromioclavicular Joint It is between clavic-
ula (articular face of acromial) and scapula
(articular face of acromion). The joint faces are
covered with fibrous cartilage and are of joint
plana type. It allows the scapula to slide and
rotate on the clavicula. There is an articular disc
located in the joint. It strengthens articular cap-
sule by acromioclavicular ligament. It consists of
coracoclavicular ligament, trapezoid ligament,
and conoid ligament and plays the most effective
role in joint stabilization [5].

Sternoclavicular Joint It is the sellar type of
joint between the sternum (clavicular notch) and
the clavicula (articularis face of sternum). It con-
nects the upper limb to the trunk. Since the joint
faces do not fit together, there is articular disc
between them, which completely divides the
joint space into two. The joint is strengthened by
anterior sternoclavicular ligament and posterior
sternoclavicular ligament [ 14, 18].

Shoulder Joint (Glenohumeral Joint) The
glenohumeral joint is of the spheroid type, and
the humeral head sits on the shallow joint sur-
face on the scapula. It performs flexion-exten-
sion in the transverse axis, abduction-adduction
in the sagittal axis and internal and external rota-
tion movements in the vertical axis. Since it can
move in three axes, it can make a circumduction
movement. The shoulder joint, which is the most
mobile in the body, can move in three axes and is
the joint with the most common dislocation.

Since the ligaments that strengthen and stabi-
lize the joint are not sufficient, the rotator cuff
muscles also support this process. The surface of
the joint pit, called glenoid cavity, is approxi-
mately 6 cm? The glenoid cavity is deepened by
the limbus in the fibrous cartilage structure called
articular labrum and glenoidal labrum. The syno-
vial layer of the joint capsule adheres to the articu-
lar labrum. The joint capsule is quite loose,
forming a pocket called the axillar recess medially
on the arm standing in neutral position. Joint cap-
sule is strengthened by the coracohumeral liga-
ment proximally and the remaining part by the
glenohumeral ligament. In the arm standing in a

neutral position, the upper half of the humeral
head touches the joint capsule, and the lower half
touches the glenoidal cavity. The effect that stabi-
lizes the humeral head to the joint pit consists of
the combination of muscle strength and arm
weight. For example, the supraspinatus muscle
and the middle part of the deltoid muscle, which
are activated at the initiation of the abduction
movement of the arm, affect the joint [14, 18].
The part of the spherical humeral head cov-
ered with cartilage is 2.5 cm in diameter. The
rotation center, which changes according to
movements, is very important in functional anat-
omy. For example, in abduction up to 50°, the
center shifts medially when it reaches 50-90°.
There is only one turning point in front and back
elevation. The anterior-underside of the joint cap-
sule supported by the glenohumeral ligament and
coracohumeral ligament is weak, and the disloca-
tions are often forward-downward. The stability
of the joint (especially during abduction) pro-
vides “rotator cuff muscles,” involving supraspi-
natus muscle, infraspinatus muscle, teres minor
muscle and subscapularis muscle. The tendon of
the long head of biceps brachii muscle passes
through the shoulder joint and attaches to the
scapula. Two burs, called bursa subacromialis
and bursa subtendinea subscapularis muscle, are
connected to the joint space [7, 14, 18].

Muscles that Affect
the Movement
of the Shoulder Girdle

1.4

Pectoralis Major Muscle

e Origin: Clavicular head: Anterior surface of
the medial half of clavicle.

e Sternocostal head: Anterior surface of ster-
num, superior six costal cartilage, aponeurosis
of external oblique muscle.

e Insertion: Lateral lip of intertubercular groove
of humerus.

e Function: Adducts
humerus.

e Nerve: Lateral and medial pectoral nerves
(clavicular head C5-6, sternocostal head C7,
C8,and T1).

and medially rotates
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Pectoralis Minor Muscle

e Origin: Ribs 3-5 near the costal cartilages.

e Insertion: Medial border and superior surface
of coracoid process of scapula.

* Function: Stabilizes scapula by drawing infe-
riorly and anteriorly against thoracic wall.

e Nerve: Medial pectoral nerve (C8 and T1).

Subclavius Muscle

e Origin: Junction of rib 1 and its costal
cartilage.

e Insertion: Inferior surface of middle third of
clavicle.

* Function: Draws clavicle medially.

¢ Nerve: Nerve to subclavius (C5 and C6).

Serratus Anterior Muscle

e Origin: External surface of lateral parts of ribs
1-8.

 Insertion: Anterior surface of medial border of
scapula.

e Function: Protracts scapula and holds it
against thoracic wall; rotates scapula.

e Nerve: Long thoracic nerve (C5, C6, and C7).

1.5  Muscles Connecting
the Upper Limb

to the Vertebral Column

Trapezius Muscle

e Origin: Medial third of superior nuchal line,
external occipital protuberance, ligamentum
nuchae, spinosus processes of C7 to T12 ver-
tebrae, and lumbar and sacral spinosus
processes.

e Insertion: lateral third of clavicle, acromion,
and spine of scapula.

* Function: Elevates, retracts, and rotates scap-
ula, superior fibers elevate, middle fibers
retract, and inferior fibers depress scapula;
superior and inferior fibers act together in
superior rotation of scapula.

e Nerve: Spinal root of accessory nerve and cer-
vical nerves (C3 and C4).

Latissimus Dorsi Muscle

e Origin: Spinosus processes of the inferior six
thoracic vertebrae, thoracolumbar fascia, iliac
crest and inferior 4 ribs.

e Insertion: Floor of intertubercular groove of
humerus.

e Function: Extends, adducts, medially rotates
humerus, raises body toward arms during
climbing.

¢ Nerve: Thoracodorsal nerve (C6, C7, and C8).

Levator Scapulae Muscle

e Origin: Posterior tubercles of transverse pro-
cess of C1-C4 vertebrae.

e Insertion: Superior part of medial border of
scapula.

» Function: Elevates scapula and tilts its glenoid
cavity inferiorly by rotating scapula.

e Nerve: Dorsal scapular nerve (C5) and cervi-
cal nerves (C3 and C4).

Rhomboid Major Muscle

* Origin: Spinosus process of T2-T5 vertebrae.

e Insertion: Medial border of the scapula from
level of spine to inferior angle.

¢ Function: Retracts scapula and rotates it to
depress glenoid cavity, fixes scapula to tho-
racic wall.

e Nerve: Dorsal scapular nerve (C4 and C5).

Rhomboid Minor Muscle

e Origin: Ligamentum nuchae and spinosus
process of C7 to T1 vertebrae.

e Insertion: Medial border of the scapula from
level of spine to superior angle.

e Function: Retracts scapula and rotates it to
depress glenoid cavity, fixes scapula to tho-
racic wall.

e Nerve: Dorsal scapular nerve (C5) and cervi-
cal nerves (C3 and C4).
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1.6 The Scapular Muscles  Function: Medially rotates arm and adducts it;
helps to hold humeral head in glenoid cavity.

Deltoid Muscle e Nerve: Upper and lower subscapular nerve

e Origin: Lateral third of clavicle, acromion,
and spine of scapula.

 Insertion: Deltoid tuberosity of humerus.

e Function: Anterior part: flexes and medially
rotates arm.
— Middle part: abducts arm.
— Posterior part: Extends and laterally rotates

arm.
e Nerve: Axillary nerve (C5 and C6).

Supraspinatus Muscle

e Origin: Supraspinous fossa of scapula.

 Insertion: Superior facet on greater tubercle of
humerus.

* Function: Helps deltoid to abduct arm and acts
with rotator cuff muscles.

e Nerve: Suprascapular nerve (C4, C5, and C6).

Infraspinatus Muscle

e Origin: Infraspinous fossa of scapula.

e Insertion: Middle facet on greater tubercle of
humerus.

e Function: Laterally rotates arm.

e Nerve: Suprascapular nerve (C5, C6).

Teres Minor Muscle

e Origin: Superior part of lateral border of
scapula.

 Insertion: Inferior facet on greater tubercle of
humerus.

e Function: Laterally rotates arm.

e Nerve: Axillary nerve (C5, C6).

Teres Major Muscle

e Origin: Dorsal surface of inferior angle of
scapula.

* Insertion: Medial lip of intertubercular Groove
of humerus.

* Function: Adducts and medially rotates arm.

e Nerve: Lower subscapular nerve (C6 and C7).

Subscapularis Muscle
e Origin: Subscapular fossa.
e Insertion: Lesser tubercle of humerus.

(C5, C6, and C7).

In the flexion of the arm, the coracobrachialis
muscle and the anterior part of the deltoid muscle
work. Deltoid muscle middle part, pectoralis
major muscle, and biceps brachii muscle also
help them. Flexion range of motion of the arm is
approximately 150-170°.

In the extension movement of the arm, the
Latissimus dorsi muscle, teres major muscle, del-
toid muscle posterior part work as well as teres
minor muscle and triceps brachii muscle as aux-
iliary muscles. The extension opening of the arm
is approximately 40°.

During the first 15° part of the abduction
movement of the arm, the supraspinatus muscle
takes part, then the middle part of the deltoid
muscle takes over. The supraspinatus muscle also
lends support under the deltoid muscle and
presses the humeral head toward the joint surface
to keep it within the glenoid cavity, preventing
the humeral head from slipping downwards.

In supraspinatus muscle paralysis or weak-
ness, arm abduction cannot be initiated. Also,
formation of scapula alatae and spontaneous dis-
locations occur. The long head of the biceps bra-
chii muscle, the serratus anterior muscle, and the
trapezius muscle also help the abduction of the
arm. For abduction to reach over 90°, external
rotation of the humerus and rotation of the scap-
ula are required. The full width of the abduction
is about 180°.

The adduction movement of the arm is made
by the pectoralis major muscle, the caput longum
of the triceps brachii muscle, the teres major
muscle, the caput breve of the biceps brachii
muscle, and the anterior part and posterior parts
of the deltoid muscle. The full width of adduction
is 20°-40°.

While the outer rotation of the arm is mainly
performed by the infraspinatus muscle and teres
minor muscle, the posterior part of the deltoid
muscle also helps. While performing external
rotation, the trapezius muscle, rhomboideus
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major muscle, and rhomboideus minor muscle
pull the clavicula and scapula posteriorly. Thus,
movements occur in the sternoclavicular joint
and acromioclavicular joint.

The internal rotation of the arm is performed by
subscapularis muscle, pectoralis major muscle,
caput longum of biceps brachii muscle, anterior
part of deltoid muscle, teres major muscle, and
latissimus dorsi muscle. In the neutral position, the
outer rotation is 40°-60°, and the inner rotation is
95°. In the 90° abduction of the shoulder joint,
internal and external rotation values are up to 90°.
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Molecular Biology and Genetics
in Shoulder Pathologies

Ahmet Emre Paksoy and Baris Kocaoglu

The studies conducted in the field of molecular
biology and genetics have focused mostly on
rotator cuff tears and partly shoulder disloca-
tions among shoulder diseases. The rate of re-
tear is high in rotator cuff tears, and despite the
improved surgical repair techniques and suc-
cessful physiotherapy models for patients with
rotator cuff tear (RCT), high rates of re-tear
have led to the view of considering individual
genetic differences in the treatment of this dis-
ease [1]. The most common cause of anterior
shoulder dislocations is trauma. However, some
patients who receive the same treatment had
recurrent dislocations due to capsular deforma-
tion, while others have a good recovery and do
not have recurrent dislocations. This difference
in prognosis among patient groups with the
same diagnosis and similar demographic fea-
tures increases the interest in molecular biology
and genetics.

The etiopathogenesis of atraumatic rotator
cuff tear is multifactorial and has still not been
fully understood. Although factors such as
impingement, overusing, aging, and smoking are
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effective in its etiology, there are studies showing
the presence of familial predisposition. Defining
the genetic dimension of RCT can help us better
understand the pathogenesis of the disease. The
expression of events from the formation of a
tenocyte in the cuff to the degeneration and death
is in the nucleus and is far from the arthroscope.
Processes occurring in the nucleus, protein syn-
thesis, and degradation are responsible for events
ranging from muscle atrophy to tendon calcifica-
tion and even re-rupture. After all, atraumatic
RCT is an imbalance between protein synthesis
and protein degradation.

Post-RCT repair recovery occurs in the tendon
to bone interface. RCT treatment has high re-tear
rates. For this reason, molecules that enhance
recovery in the interface may affect the success
of treatment. Matrix metalloproteinase (MMP)
regulates the reparative or degenerative balance
in the extracellular matrix. Supporting this bal-
ance in favor of reparation will improve the col-
lagen organization required for recovery.
Affecting it in favor of degeneration will result in
re-tear. In their study, Robertson et al. sampled
from the rupture region during the surgery of
RCT patients and found MMP1 and MMP9
expression significantly higher in patients who
had re-tear in the follow-ups [2]. Tetracyclines
inhibit MMP. In their experimental study, Bedi
et al. obtained larger fibrocartilage tissue and
larger collagen tissue in the repair zone by reduc-
ing the MMP13 activity with doxycycline. As a
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matter of fact, their biomechanical analysis
revealed that load to failure was also significantly
higher in the doxycycline-treated group [3].
Local use of doxycycline exhibits similar effects.
Namely, it has been shown in Achilles repair that
doxycycline-coated sutures have higher pull out
values than uncoated ones [4]. Gotoh et al. dem-
onstrated a re-tear rate of 25% in patients who
underwent RCT repair and increased expression
of MMP3 and tissue inhibitor of MMP (TIMP1)
in this re-tear group [5].

The frequency of having rotator cuff surgery
is higher in the family of patients who had under-
gone rotator cuff surgery compared to the normal
population. A high level of genetic predisposition
associated with this disease has been reported,
especially in close and distant relatives of young
adult rotator cuff tear patients [6]. Gvylim et al.
showed that tears were more symptomatic and
more easily progressive in the presence of genetic
predisposition [7].

The increasing interest in the genetic origin of
shoulder diseases in the last 20 years could dem-
onstrate the relationship of shoulder diseases
with some genes. The regulation of genes that
regulate metabolic pathways such as apoptosis,
inflammation, blood supply, which may be effec-
tive in the formation and progression of a rotator
cuff tear, has been attempted to be studied.

Apoptosis (programmed cell death) has been
shown to play an important role in the pathogen-
esis of RCT [8, 9]. Lundgreen et al. showed an
increase in the apoptotic index, an increase in
P53 gene activity-inducing apoptosis, and a
decrease in P53 inhibitory proteins [10]. In their
genome-wide association study, Tashjian et al.
showed that single-nucleotide polymorphism
(SNP) in the genes called SAP30B and SASH]I,
which are effective in apoptosis, are associated
with rotator cuff tear [11]. Genetic changes in the
apoptotic pathway also appear to affect the out-
comes of RCT surgery. An SNP within the
estrogen-related receptor beta (ESRRB) gene is
associated with postoperative lateral failure type
re-tear [12]. ESRRB regulates the function of the
hypoxia-inducible factor (HIF). Irregularity in
the ESRRB/HIF system caused by this SNP
causes tenocyte apoptosis [13].

Muscle atrophy results in fatty degeneration
of the muscle and loss of function in the shoulder.
Atrophic changes in the muscle are critical in the
selection of the treatment for rotator cuff tear and
prediction of outcomes. In skeletal muscle atro-
phy, a decrease in protein synthesis and an
increase in protein degradation concurrently
occur. A decrease in signal proteins that send sur-
vival signals to the cell nucleus activates the cell
apoptosis. Calpains and cathepsins, which regu-
late proteolytic systems in cell death, lead to atro-
phy of the muscle cell. Indeed, Schmutz et al.
showed increased expression of CAPNI, UBE2B,
and UBE3A genes in massive RCT compared to
smaller tears or individuals without RCT [14].

In the etiology of RCT, hypovascularity is an
etiological factor that should be emphasized.
Indeed, a hypovascular zone has been shown to
exist in the attachment site of the rotator cuff [15,
16]. Rotator cuff tear is mostly middle and
advanced age disease and a decrease in blood
supply to the rotator cuff has been found with
increasing age [17]. Hypoxia induces apoptotic
pathways. Apoptosis is induced in the cell with
the increase of hypoxia-inducible factor 1 «
(HIF1a) [18].

Stiffness is an important issue in postoperative
rehabilitation of RCT treatment. The presence of
some genetic variations has been associated with
increased postoperative stiffness. Ling et al. per-
formed a mini-open repair on patients with RCT
and found that stiffness was significantly higher
in the group with SNPs in the IL6 and MMP3
genes [19].

Anterior shoulder dislocations occur as a
result of major trauma or more minor traumas
due to the accumulation of changes in capsular
and ligamentous structures caused by repetitive
microtraumas. The most affected area in recur-
rent dislocations of the shoulder is the anteroinfe-
rior capsule, and plastic deformation occurs in
this area in the case of shoulder instability.
Collagen is one of the important building blocks
of the shoulder capsule. Indeed, shoulder disloca-
tions are common in Ehler Danlos syndrome, a
disease in which collagen production is impaired.

In their studies, Belangero et al. showed
decreased expression of the COL5A1 gene in the
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anteroinferior capsule in patients with anterior
shoulder instability [20]. The expression of this
gene in the anteroinferior capsule was signifi-
cantly different from the anterosuperior capsule
that was not affected by instability. Although the
COLIA]I gene has been attempted to be associ-
ated with shoulder instability [21], this relation-
ship could not be confirmed in repeated studies
[20, 22]. In their genome-wide association study,
Kim et al. showed that shoulder dislocations were
associated with the presence of no rs12913965
SNP of the TICRR gene, which is effective in the
replication phase of the cell cycle [22]. Although
the current information on the genetic aspect of
shoulder instability is limited, we can speculate
that the interest in this subject is increasing.

In summary, it is clear that some genes are
directly associated with rotator cuff disease and
shoulder instability. It can be thought that decoding
the genetic codes of shoulder diseases will be effec-
tive in the long term, from treatment to rehabilita-
tion, and even prevention. It can be anticipated that
genetic studies will be used to screen for shoulder
diseases in the future. In the near future, it seems
that we will meet with preventive rehabilitation
programs and regenerative medicine applications
for individuals with genetic characteristics that are
the precursor of shoulder diseases.
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Animal Models for Research
on Shoulder Pathologies

Arel Gereli

The use of animals in shoulder research is an
important bridge between in vitro studies and
clinical trials. A validated animal model is useful
to understand the etiology, molecular mecha-
nisms, and potential treatments of shoulder
pathologies. Although the animal shoulder does
not exactly replicate the human counterpart, ana-
tomical, histological, and biomechanical similar-
ities make them useful in the shoulder research.
They can provide the variation control in a homo-
geneous population to isolate the effect of a sin-
gle factor. Interventions in animal models can be
monitored in quantifiable manner, and it is pos-
sible to obtain living tissue from all desirable
locations at various stages of pathology. Despite
the pace of research on rotator cuff injury and
repair, shoulder pathologies remain one of the
least studied conditions in the medical science.
The lack of suitable animal models for the study
of shoulder pathologies limits the research in this
field. Different animals have been studied to
develop an appropriate shoulder model such as
rat, mouse, rabbit, dog, sheep, goat, calf, and pri-
mates. Each model has inherent strengths and
limitations that should be considered to answer
specific research questions. In this section, the
most commonly utilized large and small animal
models are reviewed.
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3.1 Evaluation of Animal Models
An ideal animal shoulder model should have
morphologic, histologic, and biomechanical fea-
tures that closely resemble of human shoulder.
Beside the appropriateness of the model to the
human condition, cost, housing requirements,
and ease of manipulation of the animal should
also be considered.

The morphologic characteristics of a model
should include shoulder musculature containing
rotator cuff, deltoid, and biceps with the neuro-
vascular supply similar in human; bony anatomy
of the acromion, coracoid, clavicle and humerus;
articulations of the glenohumeral, subacromial,
and acromioclavicular regions [1-3]. The pres-
ence of the coracoacromial arch and a prominent
tendon passing under this arch is an important
structure for the rotator cuff research [3, 4]. In
addition, tendon size should be large enough to
allow research on repair techniques. Other mor-
phological features include laterally directed and
relatively small glenoid fossa articulating with a
larger head of humerus, oblique orientation of the
scapula, longer clavicle, and locations of greater
and lesser tuberosities [5].

Histologically, ideal animal model has to
show no spontaneous healing or scar formation
after injury. Tissue healing is generally faster in
animals than in humans. This should be consid-
ered when the sacrification time planned. Human
rotator cuff is organized as blending of individual
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tendons to form a common insertion. An ideal
model should mimic this organization and also
provides intrasynovial healing environment.
Rotator cuff or suprascapular nerve injury should
cause muscle atrophy, stiffness, and fat accumu-
lation [6].

An ideal animal model should also exhibit
biomechanic properties similar to that of the
human shoulder such as being able to perform
overhead activities while standing on their legs,
arm elevation and rotation in various planes, syn-
ergistic muscle contraction of the deltoid with the
rotator cuff [1-3].

3.2  Animal Models

While small animal models are more suitable for
studying molecular pathways and biologic bases
of diseases, large animals allow evaluation of sur-
gical techniques and related issues. Selection of
an animal model must be appropriate for the con-
dition being studied. No single model can be
superior in all situations.

3.2.1 Rat

Rats have the apparent anatomical similarity to
humans due to the presence of an acromial arch
(Fig. 3.1). The supraspinatus tendon and muscle
are located immediately below this arch and
when the rat reaches overhead, tendon moves
closely to the acromion. This makes them useful
to study the pathogenesis of the rotator cuff dis-
ease especially extrinsic damage [2, 3, 7]. Rats
have also been used to study intrinsic factors and
overuse injury on rotator cuff tendinopathy [8].
Genomic similarity between the human and
rodents provide useful experimental data on the
gene expression, mechanism, augmentation, and
regenerative strategies of rotator cuff healing
after acute tendon to bone repair [9—12]. The
analogy of the suprascapular nerve and scapula
between the rats and human allows to research of
the effect of nerve injury and scapular dyskinesis
on the rotator cuff [13—15]. Rats produce atrophy
and fatty degeneration of the rotator cuff muscle

Fig.3.1 X-ray view of a rat shoulder shows similarity to
humans. Small glenoid fossa, larger humeral head, longer
clavicle and greater tuberosity are seen (The photo was
taken in the Acibadem University Animal Laboratory)

similar to human muscles after chronic cuff tears
[16, 17]. Rotator cuff tears also decrease the
range of motion and result in cartilage degenera-
tion on the humeral head and glenoid in rats [18,
19]. The majority of the studies that have used rat
as a model have focused on the biologic aspect of
rotator cuff healing. Rat models have less fre-
quently been used to study shoulder instability
labral lesions and adhesive capsulitis [20-22].
Auvailability, low maintenance requirements, and
ease of handling are other peculiar advantages of
rats. However, rat has a few major limitations for
its use. The ability of spontaneous healing, lack
of irreversible fatty atrophy, and no re-tear make
it less suitable model to evaluate repair tech-
niques [1].

3.2.2 Mice

The advantages of rodent models (rats and mice)
are high level of anatomical resemblance and
genetic similarity to human [23]. Rapid growth
rates and short life spans make them preferable.
Histological analyses confirmed that rodent rota-
tor cuff insertion site exhibits fibrocartilaginous
transition zone similar to that of humans [24].
Hence, this makes the rodents suitable model for
evaluating molecular mechanism, gene expres-
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sion, and regenerative strategies of healing after
tendon to bone repair [25]. The main superiority
of mice compared with rats is the availability of
genetically engineered strains for investigation of
biological mechanisms that underlie rotator cuff
insertion site development, degeneration, and
healing [23, 26]. Another advantage of the mouse
model is the ability to perform molecular imag-
ing and microCT in the live animal [4]. Recently,
researchers demonstrated a mouse model for
shoulder implant infection [27]. This model is
capable of producing real-time, quantifiable data
on bacterial load and possibility to analyze the
host immune response to shoulder prosthetic
infection. Mice are also useful to demonstrate
reproducible muscle atrophy, fibrosis, and fatty
degeneration [28, 29]. Genetically altered strains
are particularly advantageous to understand spe-
cific signaling pathways and molecules on fatty
degeneration of rotator cuff. However, rapid heal-
ing capacity, small size, and difficult functional
analysis are the major limitations.

3.2.3 Rabbit

Rabbit is a frequently used animal in shoulder
research (Fig. 3.2). Previous studies on rabbit
shoulder model focused on the structural muscular
changes associated with rotator cuff tears and neu-
ral injury including decreased mechanosensitive

Fig.3.2 X-ray of a rabbit shoulder shows analogy of gle-
nohumeral joint to human. (The photo was taken in the
Acibadem University Animal Laboratory)

units, sarcomere length, and fiber length [30-33].
Rabbit models have provided valuable informa-
tion about healing response, enthesis formation,
growth factor expression, fatty degeneration, and
atrophy after rotator cuff injury [34-37]. Rabbits
have the tendon large enough to allow easy manip-
ulation during the surgical technique experiments,
and they have been used to determine the healing
process after glenoid labral lesion [38]. Although
rabbits have been shown to a reliable and repro-
ducible model for rotator cuff pathology, they have
disadvantage to be less able to tolerate surgical
stress and susceptibility to spinal fracture disloca-
tion when frightened [39]. Special precautions
should be taken for rabbits that are used in the
experimental setting. Most of the rabbit rotator
cuff studies have been conducted on the supraspi-
natus tendon, but recent studies have shown that
the subscapularis tendon may be more comparable
to the human supraspinatus. The rabbit subscapu-
laris tendon passes under the tuberculum supragle-
noidale and inserts on the lesser tubercule of the
humerus in an analogous manner to human [40].

3.24 Calf

Calf rotator cuff tendon is similar in size to
human, and it has been used in mainly biome-
chanical experiments. Differences in response to
cyclic loading after acute repair and common
failure modes of sutures and anchors have been
studied [41-43]. Larger dimensions of rotator
cuff make them useful to evaluate repair tech-
niques. Moving from smaller to larger animals,
maintenance can become inhibiting factors for
extensive studies.

3.2.5 Sheep and Goat

Sheep and goat shoulder models are frequently
used in rotator cuff studies. In lesser extent, they
have also been used for research on shoulder insta-
bility [44]. However, it is not recommended to use
them for experimental shoulder instability studies
because of the different orientation and size of the
scapula and tuberosities when compared with the
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human. Although it does not mimic the human
condition, transecting the infraspinatus tendon of
goats and sheep then performing an immediate
repair to the bone is useful to address the biome-
chanical, histologic, and biochemical process of
the rotator cuff repair. The sheep infraspinatus is
similar to the human supraspinatus in size [45].
Larger dimensions of the sheep infraspinatus ten-
don make them viable option to test different
suture anchors, suture patterns, scaffolds, growth
factors, and other biologic agents to enhance heal-
ing response [46-52]. Human supraspinatus ten-
don is intraarticular, whereas in the sheep, it is
extraarticular. Although the healing environment
of the goat and sheep infraspinatus tendon is not
fully comparable to human, sheep infraspinatus
tendon lies on a bursa, and therefore, the repaired
tendon has some contact with synovial fluid [53].
It has been demonstrated that rotator cuff muscles
undergo degradative changes including fibrosis
and fatty infiltration, and sheep has also been used
to simulate a chronic retracted tear by release of
the tendon, followed by delayed repair [54].
However, robust scar formation between the
retracted tendon and the bone can prevent distin-
guishing the scar tissue from normal tendon and
direct reattachment. Wrapping the end of the ten-
don by the silicone tube or specific separator at the
initial detachment may allow to clearly identify
the cut tendon during the reattachment procedure
[55, 56]. In addition, it is recommended that the
reattachment surgery can be scheduled as soon as
4 weeks if tendon to bone healing is to be evalu-
ated and 8 weeks after detachment and covering if
the bioimplant or scaffold is to be evaluated [45].
One of the major shortcomings of the use of the
sheep infraspinatus tendon is the difficulties in
controlling the postoperative loads on the repaired
tendon [6]. Because slinging is poorly tolerated in
sheep, a rubber ball can be positioned under the
hoof of the operated limb for 5 weeks, but this is
not a method to immobilize the repaired shoulder.

3.2.6 Dog

The anatomy of the dog shoulder is similar to that
of the sheep, and the infraspinatus tendon is most

commonly used [57]. They have been utilized for
the studies of acute full thickness rotator cuff ten-
don injury and repair [58, 59]. Dog also mimics
the human condition in that muscle stiffness
increases, and atrophy and fat accumulation
occur and persist in chronically detached tendons
[60]. Since dogs can tolerate the casting, sling-
ing, and treadmill running, they have been pre-
ferred in the evaluation of various postoperative
rehabilitation protocols [61, 62]. They proved to
be a good model for arthroplasty experiments
because bone remodeling kinetics in the dog have
been well characterized and are similar to that of
human [63-65]. This is the reason the dog is the
primary animal model for studying total hip and
total knee prosthesis. Anatomically dog shoulder
is a moderately congruent joint with a shallow
glenoid and large humeral articulation. Stability
is primarily dependent on the joint capsule as in
the human [1, 64]. However, shoulder arthro-
plasty studies are less common due to criticism
that dog forelimb is a major load bearing joint.

3.2.7 Primates

A true rotator cuff is organized as blending of
individual tendons to form a common insertion
with intertendinous connection. Microstructure
of the rotator cuff consists of layers arranged
orthogonally to dissipate the multidirectional
stresses created by the participating tendons [5].
This form is only found in advanced primates.
The Baboon is the best primate model to study of
the rotator cuff repair [66]. In this study, research-
ers described a model for supraspinatus repair in
Baboons. Healing of the Baboon supraspinatus
tendon is similar to that of human. Although
macroscopically the repaired tendon seems to
have healed at 8 weeks, the Sharpey fibers that
provide strength of the enthesis are not sufficient
until 12 weeks. These results support the use of a
postoperative rehabilitation program in human,
which preserves the enthesis for at least 12 weeks.
Another primate, the African Green Monkey
shows more than 98% genomic homology with
humans and can be used to study of immunologic
reaction after allograft augmentation of rotator
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cuff repair [67]. Despite the anatomic similarity,
the primate has only been used in a few studies of
rotator cuff healing, likely owing to economic
and ethical concerns.

3.3  Conclusion

Results of animal model studies on shoulder
research have not indicated a single model that
solves all problems. Therefore, researchers
should determine the most suitable animal model
for the purpose, when designing the study.
Commonly, larger animals are more appropriate
for technical studies, small animals allow bio-
logic and molecular research. Although animals
can be used to address many clinically relevant
questions, further studies are still required to find
a validated model for shoulder research.
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Shoulder Kinematics
and Biomechanics

Alper Yataganbaba, Erman Ceyhan, and Gazi Huri

After the human race evolved to be bipedal, the
scapulohumeral complex also adapted. The bone
continuity required in the weight-bearing joints is
compromised to perform more complex move-
ments with the upper limb and increase the range
of motion. This adaptation in bony structures of
shoulder complex increased the importance of
soft tissue in joint stability [1, 2]. Thus, more
unstable but the most flexible joint in our body
has been formed. This is called “mobility-
stability trade-off” [3].

The shoulder complex consists of four joints:
glenohumeral joint (GH), acromioclavicular joint
(AC), sternoclavicular joint (SC) joint, and
scapulothoracic (ST) joint.

The GH joint is the main component of the
shoulder complex. It connects the humerus and
the scapula and is the joint with the widest range
of motion in the human body. The mismatch
between the humeral head and the relatively
smaller glenoid creates instability, which pro-
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vides a wide range of motion [4]. The GH joint
can perform 180° of vertical abduction and 40° of
vertical adduction (a), 180° of flexion and 55° of
extension in the sagittal plane (b), 130° of hori-
zontal abduction and 40° of horizontal adduction
(c), 70° of internal rotation and 90° of external
rotation movements around the long axis of the
humerus (d). The glenohumeral joint also allows
translation in all directions, which also increases
the shoulder range of motion [5] (Fig. 4.1).
Although the shoulder complex constitutes
most of the upper limb, they are connected to the
axial skeleton by a single joint, the sternoclavicu-
lar (SC) joint [6]. Keeping the shoulder complex
steady in the trunk is done mainly with muscle
strength than this single joint. The sternoclavicu-
lar joint is a plane synovial joint that allows eleva-
tion/depression, protraction/retraction, and axial
rotation movements. The position of the lateral
end of the clavicle defines elevation/depression
and protraction/retraction movements; the rota-
tion is around the long axis of the clavicle.
Besides, the medial end of the clavicle can trans-
late in the anterior/posterior, superior/inferior, and
medial/lateral directions on the sternum. Stability
is provided by a synovial capsule, joint disc, and
three major ligaments [6, 7]. Since the clavicle is
connected laterally to the scapula with the acro-
mioclavicular (AC) joint, the SC joint is also
involved in the movement of the scapula [8, 9].
The acromioclavicular joint is the synovial
plane joint between the lateral end of the clavi-
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Fig. 4.1 Glenohumeral Joint movements
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Fig. 4.1 (continued)
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cle and the acromion. Similar to the SC joint,
stability is ensured by capsule, ligaments, and
joint disc [10]. The acromioclavicular joint
helps scapula move in harmony with the thorax
that changes shape during shoulder movements
[11]. It also allows the forces applied to the
upper limb to be transferred to the trunk through
the clavicle and are more susceptible to inju-
ries. Joint movements are limited because the
joint surfaces between the scapula and the clav-
icle are incongruent. The number of studies
describing the movements of this joint is
limited.

The scapulothoracic joint forms the connec-
tion between the scapula and thorax. Still, the ST
joint is not a real joint where the bone segments
are connected by fibrous, synovial, and cartilage
tissue. Thus, the ST joint is often referred to as
“functional joint” in the literature [12].
Accordingly, the shoulder is mainly kept stable
on the thorax by muscle contractions. The scap-
ula is attached to the clavicle with an AC joint.
Therefore, every movement of the scapula affects
the AC joint and SC joint [12-14]. The scapula is
located on the thorax between the second and
seventh ribs. It is positioned in 35-45° internal
rotation, 10—15° anteriorly tilted, and 10° upward
rotation [8]. The glenohumeral joint forms two-
thirds of the total range of motion of the shoulder,
and scapula movements create one third. The
regular movement of the scapula includes three
components: upward and downward rotation
around a horizontal axis perpendicular to the
plane of the scapula (a), abduction and adduction
(b), elevation and depression(c). During these
movements, protraction and retraction occur with
the help of the clavicle and acromioclavicular
joint [15, 16] (Fig. 4.2).

The subacromial space, which is part of the
glenohumeral joint, can also be considered
another “functional joint.” The movements of this
joint are essential in shoulder functions [12].

The shoulder complex allows more compli-
cated movements than other parts of the body as
different types of joints work together in har-
mony. This large range of motion is allowed by a
balanced interaction between static and dynamic
stabilizers.

4.1 Shoulder Stability

Stability is the state that remains unchanged in
the presence of forces that would change the cur-
rent situation [17]. Shoulder stability can be ana-
lyzed in two parts: glenohumeral stability and
scapulothoracic stability.

4.1.1 Glenohumeral Stability
Glenohumeral stability is that the humeral head
remains in the glenoid and maintains its anatomic
alignment during and after shoulder movements.
Glenohumeral joint instability has been the most
studied shoulder problem since the time of
Hippocrates [18]. The stabilization of the joint is
analyzed in two parts: static stabilization and
dynamic stabilization [19].

4.1.1.1 Static Stabilization

Bony Static Stabilizers

Although the continuity between the humeral
head and glenoid is low, bony structures are
essential in ensuring shoulder stability. During
rest, the inferior surface of the humeral head
touches only a small area in the inferior part of
the glenoid. Only 30% of the humeral articular
surface is in contact with the glenoid articular
surface at any time [20, 21]. Abduction increases
the glenohumeral contact, and the pressure in the
joint decreases [22]. When the pressure increases
at the glenohumeral contact point, the humeral
chondral surface can penetrate the glenoid chon-
dral surface up to 1.2 mm. However, it is still
controversial in which movements the pressure
increases [23].

The humeral head forms the distal joint sur-
face. The humeral head faces medially, superi-
orly, and posteriorly with regard to the humeral
shaft and the condyles. The humeral head is ret-
roverted on average 19° (range 9-31°) and
inclined on average 41° (range 34-47°); head
radius measures 23 mm (range 17-28 mm), and
medial and posterior head center offsets are on
average 7 mm (range 4-12 mm) and 2 mm (range
1-8 mm), respectively [24, 25].



4 Shoulder Kinematics and Biomechanics 27

Fig. 4.2 Scapular movements
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Fig. 4.2 (continued)

Since the scapula is in internal rotation in the
resting position, humeral retroversion increases
the congruence of the glenohumeral joint by
directing the humeral head toward the glenoid.
Increased retroversion also increases the amount
of external rotation of the humerus while decreas-
ing its internal rotation. This mechanism explains
the increased humeral retroversion of the domi-
nant shoulders of the overhead athletes that have
forced external rotation of the humerus during
pitching [26, 27].

The shape of the glenoid fossa, which forms
the proximal part of the joint, is also crucial in
glenohumeral stability. The glenoid is a shallow
socket that holds the humeral head; its mean
depth is 2.5 mm on the anteroposterior direction
and 9 mm in the superior-inferior direction.
Therefore, different amounts of displacing forces
must be applied to dislocate the shoulder in dif-
ferent directions [28, 29]. It is retroverted on
average, 1.23° (range 9.5° of anteversion to 10.5°
of retroversion), and inclined superiorly, on aver-
age 4.2° (range, 7° of inferior inclination to 15.8°
of superior inclination) [30]. More than 10° of
anteversion and more than 15° of retroversion is

A.Yataganbaba et al.

related to increased anterior and posterior insta-
bility, respectively [31-33]. Friedman and
Kessler reported that its bending radius is greater
than the humeral head radius in 93% of examined
joints; the remainders have the glenoid and
humeral head with the same bending radius [34].

Moroder et al. and Peltz et al. showed that the
loss in glenoid concavity is related to glenohu-
meral instability. And patients with traumatic or
atraumatic shoulder instability have a flatter gle-
noid cavity with a higher radius of curvature than
healthy controls [35-37]. Weishaupt et al. men-
tioned that the dysplastic glenoid could also
cause shoulder instability due to bone defects in
the posterior glenoid rim. They defined three dif-
ferent glenoid forms according to bone defects in
the posterior glenoid rim: pointed form (without
any deficiency), rounded glenoid deficiency
(“lazy J” form), and the triangular bony defi-
ciency (“delta” form) [38, 39].

Bone loss is also an important factor in shoul-
der instability. It usually occurs traumatically. In
most cases, forced abduction and external rotation
force cause the humeral head to dislocate ante-
rior-inferiorly [31]. Most important bony lesions
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that result in instability occur after traumatic
events and involve the anterior-inferior glenoid
rim (Bony Bankart lesion) and the posterolateral
aspect of the humeral head (Hill-Sachs lesion).

Bony Bankart lesions are significant if they
involve more than 20% of the length of the gle-
noid. In this case, if the correct soft tissue repair is
not performed, there is a high probability of recur-
rence. If Bony Bankart involves more than 50% of
the glenoid, there will be more than a 30% reduc-
tion in shoulder stability [40]. Bony Bankart
lesions are classified according to Bigliani et al.:
type L, a displaced avulsion fracture with attached
capsule; type II, a medially displaced fragment
mal-united to the glenoid rim; type III, an erosion
of the glenoid rim lower than 25% (IIT A) and
more than 25% (III B) [41]. The PICO method
suggested by Baudi et al. could be used to calcu-
late glenoid bone defect [42].

Hill-Sachs lesion occurs after anterior shoul-
der dislocation due to a compression fracture
involving the posterior-lateral part of the humeral
head. The effect of the lesion on shoulder stabil-
ity depends on the size and location. There are
different classification methods. Calandra classi-
fication, which uses arthroscopy to measure the
depth of the lesion, is the most frequently used
method [43]. Apart from this, classification can
be made according to radiography or magnetic
resonance imaging [44, 45].

It is necessary to evaluate bone defects that
cause instability in glenoid and humerus together
and not to ignore injuries in soft tissue other than
bone defects [46]. Glenoid track concept and its
association with the concept of “engaging” and
“non-engaging” lesions showed that the relation-
ship between the humerus and glenoid lesions
determines stability [47, 48].

Posterior shoulder dislocations are much rarer.
It usually occurs after direct trauma or seizure. It
usually occurs after direct trauma or seizure. In this
case, a compression fracture occurs in the anterior
superior of the humeral head (Reverse Hill-Sachs
Lesion or McLaughlin lesion), and another fracture
may occur in the posteroinferior rim of the glenoid
(Reverse Bankart Lesion) [49-51].

Soft Tissue Static Stabilizers
Soft tissue static stabilizers include glenoid
labrum, glenohumeral capsule, glenohumeral

ligaments, rotator interval, negative intracapsular
pressure, and adhesion cohesion mechanism.

Glenoid Labrum

The glenoid labrum is a triangular section ring
around the glenoid rim, deepening the relatively
flat glenoid cavity. The upper part is more mobile
than the lower part, which is more tightly attached
to the glenoid rim [52]. The superior part joins
the structure of the biceps anchor, and the long
head of the biceps tendon.

The glenoid labrum increases the depth of the
glenoid cavity by 50% and increases its congruity
with the humeral head and contributes to the neg-
ative pressure required for shoulder stability [28].
It increases the contact surface between the
humerus and the glenoid by 2 mm anteroposteri-
orly and 4.5 mm supero-inferiorly [53].

The negative pressure in the glenohumeral
joint is 32 mmHg. This pressure is particularly
effective against traction force, while it is less
effective against shear forces [54]. The contribu-
tion of negative pressure to joint stability is
higher in the hanging arm position, while it
decreases with shoulder abduction [55]. Loss of
intracapsular negative pressure can manifest
itself as an anterior translation of the humeral
head. The labrum creates an attachment site
around the glenoid rim for the glenohumeral liga-
ments and joint capsule. It also acts as an anti-
shear bumper during mid-range movements [21].

When defining lesions in the labrum, it is nec-
essary to analyze anatomical variants such as
sublabral foramen, meniscoid labrums, and cord-
like middle glenohumeral ligament do not require
surgery [56].

The most common glenoid labrum injury is
Bankart lesion. It accompanies 90% of traumatic
anterior shoulder instability [57]. It is defined as
a detachment of the anteroinferior aspect of the
labrum and capsule. It occurs due to the detach-
ment of the middle glenohumeral ligament and
inferior glenohumeral ligament from the glenoid.
Despite its frequency, it cannot be considered as
an isolated cause of instability [58].

Green and Christensen classified Bankart
lesions in five arthroscopic types: type 1 refers to
the entire labrum; type 2 is a simple detachment
of labrum with no other significant lesions; type
3 is an intra-parenchymal labrum tear; type 4 and
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5 are complex tears with significant or complete
degeneration of inferior glenohumeral ligament,
respectively [59]. This classification also has a
prognostic value: type 4 and 5 lesions have a high
chance of recurrent instability after arthroscopic
Bankart procedure of 87%.

Another lesion involving the anteroinferior
aspect of the labrum is the ALPSA lesion (ante-
rior labroligamentous periosteal sleeve avulsion).
The anterior labroligamentous complex rolls up
in a sleeve-like fashion and becomes displaced
medially and inferiorly on the glenoid neck [60].

The redislocation rate in ALPSA lesions and
the probability of engaging the Hill-Sachs lesion
are higher than those of Bankart lesions.
Besides, the external rotation limitation devel-
oped after ALPSA lesion repair is another cru-
cial problem [61].

Specular lesions can be described for the pos-
terior aspect of the labrum. Reverse Bankart
lesion involves the posterior labrum and the pos-
terior band of the inferior glenohumeral liga-
ment. POLPSA is the posterior labroligamentous
sleeve avulsion. In chronic conditions, Bennett
lesions may occur (an extra-articular calcification
along the posteroinferior glenoid neck close to
the posterior band of the glenohumeral ligament)
[62, 63].

Reverse Bankart lesion is frequent in athletes,
such as rugby players, with a 20% incidence
reported in a study of 142 elite rugby player shoul-
der arthroscopy [64]. The injury mechanism could
be traced to a direct blow to the anterior and lateral
aspects of the shoulder, while the arm is adducted;
a rare mechanism of injury is a posterior blow to
the arm while holding a tackle shield [65].

Concerning superior labrum, a prevalent

lesion in throwing overhead athletes is SLAP
(superior labrum anterior and posterior) tear. This
lesion is described for the first time by Snyder
et al. [66]. Snyder classified SLAP tears into four
types. Type 2 and type 4 are more likely to create
instability as they involve both the labrum and
the long head of the biceps.
Moreover, SLAP lesions are common in contact
sports. Funk and Snow have reported a 35% inci-
dence of SLAP tears, arthroscopically diagnosed,
in 51 rugby players’ shoulders [67].

Capsuloligamentous Structures
Capsuloligamentous structures include joint cap-
sule and glenohumeral ligaments (superior, mid-
dle, and inferior). There are many cadaveric and
clinical studies investigating the biomechanical
properties of these structures.

The constitutional trait of laxity facilitates
extensive motion in multiple planes and may be
essential to athletic performance. On the other
hand, capsular stretching is noted along with a
Bankart lesion is up to 28% of patients with
recurrent anterior instability [68].

Superior and middle glenohumeral ligaments,
together with coracohumeral ligament, long head
of the biceps, and a thin layer of capsule, help to
form rotator interval, and they will be treated in
detail later.

The inferior glenohumeral ligament is also
called the inferior glenohumeral ligament com-
plex (IGHLC). It comprises three parts: two
thicker bands on anterior and posterior and a
thinner recess. During the abduction and external
rotation, extension IGHLC moves anteriorly,
forming a restraint to anterior translation of the
humeral head.

During adduction, flexion, and internal rota-

tion, IGHLC moves posteriorly, forming a
restraint to posterior translation. IGHLC suffers
from initial plastic deformation during the initial
dislocation, but the damage becomes more criti-
cal after several episodes [69]. The lesion could
more frequently occur at the glenoid insertion
(anteroinferior glenoid rim) and in the middle
part or at the humeral insertion [70].
Capsular stretching is often noted along with a
Bankart lesion in up to 28% of patients with
recurrent anterior instability [68]. The posterior
capsule can also be injured; repetitive sublux-
ations may lead to posterior instability by caus-
ing posterior capsular redundancy and increased
joint volume.

The Rotator Interval

The rotator interval is a triangular space in the
anterosuperior of the shoulder. It was first
described by Neer in 1970 [71]. It creates resis-
tance against extreme flexion, extension, adduc-
tion, and external rotation movements, limits
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inferior translation of the humeral head during
adduction, and limits posterior translation of the
humeral head during flexion or external rotation
with abduction [72].

Furthermore, the synovial fluid provides to gen-
erate adhesion cohesion mechanism. The force
formed between the wet surfaces of the humeral
head and the glenoid contributes to stability [4].

4.1.1.2 Dynamic Stabilization

Dynamic stabilization provides a wide range of
motion while securing stability during the normal
function of the joint. There is a delicate balance
between stability in the shoulder and range of
motion. The muscles surrounding the shoulder
and the neuromuscular balance between them
ensure the dynamic stability of the joint. The
muscles surrounding the shoulder and the neuro-
muscular balance between them provide the
dynamic stability of the joint.

Proprioception

We know that capsuloligamentous structures also
contribute to shoulder stability with their senso-
rimotor properties in addition to their mechanical
functions. There are mechanoreceptors, espe-
cially in the anterior-inferior of the glenohumeral
joint capsule. Proprioceptive information obtained
from these structures contributes to shoulder sta-
bility by coordinating motor movements, reflexes,
and joint stiffness.

As a result of the injuries in these structures,
the decrease in proprioceptive information causes
shoulder instability [73, 74]. Besides direct
injury, capsular laxity has also been shown to
cause a decrease in proprioception, leading to
instability [75, 76].

Repairing of the capsuloligamentous struc-
tures restores the mechanical functions and ten-
sion of these tissues [77]. Retention allows joint
capsule and ligamentous structures to sense
mechanical stimulation and to facilitate proprio-
ceptive feedback [74, 78].

Rotator Cuff Muscles

The rotator cuff is the common name of the struc-
ture consisting of muscles and tendons that con-
tributes to shoulder stability. The rotator cuff

consists of four muscles. These are supraspinatus
(SSP), infraspinatus (ISP), teres minor (TM), and
subscapularis (SSC).

Rotator cuff muscles provide fine control of
shoulder movement. They play an essential role
in dynamic stability, as well as contribute to pro-
prioception [21].

Rotator cuff muscles compress the humeral
head toward the glenoid and make an essential
contribution to dynamic stabilization during
shoulder movements. While symmetric rotator
cuff contraction provides concavity compres-
sion, asymmetric contractions during shoulder
movements rotate the humeral head. Joint reac-
tion force decreases in rotator cuff tears [29,
79]. This stabilizing effect depends on the force
couple formed by coordinated activation of the
anterior and posterior fibers of the rotator cuff
[80]. They act as an anti-shear force with the
help of their mechanoreceptors. During the
abduction, the rotator cuff tendon acts as a
depressor for the humeral head and balances the
pull of the deltoid muscle superiorly. Since this
balance is disrupted after rotator cuff tears, the
humeral head may be migrated superiorly [81].
A 50% reduction in rotator cuff force increases
anterior dislocation by 46% and posterior dislo-
cation by 31% [82].

The SSC is larger than the other three rotator
cuff muscles and alone creates as much force as the
sum of SSP, ISP, and TM [83]. The attachments of
the muscles can be as tendons or muscle bodies
[84, 85]. Therefore, the symptoms vary depending
on the location and size of the rupture [86].

Long Head of the Biceps

The long head of the biceps (LHB) is a second-
ary stabilizer with a predominant role in the
rotator cuff or capsuloligamentous deficiency.
This tendon, originating from the supraglenoid
tubercle and passing through the bicipital
groove, acts as an anterior stabilizer during
external rotation. During the late throwing
phase, LHB reduces anterior translation, help-
ing to prevent excessive torsion of the glenohu-
meral joint with a flexing elbow. These concepts
can explain why type II or IV SLAP lesions are
widespread in throwing athletes. Also, patients
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with rotator cuff insufficiency have hypertro-
phy in the tendon due to increased tension [87].

4.1.2 Scapulothoracic Joint
Stability

The contribution of the scapula to upper extremity
movements is better understood, especially in the
last two decades [88]. The scapula provides a base
to support the glenohumeral joint for regular upper
limb movements [89, 90]. Since the scapulotho-
racic joint is not a real joint, its stability is provided
only by dynamic stabilizers. The agonist, antago-
nist, and synergist contraction of the muscles
adhering to both the thorax and the scapula ensures
scapulothoracic joint stability. Scapular muscles
dynamically coordinate the position of the glenoid,
helping to create an effective glenohumeral joint
movement. This harmonious relationship between
the scapula and the humerus is called “scapulo-
humeral rhythm” [90, 91].

Upper and lower trapezius muscles, the serra-
tus anterior and rhomboids (major and minor) are
the structures that contribute most to scapulotho-
racic stability [15, 92].

Trapezius, together with the serratus anterior,
initiates the upward rotation and posterior tilt
movement of the scapula. Lower fibers of the tra-
pezius contribute to the stability of the scapulo-
thoracic joint during the descending of the arm
from maximum elevation [15].

The serratus anterior muscle pulls the scapula
toward the thoracic wall and makes a protraction
movement. It provides stability, especially during
abduction and pushing or punching type activi-
ties [91].

The rhomboids (major and minor) are espe-
cially active during adduction and retraction.
They control the medial border of the scapula. It
is quite active during swimming strokes and pull-
ing [88]. It also takes part in the overhead throw-
ing, both by reducing the stress on the anterior
structures by fully retracting the scapula and
braking by contracting eccentrically during the
follow-through phase of pitching [93, 94].

Most abnormal biomechanics and overuse inju-
ries in the shoulder girdle can be attributed to

scapulothoracic  joint instability [95, 96].
Alterations in joint movements due to weakness
in scapular stabilizing muscles are called scapu-
lar dyskinesis [15, 97].

4.2 TheThrower’s Shoulder
Throwing consists of six stages: the windup,
early cocking, late cocking, acceleration, decel-
eration, and follow-through. During throwing,
large muscle groups work together [98]. The
transition between late cocking and acceleration
is critical, and most of the injuries occur in this
segment. During the late cocking, the shoulder is
in abduction, and external rotation, the anterior
capsule, and the coracohumeral ligament are
under tension. Repetitive stress may cause stains
or tensile failure in these structures, causing ante-
rior shoulder instability [99, 100]. When the
shoulder is in the 90°-90° position, the postero-
superior rotator cuff can be trapped between the
greater tuberosity and the glenoid labrum, caus-
ing internal impingement. Shear forces also act
on the posterosuperior labrum and biceps anchor
in this position [101, 102]. In late cocking, struc-
tures in the posterior contract, when leading from
late cocking to acceleration, the opposite hap-
pens. The anterior structures contract rapidly,
allowing energy to be transferred to the ball. In
acceleration, mainly the pectoralis major, latissi-
mus dorsi, triceps, and serratus anterior muscles
contract. The rotator cuff contracts during decel-
eration. During follow-through, the posterior
capsule and the posterior rotator cuff are under
eccentric stress. In repetitive stress, posterior
rotator cuff failure, thickening in the capsule, and
decrease in compliance may occur [103, 104].
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Biomechanics of Anterior
Shoulder Instability

Nobuyuki Yamamoto and Eiji Itoi

5.1 Dislocation Position

It has been believed that a shoulder dislocation
occurs with the arm in 90° of abduction and max-
imum external rotation (so-called dislocation
position). Krgner et al. [1], in a large-scale epide-
miological study of 250,000 patients, investi-
gated the mechanism of injury in 216 patients
with anterior shoulder dislocation. They found
that the most common mechanism of injury was
a blow against the shoulder, which accounted for
46% of all the cases. Recently, video analysis of
rugby players demonstrated the arm positions at
the time of dislocation. Crichton et al. [2] reported
that, out of 16 rugby players, injury was sustained
with the arm in greater than 90° of elevation in
eight players, with the arm at 90° of abduction in
three players, and with the arm in internal rota-
tion in either abduction or adduction in three
players. However, there have been only a limited
number of reports regarding the arm position at
the time of anterior shoulder dislocation.

In order to clarify the arm position when a
Hill-Sachs lesion was created, we performed a
CT study [3]. A Hill-Sachs lesion, a common
injury associated with anterior shoulder disloca-
tion, is a compression fracture created by the

N. Yamamoto - E. Itoi (P<])

Department of Orthopaedic Surgery, Tohoku
University School of Medicine, Sendai, Japan
e-mail: koyomoe @med.tohoku.ac.jp; itoi-eiji@med.
tohoku.ac.jp

© Springer Nature Switzerland AG 2022

anterior rim of the glenoid. If a Hill-Sachs lesion
is created with the arm in abduction and external
rotation at the time of dislocation, their arms
should be in abduction and external rotation
when they come to the emergency room. In fact,
their arms are usually in adduction and neutral
rotation. We hypothesized that a Hill-Sachs
lesion was created not at the end range of motion
(abduction and external rotation) but in the mid-
range of motion. Using 3D CT images, we repro-
duced the arm position where the Hill-Sachs
lesion and the anterior rim of the glenoid best fit
with each other (Fig. 5.1) because this arm posi-
tion was considered to be the one in which the
Hill-Sachs lesion had been created. Our data
showed that the arm position when a Hill-Sachs
lesion best fit the anterior rim of the glenoid was
74° of abduction, 27° of external rotation, and 3°
of horizontal flexion (Fig. 5.2). This arm position
was not so-called dislocation position but a posi-
tion in much lower angle of abduction and exter-
nal rotation. This might have been a position of
dislocation. However, we need to consider
another possibility that a Hill-Sachs lesion was
created not at the time of dislocation (the moment
the humeral head overrode the anterior rim of the
glenoid), but sometime later when the patients
lowered and internally rotated the arm after dislo-
cation. There have been only a few reports
regarding the dislocation position and mecha-
nisms of anterior shoulder dislocation.
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Fig. 5.1 Engagement in the 3D CT image. We repro-
duced the arm position where the Hill-Sachs lesion and
the anterior rim of the glenoid best fit with each other
using 3D CT images

5.2 Remplissage Procedure

The remplissage procedure [4] which has tenode-
sis effect of the infraspinatus tendon is one of sur-
gical procedures for a large Hill-Sachs lesion.
Recently, the remplissage procedure has rapidly
gained popularity because it is relatively easy to
perform arthroscopically.

5.2.1 Effectiveness on Off-Track

Hill-Sachs Lesions

A Hill-Sachs lesion which has a risk of engage-
ment with the anterior rim of the glenoid is
defined an “off-track” lesion [5], which means
the Hill-Sachs lesion is out of the glenoid track
[6, 7]. There are several clinical reports investi-
gating the effectiveness of the remplissage proce-
dure on an off-track Hill-Sachs lesion. Also,
some biomechanical studies clarified the useful-
ness of this procedure.

5.2.2 Recurrence and Return
to Sports

In order to prove that the engagement can be
avoided by performing the remplissage proce-
dure for an “off-track” Hill-Sachs lesion, we
need to compare two procedures: arthroscopic

Bankart repair alone and arthroscopic Bankart
repair with remplissage procedure. Looking at
clinical reports comparing two procedures, all
reported lower recurrence rates and most showed
better shoulder function after a Bankart repair
with remplissage compared with an isolated
Bankart repair [8—13]. Only three reports [8—10]
described the return-to-sport rates and they were
mostly similar.

5.2.3 Restriction of Range
of External Rotation Motion

Theoretically, the range of motion, especially
external rotation and horizontal extension should
be restricted after the remplissage procedure
because this procedure makes the Hill-Sachs
lesion an extra-articular structure, preventing the
glenoid to move over the Hill-Sachs lesion. In
some biomechanical studies, it was already dem-
onstrated that this procedure caused significant
restrictions in the range of abduction and external
rotation. Although there are some differences of
placing the anchor in the rim or valley of the
humeral defect or the size of Hill-Sachs lesions
simulated among those reports, an average
restriction of 5-15° in the range of external rota-
tion with the humerus in abduction was observed
[14-16]. On the other hand, looking at the clini-
cal reports, most of the differences in the clinical
studies did not exceed the minimal detectable
change in measuring the range of motion, which
is 3-5° and none of these differences reached sta-
tistical significance [9-12]. Why does this differ-
ence occur? There are several reasons which we
can think about. First, the scapula is fixed to the
experimental device and the humerus is moved to
measure the range of motion in the biomechani-
cal studies. However, in the clinical setting, the
scapula is not fixed and the range of motion rela-
tive to the trunk is measured. The scapular motion
might compensate the restricted motion of the
glenohumeral joint. Second, the location of the
suture anchor placed may be different. The
restriction of motion should be different between
the shoulders with the anchors placed in the rim
and those placed in the valley of the humeral
defect (Fig. 5.3). Theoretically, the engagement



5 Biomechanics of Anterior Shoulder Instability

39

Fig. 5.2 The arm position where a Hill-Sachs lesion is
created. Our data showed that the arm position when a
Hill-Sachs lesion and the anterior rim of the glenoid best

against the glenoid can be best avoided if the
anchor is placed at the medial rim of the humeral
defect, which in turn may cause the greatest
restriction of motion. Most surgeons are likely to
insert the anchors not at the rim but closer to the
valley of the lesion because it is easier. Third,
biomechanical studies are done at time zero,
whereas the clinical study is usually performed
years after surgery. Soft tissue elongation and
adjustment might have occurred.

fit was 74° of abduction, 27° of external rotation, and 3° of
horizontal flexion

5.2.4 Contribute to Stability
in the Mid-Range Position?

Does the remplissage procedure contribute to
stability? The surgical indication of this proce-
dure is becoming wider in the current literature.
The recent biomechanical studies investigated
the effect of remplissage procedure on stability.
Some studies support the effectiveness of this
procedure, but some do not. Grimberg et al.
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Hill-Sachs lesion

Fig. 5.3 Anchor location and the restriction of motion.
The restriction of motion is different between the shoul-
ders with the anchors placed in the rim (A) and in the val-
ley (B) of the humeral defect

[17] compared Bankart repair with and without
remplissage procedure. In cadaveric shoulders
with Bankart and Hill-Sachs lesions, Bankart
repair with remplissage procedure restored
joint stability compared to Bankart repair alone.
On the other hand, some investigators indicated
that remplissage procedure did not contribute to
stability. Arginter et al. [15] investigated the
effects of the remplissage procedure combined
with Bankart repair on the range of motion,
translation, and shoulder kinematics. They
demonstrated that the addition of the remplis-
sage procedure had no significant effect on the
range of motion or translation but altered the
shoulder kinematics: at maximum external
rotation at 60° abduction, the humeral head
shifted posterior-inferiorly with remplissage
procedure.

From the viewpoint of shoulder biomechan-
ics, shoulder stability can be divided into two:
stability in the mid-range of motion (mid-range
stability) and the stability at the end-range of
motion (end-range stability). At the end-range
of motion such as abduction and maximum
external rotation, the capsule-labrum complex
contributes to stability because it is taught. In
the mid-range of motion, the capsule-labrum
complex is lax, and the humeral head is kept in
the concave glenoid fossa by the compressive
force generated by the surrounding muscles
(concavity-compression effect). It was already

: 25%
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Fig. 5.4 Ceritical size of glenoid bone loss. Greater than
25% glenoid bone loss is an indication for bone grafting

demonstrated that the anteroinferior stability of
the shoulder increased after Bankart repair in
abduction and external rotation (end-range).
However, there have been no reports demon-
strating that the mid-range stability increases
after the remplissage procedure. As mentioned
previously, the remplissage procedure fills the
Hill-Sachs defect with the infraspinatus tendon
so that the glenoid would not fall into this
defect when it comes close to the defect. In
other words, the remplissage works by filling
the defect and preventing the glenoid to over-
ride the defect at the end-range of motion. In
the mid-range of motion, the shoulder stability
seems not to be affected by the remplissage.

5.3 New Evaluation

of the Glenoid Bone Loss

Glenoid bone loss is also a common injury asso-
ciated with anterior shoulder instability. It has
been reported that greater than 25% [18-20] gle-
noid bone loss has been an indication for bone
grafting (Fig. 5.4). However, there is one ques-
tion. Can this borderline be drawn clearly? Is
bone grafting unnecessary for 24% glenoid bone
loss? Some surgeons prefer to perform bone
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grafting when a defect is very close to the critical
size, whereas others perform arthroscopic
Bankart repair. Thus, the decision is upon the sur-
geon’s discretion.

5.3.1 Subcritical Bone Loss

Shaha et al. [21] indicated how we should judge
for such a borderline bone loss. They showed that
a bone loss of 13.5-20% led to a clinically sig-
nificant decrease in their quality of life, even
though the patients did not sustain a recurrent
instability. They proposed that such a bone loss
be treated by bone grafting rather than
arthroscopic Bankart repair as a “subcritical bone
loss.” All the subjects in Shaha’s [21] study were
military patients with high activity level.
Hypothesizing that the subcritical bone loss
might vary according to activity levels of patients,
we performed a clinical study [22] investigating
the size of subcritical bone loss, if any, in our
series of general population. The Western Ontario
Shoulder Instability Index (WOSI), which was a
questionnaire for disease-specific quality-of-life
scoring system for shoulder instability, was sig-
nificantly lower for a bone loss of 17-25%
(Fig. 5.5). This value was a little greater than the
value reported by Shaha et al. [21] (13.5-20%).
In our study, there were two factors which
decreased the WOSI score: male and contact ath-
lete. Thus, for the male contact athlete with the
bone loss of 17-25%, bone grafting such as
Latarjet procedure rather than arthroscopic
Bankart repair may as well be chosen.

5.3.2 Does the Size Measurement
Really Tell It AlI?

Recently, one interesting article reporting the
evaluation of the glenoid bone loss was pub-
lished. Previous biomechanical or clinical inves-
tigations described the size of the glenoid bone
loss such as percentage of glenoid width or
length. However, the concave shape of the gle-
noid articular surface (especially, depth or shape
of concavity) is different in each patient. We

25% "
0
J

Fig. 5.5 “Subcritical bone loss”. Glenoid bone loss
between 17% and 25% is considered to be a “subcritical
bone loss” in our series

should highlight the 3D concave shape of the gle-
noid articular surface, and the individual consti-
tutional glenoid concavity shape needs to be
accounted for when estimating the effect of gle-
noid bone loss on shoulder stability.

Morodor et al. [23] performed a patient-
specific analysis of the effect of individual gle-
noid concavity shapes and various degrees of
bone loss on glenoid bone-mediated shoulder
stability with finite element analysis of CT-based
3D shoulder models of patients with anterior
shoulder instability. They concluded that current
glenoid bone loss measurements are unable to
provide an adequate estimation on the actual bio-
mechanical effect of glenoid defects because the
relation between the glenoid defect size and its
biomechanical effect was nonlinear, and patients
with shoulder instability have constitutional dif-
ference in the glenoid concavity shape.
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Pathomechanics in CTA
and Rationale of RSA
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6.1 Pathomechanics in Cuff Tear
Arthropathy
6.1.1 Introduction

The term cuff tear arthropathy [1] was first
invented by Charles Neer in 1977 [2]. CTA was
described as a rare pathologic entity mainly char-
acterized by chronic full-thickness rotator cuff
tear, degenerative changes in glenohumeral joint,
superior migration of the humeral head. Other
characteristic findings that may see are humeral
head collapse, acetabularization of the acromion,
femoralization of the humeral head, erosion of
the superior glenoid or acromion, and subdeltoid
effusion.

Although numerous pathologic mechanisms
for the development of CTA have been postu-
lated, the exact etiology of CTA is still unclear
[3]. None of these pathomechanic theories could
explain why only some patients with a massive
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rotator cuff tear progress to CTA. Neer reported
that CTA may only develop in approximately 4%
of patients with complete rotator cuff tear [2].

6.1.2 Historical Review

In the literature, several authors described the
same clinical syndrome using different terms.
The earliest description of the pathologic features
of the CTA was performed by Adams [4] and
Smith [5] in the nineteenth century. Adams
described two types of rheumatoid arthritis: a
generalized form and localized form involving
the shoulder which had the morphological char-
acteristics of CTA. Codman reported a case of
rotator cuff-mediated hygroma and advanced
shoulder arthritis in his 1934 self-published
monograph [6]. He described recurrent swelling
of the shoulder, absence of rotator cuff, cartilagi-
nous bodies attached to synovial tissue and,
severe destructive glenohumeral arthritis.

In 1968 De Seze described a similar clinic
entity as “hemorrhagic shoulder of the elderly” in
three women [7]. In the following years, single
case reports or small case series were published
about spontaneous hemarthrosis of the glenohu-
meral joint in the literature. In 1981, the term
Milwaukee shoulder was described by Halverson
in four elderly women who had recurrent bilateral
shoulder effusions, severe destructive glenohu-
meral arthritis, and massive rotator cuff tear [8].
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Fig. 6.1 A 79-year-old female patient diagnosed with cuff tear arthropathy who has restricted shoulder motion on the
left side

The term cuff tear arthropathy was coined by
Neer in 1977 [2]. He described the clinical and
pathological findings of CTA in 26 patients. Main
pathological findings are chronic full-thickness
rotator cuff tear, erosions of the osseous struc-
tures, humeral osteopenia, and restricted shoul-
der motion (Fig. 6.1) [9]. The term CTA has been
generally accepted for this clinical entity.

6.1.3 Biomechanics of the Shoulder

Before the pathomechanic of the CTA, we should
mention briefly about the role of rotator cuff in
the biomechanics of the shoulder. Rotator cuff
plays a critical role in dynamic stability of the
glenohumeral joint. Osseous geometry of the gle-
nohumeral joint provides little intrinsic stability.
Convex humeral head has a small contact area on
concave glenoid. Rotator cuff actively compress
the humeral head within the glenoid fossa, espe-
cially during the middle and end of the range of
shoulder motion where the capsuloligamentous
structures are lax and become the primary stabi-
lizer of the joint [10]. This mechanism has been
coined concavity-compression [11]. Alterations
in the compressive force created by the rotator
cuff cause instability and translation [12].

In vertical plane, rotator cuff provides inferi-
orly directed and compressive force, and deltoid
provides superiorly directed force resulting in a
net force balance. Loss of supraspinatus integrity
causes unbalanced vertical force couple, and del-
toid pulls the humeral head superiorly [13] In

horizontal plane, subscapularis muscle anteriorly
and infraspinatus and teres minor posteriorly bal-
anced each other and compress the humeral head.
Burkhart performed a fluoroscopic comparison
of kinematic patterns in massive rotator cuff tears
[14] and describe the importance of the trans-
verse plane force couple. He described a suspen-
sion bridge model (Fig. 6.2). Although patients
have large or massive supraspinatus tear, if the
transverse plane force couple is intact, they have
a stable fulcrum, and they can actively elevate the
shoulder. Loss of transverse plane force couple
balance creates an unstable fulcrum leading to
superior migration of the humeral head and insta-
bility of the glenohumeral joint.

6.2 Pathogenesis of CTA

6.2.1 Neer Cuff Tear Arthropathy
Theory

Neer introduced the term “cuff tear arthropathy”
in 1977. He reported the clinical and pathological
findings in 26 patients in 1983. Clinical symp-
toms were described as long-standing and pro-
gressively increasing pain that is worse at night
and exacerbated by activity, inability to actively
elevate and externally rotate the shoulder, swell-
ing, atrophy of the supraspinatus and infraspina-
tus muscles, tenderness, and crepitus at the
glenohumeral joint line posteriorly. The radio-
logic findings were an area of collapse of the
proximal aspect of the humeral articular surface
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Fig. 6.2 The suspension bridge model described by Burkhart et al

(this was a requirement for the diagnosis of
CTA), anterior or posterior dislocation or sublux-
ation, sclerosis, and small osteophytes at the con-
tact area of humeral head and glenoid,
rounding-off of the greater tuberosity, decrease in
acromio-humeral distance, and erosion of the
undersurface of the anterior third of the acromion
and the acromioclavicular joint (Fig. 6.3) [2].

Neer noted three main histological changes.
The atrophic articular cartilage of the humeral
head usually became covered with a disorderly
fibrous membrane containing scattered connec-
tive tissue cells. In these areas, the spongiosa of
the head was osteoporotic and hypervascular. At
points of fixed contact between humeral head and
scapula, the cartilage was completely denuded,
and the subchondral bone was sclerotic. Third,
fragments of articular cartilage were found in the
subsynovial layers [2].

Mechanically, massive rotator cuff tear leads
to unbalanced force coupling and loss of the
concavity-compression mechanism, resulting in
upward migration of the humeral head and insta-
bility of the glenohumeral joint. Anterior and
posterior subluxations and dislocations produce

Fig.6.3 An AP X-raygraphy of shoulder joint in a patient
with cuff tear arthropathy

abnormal trauma and injury to the articular sur-
faces. Excessive upward migration causes the
erosion of the superior glenoid, anterior part of
the acromion, acromioclavicular joint, and the
outer aspect of the clavicle. Neer mentioned that
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instability of the head seems to be essential for
the development of its collapse.

6.2.2 Crystal-Mediated Theory
(Milwaukee Shoulder
Syndrome)

In 1981, Halverson coined the term “Milwaukee
shoulder syndrome” and identified the association
between the presence of calcium phosphate crys-
tals within the shoulder joint and CTA [8]. They
hypothesized that a hydroxyapatite-mineral
phase develops in the altered capsule, synovial
tissue, or degenerative articular cartilage and
releases basic calcium phosphate crystals into the
synovial fluid. These crystals are composed of
carbonate-substituted hydroxyapatite, octacal-
cium phosphate, or more rarely tricalcium phos-
phate [1]. These crystals are phagocytosed by
synovial cells, forming calcium phosphate crys-
tal microspheroids, which stimulate the release of
proteolytic enzymes including collagenase and
protease. These enzymes lead to articular, capsu-
lar, and rotator cuff destruction. Tissue degenera-
tion resulted in the release of additional crystals,
propagating a cycle of increasing joint degenera-
tion and instability [3, 15].

The role of two genes which encode the pro-
teins which regulate the extracellular concentra-
tion of inorganic pyrophosphate, fluctuations of
which can lead to calcium crystal formation [16].
They found that CTA is associated with variants
in ANKH (the human homologue of the mouse
progressive ankylosis gene) and TNAP (tissue
nonspecific alkaline phosphatase) that alter extra-
cellular inorganic pyrophosphate concentrations
causing calcium crystal deposition. This supports
a theory that genetic variants predispose patients
to primary crystal deposition which when com-
bined with a massive RCT leads to the develop-
ment of arthritis.

On the other hand, Jensen reported in his
review that the exact origin of basic calcium
phosphate crystal remains unclear, and whether
these crystals are the cause or the result of arthri-
tis remains unanswered [17].

In 1997, Collins and Harryman described the
pathogenesis of CTA as a combination of these
two hypotheses [18]. They stated that progres-
sion of a chronic cuff tear leads to superior migra-
tion of the humeral head. Impingement of the
remaining cuff against acromion occurs, result-
ing in articular cartilage wear. Cartilage fragmen-
tation causes synovial thickening and effusion as
well as the generation of calcium crystals. The
enzymatic response to these crystals furthers the
damage to the remaining cuff and articular carti-
lage [12]. Although numerous pathologic mecha-
nisms for the development of cuff tear arthropathy
have been reported, it still remains unclear why
only a percentage of patients with a massive rota-
tor cuff tear progress to CTA or why patients with
similar radiologic findings may have widely vari-
able clinical presentations [3, 9, 12].

6.2.3 Histopathological Changes
in Cuff Tear Arthropathy

Neer noted three main histological changes. The
atrophic articular cartilage of the humeral head usu-
ally became covered with a disorderly fibrous mem-
brane containing scattered connective tissue cells.
In these areas, the spongiosa of the head was osteo-
porotic and hypervascular. At points of fixed contact
between humeral head and scapula, the cartilage
was completely denuded, and the subchondral bone
was sclerotic. Third, fragments of articular cartilage
were found in the subsynovial layers [2].

Takashi et al. compared the histopathological
changes in the humeral head of the patients with
osteoarthritis, humeral neck fracture, and CTA
[19]. Fibrillation, thinning, and tearing of the car-
tilage were observed in the superior area of the
humeral head. Multiple clusters of chondrocytes,
an irregular calcified zone, and thickening of the
cartilage were observed from the middle to the
inferior part of the humeral head. The cartilage in
the middle of the humeral head was thicker in
CTA group than in osteoarthritic group. The
safranin-O-stained zone was larger, and trabecu-
lar bone was thinner in CTA group than humeral
neck fracture group.
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These histopathological changes were also
investigated in animal models, and histopatho-
logic scoring system was developed for evaluat-
ing shoulder arthritis in a reproducible murine
model [20]. Kramer et al. evaluate the cartilage
degeneration in a rat model of rotator cuff tear
arthropathy. CTA model was created by either
infraspinatus and supraspinatus tenotomy or
suprascapular nerve transection. They found sim-
ilar cartilage degeneration on both humeral head
and the glenoid in two groups. Because the joint
capsule was intact in the denervation group, it is
unlikely the nutrient factors in the joint fluid were
lost in the denervated joint. Thus, they mentioned
that altered biomechanical loading in the gleno-
humeral joint surface, rather than the loss of joint
fluid plays a critical role in CTA [21].

6.3  Rationale of the Reverse
Shoulder Arthroplasty
6.3.1 History of Reverse Shoulder

Arthroplasty Rationale

A total shoulder arthroplasty was first carried out
by Dr. Jules Emile Pean in 1893 [22]. Unlike its
antecedents, a total shoulder prosthesis (Neer I)
with longer survival was introduced by Neer in
the 1950s [23]. This was followed by the intro-
duction of the Neer 2 prosthesis, which forms the
basis of the modern total shoulder prosthesis
used today [24]. The first design shoulder pros-
theses had promising treatment outcomes in indi-
cations such as proximal humeral fractures,
glenohumeral arthrosis [25]. However, the out-
comes of treatment with these designs that mimic
a healthy shoulder joint were quite poor in cases
with an underlying unhealthy rotator cuff [26—
28]. In patients with insufficient rotator cuff, it
was noticed that the shoulder joint could not
move effectively given the rotator cuff did not
have a stabilizing effect acting on the shoulder
joint. The concept of reverse total shoulder
arthroplasty (RTSA) was first introduced by Neer
in 1970s. Neer believed that aforementioned
issues could be overcome with a constrained
reverse prosthetic design. He designed a series of

reverse shoulder prostheses with a fixed fulcrum:
Mark I, Mark II, and Mark III. The Mark 1 design
had a glenoid component with a neck and a large
ball. This glenoid component, which was
designed to be large in purpose to increase stabil-
ity, precluded the rotator cuff tendons reattach-
ments to the tubercles. In order to be able to
re-attach the rotator cuff tendons, a smaller ball-
shaped glenoid component was used in the Mark
2 design. In this design, the distance that the
humeral component can move on the spherical
glenoid component was decreased. It led to a
considerable restriction in range of motion. For
this reason, Mark 2 design abandoned in a short
time [29]. In the hope of reducing this limitation,
though the axial rotation feature was added to the
humeral component in the Mark 3 design, the
desired effect could not be achieved in increasing
the range of motion. However, the prominent
issue in almost all of these prosthesis designs was
early loosening. It was thought that this early
loosening seen especially in the glenoid compo-
nent was due to the high shear force at the gle-
noid component—bone interface. Then, this issue
was addressed in the following designs: It was
aimed to prevent early loosening of the glenoid
component utilizing the glenoid component with
a divergent threaded peg by Leed et al., utilizing
the central glenoid screw by Kessel et al., utiliz-
ing a larger thread and hydroxyapatite-coated
central screw by Bayley-Walker et al. On the
other hand, it was noticed that scapular spine
fractures occur more frequently as the glenoid
was better fixed and prosthetic designs became
increasingly constrained. The idea was to design
prostheses that permit easier dislocation in order
to prevent the increased stress at the end of the
joint range of motion from causing scapular frac-
tures. The design, in which Kolbel and Friedebold
added a flange to attach the scapular spine in a
wider area, aimed to distribute the stress occur-
ring in a limited area of the scapula, reducing
scapular fractures while allowing easier
dislocation.

Another remarkable milestone in the develop-
ment of reverse prosthesis design was the sugges-
tion that more deltoid muscle power could be
utilized. In the prosthesis designed by Fenlin
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et al., the tension of the deltoid was increased by
utilizing a large glenosphere. Although it has bet-
ter functional results in the early period, this
design was not widely used due to the loosening
of the glenoid during early follow-up and implant
failure. The demographic data and clinical out-
comes of the patients treated with these arthro-
plasties have not been comparatively reported,
since these arthroplasties were performed on a
very limited number of patients and the clinical
outcomes of each prosthesis cannot be evaluated
effectively, and they did not have sufficient fol-
low-up period.

The prosthesis designs mentioned so far had a
small ball and large socket, inspired by the hip
prosthesis designs. The revolutionary design in
reverse shoulder prosthesis was developed by
Paul Grammont [30]. The fact that Grammont’s
design is the pioneer of the modern reverse shoul-
der prosthesis designs used today may be based
on it was developed regarding following innova-
tive principles with proven effectiveness today:
(1) fixed fulcrum, (2) inherently stable prosthe-
sis, (3) the center of the sphere that localized at or
within the glenoid neck, (4) medialized and dis-
talized center of rotation, (5) design with convex
weight-bearing part and concave supported part,
(6) large glenosphere, (7) small humeral cup
[31]. Although the initial designs had brought the
fixed center of rotation (COR) innovation, they
had poor clinical outcomes owing to containing
some biomechanical drawbacks [31]. These
problems were significantly overcome by Paul
Grammont design. Unlike previous reverse
prothesis designs, the absence of early glenoid
component loosening in the DELTA prosthesis
designed by Grammont was owing to the medial-
ization of the CoR and that the center of the gle-
nosphere was within the glenoid neck. In this
way, the shear forces generated at the glenoid
component bone interface were able to be con-
verted into compression forces in this interface.
On the other hand, by increasing the length of the
lever arm of the deltoid with the medialization of
the center of rotation, the moment produced by
the deltoid was increased. Deltoid tension was
increased with the distalization of the center of
rotation, and it was possible for the deltoid mus-

cle fibers, which were previously in a relatively
loose position, to contract more effectively. This
prosthetic design was designated as DELTA,
inspired by the deltoid muscle. Of course, all
these innovations did not emerge with a single
design. Grammont’s first design consisted of a
metallic or ceramic glenosphere making up 2/3
of a sphere placed with cement and press-fitly,
and a humeral component stem made entirely of
polyethylene which was inserted into medullar
canal with cement. In their series consisting of
eight patients, the authors stated that pain was
resolved in all patients, anterior flexion was
above 100 degrees in five patients, and less than
60 degrees in three patients. Grammont’s second-
generation design featured a metal single-piece
humeral component and a glenosphere that made
up 1/2 of the sphere. In addition, another impor-
tant feature of the second generation was that it
had a glenoid baseplate fixed with a divergent
directed trans fixation screw instead of a peg
baseplate placed press-fitly without cement.
Delta III (DePuy International Limited, Leeds,
England) reverse shoulder prosthesis, a second-
generation Grammont design, had been widely
used in Europe with successful outcomes except
scapular notching [32]. In the third generation, it
was aimed to address scapular notching, medial
impingement, and instability. Delta III was com-
posed of glenosphere, a glenoid base plate, a
polyethylene humeral cup, and a humeral compo-
nent consisted of a humeral stem and a metaphy-
seal block with different options attached to each
other with a screw. In order to eliminate possible
misunderstandings: Delta I is a hemiarthroplasty,
Delta Il is a total shoulder arthroplasty with poly-
ethylene glenoid component, Delta II1 is a reverse
shoulder  arthroplasty, = whereas = DELTA
XTEND™ is an enhanced version of Delta III,
which has some improvements and is the com-
mercially available version today. DELTA
XTEND™ (Fig. 6.4) includes the following
improvements: (1) any glenoid size can be used
with any humeral size, (2) a metaglene with a
curved back surface in purpose to gain better sta-
bility and to preserve bone stock, (3) adjustable
and cannulated screw fixation, (4) eccentric
humeral epiphysis in purpose to preserve the
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Fig.6.4 DELTA XTEND™ DePuy Synthes reverse total
shoulder arthroplasty

proximal humeral bone stock, (5) long peg meta-
glenes for impaired bone stock in revision surger-
ies, (6) additional features for fracture cases.

6.3.2 Biomechanics and Basics
of Reverse Shoulder
Arthroplasty

In the setting of the normal shoulder biomechan-
ics, the deltoid muscle and rotator cuff (RC)
muscles work in concordance, thus the combined
force couple vector formed during the glenohu-
meral (GH) joint movement makes an angle from
0° to 30° with the glenoid surface. And, as long
as the force couple vector is in this range, GH
joint stability is maintained. In the RC tears in
which rotator cable is impaired, deltoid fibers,
which provide abduction in normal biomechan-
ics, cause superior migration of the humeral
head, which causes a change of the CoR’s posi-
tion constantly during the joint movement
(Fig. 6.5). The most important innovation brought
by the RTSA designed by Neer that addresses
this problem is the fixed fulcrum. However, high
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torsional and shear forces in reverse ball-and-
socket design caused early loosening in the gle-
noid component-bone interface and scapula
fractures. In the Grammont design in which a
hemispheric glenosphere without a neck utilizing
one-third of a sphere used, high torsional and
high shear forces are reduced owing to medial-
ization and distalization of the CoR [33]. Thus,
the amount of micro-movements that occur at the
glenosphere and bone interface is reduced, and
early glenoid component loosening can be
avoided [33]. Also, by the reduction of torsional
forces, the risk of scapular fracture is signifi-
cantly reduced. In modern RTSA designs, it is
aimed to increase the stability of the glenoid
component by using the glenoid base plate. While
the screws sent over the glenoid baseplate
increase early period stability, it is aimed to
increase the late-period stability with the osteoin-
tegration provided by the press-fit porous
surface.

6.3.3 Controversies in Evolving
Designs

6.3.3.1 Lateralization of the CoR

A 155° humerosocket was used in the Grammont
design, aiming to increase stability. However,
scapular notching, which is quite common,
revealed the need for new humerosocket designs
with reduced inclination. In a retrospective study
comparing 143° inclination humerosocket
(Zimmer-Biomet ~ Comprehensive  Reverse
Shoulder System®), and 155° inclination humer-
osockets (Aequalis Perform RSA® Tornier),
scapular notching was reported to be 16.2% and
60.7%, respectively, at a mean follow-up of
20 months [34] (Fig. 6.6). In a meta-analysis
involving 2222 shoulders by Erickson et al., a
155° inclination humerosocket and 135° inclina-
tion humerosocket and lateralized glenoid com-
bination were compared, and scapular notching
was reported as 16.80% and 2.83%, respectively
[35]. It should also be kept in mind that decrease
of humerosocket inclination promises reduction
of scapular notching risk in the expense of insta-
bility [36].
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Fig. 6.5 Breaking of the cable of the suspension bridge, the loss of functionality of the bridge, and the superior migra-

tion of the humeral head by the effective force couple

While lateralization on the humeral side is
achieved by decreasing the humerosocket incli-
nation angle (Fig. 6.6), lateralization on the gle-
noid side can be achieved in two ways: (1) by
placing autologous bone between the glenoid
component and the glenoid bone surface (bony
increased-offset RSA: BIO-RSA) (Fig. 6.7), (2)
by increasing the glenosphere diameters or thick-
ness [37]. While the glenosphere is a complete
hemisphere in the Grammont prosthesis, the gle-
nosphere that is 2/3 of a sphere is preferred in
new designs (DJO Surgical Reverse Shoulder
Prosthesis RSP™). Although the lateralization of
the CoR enables the effective use of more deltoid
fibers that enable abduction and external rotation,
its disadvantage is that it increases the risk of
loosening in the glenoid component due to the
increase in torque at the bone and glenoid inter-
face [38]. However, Virani et al. modeled seven
glenoid designs with different radii, offset, and
sphericity with the finite element method, and

they reported that the baseplate motion was
below 150 pm and that it was within acceptable
limits [39]. The findings of Virani et al.’s study
support that the increased micro-motion emerged
by the lateralized CoR obtained by the glenoid
component design at the glenoid baseplate—bone
interface causes a clinically negligible disadvan-
tage [39].

6.3.3.2 Inlay-Onlay Designs

Inlay (Zimmer-Biomet Comprehensive Reverse
Shoulder System®, the DePuy Synthes DELTA
XTEND™, the SMR® Shoulder System of Lima
Corporate, DJO Surgical Reverse Shoulder
Prosthesis RSP™) and onlay (the Stryker
ReUnion® Reverse Shoulder Arthroplasty) gle-
noid baseplate designs were created to prevent
loosening at the interface of the bone and glenoid
baseplate. Designs in which the baseplate is
embedded in the glenoid bone by opening a peg
in the middle of the glenoid is called an inlay. In
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155 °

Fig. 6.6 Long deltoid lever arm (Ax) in the varus 135° inclination humerosocket design provides increased deltoid

muscle moment

onlay designs, any extension of the baseplate is
not embedded in the glenoid. Instead, fixing is
provided by screws sent through the baseplate. In
their cadaveric study comparing inlay and onlay
glenoid components by Gagliano et al., it was
reported that inlay designs provided more stable
fixation and had fewer loosening rates [40]. For
the humeral side, inlay and onlay designs have
been developed to aiming to reduce scapular
notching and better fixation. In DePuy DELTA
XTEND™ Shoulder Prosthesis, which is an inlay
design, the metaphyseal component is located
inside the humeral metaphysis, while in the
Zimmer-Biomet Comprehensive Reverse
Shoulder System® The Ascend Flex® Tornier
Inc., or Equinoxe System® Exactech Inc., which
are onlay design, it is located on the metaphysis
(Fig. 6.8). Less scapular notching but more scap-
ular stress fractures were reported with humeral
lateralization achieved in humeral onlay designed
prostheses [41]. Another advantage of onlay sys-

tems is that they facilitate modularity and con-
vertibility owing to having more bone-preserving
design [42]. Since it is very difficult to convert
inlay system prostheses from anatomical design
to reverse design, most of the convertible systems
are designed as onlay.

6.3.3.3 Short-Stem or Stemless
Options

Another popular topic with the design updates on
the humeral side is humeral stem length. The
short-stem or stemless options of almost every
system have come into the market or continue to
do so. If the bone quality is good, stemless or
short stems are usually preferred. However, since
the patient group who are encountered with is
often osteoporotic, stems which are placed press-
fitly in the metaphysis, are more preferred even if
they are short. Similar favorable outcomes have
been reported in long-term follow-up with short-
stem and conventional stemmed RTSA [43-46].
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bone graft

Fig. 6.7 BIO-RSA: Bony increased-offset revers shoul-
der arthroplasty

Additionally, in a study by Ballas and Béguin, in
the 58-month follow-up of 56 patients who
underwent stemless RTSA, satisfactory func-
tional outcomes similar to conventional stemmed
RTSA were reported [47]. Actually, reported
poor outcomes with RTSA are actually associ-
ated with loosening of the glenoid component
and scapular notching regardless of humeral stem
design [48].

6.3.3.4 Polyethylene Glenospheres

The idea of replacing the “polyethylene liner”
with a metal liner came up to prevent the osteo-
Iytic process which is thought to occur with

debris formed as a result of the scapular notching
coming into contact with the scapular pillar. With
this idea, 40 mm and 44 mm diameter “ultra-high
molecular-weight polyethylene (UHMWPE) gle-
nospheres” were preferred in the SMR® Shoulder
System of Lima design (Fig. 6.9a). In the
AGILON® Omarthrosis prosthesis, the gleno-
spheres are designed to be made of UHMWPE
material of 33 mm, 40 mm, and 44 mm diameters
(Fig. 6.9b). In a study of 133 patients with
24 months of follow-up in which 36 mm standard
chromium-cobalt and 36 mm eccentric
chromium-cobalt glenospheres were compared
with 44 mm UHMWPE glenospheres, it is note-
worthy that scapular notching rates were reported
as 28.2%, 66.7%, and 14.3%, respectively [49].
However, it should be kept in mind that the pros-
theses with UHMWPE glenosphere design do
not have long-term outcomes.

6.3.4 Solutions to Limitations

Modern RTSA designs have been providing
favorable outcomes in the treatment of pseudo
paralysis related to RC tears and cuff tear arthrop-
athy, which has been difficult to deal with in
shoulder surgery for a long period. However,
some issues accompany this unnatural GH joint
biomechanics. The most important criteria to
minimize these issues are proper indication/
patient selection and thorough preop planning.

6.3.4.1 Instability

It is the most common complication of RTSA. It
almost always occurs in the anterior direction.
Dislocation risk is minimized by lateralizing the
COR (still medially compared to that in normal
GH joint biomechanics), avoiding excessive
humeral retroversion, and using a large gleno-
sphere provided that high humeral base plate
depth/glenosphere diameter is preferred.

6.3.4.2 Large Dead Space

It is the non-anatomical space formed by medial-
ization and distalization of the COR. The risks of
hematoma and associated infection minimized
with the use of drains.
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inlay onlay

Fig. 6.8 A sample of DELTA XTEND™ DePuy Synthes ~ Reverse Shoulder System® which is an onlay design of
reverse total shoulder arthroplasty which is an inlay reverse shoulder arthroplasty
design, and a sample of Zimmer-Biomet Comprehensive
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Fig.6.9 (a) SMR® Shoulder System of Lima design with
polyethylene glenosphere. Courtesy of Limacorporate
S.p.A.—lItaly. (b) X-ray radiographs of a 79-year-old
male patient diagnosed with carcinoma metastasis of

6.3.4.3 Decrease in External Rotation

It occurs due to the fact that the posterior deltoid
muscle fibers, which normally function as exter-
nal rotators, remain relatively lateral when the
COR is medialized. Another substantial reason
for the decrease in external rotation is that the
transport of the COR to medial results in slacken-
ing in the infraspinatus and teres minor muscle
fibers. Preop detection of fatty infiltration in teres
minor and infraspinatus is crucial. Lateralized
glenoid components can improve external rota-
tion, and latissimus dorsi tendon transfer may
need to be added.

6.3.4.4 Scapular Notching

It occurs because of using a humeral component
in 155° valgus and the medialization of the COR
(Fig. 6.10). Another mechanism may be the
induction of osteolysis by the eroding polyethyl-
ene particles [50]. Overall, although the opinion
that scapular notching has no significant effects
on clinical outcomes is common, its clinical sig-
nificance is still controversial. Some authors
claim that it may lead to impairment of functional
outcomes and glenoid component loosening [51].
It has been reported that scapular neck length
leads to increased rates of notching [52]. The

proximal humerus treated with MUTARS® Proximal and
Inverse Humeral Replacement with polyethylene
glenospheres

Fig.6.10 Scapular notching

scapular notching risk can be minimized by using
larger diameter glenosphere or positioning the
glenoid baseplate with inferior overhang, inferior
tilt or using glenoid bone augmentation [51].
Scapular notching can also be reduced by opting
for prosthetic designs with less humeral inclina-
tion that provides lateral offset [35]. Using all
these technical details simultaneously to reduce
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scapular notching risk may result in decreased
deltoid moment arm, increased risk of a stress
fracture, and increased risk of instability. A medi-
alized glenoid component with a lateralized
humerus center of rotation can provide a longer
deltoid moment arm while maintaining tension
on the rotator cuff and reduces the risk of notch-
ing at the same time. However, it seems a more
reasonable option to consider the use of combi-
nations of aforementioned options individually
for each patient.

6.3.4.5 Acromial Fractures
and Displacement of the Os
Acromiale
It occurs due to the increased deltoid tension
caused by distalization of the COR (Fig. 6.11).
Excessive stiffness should be avoided preopera-
tively. The presence of os acromiale should not
be overlooked. If any, it should be fixed
primarily.

6.3.4.6 Glenoid Bone Erosion

One of another current issue in RSA is glenoid
bone erosion. This erosion can endanger the
secure placement of the glenoid component.

Aiming to surpass this, posterior and/or superior
standardized augmented baseplate designs have
also been developed to fill the region with exces-
sive erosion (Equinoxe RTSA Platform Shoulder
System® Exactech, Aequalis Perform RSA®
Tornier). Standardized augmented baseplates
may not be sufficient in cases with severe ero-
sion. Metal-filled baseplates which are commer-
cially available as The Ascend Flex™ Wright
Medical that can be produced individually can be
useful.

6.3.5 Future

6.3.5.1 Patient-Specific

Instrumentation
In order to place optimally the glenoid compo-
nent, it was aimed to use computed navigation
more effectively. Although favorable outcomes
have been reported, there is not enough evidence
yet to say that computed navigation is superior to
the classical method [53]. However, computed
navigation has some disadvantages such as the
prolongation of the surgical time and the need for
technically demanding additional steps [54]. It

Fig. 6.11 Increase of deltoid tension caused by distalization of the COR
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has been shown that the patient-specific instru-
mentation and patient-specific drill guides can
provide correct placement of the glenoid base-
plate as equivalent to the computed navigation
[54]. Although these guidelines also allow better
humeral cut, the main difference is that they
ensure that the glenoid components are placed
securely in the ideal position [54, 55]. It has been
reported that the PSI decreased the mean devia-
tion in the glenoid version from 6.9° to 4.3° and
from 11.6° to 2.9° in the glenoid inclination in
performing RSTA [56]. In the RSTA industry, it is
expected that the use of patient-specific guides
will become widespread in order to place the gle-
noid in the most appropriate position ensuring
ideal version, inclination, depth and secure pri-
mary fixation according to the specific deformity.

6.3.5.2 3D Planning Softwares

At the present time, preop three-dimensional
(3D) planning softwares (Blueprint™—Tournier,
Virtual Implant Positioning™ System—Aurthrex,
GPS™—Exactech, Materialise—DJO) are being
used with increasing frequency in TSA surgery
as well as RTSA surgery. In these softwares, 3D
reconstruction obtained from the patient’s shoul-
der computed tomography scan is utilized. The
size of the components, their placement positions
to be used before the surgery and bone cuts to be
performed can be determined on these 3D recon-
structions. Although 3D planning software is a
promising development, the error rates of the gle-
noid version, inclination, and subluxation mea-
surements obtained automatically with such
software are outstanding today. Erickson et al.
compared the version, inclination, and sublux-
ation measurements carried out by five
fellowship-trained sports medicine/shoulder sur-
geons with the measurements obtained by four
different 3D planning software. The authors
reported lower reliability in the measurements
obtained with 3D planning softwares and warned
surgeons to be cautious in preoperative use of
these softwares [57]. Today, there is not enough
evidence to support that 3D planning softwares
can enable arthroplasties clinically better out-
comes by providing accurate and reliable mea-
surements. Nevertheless, the authors of this

chapter believe that improvements to these soft-
wares can contribute to favorable shoulder arthro-
plasty surgeries in the future.

6.3.5.3 Augmented Reality

Augmented reality is one of the new technologies
that may be used to place the glenoid component
in the optimal position which is a key factor in
RTSA success [58]. Basically, in the augmented
reality, preoperative planning information is
made use of during live surgery via a head-
mounted display (Fig. 6.12). Although no clinical
trials have yet been conducted, the result of
Kriechling et al’s study on cadavers seems
encouraging [59]. The authors determined the
entry point and trajection of the central guide
wire by preoperative planning on 10 cadaveric
scapulae. Central guide wires were sent using the
head-mounted display to which this information
is transferred. And high accuracies were reported
with a mean deviation of 2.3 mm = 1.1 mm at the
entrance site and a mean deviation of 2.7° + 1.3°
in trajection. Although it is at earlies of its devel-
opment, augmented reality technology seems to
be another promising technology that can con-
tribute to providing favorable outcomes in RTSA
due to its nature that is open to evolution and
does not lead to prolonged operation and also
being cost-effective.

Fig. 6.12 A head-mounted display which is utilized in
the augmented reality. Reproduced with permission from
[60]
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6.4 Conclusion

Cuff tear arthropathy (CTA) is known as an
unsolvable disabling problem for many years.
Lately, after the 2000s, evolution and worldwide
dissemination of reverse shoulder arthroplasty
have helped orthopedic surgeons and their
patients gaining pain-free functional shoulder
motion. Like every novel technique, there are
limitations, and some problems were seen during
the first years. Solutions for certain problems
helped a better range of motion and longer dura-
bility of the implants. In future, more technology
will help us to improve our results.
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Rationale of Tendon-to-Bone

Healing

Giuseppe Milano, Niccolo Vaisitti,
Giuseppe Frizziero, and Maristella F. Saccomanno

7.1 Introduction

Rotator cuff tears (RCT) are a growing problem
affecting 30-50% of people older than 50 years
[1-4]. Given the increasing functional demands
of the population and constant development of
surgery, recent trends show an increase in the
number of patients electing to undergo surgical
treatment of RCT, leading to a 500% increase in
rotator cuff repair (RCR) since 2001 [5].
Unfortunately, regardless of technologic
advances and development of surgical techniques
and despite the high number of surgeries per-
formed yearly, re-tear after RCR remains a sig-
nificant problem. It appears that re-tear rates after
RCR may be as high as 20-40% for small-to-
medium tears and go up till 94% for large or
chronic tears [6-9].
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Risk factors for failure of surgical treatment
include tendon quality, patient’s age, tear size and
chronicity, and muscle atrophy/fatty infiltration.
All these factors are predictors for an inferior
ability of tendons to heal and for a higher chance
of re-tear after repair [10, 11].

7.2 Tendon-to-Bone Healing
Tendon-to-bone healing is a multifactorial, com-
plex, biological process that is poorly defined and
not fully understood. One of the key aspects is
the tendon-to-bone interface, called enthesis,
where most of RCTs occur.

The enthesis develops postnatally and is con-
sidered as a four-zone structure at maturity [12].
The first zone is tendinous and composed primar-
ily of type-I collagen, with the presence of the
proteins decorin and biglycan and populated by
tendon fibroblasts [13]. The second zone is
formed by uncalcified fibrocartilage and presents
type-I and -II collagen with aggrecan. The resi-
dent cell population mainly consists of fibro-
chondrocytes. The third zone is constituted by
calcified fibrocartilage and consists of hypertro-
phic fibrochondrocytes producing type-II colla-
gen, type-X collagen, aggrecan, and alkaline
phosphatase [14—16]. The fourth zone consists of
bone containing dense type-I collagen [13]. This
complex histologic structure allows forces to be
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Fig.7.1 Histologic appearance of the four-zone structure
of native bone—tendon junction. This complex histologic
structure allows forces to be transferred from the soft ten-
don tissue to the relatively stiff bone. Gomori-Halmi tri-
chrome staining. Magnification 20x (F fibrous tissue, FC
fibrocartilage, C calcified fibrocartilage, B bone)

transferred from the soft tendon tissue to the rela-
tively stiff bone (Fig. 7.1).

After surgery, the healing process can be
roughly divided into three phases. First, there is
an inflammatory phase, with the injury site being
infiltrated by numerous inflammatory cells.
Macrophages and monocytes eliminate the
necrotic tissue, promote cell migration, prolifera-
tion, and differentiation, and increase
vascularization through the release of cytokines.
The phenomenon starts in less than 24 h from the
injury and lasts for several days. Second, there is
a proliferation phase with cells, including teno-
cytes and fibroblasts, recruited to the repair site.
This phase lasts several weeks, and it is during
this period that the type-III collagen is deposited.
Finally, there is a remodeling phase, with the
type-III collagen being replaced by type-I colla-
gen, and a gradual decrease in cellularity of the
site. The result of this process is the repair of the
tendon—bone interface by reactive scar formation
without the restoration of the native structure of
the enthesis in its four zones. This is extremely
relevant given that the newly formed scar tissue
has inferior mechanical properties compared to
the native insertion site, thus making it more sus-
ceptible to failure [17].

Developing new approaches to re-establish
the four zones that connect the bone to the tendon
could result in improved tendon healing with bet-
ter long-term outcome.

7.3  Biologic Augmentation

of Tendon-to-Bone Healing

Interest in biologic augmentation of RCR,
intended to enhance the healing response and to
provide a mechanical aid for a tension-free repair,
has been constantly rising in recent years.
Within the concept of biologic augmentation,
two main development areas can be identified:
“biochemical augmentation” and “biomechani-
cal augmentation.” The first regards the addition
of stem cells and macromolecules like growth
factors (GFs) that will exert a predominantly bio-
chemical effect on the healing process. On the
other hand, the second refers to grafts (such as
auto-, xeno-, and allografts, or synthetics) that
exercise a primarily mechanical effect of rein-
forcement on the repair, while still present some
degree of indirect biological healing effects [18].

7.3.1 Biochemical Augmentation
7.3.1.1 Stem Cell Therapies

The idea behind the use of stem cell therapies is
to improve the success of RCR by augmenting
the local healing using multi- or pluripotent mes-
enchymal stem cells (MSCs). These cells can dif-
ferentiate into varied mesodermal tissues
mirroring normal healing. Autogenous MSCs are
generally preferred over fetal stem cells given
they are easier to obtain [19].

So far, stem cells for RC augmentation have
shown promising results in a large number of ani-
mal models from both histological and biome-
chanical points of view [20-22].

7.3.1.2 Bone Marrow-Derived
Mesenchymal Stem Cells

Clinical studies on the topic are scarce although
encouraging. Hernigou et al. performed a case-
controlled study using autogenous bone marrow-
derived mesenchymal stem cells (BM-MSCs)
harvested from the iliac crest and implanted into
repaired tendon at the insertion site. At 6 months,
a magnetic resonance imaging (MRI) was per-
formed on all patients, and the BM-MSC-treated
patients showed a 100% of healed RCs to the
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67% of control patients. At 10 years, 87% of the
BM-MSC-treated group presented intact RC on
MRI to the 44% of control patients [23].

stem cells

Fig. 7.2 Bone marrow mesenchymal
(BM-MSC) can be harvested from the proximal humerus
via intraoperative aspiration. (a) Disposable kit for bone
marrow aspiration (Marrow Cellution™, Aspire Medical
Innovation, Prinzregentenhof, Germany). (b) The cannula
is introduced into the greater tuberosity to aspirate bone

The iliac crest is not the only BM-MSC
source, and studies have shown that a similar
quantity of cells can be harvested from the proxi-
mal

humerus via intraoperative aspiration

AN AN

W A
ek ek

marrow through a percutaneous portal. (¢) Correct place-
ment of the cannula is achieved under simultaneous
arthroscopic view and fluoroscopy. (d) Cells are embed-
ded in a collagen scaffold to be applied in the repair site.
(e) Scaffold with cells embedded (asterisk) is fixed at ten-
don-bone interface (H humeral head, C rotator cuff)
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Fig. 7.3 (a) Microfracture of the greater tuberosity.
Arthroscopic view. Right shoulder. (b) Bone vents on the
greater tuberosity can be performed with a small and deep

solving the problem of additional invasive proce-
dures [24] (Fig. 7.2).

An alternative to harvesting the stem cells is
the idea of recruiting such cells in the repair site
by performing microfractures at the tendon foot-
print before repair (Fig. 7.3). Kida et al. [25]
labeled BM-MSCs in a rat model before drilling
the greater tuberosity. At a 2-months follow-up,
they found higher levels of labeled cells around
the repair and a higher force to failure in the treat-
ment group compared to the control one. The use
of microfractures as a bone marrow-stimulating
(BMS) technique for RC healing was also inves-
tigated by Bilsel et al. [26], showing that micro-
fractures promoted tendon healing achieving a
significantly increased force to failure, thicker
collagen bundles, and more fibrocartilage histo-
logically at 8 weeks post-repair in a rabbit model.

Several clinical studies confirmed that recruit-
ing BM-MSCs via microfractures could be a safe
and viable option to augment RCR. Although no
superiority in terms of functional improvement
was proven, bone marrow stimulation with
microfractures during RCR seems to reduce re-
tear rate compared to the standard repair
[27-30].

Lastly, some experimental studies on RCR
investigated the effect of BM-MSCs modified to
overexpress specific factors known to be overrep-

arthroscopic awl (nanofractures). Arthroscopic view.
Right shoulder

resented at tendon—bone insertion sites during
embryogenesis. BM-MSCs overexpressing mem-
brane type-1 MMP (MT1-MMP) and scleraxis
were compared with BM-MSCs, the former
showing higher amount of fibrocartilage forma-
tion, greater load to failure, and higher stiffness
at 4 weeks after RCR [22, 31].

7.3.1.3 Other Sources of Mesenchymal
Stem Cells

Studies on several kinds of MSCs have been per-

formed on animal models and, despite being far

from clinical practice, showed encouraging

results promising a fruitful avenue for future

researches.

Valencia Mora et al. [32] found in a study on
rats that the use of adipose tissue—derived MSCs
(A-MSCs) to augment RCR led to less inflamma-
tion postoperatively, which could result in less
scarring and therefore better elastic properties
(Fig. 7.4).

Oh et al. [33] used allogenic A-MSCs to aug-
ment subscapularis repair in adult male rabbits.
At 6-week follow-up, the augmented group
showed a muscle potential area almost equal to
that of the native subscapularis and a decrease in
fatty infiltration.

Animal models for the use of muscle-derived
MSCs (M-MSCs) in augmenting RCR showed
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Fig. 7.4 (a) Fat tissue is a potential source of MSC. (b) Fat tissue can be processed to concentrate cells that can be

injected or applied at the repair site

the cells ability to differentiate into a fibroblastic
phenotype [34] and significantly lessened fatty
infiltration compared to a non-M-MSC-receiving
group. However, M-MSCs revealed inferior
results as load to failure and contraction force
compared to BM-MSCs [35].

Shen et al. [36] used allogenic tendon-derived
MSCs (T-MSCs) to augment RCR in rabbits. At
12-week follow-up, improved biomechanical and
histological findings were observed compared to
a group of non-augmented repairs. However,
T-MSCs are still poorly characterized, and fur-
ther studies are necessary for a better understand-
ing of their mechanism and use.

Bursa-derived MSCs (B-MSCs) have demon-
strated significant adipogenesis and osteogenesis,
making them an easily accessible and multipo-
tent source of MSCs [37], albeit their application
and functionality remain to be studied.

MSCs for RC surgery are one of the most
promising branches of biologic augmentation,
having shown, in vitro and animal models, excel-
lent results. Clinical trials in humans, although
limited in numbers, appear to support the earlier

studies with positive results [11]. However, the
use of MSCs for RCR presents some controver-
sial issues. First, cell death after implant occurs at
a high rate, therefore demanding a large number
of MSCs to reach therapeutic levels [38, 39].
Second, the differentiation of MSCs into the
required cell lineages needs both angiogenesis
and a specific balance of growth factors and cyto-
kines that has not fully understood yet [39].
Lastly, MSCs represent a high-cost therapy, for
both the provider and the patient, making it poten-
tially problematic to use on a large scale [11].

Overall MSCs’ use for augmentation of RCR
showed promising results and, despite its draw-
backs, worth of further researches.

7.3.1.4 Growth Factors

The healing of RCT is a process dependent on an
organized succession of GF release. These fac-
tors are responsible for cell migration into the
defect, a fundamental step toward healing.
Growth factor levels raise first in the proximal
part of the myotendinous insertion and only later
in the distal part of tendon defect [40]. Growth
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factor levels remain sustained on average for
3-8 weeks from injury [41].

Cytokines involved in tendon healing include
transforming growth factor-pl (TGF-B1), fibro-
blast growth factor (FGF), BMP, interleukins
(ILs), platelet-derived growth factor (PDGF), and
vascular endothelial growth factor (VEGF).

7.3.1.5 Platelet-Rich Plasma

Platelet-rich plasma (PRP) is a centrifuged of
autologous blood, with a platelet concentration
3-5 times higher than in whole blood, that is used
locally on damaged tissue to achieve better heal-
ing [42]. A higher concentration of platelets
grants higher levels of those GFs contained
within platelets, such as insulin-like growth fac-
tor-1 (IGF-1), PDGF, VEGF, and TGF-f, all
implicated in tendon healing [43] (Fig. 7.5).

Early studies showed promising results for the
use of PRP as an augment for RCR. In vitro anal-
ysis showed that PRP stimulated fibroblasts and
tenocytes proliferation in chronically torn RCs
[44]. Furthermore, animal studies showed
improved histological and mechanical features
associated with intraoperative administration of
autologous PRP [45]. Unfortunately, these
encouraging results were not confirmed in clinical
studies, with only a minority of clinical trials
showing evidence of a positive effect of PRP on
RCR. Most studies on the effect of PRP on RCR
found no difference between PRP-augmented and
control group. Charousset et al. [46] evaluated the
outcome of massive RCTs repaired arthroscopi-
cally with or without PRP and found no signifi-
cant differences in functional or radiological
outcome, nor in re-tear rate at 2-year follow-up.

Ruiz-Moneo et al. [47], in a double-blinded
randomized controlled trial on the use of PRP on
all-sized arthroscopic RCR, did not highlight any
significant difference in functional outcomes,
patient satisfaction, or MRI-based analysis of
tendon healing between the treatment and the
control groups.

In another double-blinded randomized con-
trolled trial, Weber et al. [48] found no significant
difference in perioperative pain, functional out-
come, or structural integrity between the PRP-
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Fig.7.5 Platelet concentrates enhance soft tissue healing
by promoting proliferation of fibroblasts and differentia-
tion of undifferentiated cells into fibrous cell lineage
(Autologous Platelet Concentrate; Arthrex, Naples, FL,
USA)

treated group and the control group in the repair
of all-sized RCTs.

To this day, significant evidence to support the
clinical use of PRP to augment RCR is lacking.
Future researches should focus on standardizing
PRP application forms and types of platelet con-
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centrates, as the difference in protocols has so far
limited the chances for proper comparisons.

7.3.1.6 Other Growth Factors
Transforming growth factor-p (TGF-f) is a fam-
ily of factors synthetized by every cell involved
in the healing process. On the other hand, normal
tendons show low concentrations of TGF-f [49,
50]. It has been discovered that higher levels of
the TGF-pl isoform are associated with a
significantly higher the formation of scar tissue,
while the TGF-f3 is linked to lower levels of
scarring tissue and better healing [41, 49]. The
potential negative effect of TGF-p1 was investi-
gated in an animal study in which TGF-1 was
delivered in a rat supraspinatus tendon tear model
leading to an increase in type-III collagen and a
scar-mediated response [51]. A study by
Kovacevic et al. [52] showed that RCR aug-
mented with a matrix containing TGF-f3 resulted
in a significantly improved strength of the repair
tissue and in a more favorable collagen I/collagen
III ratio when compared to the control group.
Within the TGF-f family, the effects of bone
morphogenetic protein (BMP) have been studied
as well, given that the formation of the enthesis
bears some similarities to the enchondral ossifi-
cation [53] and that ingrowth of bone into the ten-
don is part of the tendon-bone healing process
[54]. For example, a BMP-12-augmented RCR in
a sheep model showed, at 8 weeks postopera-
tively, tendon load to failure and stiffness two
times better as well as histologically accelerated
healing compared to controls [55]. Another study
using BMP-13 in rats demonstrated improved
mechanical strength and better histological tissue
organization at 6 weeks after RCR [56].
Fibroblast growth factors are another family
of GFs involved in tendon healing, remaining
highly upregulated during the entire healing
process, at least in some of their isoforms.
These factors stimulate in vitro the prolifera-
tion of RC tendon cells and suppress the secre-
tion of collagen [57]. Although definitive
evidence is lacking, several authors have
reported improved tendon healing after the

addition of bFGF [58, 59], with a significant
increase in tendon strength [60, 61].

VEGF-augmented RCR was studied by
Zumstein et al. [62] in a small, randomized con-
trolled trial in chronic RCTs. Doppler analysis was
performed and showed improved vascularization
in VEGF-treated patients in the early phase after
repair, but no significant difference at 12-week
follow-up as well as no clinical difference between
the treated group and the control one.

Early studies on GFs used, as a delivery mech-
anism, a single injection, usually intraoperatively,
in such a way that it does not mimic the physio-
logical expression of GFs during healing. To
address that, more sustained delivery methods
have been studied.

Vesicular phospholipid gels (VPGs) are leci-
thin and aqueous solutions able to grant a sus-
tained, adjustable local delivery of GFs, while
being non-toxic and easy to produce [63, 64].

Another delivery mechanism that has been
studied is the use of sutures coated with GFs, as
they ensure local delivery of GFs directly to the
site. Moreover, the coating of sutures with GFs
requires no additional surgical steps and does not
affect the mechanical properties of the sutures,
making it a safe way to deliver GFs locally and in
a sustainable way [65, 66].

7.3.1.7 Matrix Metalloproteinase
Inhibitors

Matrix Metalloproteinases (MMP) are enzymes
responsible for the degradation of the extracellu-
lar matrix (ECM) and are overexpressed both in
degenerated tendons and in repaired tendon tis-
sue [67] Specifically, MMP-13 seems to play a
role in this tendinopathy [68].

The effects of inhibiting the action of MMP
both locally (with alpha-2-macroglobulin) and
systemically (with oral doxycycline) have been
studied to augment RCR in animal models [69,
70]. These studies confirmed the reduction in lev-
els of local MMP-13, but yielded disparate results
as far as biomechanical outcomes were con-
cerned, emphasizing the need for further
researches on the topic.
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7.3.2 Biomechanical Augmentation

By protecting the repair in the early postoperative
period, enhancing the rate and quality of the heal-
ing [71], scaffold augmentation has led to prom-
ising outcomes and a low failure rate [72]. These
materials provide a collagen-based structure, that
over time hosts cell populations that gradually
remodel the scaffold, thus improving the quality
of the resulting tissue [73]. At the same time, they
also influence the mechanical fixation bearing up
to 45% of the total load after repair [74].

Scaffolds can be divided into two main cate-
gories: biological and synthetic.

Biological scaffolds include autografts, xeno-
grafts, and allografts, while synthetics comprises
bioengineered polymeric matrices. Efficacy of
biological scaffolds is supported by a great body
of work, showing that the addition of such grafts
reduces gap formation at the repair site, increases
load to failure and protects the repair by support-
ing a mean of 35% of load locally applied [75].
Synthetic scaffolds are on the rise thanks to good
clinical outcomes, but not without some con-
cerns, such as the limited growth potential and
possible inflammatory responses, both acute and
chronic, to foreign materials [76].

7.3.2.1 Autografts

The first autograft used for biological augmenta-
tion in RCR was the biceps tendon [77], given its
ready availability and limited donor site morbid-
ity, while providing more collagen to the repair
and, therefore, more healing potential [78]
(Fig. 7.6).

Another studied autograft was fascia lata, due to
its properties similar to those of the RC tendons [79,
80]. In recent years, it was investigated the possibil-
ity to reinforce these grafts with poly-L-lactic acid
(PLLA) or PLLA/polyglycolic acid polymer braids
to provide mechanical augmentation and minimize
tendon retraction, obtaining a reduction in gap for-
mation and better mean postoperative scores with a
lower re-tear rate on MRI [81].

Another autograft described was the cora-
coacromial ligament [82], which produced excel-
lent outcomes in terms of subjective and
functional scores and ROM, normal MRI tendon
signals, and no complications, while iliotibial
band [83] and periosteal flap [84] showed higher
rates of complications.

7.3.2.2 Allografts
These grafts are allogenic matrices produced by
decellularization of cadaveric material to reduce

Fig. 7.6 (a) Arthroscopic view. Right shoulder. Long
head of biceps tendon (LHBT) (arrow) acts as biological
augmentation to enhance healing in rotator cuff repair. (b)

Arthroscopic view. Right shoulder. Proximal biceps
stump can be used as biomechanical augmentation to rein-
force rotator cuff repair
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the risk of graft rejection [3]. They are used for
their high failure load and their ability to increase
the strength of the repaired tendon [85]. Although
a human dermal matrix was demonstrated to
bring a significant strengthening to repaired ten-
dons, complete healing on MRIs, and excellent
postoperative scores [86, 87], there have been
concerns about the possible inflammatory
response and degeneration due to the presence of
residual DNA [88].

7.3.2.3 Xenografts

Xenografts were among the first studied, and the
two main options are porcine dermal matrix and
submucosal grafts. Despite good results in other
surgical uses, the porcine submucosal grafts
proved disappointing for RCR.

Sclamberg et al. [89] found that most patients
with large retracted tears at a 6-month follow-up
showed no improvement in functional scores and
half of those actually had worse scores. Other
studies on porcine submucosal grafts had similar
results with only a minority of patients present-
ing healed tears [90, 91].

Tannotti et al. [90] reported increased pain in
patients treated with the graft, and Walton et al.
[91] reported four patients with severe reactions
needing revision surgery. This could be explained
by the strong inflammatory response most likely
due to the DNA remained in these grafts [92],
making submucosal graft not a viable option
anymore.

Porcine dermal grafts, on the other hand, have
yielded good outcomes [93-95] (Fig. 7.7). Avanzi
et al. [95] reported that RCR augmented with a
porcine dermal patch is a safe and effective tech-
nique leading to excellent clinical outcomes with
a high healing rate and close-to-normal MRI
findings. These findings might overcome the idea
that xenografts, in general, appear to be just infe-
rior to allografts due to the hardly avoidable
inflammatory response they cause, with conse-
quent inferior outcomes.

Up to date, there is no consensus whether to
prefer one type of scaffold over the other, as each
of them shows advantages and disadvantages, in

Fig. 7.7 Arthroscopic view. Right shoulder. Porcine der-
mal graft has been used as augmentation in rotator cuff
repair and fixed with a suture-bridge technique

the absence of long-term outcome studies and
paucity of randomized clinical trials.

7.3.2.4 Synthetic Scaffolds

The interest in developing synthetic, biodegrad-
able biomaterials to augment the repair of soft-
to-hard tissue interfaces has been constantly on
the rise in recent years [96, 97]. Synthetic grafts
hold such interest as they offer mechanical
strengthening of the repair while replicating the
extracellular microenvironment and at the same
time delivering biological factors and cells to
enhance healing [98, 99]. For example, Gore-Tex
patches showed high elongation values [100],
while a woven poly-L-lactide graft led to a sig-
nificant increase in ultimate load [87].

Currently, some interest raised for nanofiber
scaffolds. These synthetic scaffolds have a high
surface area/volume ratio, and they are very
adaptable: surface and dimensions can be easily
customized, they present adjustable degradation
rate and might be modified with nanotopography-
mediated cell response with stem cells or with
GFs [101].

Recent clinical studies showed encouraging
results in healing rates, biocompatibility, regen-
erated tendon area, load to failure, ROM, and re-
tear rates [86, 102], although some concerns
arose over the degradation products of the poly-
mers used to produce synthetic scaffolds [103].
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7.4  Summary

Biologic augmentation for RCR is a significant
area of research for its potential to enhance the
integration of injured soft-to-hard tissue inter-
faces improving the outcomes of RCR. Several
strategies are currently being explored such as
GFs, stem cell therapies, and biomaterials. These
strategies are used to augment the repair site and
to enhance the regeneration and integration of the
tendon—bone interface after surgery.

Despite the general enthusiasm surrounding
this new development area and early promising
results, caution should be used when drawing
conclusions on the role of biologic augmentation
in RC tears. While some scientific and clinical
data are compelling, the overall body of work is
very mixed, and results still inconclusive. For
these reasons, biologic agents merit further inves-
tigation with more rigorous testing to hopefully
define formulations and approaches that can
become gold standards in the future.
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8.1 Introduction

The glenohumeral joint examination is a part of
the shoulder examination. Whole shoulder should
be examined before the glenohumeral joint
examination. However, in this chapter, the gleno-
humeral joint examination is focused, and tests of
the glenohumeral joints are only described. Other
parts of the shoulder examination are described
in the following chapters.

It should be taken into account that precise
history is the first step to achieve true diagnosis,
like other system examinations. Thus, the exam-
iner could choose special tests to diagnosis for
the pathology, because all tests are not essential
for every patient [1, 2]. Main complaint should be
ascertained such as onset, location of the pain,
aggravating and alleviating factors, etc. Besides,
demographic features—age, gender, work, activ-
ities, hand dominance, etc.—general health con-
dition, and background of the patient should be
evaluated. Identification of features of pain is
helpful for true diagnosis [3]. Pain around the
deltoid could be especially related with glenohu-
meral joint. Bicipital grove pain could be associ-
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ated with lesion of tendon of biceps or superior
labrum. It is also important to differentiate
whether symptoms are acute or chronic. Acute
trauma forcing the shoulder external rotation and
abduction is related to dislocation or subluxation
of the glenohumeral joint or tear of the superior
labrum. However, adessive capsulitis or arthrosis
should be considered that insidious onset or chro-
nicity of the symptom and loss of the range of
motion is detected from the history of patient [4].

Inspection is the first step of glenohumeral
examination. Patients should be undressed for
inspection, and upper extremity, neck, thorax
should be checked symmetrically for atrophy of
deltoid or supra-infraspinatus, trauma (ecchymo-
sis, abrasion), infection, incision of prior surgery,
effusion (more than 15 mL fluid in glenohumeral
joint could be detected by inspection), deformity,
tumor, and scapular dyskinesia [3, 5, 6].

Palpation is the following step of the glenohu-
meral examination. All bony and soft tissue
structures around the glenohumeral joint should
be palpated for sensitivity, atrophy, swelling,
crepitus, increased temperature. But also, the
long head of the biceps tendon should be checked
for tenderness. Crepitus could be noticed by pal-
pation during the movement of the shoulder. It
could be sign of arthrosis, tendinitis, adhesive
capsulitis of glenohumeral joint [4, 7].

Range of motion (ROM) of the glenohumeral
joint should be evaluated both actively and pas-
sively. These measurements should be compared
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with the opposite shoulder. It is suggested that four
ROM should be evaluated; flexion, abduction,
internal rotation, and external rotation both at the
side and 90 of abduction [8]. Pain arises midrange
of motion for glenohumeral arthrosis and end
range of motion for adhesive capsulitis. Patients
having rotator cuff disease have limited active
ROM but near normal passive ROM [4, 5, 8].

8.2  Special Tests

8.2.1 Anterior Instability Tests

8.2.1.1 Apprehension Test

Apprehension test was described first by Row
et al. for anterior shoulder instability in 1981 [9].
This test could be performed while patient is
either in standing or lying in supine position. The
shoulder is placed at 90" of abduction and elbow
is placed at 90" flexion. While in this position,
examiner brings patients shoulder at 90 of exter-
nal rotation using one hand and performs anterior
pressure using the other hand. This maneuver
continues until patient feels apprehension or pain
(Fig. 8.1). Apprehension is much sensitive and
specific than pain [10]. Hegedus reviewed meta-
analysis of shoulder physical examination in lit-
erature. Sensitivity and specificity of the
apprehension test were reported as 65.6% and
95.4%, respectively [11].

8.2.1.2 Jobe Relocation Test

This test was defined by F. Jobe to identify sec-
ondary impingement [12]. But now, this test is
implemented to detect anterior instability with
apprehension test. Relocation test is performed
with apprehension test. First, the examiner brings
about the patient shoulder to 90" abduction and
external rotation until patient feels pain or appre-
hension. Afterwards, the examiner applies poste-
rior directed force on the anterior aspect of the
shoulder (Fig. 8.2). If patient symptom disap-
pears, this test is a positive. Relief of the pain is
more related with rotator cuff disease, posterior
SLAP lesion, and AC joint disease. Relief of
apprehension is more related with anterior insta-

Fig. 8.1 Apprehension test is presented

Fig. 8.2 Jobe relocation test is presented
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bility [13, 14]. Relocation test improves sensitiv-
ity and specificity of the apprehension test. A
meta-analysis report showed that sensitivity and
specificity of the relocation test were 64.6% and
90.2%, respectively [11]. But if relocation test
was performed with apprehension test, sensitivity
and specificity were reported as 81% and 98%),
respectively [10].

8.2.1.3 Anterior Drawer Test

Gerber and Ganz presented this test in 1984 [15].
The position of the patient is supine, and the
shoulder is over the edge of the table. The exam-
iner should stand in front of the shoulder of the
patient. Afterwards, the examiner places his/her
one hand’s index and middle finger to the spine
of scapula of the patient and his thumb to the
coracoid process of the scapula of the patient to
stabilize the scapula. The shoulder of the patient
should be abducted 80°-120°, flexed 0°—20" and,
placed in 0°-30" of external rotation. The shoul-
der of the patient is forced to anterior direction
with other hand of the examiner (Fig. 8.3), while
axial load is applied to the arm [15]. The amount
of the displacement is measured by method of the
McFarland [16]. Grades are described as follows:
grade 1, if the humeral head is moved to the gle-
noid rim; grade 2, if the humeral head is dis-
placed over the glenoid rim but reduces
spontaneously; grade 3, if the humeral head is
displaced and does not reduce spontaneously.
Sensitivity and specificity of the anterior drawer
test were reported by Farber et al. [10] as 53%

Fig. 8.3 Anterior drawer test is presented

e

Fig. 8.4 Load and shift test is presented

and 85%, respectively. However, they reported
that if anterior drawer test was combined with
apprehension, the sensitivity decreased, and
specificity increased.

8.2.1.4 Load and Shift Test

Load and shift test was presented by Hawkins
and Silliman [17]. This test is similar to anterior
drawer test. The examiner should be at back of
the patient while patient is sitting. The examiner
holds the scapula of the patient using his/her one
hand to stabilize the scapula. The shoulder of the
patient is forced in anterior direction using the
other hand of the examiner (Fig. 8.4). The amount
of the displacement is measured by the method of
McFarland [16], as anterior drawer test. Tzannes
et al. reported that sensitivity and specificity of
the load and shift test were 50% and 100%,
respectively.

8.2.1.5 Hyper Extension-Internal
Rotation (HERI) Test

This test was introduced by Lafosse et al. in

2015. Lafosse emphasized that the patient does

not feel apprehension during movements and has

no risk of dislocation throughout this test. Aim of
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Fig. 8.5 HERI test is presented

the HERI test is to measure of the glenohumeral
extension angle. Description of the HERI test is
performed for right shoulder. The position of the
patient is standing as examiner is behind of the
patient. The examiner forces the patient’s left
scapula with his/her left elbow and rises left
upper limb of the patient to stabilize the thoracic
region. The examiner holds the patient right fore-
arm with his/her right hand as the patient forearm
is pronated and elbow is extended position. The
examiner forces the shoulder of the patient to
hyperextension until feeling end point (Fig. 8.5).
This extension angle is calculated, and this test is
repeated opposite shoulder and both results is
compared. There is no study about sensitivity and
specificity of HERI test.

8.2.2 Posterior Instability Tests

8.2.2.1 Posterior Drawer Test

Gerber and Ganz presented this test in1984 [15].
The position of the patient is supine, and the
shoulder is over the edge of the table. The exam-
iner should stand in front of shoulder of the
patient. Afterwards, examiner place his/her one

Fig. 8.6 Posterior drawer test is presented

hand’s index and middle finger to the spine of
scapula of the patient and his thumb to the cora-
coid process of the scapula of the patient to sta-
bilize the scapula. The shoulder of the patient
should be abducted 80°-120°, flexed 0°=20" and
placed in 0°-30" of external rotation. The shoul-
der of the patient is forced to posterior direction
with other hand of the examiner (Fig. 8.6), while
axial load is applied to the arm [15]. The amount
of the displacement is measured by the method
of McFarland [16]. There is no enough data
about sensitivity and specificity of posterior
drawer test.

8.2.2.2 Posterior Apprehension Test

The posterior apprehension test was introduced by
Kessell [6]. This test is performed while the patient
is in sitting position. The shoulder of the patient is
brought 90" of forward flexion, adduction, and
internal rotation. Afterwards, the examiner forces
humerus to the posterior direction. If the patient
feels apprehension, test is a positive (Fig. 8.7).
There is no data to show test reliability.
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Fig. 8.7 Posterior apprehension test is presented

8.2.2.3 Jerk Test

The jerk test was introduced by Matsen et al. This
test is performed while the patient is in sitting
position [18]. Examiner is standing near the
shoulder and grasps the patient’s scapula with
one hand. Afterwards, the shoulder is brought 90°
of forward flexion, internal rotation and elbow is
flexed to 90°. Examiner grasps the patient’s elbow
and applies force to the posterior direction
(Fig. 8.8a). If a sudden jerk is detected, this test is
a positive. If the shoulder is brought to 90" abduc-
tion, the second jerk could be detected (Fig. 8.8b).
This jerk occurs resulting from the movement of
the instable humeral head. Kim et al. [19]
reported that sensitivity and specificity of jerk
test were 73% and 98%, respectively.

8.2.3 Multidirectional Instability
Tests

8.2.3.1 Sulcus Sign

Sulcus sign test was performed by Neer and
Foster to evaluate multidirectional shoulder
instability [20]. Superior glenohumeral and rota-

Fig. 8.8 Jerk test is presented. (a) Shoulder in internal rotation, 90° of forward flexion, and elbow is flexed to 90" while
being forced to posterior direction. (b) Shoulder is brought 90° of abduction
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Fig. 8.9 Sulcus sign is presented in neutral rotation (a) and external rotation (b)

tor interval could be evaluated by sulcus sign.
This test could be achieved while the patient is
sitting, standing or supine position. The examiner
brings the patient’s elbow to 90" and pull the
elbow to the downward. This test should be
repeated twice, while shoulder is in neutral rota-
tion and external rotation (Fig. 8.9). If inferior
translation is greater in external rotation than in
internal rotation, rotator interval could be lax or
torn. The measurement is made according to the
Hawkins et al. [21]. Grade I is between 0.5 and
1 cm, grade II is between 1 and 2 cm, grade 111 is
more than 2 cm. The reliability of this measure-
ment is poor [22]. Nonetheless, it was reported
that specificity of this test was 97%. However, the
sensitivity of this test was poor (28%). So, using
this test alone can cause to missing the patient
having the multidirectional instability [23].

8.2.3.2 Hyperabduction Test
The hyperabduction test was presented by
Gagey in 2000 [24]. This test evaluates inferior

glenohumeral ligament insufficiency, contribut-
ing to the multidirectional instability. The aim
of the test is to measure the range of passive
abduction. This test is performed while the
patient is sitting, elbow is flexed 90°, and fore-
arm is horizontal. The examiner stands behind
the patient. One hand of the examiner stabilizes
the scapula of the patient, and the other hand
abducts the arm until feeling movement of the
scapula or apprehension. Afterwards, the angle
of the abduction is measured (Fig. 8.10). If this
angle is higher than 105° or test is stopped due
to the apprehension of the patient, this test is
accepted as a positive. Ren et al. pointed out
that three conditions should be existed to con-
firm the results as positive: (1) deep pain, (2)
more than 20" differences with opposite side,
(3) no or soft end point. Jouve et al. reported
that if having more than 15° differences between
the two sides, sensitivity and specificity of
hyperabduction test were 77% and 91%, respec-
tively [25].
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8.3 Intraarticular Biceps Tests
(SLAP)

8.3.1 Active Compression
(O’Brien) Test

The Active Compression Test was presented by
O’Brien in 1998 [26]. This test provides to detect
SLAP (superior labral anterior and posterior)
lesion or disease of acromioclavicular (AC) joint.
The positions of the patient and the examiner are
standing, and examiner is behind the patient dur-
ing this test. The patient flexes shoulder to the 90°
while elbow is fully extended. Afterward, the

Fig. 8.10 Hyperabduction test is presented

shoulder is moved to 10-15" adduction position
and internal rotation with thumb down. The
patient is asked to resist inferior force by per-
formed the examiner. This test is repeated while
the shoulder is external rotation with thumb up. If
pain is detected on AC joint with first maneuver
and disappeared with second maneuver, the test
is considered as a positive for the AC joint pathol-
ogy (Fig. 8.11). If the patient feels pain inside the
joint with first maneuver and pain is disappeared
with the second maneuver, the test is considered
as a positive for SLAP lesion. O’Brien et al.
reported that the sensitivity and specificity of the
active compression test were 100% and 98.5%,
respectively [26]. However, in the literature, the
sensitivity and specificity of the active compres-
sion test were variable [27-29].

8.3.2 BicepsLoad Testland Il

The biceps load tests I and II were introduced to
evaluate superior labrum by Kim et al. in 1999
and 2001, respectively [30, 31]. These tests are
performed while patient is supine position.
Patient shoulder is brought to 90" abduction for
test I and 120" for test II and external rotation
while elbow is flexed and supinated, as apprehen-
sion test. The external rotation is continued until
feeling apprehension. The patient is asked to flex
the elbow against performed opposite force by
examiner (Fig. 8.12). If the patient feels appre-
hension or painful, test is considered as a posi-
tive. If the patient feels more comfortable or does
not feel apprehension, then the test is a negative.
Kim et al. [30, 31] stated that the sensitivity and

Fig. 8.11 Active compression test is presented in internal rotation (a) and external rotation (b)
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specificity of biceps load test I were 90.9% and
96.9%, respectively and the sensitivity and speci-
ficity of the biceps load test II were 89.7% and
96.9%, respectively. However, Cook et al. [32]
reported that the sensitivity and specificity of
biceps load test II were 55% and 53%, respec-
tively. Hereby, there is not enough data to men-
tion the power of these tests, yet.

Fig. 8.12 Biceps load test is presented

8.3.3 CrankTest

The crank test was performed to evaluate the
superior labrum by Liu et al. in 1996 [33]. This
test can be performed while the patient is sitting
or standing. The examiner takes position behind
the patient. The shoulder is brought about 160
abduction and is applied axial load along the
humerus. While applying axial force, the shoul-
der rotates internally and externally (Fig. 8.13). If
the patient feels pain or symptoms reproduce,
this test is a positive. Liu et al. shared their results
that the sensitivity and specificity of biceps load
test IT were 91% and 93%, respectively. However,
variable results have been reported in the litera-
ture [29, 34, 35]. Thus, it is difficult to state that
this test is reliable to detect the lesion of the supe-
rior labrum.

8.3.4 Anterior Slide Test

This test was presented to detect SLAP lesion by
Kibler in 1995 [36]. The position of the patient
can be sitting or standing during the test. The
position of the examiner is behind the patient.
The hands of the patient are placed on her or his
pelvis, while the thumb pointing posteriorly. The
scapula of the patient is stabilized by one hand of
the examiner. Afterwards, the examiner applies
force in anterior and superior directions of the
elbow, and the patient is asked to resist this force

Fig.8.13 Crank test is presented in internal rotation (a) and external rotation (b)
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(Fig. 8.14). If the patient feels pain or sensation
of the click or pop, the test is considered as a
positive. Kibler et al. (36)reported that the sensi-

tivity and specificity of anterior slide test were
78.4% and 91.5%, respectively. However, poor
results are seen in literature [34, 37]. Parentis
et al. [34] detected that the sensitivity and speci-
ficity of anterior slide test for SLAP type I and II
were 10% and 81.5%, respectively.

8.3.5 Compression Rotation Test

Compression rotation test was defined to detect
the SLAP lesion by Snyder et al. [38]. This test is
performed while the patient is supine, and the
examiner is standing beside shoulder. The shoul-
der is abducted between 20° and 90°, elbow is
flexed at 90". While the axial force is applied
from the elbow to the shaft of humerus, rotational
movement is performed to catch the torn labrum
in the joint (Fig. 8.15). If the patient feels pain or
sensation of click, the test is considered as a posi-
tive. McFarland et al. reported their results that
the sensitivity and specificity of compression
rotation test for SLAP were 24% and 76%,
respectively [39].

Fig.8.15 Compression rotation test is presented in internal rotation (a) and external rotation (b)
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9.1 History

Prior to starting physical examination, a thorough
history must be taken in patients presenting with
pain in the shoulder girdle. While taking the his-
tory, the age and profession of the patient, the
mechanism of injury if it is of trauma origin, the
localization and severity of the pain, and the
onset of symptoms should be questioned. In addi-
tion to these, the presence of activities that
increase or decrease the patient’s pain, history of
previous surgery around the shoulder, and the
presence of numbness in the fingers of the same
limb should be questioned. The results obtained
from the history will make up a pre-diagnosis of
the patient’s pathology, allowing the use of more
specific physical examination methods. For
example, in a 75-year-old patient with pain in the
anterior shoulder for 2 years, pre-diagnoses such
as chronic rotator cuff rupture and subacromial
impingement are considered, and specific tests
are performed for these pre-diagnoses. However,
in a 40-year-old patient with pain in the shoulder
girdle for 6 months and complaints of numbness
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in the fingers of the same limb, specific physical
examination tests should be selected for cervical
pathologies.

9.2  Physical Examination

After a detailed history, physical examination
should be started. As with all orthopedic exami-
nations, physical examination should begin with
inspection, palpation, evaluation of the shoulder
range of motion (ROM), and completed with spe-
cific tests.

9.2.1 Inspection

Physical examination of the shoulder girdle
should start with inspection, as with any orthope-
dic physical examination. The patient is prepared
with both shoulders fully open and is inspected by
comparison with the contralateral shoulder. While
standing in front of the patient, the presence of
deformity, swelling or dislocation is evaluated in
the sternoclavicular (SC) joint, clavicle, and acro-
mioclavicular (AC) joints. Then, the findings of
ecchymosis, edema, previous surgical scars, con-
tour, and volume difference between the pectora-
lis major muscle and its contralateral, and
auto-rupture (Popeye sign) of the biceps muscle
are assessed. When assessing the lateral side of
the patient, atrophy of the deltoid muscle, which
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may be caused by C5 spinal nerve or axillary neu-
ropathy, is evaluated. On the back of the patient,
scapular malposition and dyskinesia are assessed.
In the meantime, atrophy of the supraspinatus and
infraspinatus muscles is noted. When considering
that chronic rupture may be present in isolated
atrophy of the supraspinatus muscle, the atrophic
appearance of the supraspinatus and infraspinatus
muscles together may indicate that the suprascap-
ular nerve is compressed in the suprascapular
notch or there may be chronic rupture of both
muscles [1]. If it is isolated atrophy of the infra-
spinatus muscle, it may be due to compression
caused by a possible paralabral cyst in the spino-
glenoid notch of the suprascapular nerve [1].

9.2.2 Palpation and ROM
Assessment

Palpation is started from the cervical area, since the
pain in the shoulder and its surroundings can also
be caused by cervical pathologies. The bony land-
marks of the cervical vertebrae and the paraspinal
region are palpated for sensitivity. Positive results
should suggest degenerative cervical pathologies,
muscle strain/sprain, or cervical vertebral fractures.
Then, palpation of the shoulder area is started.
Sternoclavicular (SC) and acromioclavicular (AC)
joints are palpated for dislocation and tenderness.
The bicipital groove is then palpated for tenderness
that may be caused by pathologies in the long head
tendon of the biceps muscle or in the tendonous
part of the subscapularis muscle.

Range of motion assessment should also be
started from the cervical area. Flexion, extension,
lateral flexion, and rotation movements of the
cervical region are evaluated. The physician
should be alert to the cervical vertebra patholo-
gies in the case of the limitation of these move-
ments [2]. Then, bilateral comparative ROM
assessment of the shoulder joint should be started.
The anterior flexion, external rotation, internal
rotation, and only the shoulder abduction move-
ments of the glenohumeral joint by manually
determining the scapula of the shoulder joint by
the physician should be assessed actively and
passively. The normal range of motion of these
movements are 180°, 80°, 90°, and 90, respec-
tively. While assessing the shoulder ROMs of the

patients, the coexistence of active and passive
ROM limitation, especially in external rotation,
suggests adhesive capsulitis, while intact passive
ROMs but limited active ROMs suggest large
rotator cuff ruptures [2].

9.2.3 SpecificTests

Many specific tests have been described to detect
the origin of pain or other symptoms around the
shoulder girdle. These specific tests are used to
evaluate the pathologies originating from the cer-
vical region, subacromial impingement, and the
pathologies of the muscles that make up the rota-
tor cuff.

9.2.3.1 Cervical Spine Tests

Cervical pathologies should be considered in cases
of pain in the form of radiculopathy radiating from
the shoulder joint to the distal side and pain around
the neck. Due to the high false-positive rates of
electrodiagnostic and imaging techniques used for
the evaluation of cervical pathologies, it is essen-
tial to assess the patient with specific tests [3]. Due
to the high specificity of the tests specific to the
cervical region, they are extremely useful for phy-
sicians to detect cervical pathologies [2].

1. Spurling Test
The physician is positioned on the back of
the patient in the sitting position and makes
lateral flexion and rotation movements in the
extended neck toward the side of the pain.
Increased radicular pain and paresthesia are
considered a positive finding [4].
2. Axial Manual Traction
A traction of 15 kg is applied in the axial
direction from the head of the patient lying in
the supine position. A reduction in pain and
other symptoms is considered a positive find-
ing [5].
3. Shoulder Abduction Test
The hand of the symptomatic upper limb of
the patient who is positioned in the sitting
position is abducted over the head. A decrease
in symptoms is interpreted as a positive test [6].
4. Valsalva Test
The patient positioned in the sitting posi-
tion breathes deeply holds his/her breath and
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exhales for 2-3 s. An increase in radicular
symptoms during the test is interpreted as a
positive test [6].

9.2.3.2 Subacromial Impingement Tests

The tuberculum major, rotator cuff muscles, sub-
acromial bursa are located inferior to the AC
joint, and if contact occurs between these struc-
tures and the AC joint during shoulder move-
ments, it is referred to as subacromial
impingement [2]. Since the specific tests
described for subacromial impingement have
high specificity rates, it is possible to consider
that the symptoms are not caused by subacromial
impingement when these tests are negative [7].

1. Neer Test
The examiner is positioned on the lateral
side of the standing patient. The examiner stabi-
lizes the patient’s scapula with one hand while
passively placing the affected upper limb in for-
ward elevation. Anterior or lateral shoulder pain
is interpreted as a positive test [8]. The Neer test
alone has very high specificity for subacromial
bursitis and partial rotator cuff rupture [7].
2. Hawkins Test
The patient positioned in the standing
position is asked to place the affected upper
limb in 90° forward elevation with the arm
internally rotated. Anterior and lateral shoul-
der pain is evaluated as a positive test [9].
3. Painful Arch
The patient in standing position is asked to
place the affected limb in 180" forward eleva-
tion. Anterior shoulder pain during active
joint movement between 70" and 120’ is eval-
uated as a positive test [10].

9.2.3.3 Specific Tests for Rotator Cuff
Shoulder pain is among the most common symp-
toms of musculoskeletal problems as it occurs in
more than 60% of the entire population [11]. The
most common causes of shoulder pain include
subacromial impingement, rotator cuff rupture,
and frozen shoulder [12]. The rotator cuff consists
of subacromial muscle and tendon group sur-
rounding the shoulder joint. The subscapularis,
supraspinatus, infraspinatus, and teres minor
muscle, which is the lowest reported tear rate
(0.9%), are consisting of the rotator cuff [13].

A correct diagnosis is required to plan the
most accurate treatment or rehabilitation for
shoulder problems. A correct diagnosis depends
on taking a good patient history, specific clinical
tests, and imaging techniques [14]. In this sec-
tion, specific clinical tests for each muscle that
makes up the rotator cuff will be reviewed.

Supraspinatus Tests
1. Jobe Test
The examiner stands behind the patient in
standing position. After the affected shoulder
is placed in 90" abduction, 30" horizontal
adduction, and the arm in full internal rotation,
force is applied to the limb from top to bottom
(Fig. 9.1). Weakness or pain in the shoulder is
considered a positive test result [8].
2. Full Can Test
The only difference of this test, which is
performed in the same way as the Jobe test, is
that the arm, that is the humerus, is positioned
in 45" is external rotation and force is applied
to the limb from top to bottom (Fig. 9.2).
Weakness or pain in the shoulder is reported as
a positive test result [15]. The shoulder is posi-
tioned in the impingement position, which is
in internal rotation, during the Jobe test, while
the shoulder is positioned in the external rota-
tion to reduce false-positive results caused by
impingement during full can test [2].
3. Drop Arm Test
The patient in standing position is asked
to actively place the affect limb in 90" abduc-
tion. Afterwards, the patient is asked to
place the same limb in neutral position by
slowly lowering (Fig. 9.3). It is reported as a
positive test result if the patient is unable to
lower the limb slowly and the limb suddenly
drops [2].

Infraspinatus Tests
1. External Rotation Test
While the patient is standing, the upper

limbs in bilateral neutral position are posi-
tioned in 90° elbow flexion and the forearms
in 90" pronation (Fig. 9.4). While applying
counter resistance, the patient is asked to
externally rotate the shoulders. Muscle weak-
ness or shoulder pain is reported as a positive
test result [16].
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Fig. 9.1 Jobe test

Fig.9.2 Full can test
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Fig. 9.3 Drop arm test

Fig. 9.4 External rotation test
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. Hornblower (Patte) Sign

The examiner is positioned behind the
patient while the patient is standing. The
patient’s elbow is flexed at 90", the shoulder is
abducted at 90" in the scapular plane and
externally rotated at 45° (Fig. 9.5). While
resistance is applied by examiner from the
wrist dorsum, the patient is asked to extend
the shoulder. Muscle weakness or shoulder
pain is reported as a positive test result [17].

3. External Rotation Lag Sign (Dropping Sign)

The examiner stands behind the patient in
standing position. The elbow of the upper
limb in neutral position is flexed at 90" and the
shoulder is passively externally rotated at 45°,
and the patient is asked to remain in this posi-
tion (Fig. 9.6). The inability of the patient to
maintain this position is reported as a positive
test result [17].

Fig. 9.5 Hornblower (Patte) test
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Fig. 9.6 External rotation lag test (Dropping Sign)

Subscapularis Tests

1.

Belly Press (Napoleon) Test

The examiner stands behind the patient
in standing position. When the elbow of the
patient’s affected limb is in 90" flexion, the
patient’s palm is placed on the abdomen
(Fig. 9.7). The patient is asked to press the
palm on the abdomen with the elbow not
going behind the body. If the patient can
press the wrist on the abdomen without flex-
ing it, the test is evaluated as negative.
However, if the patient can press it on the
abdomen by flexing the wrist, a positive test
result is reported considering the deficiency
of the subscapularis muscle and the com-
pensatory effect of the posterior deltoid

muscle [18]. Its superiority to the lift-off test
is that it can be easily applied to patients
with limited internal rotation such as frozen
shoulder [2].

. Belly-off Test

The patient, patient’s upper limb, and the
examiner are positioned in the same way as
the belly press test (Fig. 9.8). While the exam-
iner supports the patient’s elbow with one
hand, s/he presses on the patient’s wrist of the
patient using the palm to bring the limb into
full internal rotation with the other hand.
When the examiner stops applying force with
his/her hands, the patient’s inability to con-
tinue the movement or flexing the wrist is
considered as a positive test result [2].
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o 3. Lift-off Test
The examiner is positioned behind the
patient in standing position. The patient’s
elbow is flexed, and the patient is asked to
place the hand dorsum on the waist (Fig. 9.9).
The patient is asked to increase the internal
rotation of the shoulder and move the hand
away from the waist. If the hand of the patient
cannot be moved away from the waist posteri-
orly, the test is considered to be positive [19].
4. Bear Hug Test
The examiner stands behind the patient in
standing position. The patient is asked to
place the palm of the hand of the affected limb
on the opposite shoulder (Fig. 9.10). The
elbow should not be lower than the shoulder
level and the fingers should be in full exten-
sion. The examiner attempts to externally
rotate the shoulder by trying to lift the patient’s
affected hand from the opposite shoulder
head. More than 20% loss of muscle strength
compared to the contralateral side is consid-
ered a positive test result [18].
5. Internal Rotation Lag Sign
The examiner is positioned behind the
patient in standing position. The patient is
asked to place the hand dorsum of the affected
limb on the waist. The examiner places the
patient’s shoulder in full internal rotation with
one hand holding the patients elbow and the
other hand holding the patient’s hand on the
waist. Afterwards, the examiner only leaves
the patient’s hand and asks the patient to
maintain the same position. If the patient can-
not maintain the position, it is considered as a
Fig. 9.7 Belly press (Napoleon) test positive test result [20].




9 Physical Examination for Subacromial and Acromioclavicular Pathologies

97

Fig. 9.8 Belly off test

Fig.9.9 Lift off test



E.A.Ozbek and A. M. Demirtas

Fig.9.10 Bear hug test
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10.1 Introduction

Radiology has several roles in the assessment and
management of shoulder disorders. First and
foremost, it gives important clues about the
underlying conditions or the exact cause of shoul-
der pain, which, frequently along with restricted
range of motion, is the most common symptom
of this joint. Second, radiological imaging pro-
vides guidance in selecting treatment choices as
well as determining the type and extent of sur-
gery to be performed in problems such as rotator
cuff tears and bony Bankart lesions. Third, imag-
ing is an important tool in the assessment of the
glenohumeral and/or acromioclavicular joints
following treatment or surgery. Last but not the
least, radiology can also be used directly in the
treatment of some conditions (e.g.,
ultrasonography-guided lavage of calcific depos-
its in calcific tendinitis) and for the intra-articular
injection of anesthetics and/or corticosteroids.
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10.2 Radiological Modalities
and Techniques of Shoulder
Imaging

Radiological armamentarium available for the
shoulder joint includes radiography, arthrogra-
phy, ultrasonography, computed tomography,
and magnetic resonance imaging. Each of these
modalities has special roles and techniques
employed in the assessment of shoulder condi-
tions ranging from traumatic to degenerative and
inflammatory to neoplastic. Selection of the
imaging modality to be used and determination
of the technical aspects of the radiological exami-
nation depend on the nature of the underlying
condition and/or presenting symptom of the
patient. It is therefore of crucial importance to
provide the radiologist with correct, relevant, and
sufficient clinical information at the time of
requesting these procedures. Sometimes, the
radiologist might change or fine-tune the modal-
ity or technique in view of the patient character-
istics or presumptive diagnosis.

10.2.1 Radiography

Similar to its use elsewhere in the musculoskele-
tal system, radiography is usually the first-line
imaging tool for the shoulder. Overall, a set of
internal and external rotation anteroposterior
(AP) views and a scapular Y view is a commonly
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used combination [1]. Internal and external rota-
tion AP views profile the middle and superior
facets of the greater humeral tubercle, and thereby
the infraspinatus and supraspinatus tendon inser-
tions, respectively. Scapular Y view shows the
glenoid joint surface en face, displaying the rela-
tionship of the humeral head with respect to the
glenoid fossa. Axillary view, which also shows
this relationship and profiles the glenohumeral
joint, is not easy to obtain in the posttraumatic
painful setting. If the arm cannot be sufficiently
abducted for the classic axillary view, modifica-
tions to the axillary view, including the Velpeau
view, can be made. Another variant of AP views
is the Grashey view, which profiles the glenohu-
meral joint and is obtained while the patients
rotate their body 45° with respect to the X-ray
detector by distancing their contralateral shoul-
der away from the detector surface. I recommend
replacing external rotation AP view with Grashey
view in routine work-up of patients with shoulder
pain as the latter profiles not only the glenohu-
meral joint but also the supraspinatus tendon
insertion, and displays the critical shoulder angle
(CSA), which was shown by multiple studies to
be a relevant predictor for the development of
either osteoarthritis or rotator cuff tears
(Fig. 10.1) [2] (see Sect. 10.3.1).

10.2.2 Arthrography

X-ray arthrography has become practically obso-
lete in musculoskeletal imaging. However, imag-
ing guidance for intraarticular or parafascial/
peritendinous/intrabursal therapeutic injections
entails the use of either X-rays or ultrasonogra-
phy. For the wrist, it is also important to follow
during arthroscopic fluoroscopy the path of the
injectate through joint compartments during
stress maneuvers. For the shoulder joint, how-
ever, MR- and CT-arthrography has essentially
replaced conventional X-ray arthrography.

10.2.3 Ultrasonography (US)

Ultrasonography is widely used in the assess-
ment of rotator cuff tendons and long head of the

Fig. 10.1 Radiographic Grashey view is a 45° oblique
anteroposterior projection that profiles the glenohumeral
joint. Critical shoulder angle (CSA) forms between a line
through the superior and inferior margins of the glenoid
cavity and a line through the inferior glenoid margin and
lateral acromial margin. Some studies suggest that a CSA
>35° correlates with rotator cuff tears and a CSA <30°
correlates with osteoarthritis of the glenohumeral joint [2]

biceps tendon (LHBT). An experienced operator
is essential for the best use of US in the shoulder.
Awareness of the imaging and positioning pit-
falls, use of an appropriate transducer and rotat-
able chairs for the examiner and the patient,
employment of specific positions of the patient’s
arm and forearm for different structures, and
examination of the contralateral side as needed
are among the key points in shoulder US. Major
downsides of shoulder US are its limited ability
to show intraarticular structures such as the gle-
noid labrum, the glenohumeral ligaments and the
joint cartilage, and its inability to display bone
marrow.

10.2.4 Computed Tomography (CT)

Computed tomography, which provides detailed
information about the bony structures of the
shoulder in a few minutes, is mostly used in the
shoulder joint to characterize and classify acute
occult or complex fractures, and to identify a
bony Bankart (or reverse Bankart) lesion as
well as to assess the glenoid bony stock [3].
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Fig. 10.2 CT-arthrography in a 59-year-old man, who
could not undergo an MRI examination because of a car-
diac defibrillator (a, fluoroscopy image obtained during
intraarticular injection). Coronal oblique (b) and sagittal

The latter is facilitated by the possibility of
excluding the humeral head from three-dimen-
sional CT images [1]. When radiography is
inconclusive for the assessment of shoulder
arthroplasty complications, CT with metal arti-
fact reduction software can show conditions
such as loosening, scapular notching, and het-
erotopic ossification [4].

oblique (c) reformatted CT-arthrography images show a
delamination tear at the supraspinatus tendon (arrows)
(perpendicular line on b refers to the section on c¢)

10.2.4.1 CT-Arthrography

After MR-arthrography began to be extensively
used in the early years of this century, CT arthrog-
raphy gained popularity, following its initial use
in patients with MR-incompatible devices and
claustrophobia (Fig. 10.2). CT arthrography
might indeed be performed as a salvage proce-
dure when what started as an MR-arthrography
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procedure needs to be modified due to unantici-
pated claustrophobia or significant patient
motion. In fact, cartilage lesions in the glenohu-
meral joint are detected on CT arthrography even
better than on direct MR-arthrography [5].
CT-arthrography is also accurate in the detection
of full-thickness and articular surface partial
tears of the supraspinatus and infraspinatus,
shows similar sensitivities and specificities with
3 T MR-arthrography in the assessment of lesions
of the proximal LHBT, effectively detects supe-
rior labrum anterior-to-posterior (SLAP) lesions,
and distinguishes between normal variants affect-
ing the anterosuperior labrum and labral-bicipital
complex [6].

10.2.5 Magnetic Resonance Imaging
(MRI)

Magnetic resonance imaging is by far the most
common cross-sectional imaging method used
for the evaluation of shoulder joint. It superbly
depicts all structures of the shoulder region rele-
vant to the practice of clinicians, be it an orthope-
dic surgeon, a rheumatologist, or a physical
therapy and rehabilitation expert. Its ability to
exquisitely show osseous structures (in condi-
tions like bone contusions, edema-like changes,
and focal or infiltrative lesions) as well as soft
tissues such as tendons, capsulolabral, and liga-
mentous structures makes MRI an excellent
imaging tool for the assessment of the musculo-
skeletal system in general and the shoulder joint
in particular. A novel imaging technique, called
zero echo-time (ZTE) MRI, allows obtaining
radiograph- or CT-like images during an MRI
examination, making it easier in some cases to
identify bony Bankart lesions and assess the gle-
noid track as well as bone stock [7, 8].

Many caveats related to MRI involve variant
anatomy (see Sects. 10.3.1 and 10.4.1), imaging
pitfalls [9, 10], and the possibility that some
shoulder conditions might be encountered in
asymptomatic persons (see Sect. 10.3.1). In other
words, what appears to be a positive finding on
MRI is not necessarily pathological or clinically
significant.

The best use of MRI in the shoulder joint
necessitates the use of a dedicated surface coil,
optimal positioning of the arm, and forearm (usu-
ally lying alongside the patient’s body with the
palm of the hand facing either the patient’s body
or the ceiling—and not the examination table)
with liberal padding to ensure avoidance of
motion artifacts, and a tailored examination with
imaging planes that best depict normal structures
and their pathological conditions. Internal rota-
tion of the shoulder during MRI results in ante-
rior capsulolabral and ligamentous redundancy
and can conceal tears at this region. Adding a
sequence obtained in ABduction and External
Rotation (ABER) would tension this region dur-
ing MR-arthrography of the shoulder, which
already helps overcome such redundancy with
intraarticular contrast distention of the glenohu-
meral joint (see Sect. 10.2.5.1).

10.2.5.1 MR-Arthrography
MR-arthrography can be performed in two ways:
indirect or direct. Indirect MR-arthrography
employs the use of an intravenously adminis-
tered contrast material, which diffuses into the
glenohumeral joint in a few minutes during
which the patients move their shoulder joint to
facilitate the diffusion; magnetic resonance
imaging then follows. Although it entails no
need for the set-up of a fluoroscopy- or
US-guided injection into the glenohumeral joint,
indirect MR-arthrography suffers from the lack
of distention of the joint in addition to the con-
trast enhancement of surrounding structures,
which might mask some of the conditions inves-
tigated. Therefore, direct MR-arthrography, in
which an injectate usually containing a gadolin-
ium-based contrast agent is injected into the
shoulder joint under imaging guidance, is much
more commonly used.

Direct MR-arthrography is the best imaging
method for the overall assessment of shoulder
joint including the rotator cuff tendons, capsulo-
labral and ligamentous structures, LHBT, and
articular cartilage. Imaging sequences built into
direct MR-arthrography also allow visualization
of the muscles and bone marrow. Although
recent studies have demonstrated gadolinium
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Fig. 10.3 Perthes lesion (arrows) denoting a non-
displaced tear of the anteroinferior labrum on a transverse
fat-saturated T1-weighted MR-arthrography image (a) in

deposition in the brain in patients with normal
renal function following intravenous gadolin-
ium-based contrast agent administration, investi-
gators of a recent study found no MRI evidence
of intracranial gadolinium deposition following
MR-arthrography [11].

From a technical standpoint, MR-arthrography
of the shoulder can be made using an anterior or
preferably a posterior approach. Anterior
approach runs the risk of contaminating the
subacromial-subdeltoid bursa by way of inadver-
tently injecting into the subcoracoid bursa (these
two bursae are connected in some patients): The
subacromial-subdeltoid bursa could have been
otherwise filled by a full-thickness supraspinatus
and/or infraspinatus tendon tear and anterior
injection might compromise the diagnosis of
such a tear, especially when it is small.

Addition of the ABER sequence to
MR-arthrography of the shoulder helps depict
better some glenohumeral joint structures and
surrounding tissues under a position relevant to
several pathologic conditions. The abduction and
external rotation position during this sequence
tensions the anteroinferior glenohumeral liga-
ment and labrum and releases tension on the
supraspinatus and infraspinatus relative to the

a 29-year-old man is better depicted on the oblique fat-
saturated T1-weighted image (b) obtained at the abduc-
tion and external rotation (ABER) position

normal coronal view obtained with the arm in
adduction. Among the lesions better shown in
this position are subtle partial-thickness articular
sided tears of the supraspinatus and infraspinatus
tendons (Fig. 10.3), subtle tears of the anteroinfe-
rior portion of the glenoid labrum (such as the
Perthes lesion) and anterior band of the inferior
glenohumeral band [12].

10.3 Imaging in Rotator Cuff

Abnormalities

Rotator cuff muscles and tendons are best dis-
played on MRI or MR-arthrography. Radiographs
are a useful adjunct in this regard and should be
the first-line imaging tool. Ultrasonography is
also being increasingly used in the assessment—
and sometimes during treatment—of rotator cuff
abnormalities.

10.3.1 Rotator Cuff Tendonosis
and Tendon Tears

Rotator cuff disorders are a major source of
shoulder pain. Rotator cuff tendinopathy is an



106

U. Aydingéz

umbrella term that encompasses tendon tears and
tendonosis (the latter covers both tendon inflam-
mation and degeneration). Tendonosis on MRI
refers to the mild signal increase within a tendon
which does not amount to fluid intensity, which
usually means a tear. Although US has been vali-
dated for the assessment of rotator cuff tears with
reported sensitivities and specificities that rival
that of conventional MRI, it is with MRI that a
more comprehensive evaluation of the shoulder,
including more accurate appraisal of articular
cartilage and labroligamentous structures as well
as depiction of the bones, is possible [13]. A
partial-thickness tear involves either the sub-
stance or the articular or, less commonly, bursal
side of a rotator cuff tendon. Considering an
expected thickness of 10-12 mm for a tendon,
small and medium tears are 3 mm deep and
3-6 mm deep, respectively, both involving less
than 50% of tendon thickness [13]. Large partial-
thickness tears, still non-communicating as the
small and medium tears, involve greater than
50% of tendon thickness. Delaminating tears are
longitudinally oriented and involve the tendon
substance, sometimes reaching the articular or
bursal surface at one (commonly the distal) end
(Fig. 10.4). Easily identified on MRI, such tears

Fig. 10.4 Coronal oblique fat-saturated T2-weighted
MR image shows a Partial thickness Articular-sided tear
with INTratendinous extension (i.e., delamination, arrow;
the so-called PAINT lesion) in the background of infraspi-
natus tendonosis

are difficult to visualize at arthroscopy. Although
full-thickness tears by definition communicate
between the articular and bursal sides of the cuff,
a small percentage of them fail to show the char-
acteristic fluid or gadolinium-based contrast
filled “communicating gap” appearance on MRI
or MR-arthrography, respectively. Instead, there
might be a heterogeneous T2 signal, likely due to
inflammation with subsequent granulation tissue
formation within the region of tear, volume aver-
aging pitfall of small tears, or coaptation of torn
tendon edges [13]. The best practice on reporting
MRI is to describe the location and three-
dimensional extent of all rotator cuff tendon tears
(partial or full thickness) (Fig. 10.5). As impor-
tant full-thickness rotator cuff tear descriptors on
MRI, tear size, degree of tendon retraction, and
degrees of atrophy and fatty infiltration of mus-
cles help guide surgical management [13].
Intramuscular “sentinel cysts” and humeral head
cysts at or near the footprints of rotator cuff ten-
dons can help in the MRI diagnosis or suggestion
of rotator cuff tears in cases with equivocal find-
ings. Anterior humeral cysts at the supraspinatus
and subscapularis tendon insertions show a high
correlation with rotator cuff disorders, whereas
cysts at the infraspinatus tendon insertion and
posterolateral “bare area” at the anatomic neck
have little such correlation, are asymptomatic
and likely related to vascular intrusions [14].
MRI findings of rotator cuff tendonosis and
tears do not necessarily correspond to shoulder
problems. In other words, asymptomatic persons
can have rotator cuff tendonosis and tears on
MRI. Up to 46% of entire population and nearly
40% of persons over 60 years of age may have
rotator cuff tears [15]. Up to 40% of elite over-
head athletes have partial or full thickness rotator
cuff tears on MRI with no reported problems [16].
Subscapularis tendon evaluation on routine
MRI is challenging. Although MR-arthrography
is quite sensitive and specific for subscapularis
tears, routine MRI has a lower sensitivity [13]. A
four-step approach to subscapularis evaluation
may improve the sensitivity of MRI: Start with
transverse fluid-sensitive images, evaluate LHBT
for evidence of subluxation, assess subscapularis
fatty infiltration or atrophy on TI-weighted
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Fig. 10.5 Coronal oblique (a) and sagittal oblique (b) fat-saturated T2-weighted MR images show a full-thickness tear

of the supraspinatus tendon with size measurements

images, and look for a tear on fluid-sensitive sag-
ittal oblique images [17].

MRI plays an important role in identifying the
“novel lesion” of the infraspinatus, which is an
isolated atraumatic rupture of the interstitial
infraspinatus (Fig. 10.6) [18]. Visualization of
such tears is challenging at arthroscopy, they may
progress to severe atrophy, and MRI guidance is
essential in surgical intervention.

Assessment of the muscle stock associated
with rotator cuff tears is an important contribu-
tion of radiological imaging. Goutallier et al.’s
staging, which was described on CT and later
modified by Fuchs et al. for MRI, and the tangent
method on MRI are routinely used in the evalua-
tion of rotator cuff muscle quality and quantity,
respectively [19, 20].

Degenerative rotator cuff disease can manifest
itself on radiographs with entheseal changes at the
tendon insertions such as osteopenia, bony sclero-
sis, surface irregularity, and cyst formation [14].
Acromion morphology based on TI1-weighted
sagittal oblique MRI may be inferiorly flat, curved
(most common), hooked (associated with
increased incidence of impingement), or convex

(upturned). Reporting on MRI of an os acromiale
is important; when unreported and if unstable,
this unfused ossification center, which normally
appears at around 15 years of age and fuses by the
age of 25 years [9], might compromise rotator
cuff surgery. Critical shoulder angle (CSA) inte-
grates two risk factors of rotator cuff tears by
quantifying the extent of acromial coverage of the
humerus and the inclination of the glenoid [2]. As
a simple and highly reproducible parameter, CSA
is a promising—yet controversial—tool for dis-
criminating between rotator cuff tears and osteo-
arthritis (Fig. 10.1). Pre- and postoperative CSA
measurements also appear to be useful for assess-
ing the retear risk [2]. Unfortunately, routine MRI
(without an isotropic 3D gradient echo or the
recently introduced ZTE sequence) is not conve-
nient for the measurement of CSA, which is read-
ily displayed on an appropriately obtained
radiographic Grashey view (see Sect. 10.2.1).
Postoperative evaluation of the shoulder for a
retear is mostly made with MRI or, better,
MR-arthrography. A 1.5 Tesla (T) system should
be preferred over 3 T MRI equipment as artifacts
created by surgical implants are more problem-
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Fig. 10.6 Coronal oblique (a) and sagittal oblique (b—d)
fat-saturated T2-weighted MR images show a retracted
(arrow, a) delaminated intrasubstance (arrows, ¢, d) tear
of the infraspinatus tendon (the “novel” lesion), associ-

atic on the latter. Metal artifact reduction
sequences need to be employed. CT-arthrography
or US may need to be substituted for MRI in the
postoperative setting. Repair does not provide a
“watertight” cuff and subacromial-subdeltoid
bursal fluid, which might even communicate into

ated with myotendinous junction edema (a, b) in a
24-year-old man who felt sudden pain during weightlift-
ing. Such tears might not be seen on arthroscopy

this bursa from the glenohumeral joint during
MR-arthrography, is not necessarily abnormal
[21]. Repaired tendon can appear heterogeneous
and thin on MRI (Fig. 10.7). Edema-like signal
can be seen at the humeral head. Fluid-filled
defect within the tendon suggests “retear.”
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Fig. 10.7 Coronal oblique fat-saturated T2-weighted
MR image shows a repaired supraspinatus tendon without
retear. Repaired tendon can appear heterogeneous and
thin on MRI

10.3.2 Rotator Cuff Tear Arthropathy

Massive tears of the rotator cuff can result in rota-
tor cuff tear arthropathy, which has characteristic
imaging findings on radiography and MRI. The
acromiohumeral interval is narrowed (<7 mm)
with superior migration of the humeral head, prox-
imal humerus is “femoralized” because of the
repetitive hitting of the greater tubercle to the acro-
mion in the absence of a buffering rotator cuff, and
“acetabularization” (rounding) of the coracoacro-
mial arch occurs as an adaptation (Fig. 10.8) [22].
The resulting secondary osteoarthritis of the gle-
nohumeral joint, with a more superiorly conspicu-
ous joint cartilage loss, is usually different from
primary shoulder osteoarthritis.

Although technically challenging to repair,
massive rotator cuff tears are not necessarily
irreparable. However, static superior migration
of the humeral head, along with a narrowed or
absent acromiohumeral interval and fatty infil-
tration affecting 50% or more of the rotator cuff
muscles, is among the signs of irreparability
and currently rotator cuff tear arthropathy is a
major indication for reverse total shoulder
arthroplasty [22].

With a massive rotator cuff tear, glenohumeral
articular and subacromial-subdeltoid bursal fluid
may gain access to the acromiohumeral (AC)
joint through an eroded inferior AC joint capsule.
This fluid can then traverse the AC joint to present
as a cystic mass overlying the AC joint under the
skin. This finding on MRI is called “the geyser
sign” and suggests rotator cuff tear arthropathy.

10.3.3 Milwaukee Shoulder

The very rare unique combination of glenohu-
meral joint effusion with hydroxyapatite crystal
deposition, rotator cuff tear(s), and rapidly
destructive arthropathy is known as “Milwaukee
shoulder” (Fig. 10.9). This condition is classi-
cally seen in the dominant hand side over 60 years
of age and predominantly females. When bilat-
eral, this condition is almost always more
advanced on the dominant side. Although shoul-
der involvement is more common, the knees and
the hips can also be affected [23, 24].

10.3.4 Adhesive Capsulitis (Frozen
Shoulder)

Although adhesive capsulitis is typically a clinical
diagnosis made on the basis of patient’s history
and physical examination, rotator cuff abnormali-
ties and osteoarthritis can sometimes cause similar
symptoms and signs, therefore necessitating imag-
ing to rule it in or out. On MRI, findings sugges-
tive of adhesive capsulitis include pericapsular
fibroinflammatory changes with thickening of the
joint capsule at the axillary pouch (>4 mm) or the
rotator interval, along with thickening of the cora-
cohumeral ligament (>4 mm on MR arthrogra-
phy) and obliteration of the subcoracoid fat
triangle (Fig. 10.10) [25, 26]. According to a recent
study, capsular thickness on MRI in the humeral
portion of the axillary recess correlates with pain
intensity and is greatest at the first of four clinical
stages; obliteration of the subcoracoid fat triangle
is also more frequent in the earlier stages [27].
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Fig. 10.8 Anteroposterior radiograph in external rotation
(a), coronal oblique fat-saturated T2-weighted (b) and
sagittal oblique T1-weighted (¢) MR images of a 77-year-
old woman show a decreased acromiohumeral distance
due to a chronic massive rotator cuff tear, “femoraliza-

tion” of the humeral head (a, b), and “acetabularization”
of the coracoacromial arch (c¢), findings characteristic of
rotator cuff tear arthropathy. Later, the patient underwent
reverse total shoulder arthroplasty (d)
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Fig. 10.9 Anteroposterior (AP) radiograph (a), trans-
verse CT (b), and coronal (c) fat-saturated T2-weighted
MR images show destruction of the glenohumeral joint
and a large effusion with calcifications (a, b) in a 53-year-
old woman, who presented with right shoulder pain and
swelling. Active range of motion was severely limited.

She had had no recent trauma to the shoulder area. Joint

aspirate revealed hydroxyapatite crystals. An AP chest
radiograph from 7 months earlier (d) was unremarkable
for this region. Current condition of the patient is there-
fore consistent with a “Milwaukee shoulder.” (Case cour-
tesy of Zeynep Maras Ozdemir, MD, Malatya, Turkey)
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Fig. 10.10 Coronal oblique (a) and sagittal oblique (b) fat-
saturated T2-weighted, and T1-weighted (¢) MR images
show thickening and edema of the joint capsule (inferior
glenohumeral ligament) at the axillary pouch (a, arrow),

10.3.5 Calcific Tendinitis

Calcific tendinitis is characterized by the deposi-
tion of hydroxyapatite crystals within the ten-
dons, most commonly of the rotator cuff. Patients
are usually middle aged (between 30 and
60 years). Although this condition is usually self-
healing with spontaneous resolution of the cal-
cific deposits and surrounding inflammation over
time, it may cause chronic moderate-to-marked
pain with functional disability.

and obliteration of the subcoracoid fat triangle by fibroin-
flammatory changes (arrows, b, ¢). The coracohumeral
ligament is also mildly thickened (arrowhead, b). All of
these findings are consistent with adhesive capsulitis

Magnetic resonance imaging exquisitely
shows calcific deposits surrounded with soft tis-
sue or bone inflammation. It is important to cor-
relate the findings on MRI with radiography as
small deposits might be subtle. For small depos-
its at the distal aspects of rotator cuff tendons,
T1-weighted sagittal images are especially useful
as tendons at this location are otherwise suscep-
tible to the so-called magic angle phenomenon
and would not usually display the hypointensity
that could have masked such deposits. The novel
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Fig. 10.11 Coronal oblique (a, b) and transverse (c) fat-
saturated T2-weighted MR images show in three different
patients migration of the calcific tendinitis deposits

ZTE sequence also exquisitely displays such cal-
cifications on MRI.

Migration of the calcific deposits into the bur-
sae, humerus, and into the muscle belly can also
occur and is easily depicted on MRI or CT
(Fig. 10.11). Such migrated deposits and their sur-
rounding inflammation can also subside over time.

Ultrasonographic appearance of calcific
deposits are classified as hard (hyper-reflexive
nodule with a well-circumscribed dorsal acous-
tic shadow), soft (well-circumscribed, homoge-
neous hyperechoic foci without posterior

(arrows) into the humeral head, subdeltoid bursa, and
infraspinatus muscle belly, respectively. Active inflamma-
tion surrounds the migrated deposits in each case

shadow), and fluid (hyperechoic peripheral
rim with hypoechoic/anechoic center) [28].
Ultrasonography-guided percutaneous irriga-
tion of calcific deposits is a valid treatment
option as it is less invasive, quicker and with
less post-procedural complication in compari-
son to arthroscopic removal (Fig. 10.12) [28].
Although different US-guided techniques and
approaches have been reported using one or two
needles of different sizes to remove calcium, no
definite evidence exists in favor of using a spe-
cific size or number of needles [28].
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Fig. 10.12 Ultrasonography-guided percutaneous irriga-
tion (a) of a calcific deposit (arrow) that migrated into the
subdeltoid bursa in a 71-year-old woman (needle, dashed
arrow). Grashey projection radiographs before (b) and

10.4 Imaging in Shoulder Instability
Radiography is the first-line imaging tool in the
assessment of shoulder instability. In the acute set-
ting, radiographs readily show the dislocation.
Humeral head and glenoid fractures that are fre-
quently associated with shoulder dislocations are

’

i 9

after (c) the procedure show nearly complete removal of
the calcific deposit. Calcium deposits layer (arrow, d) in
the syringe filled with the fluid that was withdrawn after
irrigation with physiologic saline

also displayed on the standard trauma series, which
usually comprises an AP view (neutral or with
internal/external rotation), the scapular Y view, and
the axillary view (or one of its modifications).
Nevertheless, CT with 3D reconstructions is widely
used to quantify bone stock in deciding and plan-
ning surgery. Magnetic resonance imaging is the
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preferred cross-sectional imaging modality for the
comprehensive assessment of bone and soft tissue
lesions. Although MR-arthrography has little or no
role in the acute setting (because of the usual pres-
ence of a joint effusion already creating an arthro-
graphic effect), it exquisitely demonstrates in later
stages capsulolabral as well as bony injury and
rotator cuff tendon tears that might be associated
with shoulder dislocation. MR-arthrography has a
sensitivity of 88%—-96% and a specificity of 91%—
98% in the evaluation of glenoid labrum lesions
[29]. In the last decade, the widespread availability
of 3 T with improved image quality has somewhat
decreased the use of MR-arthrography.

10.4.1 Anterior Instability

Concomitant bone injuries of the glenoid and
humeral head, which are detected in up to 80% of
patients with anterior shoulder instability, predis-
pose to recurrent episodes of anterior shoulder
dislocation with a cumulative effect depending
on size and location [29]. Both posterolateral
humeral head impaction fracture (Hill-Sachs
lesion) and, more importantly, anterior glenoid
rim fracture are important to characterize and
quantify preoperatively because of their impor-
tance in prognosis and surgical guidance.

Soft tissue lesions of anterior shoulder instabil-
ity include Bankart, Perthes, anterior labroliga-
mentous periosteal sleeve avulsion (ALPSA),
glenoid labrum articular disruption (GLAD), and
humeral avulsion of the (inferior) glenohumeral
ligament (HAGL) lesions (Fig. 10.13). The most
commonly torn rotator cuff tendon in anterior
shoulder dislocation is the subscapularis [29]. In
soft tissue Bankart lesions, which occur at the
anteroinferior aspect of the glenoid (3—6 o’clock),
both the labrum and its capsular insertion along
with the glenoid periosteum are torn, and the
labrum may be partially or completely detached
from the glenoid rim. In a recent study, Bankart
tears demonstrated on MR-arthrography fluid sig-
nal more often (92%) on T2-weighted images than
gadolinium-based contrast signal (76%) on
T1-weighted images, suggesting that resynovial-
ization could cause joint fluid to be trapped beneath
the tear [29, 30]. Perthes lesion denotes a non-dis-

placed tear of the anteroinferior labrum and the
inferior glenohumeral ligament (IGHL), whereby
the glenoid periosteum remains intact. Since the
labrum remains anatomically positioned, this
lesion may be overlooked at arthroscopy. With the
addition of ABER sequence to MR-arthrography,
Perthes lesions become often more conspicuous
(Fig. 10.3) [29]. GLAD lesion refers to the pres-
ence of articular cartilage injury (in the form of
fibrillation, erosion, impaction, detachment, or
delamination) adjacent to a non-displaced tear of
the anteroinferior labrum. The periosteum and the
IGHL usually remain intact. Both the HAGL
lesion, characterized by humeral avulsion of the
IGHL, and glenoid avulsion of the IGHL are exqui-
sitely shown on MRI or MR-arthrography. Either
type of these lesions can sometimes present with a
detached bony fragment at the humeral or glenoid
side (radiography correlation is particularly useful
since MRI might not readily show small bony frag-
ments). A “floating” anterior IGHL results from the
rare occurrence of a HAGL lesion with a concomi-
tant anteroinferior capsulolabral tear [29].

It is more important and relevant for the radiolo-
gist to describe the injured structures and the extent
of injury along with the presence of any displace-
ment rather than to furnish a pinpoint term-based
diagnosis. Although anatomic variants such as a
sublabral foramen (a gap between the anterosupe-
rior labrum and the glenoid) and the Buford com-
plex (cordlike thickening of the middle glenohumeral
ligament in the absence of the anterosuperior
labrum) can be seen on shoulder MRI, it is impor-
tant to realize that there is an association between
these conditions and a superior labral tear likely due
to increased stress on the bicipitolabral complex [9].

In anterior and anteroinferior dislocations, the
Pico method, which utilizes a best-fit circle
drawn on the glenoid joint surface on CT recon-
structions showing the glenoid en face, accu-
rately quantifies glenoid bone loss and is
associated with recurrent dislocation when above
20% (Fig. 10.14) [29].

With the better visibility of rotator cuff inser-
tion than on CT and the possibility of producing
CT-like images with the recently introduced ZTE
sequence [7, 8], MRI affords a better feasibility
of determining whether the bipolar (i.e., humeral
and glenoid) bone lesions (Hill-Sachs and bony
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Fig. 10.13 Transverse fat-saturated T2-weighted MR (a)
and fat-saturated T1-weighted MR-arthrography (b, ¢)
images show Bankart, Perthes, and anterior labroligamen-
tous periosteal sleeve avulsion (ALPSA) lesions (arrows)

Bankart lesions, respectively) are “on-track” or
“off-track” [29]. Bipolar bone lesions are consid-
ered “off-track” and at risk for engagement (i.e.,
recurrent dislocation and the need for revision
surgery) if the Hill-Sachs interval (HSI) is greater
than the glenoid track. HSI is composed of the
Hill-Sachs impaction fracture width plus the
intact bone bridge width between the Hill-Sachs
lesion and the medial edge of the rotator cuff ten-
don insertion on transverse MR images. The gle-
noid track is given by the formula: 0.83 x (D-d),

in three different patients. Conventional MRI in the
patient with Bankart lesion (a) was obtained shortly after
trauma and shows moderate joint effusion, obviating the
need for an MR-arthrography (b, ¢)

where D represents the diameter of the intact gle-
noid as outlined in a circle en face as in the Pico
method, and d represents the amount of anterior
glenoid bone loss (both in millimeters). Bone
lesions associated with anterior instability are
considered on-track and not at risk for engage-
ment (and recurrent dislocation) if the HSI is less
than the glenoid track [29, 31]. The recom-
mended treatment strategy for on-track and off-
track lesions depending on the glenoid bone loss
being <25% or > 25% is different [31].
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Fig. 10.14 Imaging-based pre-operative assessment of
the glenoid stock utilizes a best-fit circle drawn on the gle-
noid joint surface on a three-dimensional CT reconstruc-
tion showing the glenoid en face, which in this patient also
features a bony Bankart lesion (arrow)
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10.4.2 Posterior Instability

The much less common condition of posterior
shoulder instability also has imaging findings.
Radiographs can show an engaged posterior
shoulder dislocation or its sequelae. Radiographic
findings on AP projection include the absence of
normal overlap of the humeral head and glenoid,
the “lightbulb sign,” which denotes the fixed
internal rotation of the humerus, and the “trough
sign,” which refers to the double contour of the
medial humeral head representing the long axis
of a reverse Hill-Sachs fracture parallel to the
normal medial cortex (Fig. 10.15) [14]. Reverse
Hill-Sachs lesion (also known as McLaughlin
lesion), which is an impaction fracture at the
anteromedial aspect of the humeral head and
reverse bony Bankart lesion at the posteroinferior
glenoid rim are usually better seen on CT and
MRI. If more than 30% of the articular surface is
involved in a reverse Hill-Sachs lesion or when
there are associated injuries of the posterior cap-
sulolabral ligamentous structures, the risk of
instability increases [32]. Soft tissue lesions
associated with posterior dislocation include
reverse Bankart lesion, posterior labrocapsular

Fig. 10.15 A neutral anteroposterior radiograph of the
shoulder (a) displays the “trough sign,” created by the
double contour of the medial humeral head representing
the long axis of a reverse Hill-Sachs fracture parallel to

the medial cortex (arrows). Transverse MR image (b) in
another patient, who likewise sustained a posterior shoul-
der dislocation, shows an engaging reverse Hill-Sachs
lesion
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Fig. 10.16 Transverse fat-saturated T2-weighted MR
image (a) shows a dysplastic posterior glenoid (arrow) in a
young adult. A composite fat-saturated proton-density MR
image showing both shoulders (b) and a coronal
T2-weighted MR image (c) show left-sided glenohumeral

periosteal sleeve avulsion (POLPSA), and Kim
lesion, which is a superficial tear between the
posterior glenoid labrum and glenoid articular
cartilage without labral detachment.

Glenoid dysplasia, which is a congenital
abnormality likely resulting from underdevelop-
ment of the inferior glenoid ossification center,
predisposes to posterior instability. In this
condition, the scapular neck and the humeral head
can be hypoplastic and humeral neck can display

dysplasia due to obstetric brachial plexus palsy in an infant
with lower cervical spinal nerve root avulsions that resulted
in meningeal cysts/diverticula (arrow, ¢). Note retroversion
of the left glenoid cavity with subluxation of the left
humeral head and atrophy of the rotator cuff muscles (b)

varus deformity. MRI shows a dysplastic poste-
rior glenoid with compensatory hypertrophy of
the posterior cartilage and/or labrum (Fig. 10.16a).
Glenohumeral dysplasia due to obstetric brachial
plexus palsy produces MRI findings that can be
observed in infants as young as 3 months [33] and
include retroversion of the glenoid cavity, devel-
opmental delay, posterior translation/subluxation
of the humeral head, and atrophy of the rotator
cuff muscles (Fig. 10.16b, c).
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10.5 Imagingin Some Other

Shoulder Conditions

10.5.1 Long Head Biceps Tendon
Lesions

Long head of the biceps tendon (LHBT) lesions
occur most commonly at the subacromial part of
this tendon (i.e., at the rotator interval) and they
are an important pain generator. Since clinical
tests are often equivocal, imaging plays an impor-

tant role in ascertaining these lesions. One com-
monly encountered lesion on shoulder MRI is
LHBT tendonosis either by itself or in combina-
tion with rotator cuff conditions. A systematic
review of the literature showed that chronic
LHBT tendinopathy is associated with chronic
supraspinatus tendinopathy [34]. It is imperative
to follow the LHBT on all three MRI planes as it
courses around the humeral head to insert on the
supraglenoid tubercle (Fig. 10.17).

Fig. 10.17 Transverse (a), coronal oblique (b), and sag-
ittal oblique (c) fat-saturated T2-weighted MR images
show tendonosis of the long head biceps tendon (LHBT,

arrows). Note also tendonosis of the supraspinatus tendon
(dashed arrow, b)



120

U. Aydingéz

S——— A

Fig.10.18 Biceps pulley and the intraarticular portion of
the long head biceps tendon (LHBT). Sagittal T1-weighted
MR-arthrography image shows the coracohumeral liga-
ment (CHL, white arrow) and the superior glenohumeral
ligament (SGHL, black arrow) anteriorly enveloping the
biceps tendon long head (asterisk)

MR-arthrography superbly shows the LHBT
and its supporting structures (mainly the biceps
pulley) [35]. Biceps pulley is defined either
somewhat narrowly as the ligamentous sling con-
sisting of the CHL and SGHL (Fig. 10.18) or
more broadly as the entire stabilizing structure
for LHBT consisting of the CHL, SGHL, and
upper border of the subscapularis tendon as well
as the anterior border of the supraspinatus ten-
don. Biceps pulley guides and stabilizes the
LHBT during its deflection from the intraarticu-
lar horizontal segment to the extraarticular verti-
cal portion. It prevents medial subluxation of the
LHBT, along with which it also stabilizes the
shoulder against superior translation. The latter is
especially important in patients with supraspina-
tus tendon tears.

It is important to realize that shape variations
and slightly eccentric position of LHBT within
the humeral groove on MRI can also be seen in

healthy volunteers [36]. Medial subluxation of
the LHBT usually implies a subscapularis tendon
lesion and biceps pulley tear. This finding on
MR-arthrography is highly specific but not very
sensitive [35]. The signs of nonvisibility or dis-
continuity of the SGHL and caudad and/or ante-
rior displacement of the LHBT relative to the
subscapularis tendon on MR-arthrography have
higher sensitivity (with quite high specificity) for
biceps pulley tears.

Biceps pulley lesions are often associated with
supraspinatus and/or subscapularis tendon tears
and SLAP tears. Therefore, all relevant structures
need to be carefully assessed on MR-arthrography
images. LHBT can dislocate superficial or deep
to the subscapularis tendon, depending on which
pulley components are torn (Fig. 10.19) [37].

10.5.2 Distal Clavicular Osteolysis

As arecognized cause of shoulder pain, distal cla-
vicular osteolysis can mimic physical examina-
tion findings—as well as symptoms—of rotator
cuff injury and labral tears, with which it can co-
exist [38]. It typically follows an acute traumatic
incident or, more commonly, chronic repetitive
stress to the acromioclavicular joint (usually
related to weightlifting and overhead sports).
Initial radiographs may be normal; later periosti-
tis, resorption, and/or osteopenia at the distal clav-
icle can be seen. This condition is seen on MRI as
a stress reaction in the form of bone marrow
edema/contusion sometimes accompanied with a
frank stress fracture (Fig. 10.20a), before charac-
teristic osteolysis of distal clavicle (Fig. 10.20b) is
visible on conventional radiographs.

10.5.3 Nerve Compression or
Entrapment

Suprascapular nerve compression or entrapment at
the levels of suprascapular or spinoglenoid notches
can result in denervation changes at the supraspina-
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Fig. 10.19 Craniocaudally consecutive transverse fat-
saturated proton-density MR images (a—c) show a medi-
ally dislocated long head biceps tendon (LHBT, arrows)

tus and infraspinatus muscle bellies or only infra-
spinatus muscle belly, respectively (Fig. 10.21).
Teres minor denervation changes on MRI
have an incidence of 3% (Fig. 10.22) [39].
Quadrilateral space syndrome results from the
compression of axillary nerve or one of its major
branches in the quadrilateral space, affecting the
deltoid and/or teres minor. Axillary nerve is sus-

crossing the torn distal portion of the subscapularis tendon
(dashed arrows)

ceptible to injury not only in its segment at the
quadrilateral space but also as it courses around
the glenoid and posterior capsule and can be
injured by repetitive microtrauma associated
with humeral head instability [13]. Preservation
of teres minor muscle bulk and function is an
important prognostic factor in reverse shoulder
arthroplasty and tendon transfers [40].



122 U. Aydingéz

Fig. 10.20 Transverse fat-saturated T2-weighted MR  resorptive changes (arrow) characteristic of distal clavicu-
image (a) displays a subchondral insufficiency fracture lar osteolysis in another patient who displayed distal cla-
(arrow) surrounded with bone marrow edema-like signal.  vicular bone marrow edema-like changes on MRI
Anteroposterior radiograph in internal rotation (b) shows

Fig. 10.21 Coronal oblique (a) and sagittal oblique scapular nerve compression that resulted in denervation
T2-weighted (b) MR images show a paralabral cyst cen-  changes at the infraspinatus muscle (arrows), sparing the
tered at the level of the spinoglenoid notch causing supra-  supraspinatus
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Fig. 10.22 Sagittal oblique TI1-weighted MR image
shows isolated atrophy of the teres minor (arrow) with
Goutallier stage 2 (or Fuchs grade 2) fatty infiltration in a
43-year-old man who sustained a fall several months ear-
lier. A branch of the axillary nerve might have been injured

10.5.4 Enchondroma

Differentiating an enchondroma from a low-
grade chondrosarcoma affecting the appendicular
skeleton (proximal to the metacarpals and meta-
tarsals) is challenging even for pathologists, who
take into account parameters such as cellularity,
number of mitoses, and cellular atypia. Some

radiological features can be helpful in these
instances. Deep endosteal scalloping more than
two-thirds of the cortex is associated with an
increased risk of malignancy (Fig. 10.23) [41].
Other clinical and imaging features that favor
chondrosarcoma include pain related to the
lesion, cortical destruction and soft-tissue mass,
periosteal reaction, and marked uptake of radio-
nuclide (greater than the anterior iliac crest) at
bone scintigraphy. MRI is the best imaging
modality to follow up cartilage matrix lesions
after treatment with curettage and cementing.

10.6 Conclusion

Radiological assessment is essential in address-
ing a wide range of shoulder problems. The com-
bination of radiography with MRI and/or
MR-arthrography is the most commonly used set
of imaging tools. Computed tomography is use-
ful for further assessment of fractures and dislo-
cations and helps in surgical planning. Zero
echo-time (ZTE) imaging, which is a recently
introduced MRI sequence producing CT-like
images, may obviate the need to obtain additional
or complementary CT for glenoid stock estima-

tion and  glenoid  track  assessment.
CT-arthrography needs to be considered when-
ever there is a contraindication for

MR-arthrography. Ultrasonography is used in the
shoulder mostly for the evaluation of bursitis,
rotator cuff and LHBT abnormalities, as well as
for guidance during MR- and/or CT-arthrography,
and percutaneous irrigation of calcific tendinitis.



U. Aydingéz

£ SN

Fig. 10.23 An incidental lesion with stippled calcifica-
tion in the proximal left humerus metaphysis was encoun-
tered on a posteroanterior chest radiograph (a). Coronal
T1-weighted pre- (b) and post-contrast (¢), and sagittal
oblique fat-saturated T2-weighted (d) MR images show a

lesion with chondroid matrix that features ring and arc
type enhancement (c) and internal calcifications. The thin-
ning of the cortex medially (arrows, b—d) suggests malig-
nancy (i.e., low-grade chondrosarcoma)
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11.1  Introduction

The shoulder joint, also known as the glenohu-
meral joint, is the most mobile joint in the body.
It is resistant to compression and distraction
forces due to the harmony between the glenoid
and humerus [1]. The glenoid is concave and
pyriform, with a narrow upper side and wide
lower side. The glenoid cavity is covered with
hyaline cartilage that tapers in thickness from the
outer part to the center. Cartilage thickness is low
in a small area in the center, and although it
appears like a defect, this is a normal finding. The
glenoid labrum, which is a fibrocartilaginous
structure, surrounds the joint surface like a ring
and contributes to joint stability by increasing the
depth of the glenoid cavity. The glenoid cavity,
together with the glenoid labrum, is approxi-
mately 9 mm deep in the superoinferior (vertical)
direction and approximately 5 mm deep in the
anteroposterior  (horizontal) direction  [2].
Whereas the glenoid labrum is firmly attached to
the joint cartilage at the inferior region, it is loose
and mobile at the superior region. In contrast, the
variations in the thickness of the humeral articu-
lar cartilage exhibit the opposite pattern to that of
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the glenoid articular cartilage; the surrounding
cartilage thickness is approximately 1 mm, which
increases in the range of 1.2—1.3 mm at the center
of the humeral head [3].

Glenohumeral joint degeneration is similar to
osteoarthritis of other joints. It is the third most
common joint affected by degenerative diseases,
after the knee and hip joints [4, 5]. However, pri-
mary osteoarthritis of this joint is less common
since it is not a weight-bearing joint like the knee
and hip joints. Glenohumeral joint osteoarthritis
(GHJ-OA) is a progressive, degenerative disease
of the capsular and bone structures of the joint,
particularly of the glenohumeral joint articular
cartilage. This disease develops after numerous
mechanical and biochemical processes [6] and
leads to osteophyte formation that results in sub-
chondral sclerosis, labral lesions, loose bodies,
articular cartilage defects, and capsular thicken-
ing. Cartilage lesions are not uncommon even in
young patients and are often detected during
arthroscopic procedures performed due to vari-
ous pathological conditions [7-9]. Small carti-
lage lesions associated with rotator cuff or
glenohumeral ligament damage cause different
topographic stresses in various regions of the
joint surface [10]. If left untreated, these lesions
can progress to degenerative osteoarthritis. Since
the glenohumeral joint cartilage cannot self-
renew, GHJ-OA can occur rapidly even after
minor lesions such as instability or rotator cuff
injury [10]. GHJ-OA is a disabling condition
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characterized predominantly by pain, stiffness,
and subsequent decreased functional activity. It is
often complicated by secondary adhesive capsu-
litis due to incompatible joint surfaces, osteo-
phytes, and capsular scarring. Moreover, it is
frequently concurrent with subacromial bursitis,
acromioclavicular joint arthritis, labral tears, ten-
dinopathy of the long head of the biceps tendon,
and adhesive capsulitis [11]. Hence, treatment of
these conditions is as important as chondral
injury treatment.

Several surgical options are available to man-
age primary GHJ-OA, including simple
arthroscopic joint debridement [12] and more
complex techniques such as resurfacing using
fascia lata or meniscus transplantation [13],
osteochondral autologous transplantation [14],
resurfacing arthroplasty [15], and total arthro-
plasty [16]. If detected at an early stage, minor
joint injuries can be treated non-operatively.
More severe joint cartilage damage that causes
pain or leads to limitation or loss of function
needs to be evaluated carefully. The extent of
joint damage and life expectancy of the patient
should also be considered in the treatment plan.
For example, total joint arthroplasty is not suit-
able in young patients due to higher incidence of
component failure and worse outcome scores.

11.2 Epidemiology

Although it is less common than osteoarthritis of
large joints such as the hip and knee, GHJ-OA is
important because it causes disability at least as
much as these joints. The glenohumeral joint is
the second most common site of chronic pain
after the knee joint; however, GHJ-OA is rare
[17]. Symptomatic chondral lesions of the gleno-
humeral joint have been reported to have an inci-
dence of 5-17% [18, 19]. The prevalence of this
condition increases gradually over the age of
45 in men and above the age of 55 in women,
whereas its prevalence is 32.8% in both sexes
above the age of 60 [20, 21]. The incidence of
GHJ-OA is high in women and increases between

the ages of 60 and 70 [22, 23]. It may also occur
in patients with shoulder instability in the age
group of 3040 years [21].

Etiologically, GHJ-OA should be evaluated in
two categories as primary and secondary. Primary
GHJ-OA is less common than secondary GHJ-OA
and is more common in women, whereas second-
ary GHJ-OA is more common in men [21].
Whereas incomplete rotator cuff lesion, trau-
matic/atraumatic instability, and frozen shoulder
are the three most common causes of GHJ-OA
under the age of 45, full-thickness rotator cuff
tears, degenerative joint disease, and frozen
shoulder are among the most common causes
above this age [24].

11.3 Classification Based
on Etiology

Similar to knee joint lesions, shoulder cartilage
lesions are classified according to the Outerbridge
classification system [25]. Grade O is normal car-
tilage structure; Grade I refers to softened and
swollen cartilage; Grade II refers to fragmenta-
tion and fissure formation that do not reach sub-
chondral bone or exceed 1.5 cm in diameter;
Grade III refers to fragmentation and fissure for-
mation extending to the level of subchondral
bone in an area with a diameter >1.5 cm; Grade
IV refers to loss of cartilage approaching or tran-
sitioning to the subchondral bone.

Walch classification system of glenoid mor-
phology is also used to classify glenoid pathol-
ogy in primary osteoarthritis as follows: Type A
is central or symmetrical arthritis without poste-
rior subluxation of the humeral head. Type Al
has little central wear or erosion, whereas Type
A2 has severe or major central wear or erosion.
Type B is characterized by asymmetric arthritis
with posterior subluxation of the humeral head.
Type Bl is characterized by narrowing of the
posterior joint space, subchondral sclerosis, and
osteophytes without pronounced glenoid erosion.
Type B2 has pronounced or obvious wear of the
posterior glenoid that creates a biconcave appear-
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ance of the glenoid. Type C is characterized by
more than 25° of glenoid retroversion, regardless
of glenoid erosion or the position of the humeral
head relative to the glenoid [26, 27].

11.4 Primary GHJ-OA

Primary GHJ-OA is less common than osteoar-
thritis in the knee or hip. In primary GHJ-OA, the
glenoid cavity is mainly affected, whereas the
humeral head is affected less [24]. The cause of
primary GHJ-OA is largely unknown. It typically
results in posterior glenoid wear, whereas poste-
rior humeral head subluxation occurs in up to
50% of affected shoulders [28]. Rotator cuff tear
occurs in less than 5—10% of the cases of primary
GHJ-OA [28]. Joint space narrowing occurs most
often in the lower humeral head with the forma-
tion of periarticular osteophytes. Symptoms
develop gradually, and in the long term; patients
have shoulder pain that lasts for many years and
increases in severity [21]. Further, positional
shoulder pain could occur, which gets worse
when lying on the side of the affected shoulder
[21]. Joint movement is gradually restricted.
After the anterior structures are stretched due to
degeneration, the external rotatory movement is
restricted first, and patients complain of friction
and crepitation with movement of the arm [24,
29]. Despite marked degeneration of the joint
observed by radiography, patients may present
with only limitation of movement rather than
pain [29]. There are many etiologies, including
idiopathy, inflammation, autoimmune disorders,
post-infectious arthritis, shoulder instability, and
even iatrogenesis.

11.5 Secondary GHJ-OA

Secondary GHJ-OA is often caused by trauma,
inflammatory diseases, acute or recurrent dislo-
cation, or previous surgery. Rotator cuff lesion is

observed in 76-92% of patients with GHJ-OA
[30]. Full-thickness rotator cuff tears contribute
to the development of GHJ-OA due to joint insta-
bility and deterioration of perfusion due to the
leakage of joint fluid into the subacromial space
[31]. In a cadaver study, it was found that articu-
lar cartilage degeneration was two times higher
in patients with rotator cuff tears [32]. Further,
shoulder instability is an important cause of sec-
ondary GHJ-OA in young people [11]. Arthritis
is frequently seen in these patients. It is believed
to be caused by repetitive trauma to the articular
surfaces of the joint, abnormal loading of the
joint surfaces and “over-tightening” of the joint
with instability operations. Whereas iatrogenic
chondrolysis has been reported in patients with
shoulder injuries treated by thermal capsulorrha-
phy [33].

Another cause of GH arthritis in the young
patient is inflammatory arthropathy, especially
juvenile rheumatoid arthritis [34]. Therefore, a
significant proportion of these young patients
will need shoulder arthroplasty [35, 36].
Avascular necrosis of the shoulder is rare; it is
most common in adults of the age group 20-50.
Non-traumatic osteonecrosis occurs in the
humeral head, the second most common region
affected, after the femoral head [37]. Subsequent
to various known risk factors such as hip osteone-
crosis, interosseous pressure increases, and bone
death occurs. Corticosteroid use is reported as the
most common reason for this [37]. Although
sickle cell disease, alcohol abuse, and coagula-
tion disorders are also among the causes of osteo-
necrosis, many cases are idiopathic [38, 39]. In
addition, adhesive capsulitis is a factor; GHJ-OA
and adhesive capsulitis may occur simultane-
ously and may be difficult to distinguish clini-
cally. Moreover, secondary GHJ-OA can occur
due to less common conditions such as glenoid
dysplasia and osteochondritis dissecans [40].
Glenoid dysplasia is rare in the general popula-
tion (—14%), it has been demonstrated to predis-
pose patients to early osteoarthritis [41].
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11.6 Clinical Evaluation

Patients rarely present with isolated cartilage
damage in the shoulder. Such conditions are
often accompanied by secondary injuries that
cause pain. Determining the occupation and
physical activities of the patient is highly effec-
tive in determining the etiology, patient’s expec-
tations of treatment, and the treatment strategy of
the surgeon. Prior history of any trauma or shoul-
der surgery should be assessed. Patients gener-
ally present with symptoms of pain, joint
swelling, stiffness, and crepitation.

In cases of GHJ-OA, physical examination of
joint movement reveals crepitation, pain, and
limitation in passive movement, whereas muscu-
lar strength is unaffected. Range of motion should
be evaluated both passively and actively using
parameters such as passive abduction, forward
flexion, and internal and external rotation
(adduction and 90° of abduction). Palpable or
audible clicks with shoulder motion may indicate
bursitis, biceps tendon pathology, or osteophytes.
Comparative evaluation of the ranges of motion
of the affected and non-affected shoulders should
be performed. Pain is often felt in the front and
sides of the shoulder and deep along the deltoid,
which may be accompanied by locking and freez-
ing of the glenohumeral joint. Whereas pain dur-
ing full abduction and flexion suggests
impingement, pain during mid-abduction or mid-
flexion of the shoulder mostly suggests a chon-
dral lesion [23].

11.7 Imaging
The diagnosis of GHJ-OA is made by direct radi-
ography. However, magnetic resonance imaging
(MRI) is used to evaluate additional pathologies.
However, direct radiographic findings related to
osteoarthritis, such as joint space narrowing and
subchondral cysts, emerge in the advanced stage
of the disease [42]. True anteroposterior radiog-
raphy (Grashey radiography: arm in 45° internal
rotation) as well as lateral scapular (scapular out-
let) and axillary (arm in abduction, cassette in
superior) radiography are performed (Fig. 11.1a—c).
Osteophytes in the glenoid and humeral head at
the inferior position are the classic radiological
finding on direct radiography. Subchondral scle-
rosis and cystic changes occur in the superolat-
eral part of the humeral head and in the central
part of the glenoid. Weinstein et al. defined a
four-stage  radiographic  classification  of
GHJ-OA. Stage I includes normal radiographs;
however, there is arthroscopic evidence of joint
cartilage changes. Stage I includes minimal joint
narrowing, both in the humeral head and glenoid,
whereas Stage III includes moderate joint nar-
rowing with early inferior osteophyte formation
(Fig. 11.1d). Finally, Stage IV includes severe
loss of joint space with osteophyte formation and
loss of concentricity between the humeral head
and glenoid [12].

In the early stages of the disease, MRI may be
useful for evaluating chondral lesions (Fig. 11.2).
Thus, both chondral and soft tissue pathology can

Fig. 11.1 (a) Anteroposterior radiography, (b) scapular outlet radiography, (c¢) axillary radiography, (d) radiographic
image of early inferior osteophyte formation
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be evaluated using this technique. Three-

dimensional computed tomography (CT) may be
useful to evaluate underlying bone pathologies,
as well as the degree of arthritis deformity, osteo-

phyte formation, and glenoid version (Fig. 11.3).
However, the gold standard for revealing chon-
dral lesions nowadays is arthroscopic imaging
(Fig. 11.4).

Fig. 11.2 Images with MRG in the early stages of the disease

Fig. 11.3 CT images
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Fig. 11.4 Arthroscopic view of the cartilage lesion

11.8 Treatment

The treatment of symptomatic glenohumeral
chondral lesions depends on various factors such
as the patient’s age, occupation, comorbidities,
activity level, degree of injury, and accompany-
ing shoulder pathology. In addition, the extent,
depth, and location of symptomatic cartilage
damage should be carefully evaluated. There are
many conservative and surgical methods for
treatment of GHJ-OA. Although non-operative
management of GHJ-OA will not alter disease
progression, it may be effective in relieving
symptoms. In the early stages and in cases where
the joint is affected to a lesser extent, treatment is
done conservatively. Conservative treatment
options include lifestyle and activity changes,
occupational changes, physiotherapy, and admin-
istration of non-steroidal anti-inflammatory
drugs, intra-articular corticosteroid injection,
platelet-rich plasma, and viscosupplementation.

Surgical treatment  modalities include
arthroscopic debridement and capsulotomy,
microfracture, autologous chondrocyte

implantation, osteochondral auto and allograft
transplantation, interposition arthroplasty, partial
resurfacing arthroplasty, and total shoulder
arthroplasty (TSA). Ideal candidates for osteo-
chondral grafting and autologous chondrocyte
implantation are of young middle age, physically

active, and those with isolated focal chondral
defects [28]. Age, activity level, occupation, and
current pathologies are important in choosing
surgical treatment. Non-arthroplastic treatment
strategies for GHJ-OA have been developed to
delay the need for TSA and to prevent premature
glenoid loosing. These techniques are an integral
part of the management of younger patients with
painful chondral lesions [28]. However, the
results of these treatments are highly variable in
terms of pain relief and restoration of function.

11.8.1 Arthroscopic Debridement

The aim of this treatment is to reduce pain,
increase range of motion, and delay the need for
joint replacement rather than to repair cartilage
lesions. The most commonly used joint preserv-
ing operations option is GHE debridement.
Cartilage fragments, degenerative soft tissues,
and loose body are removed in arthroscopic
debridement. Generally, although this treatment
modality is not a permanent solution, it is pre-
ferred for delaying arthroplasty and in elderly
patients with low activity demands. In this tech-
nique, a stable transition zone between degenera-
tive and intact joint cartilage is created using
arthroscopic shaver machines, baskets, and
curettes. Care is taken to leave the healthy carti-
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Fig. 11.5 Arthroscopic debridement

lage tissue intact while removing loose tissue
(Fig. 11.5). Small osteophytes can be removed;
however, debridement of large inferior osteo-
phytes is not recommended due to the risk of
neurovascular injury [43]. Weinstein et al. [12]
performed arthroscopic debridement, subacro-
mial bursectomy, and loose body excision in 25
patients with Stage II-III osteoarthritis and
obtained excellent results in 80% of the patients
after 34 months of follow-up [12]. Guyette et al.
reported good results in patients with Stage [-II1
disease and poor results in those with Stage IV
disease [44]. Satisfactory results can be obtained
with arthroscopic treatment in cases of low-
severity osteoarthritis. Arthroscopic correction of
other accompanying pathologies (such as sub-
acromial decompression, capsule release, labral
repair, biceps tenodesis, or tenotomy) increases
the chance of success.

11.8.2 Microfracture

As a bone marrow stimulation procedure, the
microfracture technique was first described as a
repair option for a full-thickness focal cartilage
defect in the knee with good clinical results and
low surgical morbidity [45]. It is frequently used
in knee joints due to the high success rate and low
morbidity. Cartilages do not have vascularity that
allows recovery after injury. The ideal candidate

Fig. 11.6 Arthroscopic microfracture

for this treatment should have a focal, Outerbridge
stage IV lesion with the cartilage roof intact, and
with no response to conservative treatment [46].
The purpose of microfracture is to allow the pas-
sage of pluripotent stem cells and to generate
new cartilage tissue by causing a mesenchymal
clot [47]. After the lesion is exposed, holes are
drilled at 3—4 mm intervals 2-3 mm deep, start-
ing from the periphery. Care should be taken to
avoid fractures between the holes. A vertical car-
tilaginous wall surrounding the lesion is created
with curettes to contain the clot (Fig. 11.6).
Millett et al. obtained good results in the
47-month follow-up of their patients with Stage
IV cartilage lesions [48]. Since the glenohumeral
joint is a non-weight-bearing joint, direct pendu-
lum exercises can be started in patients after this
treatment to aid in healing.

11.8.3 Osteochondral Allograft
Transfer

Osteochondral allograft transplantation is a treat-
ment method used in many joint diseases. It is a
useful technique for treating major injuries of the
joint cartilage. Donor site morbidity does not
occur in this technique, and it can be applied to
larger defects. Although osteochondral allograft
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transplantation is widely used for the treatment
of osteochondral defects in the knee, it is less
commonly used in the treatment of bone defects
of the humeral head. A major factor that can
reduce the effectiveness of this procedure is
chondrocyte cell death that occurs during the
storage, preparation, and implantation of osteo-
chondral grafts. Limited chondrocyte viability,
loss of the matrix structure, and risk of disease
transmission are possible disadvantages [49]. In
the glenohumeral joint, allograft is most com-
monly used for tumor resections followed by the
treatment of Hill-Sachs lesions caused by bone
deficiencies and glenohumeral instability [50,
51]. Allografts are available in fresh, fresh-
frozen, or frozen-stored forms. Fresh osteochon-
dral allografts have the highest percentage of
viable chondrocytes; however, they have a shelf
life of approximately 30 days and require precise
preoperative sizing. Fresh-frozen allografts have
a small number of viable chondrocytes [52]. It
has been reported that cryopreserved osteochon-
dral grafts have a shelf life of up to 2 years and
can protect 70.5% of viable chondrocytes [52]. In
a study on patients with lesions in the humeral
head (33 Hill-Sacs lesion, one osteochondritis
dissecans lesion, and one iatrogenic injury), the
rates of complications and reoperations after
osteochondral allograft transfer were 20%—-30%
and 26.67%, respectively [53]. Although fresh
allografts were transplanted in only three patients,
graft resorption, necrosis, or arthritic changes
were not reported in these patients. In many stud-
ies in the literature, allografts are reported regard-
ing their use in Hill-Sacs lesions rather than in
shoulder osteoarthritis. An excellent result was
reported in a 2-year follow-up of a case report
using fresh glenoid allografts [54].

11.8.4 Autologous Chondrocyte
Implantation (ACI)

Patients with large lesions who are not suitable
for other repair techniques and who do not
respond to conservative treatment may be suit-
able for this technique. It is a two-stage proce-

dure in which healthy articular cartilage is
curetted, produced in vitro, and implanted after
3—4 weeks. ACI techniques have been successful
in the treatment of knee cartilage lesions [55]. In
this technique, there is no donor site morbidity.
However, ACI is time consuming, expensive, and
requires multiple surgeries to complete. This
method is not routinely applied for shoulder
lesions at present. Young and active patients with
high level of shoulder function and isolated focal
lesions of the humeral cartilage are suitable can-
didates for this type of treatment [49]. Two previ-
ous studies in the literature have reported good
results with this technique [56, 57].

11.8.5 Osteochondral Autograft
Transfer

This technique is mostly used in small lesions and
is usually transferred from the femoral condyle.
This treatment can treat bone defects in addition
to full-thickness cartilage lesions (Fig. 11.7).
Little is currently known about the results of this
procedure in the glenohumeral joint. However,
osteochondral transplants also carry the risk of
donor site morbidity, which although unusual is a
serious complication that the surgeon should con-
sider. Scheibel et al. conducted a study with a
small series and found an improvement in shoul-
der scores and 20% morbidity in the donor site
after 32 months of follow-up [58]. In a case report,
good results were reported when this technique
was used in the treatment of cartilage defects aris-
ing due to osteochondritis dissecans in the
humeral head [59].

11.8.6 Interposition Arthroplasty

Although mainly for research purposes, the treat-
ment of glenoid focal chondral defects using bio-
logical glenoid resurfacing was first described in
the late 1980s [60]. Arthroscopic resurfacing
with meniscal allograft was first described by
Pennington and Bartz [61]. Arthroscopic interpo-
sition arthroplasty uses biological and synthetic
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Fig. 11.7 Arthroscopic osteochondral autograft transplantation

acellular materials to resurface the glenoid. The
goal of this treatment is to install a synthetic or
biological scaffold with sufficiently high tensile
strength to allow repopulation by host cells [62].
Autogenous fascia lata, anterior shoulder cap-
sule, meniscus allografts, and regenerative tissue
matrices are used in open reconstructive proce-
dures [63, 64]. Biological glenoid resurfacing
procedures, such as interposition of fascial, cap-
sular, or meniscal allograft tissue, may be consid-
ered to address the problem of glenoid erosion
[65]. Many authors conclude that this procedure
is not a reliable method of treatment in young
patients with shoulder OA, based on both the
poor clinical outcome and the absence of the
graft acting as a durable glenoid surface [49].
Gobezie et al. published devastating results in 13
patients with a mean age of 34 and 18—49, treated
with soft tissue resurfacing of the glenoid, and
77% of patients in the study underwent revision
total shoulder prosthesis [66].

11.8.7 Resurfacing Arthroplasty

Typically, resurfacing arthroplasty is a final attempt
before considering TSA or glenohumeral arthrod-
esis. Shoulder hemiarthroplasty is performed when
the rotator cuff and glenoid are intact. Instead of
cutting the humerus head, only the cartilage of the
humeral side is removed, and a new metal articular
surface is used as replacement. Resurfacing arthro-
plasty has advantages such as minimal bone resec-
tion, short operative time, no humeral canal
penetration, and low risk of periprosthetic fracture.
A potential benefit of this technique is that it facili-
tates arthroplasty in patients with altered anatomy
(for example, after malunion) (Fig. 11.8). In their
study, Rai et al. achieved successful results in the
12-year follow-up of 40 patients (46 cases of shoul-
ders, 40 osteoarthritis, 2 rheumatoid arthritis, 2
rotator cuff injuries, 1 instability, 1 avascular necro-
sis). TSA had to be performed after periprosthetic
fracture in three patients [67].
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Fig. 11.8 (a) Intraoperative views of resurfacing arthroplasty, (b) postoperative X-ray images of resurfacing

arthroplasty

Fig. 11.9 Radiographic view of TSA in shoulder osteoarthritis

11.8.8 Total Shoulder Arthroplasty

TSA can be considered the gold standard for the
treatment of shoulder osteoarthritis. Although
operations in which the glenoid bone stock can
be preserved are more preferred, total shoulder
arthroplasty, remains the most reliable operation
in terms of pain relief and ROM [68]. Indications
for this technique are primary or secondary
osteoarthritis causing instability, osteonecrosis,
inflammatory joint diseases, and in some cases,
complex proximal humerus fractures. Although
TSA provides excellent symptomatic relief in
GHJ-OA, it should be the last resort in younger
and more active patients due to the loosing of the
glenoid component and low satisfaction rates
[69]. TSA is preferred for many patients with
end-stage glenohumeral arthrosis. The presence

of a working rotator cuff is imperative to achieve
a good result (Fig. 11.9). In 1974, Neer intro-
duced first generation TSA [70], and this prosthe-
sis included a monoblock-cemented humeral
stem and an all-polyethylene glenoid prosthesis.
TSA has been shown to be a good long-term
solution for degenerative shoulder joints and
some post-traumatic proximal humeral fracture
sequelae [71]. Several studies have reported that
loosening and failure of the glenoid component is
the most common long-term complication of
TSA, which accounts for approximately 24% of
all TSA complications [72]. The cause of
cemented polyethylene-glenoid loosening is
multifactorial, including implant design, surgical
technique, cement used, patient characteristics,
rotator cuff function, and infection [71]. Proper
placement and fixation technique of the glenoid
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implant are crucial to maximizing the long-term
success of TSA [71]. In general, the aim of gle-
noid component placement should be to achieve
<10°of retroversion and >89% glenoid compo-
nent placement, as well as to provide high-quality
bone stock for support. Preservation of the sub-
chondral bone of the glenoid is crucial for the
implant to provide a rigid structural support and
to prepare the glenoid bone surface perfectly
[73]. Ho et al. showed that the insertion of the
glenoid component with >15° of retroversion
was associated with a five-fold increase in oste-
olysis around the central peg [74]. In severe
cases of glenoid deformity, complete correction
may not be possible to restore normal anatomi-
cal structure. If reaming proceeds medially, the
glenoid dome narrows, thus reducing the amount
of bone stock available for implantation [71],
whereas excessive reaming results in small gle-
noid component placement, thus causing severe
incompatibility between the glenoid and humeral
head [71]. Additionally, excessive medialization
of the glenoid can reduce tension within the rota-
tor cuff and result in possible harmful functional
consequences. Excessive glenoid reaming to
correct the glenoid version may increase the risk
of medial collapse [75]. For the bone stock to be
considered sufficient for the implant, the glenoid
depth should be at least 15 mm [76]. If osteoar-
thritis is associated with recurrent instability or
excessive capsular laxity, it may be possible to
increase joint stability and capsular tension with
proper soft tissue balance or the use of a large
head [77]. Anatomical replacement or resurfac-
ing arthroplasty is possible in patients younger
than 50 years of age with rotator cuff insuffi-
ciency, a solid coracoacromial arch, and suffi-
cient abduction strength provided by the deltoid
muscle [77, 78]. In cases with glenoid dysplasia
or insufficient bone stock, grafting of the defi-
cient area with the placement of the glenoid
component, glenoid osteotomy or grafting with
hemiarthroplasty, or metal reinforcements with
the glenoid component are used for the deficient
bone area [65]. In difficult-to-reconstruct cases
like biconcave glenoid, the use of TSA is associ-
ated with high failure rates due to early glenoid

loosening or recurrent posterior instability [26,
79]. Implant failure is often caused by bone
resorption and nonunion of the tuberosity and
rotator cuff deficiency [80]. Major complications
in shoulder prostheses include periprosthetic
fractures, infections, instability, rotator cuff
lesions, loosening of the glenoid component, and
neurological injuries. Sperling et al. reported a
38% incidence of glenoid component failure
requiring revision surgery in a recent series of 33
patients with a mean age of 46 at the time of
TSA [81].

11.8.9 Reverse TSA

Reverse shoulder prosthesis changes the orienta-
tion of the shoulder. The joint surface acting as a
socket is replaced by a ball. Conversely, the
humeral head, which is normally a ball, is turned
into a socket. The center of rotation is medialized
and the humeral head is lateralized. Thus, it was
predicted to increase the shoulder functions by
extending the deltoid muscle strength arm.
Consequently, it increases the strength exerted by
the deltoid muscle (Fig. 11.10).

The first cases of GHJ-OA caused by rupture
of the rotator cuff were described by Adams and
Smith in the 1850s [33]. The term ‘“cuff tear
arthropathy” was first defined by Neer in 1983 as
a complex condition of shoulder dysfunction due
to rotator cuff deficiency [82]. Paul Grammont
and colleagues modernized the reverse shoulder
arthroplasty implant in 1987 to treat this condi-
tion [83]. The RTSA was originally designed to
treat a massive irreparable rotator cuff with
superior migration of the humeral head com-
bined with glenohumeral arthritis (cuff tear
arthropathy) [31, 82, 84, 85]. Reverse TSA
(RTSA) was introduced to treat rotator cuff tear
arthropathy; however, it is now also used to treat
various conditions such as fracture sequel, acute
fractures, fixed glenohumeral dislocation,
chronic pseudoparalysis without arthritis, revi-
sion arthroplasty, tumors, and instability [86].
Reverse total shoulder arthroplasty should be
reserved as a salvage operation for the young
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Fig. 11.10 Radiographic view of RTSA in shoulder osteoarthritis

patient with GHEOA. Severely impaired deltoid
function, an isolated supraspinatus tear, a mas-
sive rotator cuff tear and fully active shoulder
elevation with arthritis are contraindications for
RTSA [86]. For appropriately selected candi-
dates with symptomatic and rotator cuff dys-
function, RTSA can result in life-changing
improvements in pain, movement, function, and
patient satisfaction. Rotator cuff tear arthropathy
is the single most common indication for RTSA
[87]. The RTSA effectively relieves symptoms
and restores function for patients with cuff tear
arthropathy and irreparable rotator cuff tears.
Clinical manifestations are variable and largely
depend on the degree of arthritis and the specific
rotator cuff tendons ruptured. Loosening of the
glenoid component is the most common cause of
TSA failure, especially when used on the shoul-
der with rotator cuff deficiency [88]. Early fail-
ure due to glenoid loosening with anatomical
TSA in patients with severe rotator cuff defi-
ciency led to the development of RTSA [89]. The
advent of RTSA was revolutionary in the treat-
ment of cuff tear arthropathy. The reverse pros-
thesis was able to address both glenohumeral
joint pathology and instability caused by the
deficient rotator cuff [90]. Since the develop-
ment of RTSA, many clinical studies have

proved that RTSA is an effective treatment for
cuff tear arthropathy with reduced range of
motion in the shoulder joint [91]. Frankle et al.
evaluated 60 patients who underwent RTSA for
rotator cuff tear arthropathy and GHJ-OA and
found that 95% of the patients were satisfied
with the procedure [92]. Satisfaction with the
postoperative outcome in young patients than in
elderly patients is lower who have been treated
with reverse total shoulder arthroplasty [93, 94].

11.9 Conclusion

Further research is needed to determine treatment
modalities that provide the best long-term results
for shoulder cartilage pathologies. Although
numerous techniques used in the treatment
GHJ-OA have been thoroughly investigated in
the literature, there is a shortage of long-term
comparative studies. Therefore, no consensus
exists on the selection of the appropriate surgical
procedure for treatment. With regard to GHJ-OA,
the aims of treatment are to relieve pain, restore
function, and delay the need for arthroplasty.
Therefore, long-term randomized prospective
studies are necessary to determine the effective-
ness of various treatment modalities.
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12.1 Polymyalgia Rheumatica
Polymyalgia rheumatica (PMR) is characterized
pain in the shoulder and pelvic girdle included with
prolonged early morning stiffness. The pain is typi-
cally inflammatory and worse at night. Morning
stiffness eases up in the late morning or early after-
noon. In the beginning of the disease shoulder pain
can be unilateral and characteristically radiates dis-
tally toward the elbows. Shoulder pain may become
bilateral over time. Bilateral synovial, tenosyno-
vial, or bursal effusions occur in 76% of patients
with polymyalgia rheumatica [1]. In these patients;
bilateral rotator cuff tendinopathy, bursitis, biceps
tenosynovitis, osteoarthritis of the acromioclavicu-
lar joint, and impingement syndrome can also
accompany the clinical situation as low-grade fever
and weight loss.

Simple statin myopathy, myositis, adhesive
capsulitis, and fibromyalgia can be considered
for the differential diagnosis of PMR. Myositis
and statin myopathy can occasionally cause
myalgia in addition to muscle weakness.
However, myositis and statin myopathy are not
associated with morning stiffness, while muscle
strength is normal in PMR. In doubtful cases,
measurements of muscle enzymes, electromyog-
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raphy, muscle MRI, or muscle biopsy can aid in
securing the correct diagnosis.

For diagnosis, serum IL-6 is perhaps the most
sensitive tool of disease activity [2]. However,
autoimmune serology results, including antinuclear
antibodies, rheumatoid factor, anti-cyclic citrulli-
nated peptide antibodies (ACPA), and antineutro-
phil cytoplasmic antibodies (ANCA), are typically
negative. Both the erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) levels are usu-
ally elevated in untreated patients with PMR [3, 4].
Scintigraphy demonstrates increased tracer accu-
mulation in about 80% of patients with PMR,
mainly around the shoulders. 18F-FDG PET has
also been assessed as an imaging modality for
patients with PMR. Increased FDG uptake in the
shoulders, hips, and spinous processes of vertebrae
has been observed in PMR patients.

For treatment, glucocorticoids are used at sub-
stantially lower doses in PMR. An initial dose of
12.5-25 mg/day of prednisone equivalent is sug-
gested by EULAR/ACR recommendations.
Calcium (1000-1500 mg/day) and vitamin D
(800 IU/day) should be given to all patients who
take glucocorticoids [5].

12.1.1 Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a chronic, systemic

autoimmune condition with variable manifesta-
tions. The primary expression of disease occurs
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Fig. 12.1 GH MRI of a RA patient axial (a) and coronal (b) views

in the synovial tissues and is characterized clini-
cally by symmetric polyarticular inflammation,
which may lead to progressive joint damage.
Rheumatoid arthritis (RA) can result in synovial
and tenosynovial inflammation, as well as dam-
age to bone and tendons.

The clinical course of RA follows an onset of
disease that may be abrupt and acute, gradual and
insidious, or subacute. A worse prognosis has
been found in patients with disease that was grad-
ual in onset and associated with involvement of
large joints [6].

RA begins predominantly as an articular dis-
ease, and one or more joints such as shoulders,
elbows, wrists, knees may be affected. Articular
symptoms most often begin with stiffness, pain,
and swelling involving the small joints of the
hands and feet in a symmetric distribution,
including the MCP, proximal interphalangeal
(PIP), and MTP joints. The morning stiffness
may last minutes and hours. Shoulder involve-
ment typically produces significant limitation of
motion in all planes. Acute monoarthritis of the
shoulder can be mimic septic arthritis, pseudog-
out, or gouty process. It may also start as a sys-
temic  manifestation. = For  extraarticular
involvement, systemic findings include diffuse
polyarthralgia or polymyalgia, generalized weak-
ness, fatigue and, less commonly, weight loss or
low-grade fever.

For shoulder imaging early in disease, mar-
ginal erosions are usually seen in the rotator cuff
attachments at the superolateral aspect of the
humeral head. In the Grashey view, diffuse gle-
nohumeral joint-space narrowing with loss of
cartilage may be detected. In more chronic dis-
ease, rotator cuff atrophy and tearing due to supe-
rior migration of the humeral head, with
narrowing of the acromiohumeral distance.

Magnetic resonance imaging (MRI) plays an
important role in the diagnosis, prognosis, and
monitoring of the effectiveness of therapies in
clinical practice. MRI can excellently image liga-
ments, tendons, labrum, articular cartilage,
synovium, and joint fluid. Shoulder MRI usually
in axial gradient patient with rheumatoid arthritis
a large synovial cyst can be detected along the
long head of the biceps tendon. Pannus can be
present in the glenohumeral joint (GH) along
with irregular erosive changes of the glenoid and
loose bodies can be seen in the GH joint
(Fig. 12.1).

As shoulder and elbow surgeons, we can treat
the complications of shoulder RA such as joint
arthrosis. These patients use many drugs like cor-
ticosteroids so their bone quality may not be very
so good, in other words osteoporotic. Hence,
symptomatic treatment can be done with these
patients. For severe joint arthrosis, anatomic-
reverse shoulder arthroplasty (RSA) could also
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be performed for these patients. Intraoperative
fractures, glenoid loosening, and infection rates
are relatively high. However, RSA can be consid-
ered a reliable treatment option for patients with
RA, resulting in significant pain relief and
improvements in functional shoulder motion.
The most common complication has been insta-
bility (4.7%), followed by intraoperative or post-
operative fractures (4.6%), infection (3.8%),
glenoid loosening (3.5%), and acromion or scap-
ular spine fractures (1.5%). The revision rate has
been reported as 10.1% [7].

12.1.2 Inflammatory Arthritis

Although the most common inflammatory arthri-
tis involving the shoulder joint is RA, other sys-
temic disorders such as psoriatic arthritis,
systemic lupus erythematosus, ankylosing spon-
dylitis, and systemic sclerosis (SSc) may cause
glenohumeral degeneration. Motion is usually
limited due to secondary soft tissue contractures.

In plain radiographies, narrowing of the gle-
nohumeral joint space may occur, with erosion
and cyst formation and without significant scle-
rosis or osteophytes. As the disease progresses,
erosion of the superior and posterior portion of
the glenoid with proximal subluxation of the
humeral head may occur.

Treatment is initially conservative and is
directed toward controlling pain, inducing a sys-
temic remission, and maintaining joint motion
through physical therapy. Anatomic shoulder
arthroplasty cannot consider a treatment option
for severe joint arthrosis.

Psoriatic arthritis (PsA): Psoriatic arthritis is
a common inflammatory disease of the peripheral
and axial skeleton. Psoriatic arthritis can develop
at any age but it frequently appears between the
ages of 30 and 50 years. Men and women are
equally affected. Clinical features of the PsA are
dactylitis, enthesitis, nail dystrophy, uveitis, and
osteitis. In these patients, metabolic and cardio-
vascular disease may also be seen in 10-15% of
the cases. PsA joint symptoms appear before
signs of cutaneous psoriasis. Diagnosis is usually

made by clinical findings; skin biopsy is rarely
used to diagnose psoriasis. The CASPAR
(Classification Criteria for Psoriatic Arthritis) cri-
teria is used for diagnosis with evidence of pso-
riasis (current history and family history of
psoriasis, nail dystrophy, negative RF, dactylitis
and radiologically evidence of juxta-articular
new bone formation) [8]. During shoulder roent-
genography both bone erosion with new bone
growth can be seen.

SLE (systemic lupus erythematosus): SLE is
an autoimmune disorder characterized by anti-
bodies to against nuclear and cytoplasmic anti-
gens. It causes multisystem inflammation, with
variable clinical manifestations, and a relapsing
and remitting course. More than 90%of the cases
of SLE occur in women. Muscle involvement can
be either a typical inflammatory or a bland
fibrotic myopathy with an elevation in the cre-
atine phosphokinase level. The onset of muscle
weakness is typically insidious, bilateral, sym-
metric, and painless, with involvement of proxi-
mal more than distal muscles. Patients with mild
proximal weakness may develop shoulder con-
tractures (Fig. 12.2).

The association of SLE with idiopathic poly-
myositis or dermatomyositis is reported to occur
in the range of 4-6%. Dermatomyositis has a
characteristic rash that may develop simultane-
ously with, or following the muscle symptoms.
Gottron papules and a heliotrope rash are consid-
ered pathognomonic cutaneous features of der-
matomyositis. Gottron papules are scaly;
erythematous papules and plaques generally
located over bony prominences, particularly the
metacarpophalangeal and proximal and distal
interphalangeal joints of the hands. Gottron sign
is a macular erythema that occurs in the same dis-
tribution and over other extensor areas such as
the elbows, knees, and ankles. Later in the course
of disease, the affected skin lesions may become
shiny, atrophic, and hypopigmented with telangi-
ectasia. The “shawl” sign refers to a rash distrib-
uted over the nape of the neck, upper part of the
back, and across both shoulders. Soft tissue calci-
fication can occur in the chronic stage.
Polyarthralgia and polyarthritis, if they occur,
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Fig. 12.2 Patient with SLE axial (a) and coronal (b) view of GH joint

present early in the course of disease. For clinical
follow-up serum, CK is the most reliable enzyme
test. During the flare of disease, serum CK levels
usually increase weeks before the muscle weak-
ness develops. Electromyography (EMG) is rela-
tively sensitive but nonspecific for myositis. In
myositis, typical EMG findings include irritability
of myofibrils at rest and on needle insertion (with
fibrillation potentials, complex repetitive dis-
charges, and positive sharp waves), as well as
short-duration, low-amplitude, complex (poly-
phasic) potentials on contraction. Open biopsy
represents the current gold standard for confirma-
tion of the diagnosis of inflammatory myopathy.
Antinuclear or anticytoplasmic antibodies are
detected in more than 90% of patients with
myositis.

Ankylosing  spondylitis  (AS): Ankylosing
spondylitis is a seronegative spondyloarthropa-
thy and is associated with Human Leukocyte
Antigen (HLA-B27). It is a chronic, progressive
inflammatory rheumatic disease involving pri-
marily the sacroiliac joints and the axial skeleton.
The main clinical features are back pain and pro-
gressive stiffness of the spine. Oligoarthritis of
the hips and shoulders, enthesopathy, and ante-
rior uveitis are common; however, involvement
of the heart and lungs is rare [9]. Typically pres-
ents itself between the ages of 20 and 40 years
and is three times more likely to occur in men
[10]. Clinical signs of AS include pain and stiff-

ness of the neck and back, usually with insidious
onset lasting longer than 3 months, beginning
before the age of 40s. End-stage disease results in
bony ankylosis of the sacroiliac joints and a
“bamboo spine,” characterized by ossified syn-
desmophytes bridging the spine disc spaces and
osseous fusion of the facet joints [10].

Systemic sclerosis: SSc is characterized by
fibrosis and microvascular alterations in the skin
and internal organs, with an overproduction of
collagen [11]. Early term of SSc often presents
with a painful, symmetrical arthropathy.
Musculoskeletal involvement (of the joints, ten-
dons, and muscles) is a major cause of disability;
however, the prognosis of the disease largely
depends on the degree of visceral involvement
[12]. The most common radiographic abnormali-
ties in patients with SSc are subcutaneous calci-
nosis and digital tuft resorptions. Juxta-articular
demineralization (osteoporosis/osteopenia),
joint-space narrowing, intra-articular calcifica-
tion, erosions, subluxation and—rarely—aseptic
necrosis may also occur [13]. Subcutaneous cal-
cinosis is more frequently found in limited SSc.
Muscle weakness can be seen with the muscular
involvement which may increase serum creati-
nine phosphokinase, aldolase and lactate dehy-
drogenase (LDH) levels. EMG, MRI, and muscle
biopsy should also be performed. Proximal mus-
cle weakness, mainly of the shoulder and hip
girdles, is a common clinical feature in SSc.
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12.1.3 Crystal-Associated Mono/
Polyarthritis

Gout is the classic monoarthritis of the first meta-
tarsophalangeal joint. Obese males, patients with
hypertension, alcoholics, and postmenopausal
females are more prone to gout. Patients are usu-
ally aged 45-60 year [14]. If left untreated, it can
progress from recurrent monoarticular episodes
to polyarticular phases. The initial involvements
are usually lower extremities, but later with the
polyarticular manifestations in the upper extrem-
ities may also occur. The polyarticular phase of
gout can sometimes mimic RA. In acute settings,
blood leukocytes counts, ESR, and CRP levels
are elevated. In this phase, it should be distin-
guished from septic arthritis. Monosodium urate
crystals (MSU) are diagnostic of gout. MSU
crystals are needle-shaped, 5-30 pm in length,
and highly birefringent [15]. They can be distin-
guished from other crystals by their properties in
polarized light with an interference plate in the
system. Routine radiographs frequently show no
bony abnormalities (Fig. 12.3).

Pseudogout, more properly called acute cal-
cium pyrophosphate (CPP) crystal arthritis,
occurs mostly in elderly people. It can occur in

Fig. 12.3 Shoulder AP roentgenogram with Gout
disease

relation to specific metabolic diseases, such as
hemochromatosis and primary hyperparathyroid-
ism. Calcinosis of cartilage and periarticular tis-
sues can be seen on radiographs. Synovial fluid
microscopy demonstrates rhomboid-shaped crys-
tals at x400 magnification, and this remains the
diagnostic gold standard [16, 17]. It should also
be distinguished from septic arthritis.

Milwaukee shoulder (MSS): MSS is a destruc-
tive, calcium hydroxyapatite crystalline arthropa-
thy which presents with recurrent bilateral
shoulder effusions. The shoulder is most fre-
quently involved joint. It is usually seen in elderly
females. Calcium hydroxyapatite crystal disease
is characterized by recurrent painful periarticular
calcific deposits in tendons, soft tissues, or intra-
articular surfaces. Radiographic changes on plain
X-ray show joint-space narrowing, subchondral
sclerosis with cyst formation, destruction of sub-
chondral bone, soft tissue swelling, capsular cal-
cifications, and intra-articular loose bodies. There
are usually severe destructive changes of the gle-
nohumeral joints on the MRI, massive tears of
the rotator cuff can be seen [18, 19]. Unlike
monosodium urate (MSU) and calcium pyro-
phosphate dehydrate crystals (CPPD), identify-
ing calcium hydroxyapatite crystals has been
elusive for many years, as they do not appear
under plain and polarized microscopy [20, 21].
Synovial fluid is typically hemorrhagic, nonin-
flammatory, and calcium apatite crystals are posi-
tive. Leukocyte count is typically within normal
limits. Differential diagnosis of Milwaukee
shoulder syndrome are rapidly destructive or pro-
gressive arthropathy, septic arthritis, neuropathic
arthropathy, osteonecrosis, inflammatory arthri-
tis, other crystal-associated arthropathy and
arthropathy of late syphilis.

The most important part with crystal-
associated mono/polyarthritis is to distinguish it
from septic arthritis. After making the right diag-
nosis treatment should be done which is usually
symptomatic. Steroid injection to the shoulder
joint can be option for relieving pain and inflam-
mation. If the diagnosis is gout, special treatment
should be done, especially with diet, and medica-
tion with colchicine and uricolysis drugs. If
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crystal-associated mono/polyarthritis creates a
severe GH joint arthrosis, then shoulder arthro-
plasty should be performed. In this point the most
important part is the rotator cuff; if it is damaged
then reverse shoulder arthroplasty may be an
option.

12.2 Amyloidosis Associated
with Immunocyte Dyscrasia
(AL Amyloidosis)

Systemic AL amyloidosis, formerly known as
primary amyloidosis, develops in about 2% of
individuals with monoclonal gammopathies [22].
AL fibrils are derived from monoclonal immuno-
globulin light chains. It can affect any organ in
the body. The patients usually complain early
loss of pain and temperature sensation. Later
motor deficits can develop; additionally ortho-
static hypotension, impotence, and GI distur-
bances may also occur with skin papules, nodules,
and plaques. Amyloid arthropathy is rare entity
but may superficially mimic acute polyarticular
RA, or it may present as asymmetric arthritis
affecting the hip or shoulder joints. Infiltration of
the glenohumeral joint and surrounding soft tis-
sues occasionally produces the characteristic
“shoulder pad” sign. A rare but serious manifes-
tation of AL amyloid is an acquired bleeding dia-
thesis that may be associated with deficiency of
factor X and sometimes factor IX or with
increased fibrinolysis.

12.2.1 Neuropathic Arthropathy

Neuropathic arthropathy (NA) is a relatively
painless, progressive, destructive arthropathy
caused by a neurologic deficit. It is characterized
by loss of nociception, pain sensation, or both
[23]. A syrinx is believed to be the most common
underlying etiology of the neuropathic shoulder
[24, 25].

Arnold-Chiari malformations, post-traumatic
syringomyelia, cervical spondylosis, infection,
chronic alcoholism, and diabetes are other poten-
tial causes. Syphilitic myelopathy and tuberculo-

sis spondylitis also have historical significance in
etiology.

The resulting inflammation due to disturbance
of sensation is considered essential to the patho-
physiology of NA [26, 27]. The increase in pro-
inflammatory cytokines leads to activation of the
receptor activator of nuclear factor-kf (NF-«xf)
ligand (RANKL), which is essential for osteo-
clast activation, function, and survival [26]. The
ligand’s expression is induced by osteoblasts and
binds to the RANK receptor on mononuclear pre-
cursor osteoclasts. This RANK-RANKL bond
induces the formation of transcription factor
NF-xp, leading to the maturation of the osteo-
clasts and subsequently increasing osteoclasto-
genesis. A known inhibitor of the above processes
is osteoprotegerin (OPG), which acts as a decoy
receptor that also binds to the RANK ligand.
OPGRANKL binding leads to inhibition of
osteoclastogenesis and decreases survival of pre-
existing osteoclasts.

Symptoms are generalized pain and swelling
about the shoulder region associated with limited
range of motion (ROM) and weakness. Physical
exam findings can be quite variable depending on
the degree of GH arthritis. Swelling around the
shoulder region with or without erythema should
be distinguished from septic arthritis. Generalized
weakness of the upper extremity with or without
muscular atrophy is common.

In the differential diagnosis, diabetes mellitus,
tabes dorsalis, tuberculosis, septic joint, chronic
alcoholism, syringomyelia, spinal cord injury,
and Gorham disease (vanishing bone disease)
should be kept in mind. Radiographically, there
are two patterns of disease: atrophic and hyper-
trophic [28]. Atrophic neuroarthropathy is char-
acterized by bone resorption, while hypertrophic
neuroarthropathy is frequently mistaken for
hypertrophic osteoarthritis with findings of scle-
rosis, debris, fragmentation, and the presence of
exuberant osteophytes [1] In addition to radio-
graphs, MRI of the glenohumeral joint may be
considered in order to confirm the diagnosis of
NA (effusion, soft tissue inflammation, and gle-
nohumeral joint destruction) or to examine for
associated pathology (i.e. rotator cuff tears) [29]
(Fig. 12.4).
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Fig. 12.4 Radiographically shoulder AP view with neu-
ropathic arthropathy

Fig. 12.5 MRI of the cervical spine with syrinx

Because the most common etiology is syrinx,
the gold standard for diagnosing syrinx is to have
magnetic MRI of the cervical spine in suspected
cases (Fig. 12.5).

Eichenholtz classification system is applicable
to the neuropathic shoulder even though it was
developed for NA of the foot and ankle. The
Eichenholtz classification provides a template for
the natural progression of the disease on the basis
of radiographic and clinical findings. The
Eichenholtz system describes three stages of pro-
gression of the disease as development, coales-

cence, and reconstruction [30]. Stage 1 is
characterized by localized warmth, erythema,
and swelling about the joint on clinical exam, in
addition to fragmentation, joint subluxation and
dislocation, and bony debris formation may be
seen on radiographs. Stage 2 shows a decrease of
warmth and swelling with radiographs demon-
strating absorption of the bony debris and sclero-
sis. Stage 3 has a complete absence of warmth,
erythema, and swelling on examination, while
radiographic images display osteophyte forma-
tion, decreased sclerosis, joint fusion, with uni-
form bone fragments. Later on, this classification
has since been modified by Shibata et al. to
include an inflammatory prodromal stage in
which findings such as erythema, edema, and
joint instability in the absence of osseous radio-
graphic changes are present. The importance of
this classification is that any operative recon-
structive effort is delayed until Stage 3.

Treatment should focus on individualized
management to the etiology and functional limi-
tations of the individual patient. The treatment
may be conservative or operative regarding the
shoulder joint. However, syrinx decompression
with drainage or shunting, posterior fossa decom-
pression, or cervical laminectomy should be per-
formed. Conservative treatment involves
anti-inflammatory medications, joint immobili-
zation with splinting or bracing, patient educa-
tion, and if possible physical therapy to maintain
ROM and strength.

If conservative management fails and symp-
toms persist, some surgical treatment modalities
such as arthrodesis, hemiarthroplasty, or total joint
arthroplasty can be performed. Underlying sen-
sory and motor deficits limit functional expecta-
tions and increases the risk of surgical
complications including infection, dislocation,
and component failure. Matsuhashi et al. reported
three patients who underwent uncemented hemiar-
throplasty combined with open rotator cuff repair
after undergoing syrinx decompression [31]. All
patients had glenohumeral destruction from
NAGH (neuropathic arthropathy of the glenohu-
meral joint) due to syringomyelia. All three
patients noted an improvement in pain and active
ROM after 8-10 years of follow-up. They were
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satisfied with their treatment and follow-up imag-
ing did not demonstrate any evidence of prosthetic
loosening. Schoch et al. presented ten Charcot
shoulders they treated with hemiarthroplasty, total
shoulder arthroplasty (TSA), or reverse TSA from
January 2000 through December 2011. The inves-
tigators noted a statistical improvement in pain
status (p = 0.008), although they did not find
improvement in ROM [32].

12.2.2 Epilepsia

Epileptic seizures can cause shoulder dislocation
and instability [33]. The incidence of shoulder
dislocation during seizure is approximately 0.6%
[34]. Although posterior dislocations are rarely
encountered in normal populations; anterior and
posterior dislocations are seen equally in epilep-
tic patients. It has been speculated that the axial
force of the adducted and internally rotated arm
during the tonic phase of a seizure is the main
culprit for shoulder dislocations in this setting.

Epileptic seizure can also cause fracture of
the shoulder girdle. Epilepsia can lead recurrent
dislocations of the shoulder because of signifi-
cant bone loss of the glenoid and humeral head
[35, 36].

If a patient attempts to the clinic with a first
time dislocation with no history of a major trauma
and the X-ray displays a deep hill sachs lesion,
then the patient should be assessed for possible
epileptic seizure.

The management of recurrent shoulder insta-
bility in patients with epilepsy involves a multidis-
ciplinary team approach. In the preoperative
period, epileptic attacks should be consulted with
the neurology team. As a result, the focus should
be on bone defects for orthopedic surgery. After
surgery, a recurrence rate of 69% may be seen if
postoperative seizures are not taken under control
[37]. It is therefore crucial that a preoperative neu-
rologic consultation and compliance with anticon-
vulsive medications is regularly assessed. Isolated
arthroscopic soft tissue repair is significantly asso-
ciated with high failure rate even postoperative
seizures are taken under control. It is also crucial
that a neurologic review is sought preoperatively

and compliance with anticonvulsive medications
is regularly assessed. Soft tissue repair and rem-
plissage can be alternative treatments only if there
is not a big bone defect or else arthroscopic latarjet
can be an option for anterior dislocation in epilep-
tic patients. A painful unstable shoulder with poor
residual bone stock, large joint surface defects
may rarely be treated with arthrodesis [38].
Arthroplasty can be option for the treatment of
younger patients in selected cases; however, they
have a greater risk of complications and the need
for revision surgery due to their activity levels and
higher life expectancy [39].

12.2.3 Hemiplegic Shoulder

Stroke, or cerebrovascular accident, is the third
leading cause of death and the leading cause of
adult long-term disability. Hemiplegic shoulder
pain (HSP) is a common and a disabling compli-
cation following a stroke, and it may affect the
quality of life [40]. It is a general term used to
describe pain in the paralyzed shoulder in stroke
patients within the following 3 months of stroke
[41, 42]. Shoulder subluxation or rotator cuff
injury can also cause HSP [43, 44]. Neurological
problems such as impaired sensation, hemispatial
neglect, spasticity, and flaccid paralysis can be
seen in these patients. [45, 46] It occurs in
approximately 65% of patients with poststroke
shoulder pain (PSSP) [47].

The etiology may be multifactorial, relating to
disruption of the biomechanical balance of the
shoulder caused by stroke-induced weakness,
spasticity, and sensory impairment. It is a multi-
factorial process that demands careful consider-
ation of the contributing components, both
neurologic and mechanical. Neurological factors
include muscle imbalance and weakness, spastic-
ity, brachial plexus injury, complex regional pain
syndrome, and central sensitization. Weakness
disrupts the stabilizers of the shoulder joint and
often precedes subsequent development of spastic-
ity. Loss of shoulder external rotation can be seen
because subscapularis muscle spasticity was a sig-
nificant component of a painful hemiplegic shoul-
der [48]. Mechanical factors include shoulder
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subluxation, rotator cuff injury, glenohumeral
joint disorders, adhesive capsulitis, and direct
trauma. Shoulder subluxation is one possible rea-
son of hemiplegic shoulder pain (HSP). Shoulder
subluxation in hemiplegic patients after stroke var-
ies commonly in 17-64% [49].

Electrical stimulation, strapping, sling, phar-
macologic therapy can be options for conserva-
tive treatment.

The development of shoulder subluxation
occurs mostly during the first 3 weeks of hemi-
plegia [50]. Direction of the dislocation is usually
displaced inferiorly and anteriorly of the shoul-
der girdle.

The most significant identified predictors of
HSP are age (younger than 70 years), female
gender, increased tone, sensory impairment, left-
sided hemiparesis, hemorrhagic stroke, hemispa-
tial neglect, and positive past medical history.

During the recovery phase of the stroke, mus-
cle spasticity of the upper extremities is thought
to cause shoulder subluxation and limited ROM,
resulting in the development of shoulder pain
[51]. Another important cause of HSP is frozen
shoulder (adhesive capsulitis), which is indicated
by a limited shoulder ROM, with a capsular type
of restriction.

HSP has a significant impact on function both
during and after rehabilitation. Barlak and col-
leagues found a significant correlation between
HSP and adhesive capsulitis and complex
regional pain syndrome. According to the same
study there is no relationship between HSP and
grade of subluxation, spasticity, impingement
syndrome, or thalamic pain [52].

During the early stages following stroke, the
muscles in the hemiplegic arm are usually flac-
cid. The most common reason is an instability of
the paralyzed shoulder girdle musculature to pro-
vide dynamic stability at the joint. Downward
displacement of the humerus is most common
during the flaccid stage, whereas the spastic stage
often leads to anterior displacement, posterior
displacement, or internal rotation. Anteroposterior
(AP) and oblique radiographs help diagnose and
characterize shoulder subluxation. However, the
association between shoulder subluxation and
HSP remains controversial.

The key steps in the physical examination
include observation (for asymmetry, deformity, and
erythema), ROM, palpation, sensation, reflexes,
strength, and special tests. The patient should dem-
onstrate maximum active range of motion (AROM)
before the examiner assesses full passive range of
motion (PROM). Pain is most often the limiting
factor in AROM, followed by weakness. If there is
reduced PROM, contracture or anatomic block
should be suspected. Strength testing in the C5-T1
myotomes (graded 0-5), sensory testing in the
C5-T1 dermatomes (graded 0-21), and C5-C7
reflexes (graded 0—41) will help to localize a neuro-
logic lesion, whether central or peripheral.

The basic components of the physical exami-
nation, such as testing of strength, sensation, and
reflexes, are used regardless of the cause of
HSP. Neer, Hawkins, and Jobe (“empty can”)
tests can assess for subacromial impingement.
Apprehension and sulcus tests assess for gleno-
humeral joint instability.

Ultimately the diagnosis of HSP is clinical
and does not necessitate diagnostic imaging.
However, the use of imaging may be of benefit if
the history and examination raise suspicion of
underlying traumatic or structural abnormalities
that may contribute to the patient’s pain.

A study which evaluates of MRI findings of
stroke survivors and their shoulder pain status in
the chronic stage found synovial capsule thicken-
ing, synovial capsule enhancement, and enhance-
ment in the rotator cuff interval to be more
prominent in those with shoulder pain.

Efforts for prevention should be maintained
throughout the course of treatment. The aims of
the treatment are providing pain relief and
increase in range of motion. Prevention through
positioning with bracing, slings, taping, physical
therapy to optimize range of motion and strength
can be alternative conservative treatment meth-
ods. Transcutaneous electrical nerve stimulation
(TENS) or functional electrical stimulation (FES)
can be practicable. Botulinum toxin injection to
the spastic muscle can be another option or else
sympathetic blocks and pharmacotherapy (e.g.,
antispasticity, neuropathic pain) can be per-
formed. Suprascapular nerve blocks are the other
options before surgery performed.
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Surgical procedures are only indicated for
severe shoulder pain or stiffness, such as some
cases with adhesive capsulitis which failed by all
conservative treatment options. Surgery is often
postponed until at least 6 months after the patient
has had a stroke. Operations include release of
muscle contractions, repair of rotator cuff tear.
Braun and colleagues found that HSP was
relieved in all 13 patients who had contracture
release versus no relief in patients treated without
surgery [53].

12.3 Conclusion

The exact diagnosis of the some shoulder
pathologies such as rheumatological, neurologi-
cal, and immunological is difficult and there are
various signs that can mimic many pathologies.
A multidisciplinary approach should be applied
to evaluate complicated cases. In complicated
cases intensive diagnosis option should be con-
sidered as biopsy. Detailed preoperative plan-
ning should be done to minimize postoperative
complications.
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Onur Basci, Onur Gursan, and Mustafa Ozkan

13.1 Suprascapular Neuropathy
Suprascapular neuropathy has an increasing pop-
ularity considering the pain and weakness symp-
toms around shoulder. The distinctive anatomy of
the nerve makes it susceptible to dynamic and
mechanics changes on its pathway. It is first men-
tioned by Andre Thomas in 1936 [1] followed by
Schilf in 1952 [2] and Thompson and Kopell in
1959 [3]. Numerous causes were described in lit-
erature as ganglion cysts [4], rotator cuff tears
[5], trauma [6], and overhead activities [7, 8].
The challenging diagnosis of the given condition
has promising treatment results when the loca-
tion and the mechanism of the entrapment are
identified properly.

13.1.1 Anatomy

The suprascapular nerve is a mixed sensory and
motor nerve arising from the C5, C6, and varia-
tionally C4 nerve roots (76% from C5 and C6,
C4, 18% from C5 and C6, 6% only C5) [9].
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After arising it emerges posterolaterally to the
posterior cervical triangle. The nerve obliquely
and posteriorly crosses the clavicle and reaches
to suprascapular notch. The shape and depth of
the notch are widely variable which is clearly
described by Rengachary as six different mor-
phologies [10]. The nerve passes through this
narrow notch beneath the transverse scapular
ligament and reaches the posterior scapular sur-
face. The ossification or hypertrophy of this
ligament might cause entrapment in this local-
ization [11]. After proceeding posteriorly the
nerve passes through the spinoglenoid notch.
This notch is 1.8-2.1 cm medial to the glenoid
and the roof is made up of the spinoglenoid
ligament [12]. This ligament lies 4.6 mm supe-
rior to the nerve and is tightened in adduction
and internal rotation of shoulder (throwing
movement) (Fig. 13.1). This entity might be
another reason of an entrapment in throwing
athletes [13].

Suprascapular nerve motor branches mainly
innervate the supraspinatus and infraspinatus
muscle after passing through the suprascapular
notch together with the suprascapular artery
suprascapular nerve sensory branches innervat-
ing certain localizations in the shoulder, such as
coracohumeral and coracoacromial ligaments
and glenohumeral and acromioclavicular joints
including the skin area [9, 14].
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suprascapular arteny

Fig. 13.1 Suprascapular nerve entrapment, main com-
pression localizations are the suprascapular notch under
the transverse scapular ligament and the spinoglenoid
notch as shown on the anatomic drawing

13.1.2 Pathophysiology

The anatomic course of suprascapular nerve and
the structures around is a potential reason to its
injury or entrapment with various primary and
secondary mechanisms. A wide range of causes
that lead to suprascapular nerve injury or com-
pression have been emphasized, including varia-
tions in the anatomy, traumatic conditions such
as massive rotator cuff tears, space occupying
lesions such as ganglion cysts or repetitive
microtrauma.

The nerve is mostly affected by its course pass-
ing through the suprascapular notch and the
spinoglenoid notch. Anatomic variations on these
locations such as attenuated suprascapular or
spinoglenoid notch or an abnormally tight or ossi-
fied transverse scapular or spinoglenoid ligaments
are main reasons for the nerve entrapment [12, 15,
16]. Traction or compression of the nerve by cer-
tain conditions of shoulder in these anatomic
locations results in pathologic compression.

The suprascapular nerve also might be injured
either by compression or traction due to dynamic
changes around shoulder. This mechanism is
mainly common in overhead athletes or people
have increased overhead activities. Nearly about
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30% of elite volleyball players have suprascapu-
lar neuropathy in their dominant arms [17, 18].
Various theories have been offered for the mecha-
nisms of this situation. When one’s shoulder is in
abduction and external rotation position during
overhead throwing motion, the nerve might be
jammed between the infraspinatus muscle fibers
and the bony spinoglenoid notch. Conversely, the
reason for the compression might also be the
tightened spinoglenoid ligament as a result of the
given motion [19, 20].

There are several static causes of entrapment.
Space occupying lesions, such as paralabral
cysts, caused by labral lesions, can affect the
nerve in the spinoglenoid notch and in the supra-
scapular notch if the cyst is larger [4, 21, 22].
Massive rotator cuff tears that are retracted alter
the space around the suprascapular notch causing
a traction injury to the nerve [5, 23]. Variations in
the anatomy on the course of the nerve, traumatic
conditions as scapular fractures, posttraumatic
arthritis, and heterotopic ossifications are other
static conditions that lead to compression.
Iatrogenic causes that might affect the nerve are
surgical procedures including distal clavicular
resection and posterior approaches to shoulder,
injections and regional anesthetic procedures.
[10, 24-29]. Furthermore, microemboli in the
vasa nervorum of suprascapular nerve due to inti-
mal injury of the suprascapular or axillary artery
caused by traumatic conditions and dilatation of
the suprascapular veins might either be additional
causes of the compression [30-33].

13.1.3 Clinics and Diagnosis

The diagnosis of suprascapular neuropathy might
be quite tough because of the similar history and
complaints with the other pathologies around
shoulder region. In order to be the neuropathy
diagnosis consistent, younger patients with over-
head activities and patients with associated condi-
tions mentioned above should be considered.
Distinctly, patients complain about dull aching
pain superoposteriorly and laterally around shoul-
der region. Muscle weakness with overhead throw-
ing motions with or without night pain is common



13 Nerve Entrapments Around Shoulder

159

among these patients [32]. Adduction and internal
rotation which cause traction to the nerve worsen
the pain [34]. If the compression is around the
suprascapular notch, based on the supraspinatus
affection, up to 75% of weakness in abduction and
external rotation is expected [35]. However, if the
compression is around the spinoglenoid notch due
to the posterior deltoid and teres minor compensa-
tion, the infraspinatus weakness is concealed [20].
Following a careful anamnesis focusing on over-
head throwing activities, trauma, previous surger-
ies, anesthetic shoulder injections step-by-step
physical examinations should be performed. In
differential diagnosis neuralgic amyotrophy and
the viral neuritis or Parsonage Turner Syndrome
should be considered [36].

A careful comparative inspection to shoulder
is the first step of the examination. Atrophy on
the supraspinatus and infraspinatus muscles is a
sign for a rather proximal compression or a
suprascapular notch involvement, whereas an
isolated infraspinatus atrophy is a sign for a
rather distal compression or spinoglenoid notch
involvement [19]. In a suprascapular compres-
sion supraspinatus fossa atrophy is pathogno-
monic [37]. In palpation, tenderness over area
between posterior clavicle and scapular spine
resembles a proximal compression, whereas ten-
derness deep and posterior to the acromioclavic-
ular joint resembles a distal compression.

Both passive and active range of motion
should be assessed including forward flexion,
external rotation, and internal rotation. All of the
rotator cuff muscle strengths should be assessed
paying extra attention to supraspinatus and infra-
spinatus by Jobe’s test and external rotation lag
test, respectively. Stretching the spinoglenoid
ligament by cross-body adduction and internal
rotation provoking the compression in this region
might increase the pain at the posterior aspect of
the shoulder. This test was described by Plancher
as the “cross arm adduction test” [34].
Suprascaular nerve stretch test, described by
Lafosse, is also a provocative test which inreases
pain at the posterior aspect of the shoulder when
positive. To perform the test, standing behind the

patient, the head is rotated to the contralateral
shoulder, while shoulder is retracted with the
other hand [38]. Local lidocaine injection test is
another useful test for distinguishing nerve
pathologies from other shoulder problems by
placing the needle 4 cm medial to the posterolat-
eral corner of the acromion. After the injection
the provocative tests are repeated to confirm that
the pain is relieved.

If in the history and examination there is a sus-
pected entrapment radiologic assessment is man-
datory. The standard AP, true AP, transscapular
are performed to confirm other pathologies of
shoulder, a Stryker notch view is performed to
assess the suprascapular and spinoglenoid notch
anatomy and a Zanca view is performed to evalu-
ate the acromioclavicular joint [39]. For further
assessment of the bony anatomy for variations or
traumatic lesions three-dimensional computed
tomography (3D CT) scan is of great use. CT —
Arthrography to confirm a ganglion cyst pres-
ence and CT — angiography to evaluate if there is
a suprascapular artery compression are also
available imaging modalities [33]. In the long
run, a magnetic resonance image (MRI) of the
shoulder is the best technique which is helpful to
confirm any space occupying lesion on the course
of the nerve and the concomitant shoulder pathol-
ogies. The severity of the entrapment might be
assessed with MRI by edema, atrophy, and fatty
degeneration of the muscles [33, 40] (Fig. 13.2).

Besides all of the useful imaging techniques
mentioned above to evaluate the cause of an
entrapment, the electrodiagnostic tests remain
the gold standard for confirming the suprascap-
ular neuropathies. Even though there are vari-
able results, the accuracy of the electromyography
and nerve conduction velocity studies are shown
to be 91% accurate [41]. In recent approach,
EMG findings may not change the surgical
intervention in a suspected suprascapular nerve
entrapment, on the basis of the neuropathy being
a dynamic phenomenon which is not always
detectable in EMG and an addition of a supra-
scapular release in an arthroscopic surgery
being a safe and easy technique [38].
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Fig. 13.2 A suprascapular nerve entrapment case caused by a paralabral cyst. Coronal, transverse, sagittal MRI sec-
tions are shown in the figure
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Atrophy (+), ER weak, AC intact

Conservation treatment
X-ray, MRI

Rotator Cuff Tear
Impingement Syndrome

Rotator Cuff intact
No signs of impingement

Neck pain (+) Neck pain (-)

Radiculopathy (+) Radiculopathy (-)

Rotator Cuff intact Rotator cuff tear (+)

EMG (+)

Ganglion cyst (-)

Physical
Therapy

Ganglion cyst (+)

Further
investigation

Cervical MRI

Fig. 13.3 Suprascapular nerve entrapment management algorithm

13.1.4 Treatment

The most distinctive factor that affects the selec-
tion of the optimum treatment modality is the
cause of the entrapment. In a vigilant approach,
nonoperative management of suprascapular neu-
ropathies is advisable. Dynamic etiologies are
often more suitable for nonoperative approaches.
However, secondary causes such as space
occupying lesions require operative interven-
tions. The decision precisely depends on the
duration of the symptoms and atrophy. In order to
avoid irreversible changes early intervention
might be mandatory (Fig. 13.3).

13.1.4.1 Conservative Treatment

In the literature, if there are no secondary lesions
affecting the nerve course, high quality outcomes
of conservative remedy are compromised. It con-
sists of Nonsteroidal anti-inflammatory drugs
(NSAID), shoulder motion modifications, and
scapular stabilization by rotator cuff, deltoid and
periscapular muscle exercises. The results of
conservative management have promising results
leaving a question that if the improvements are
due to nerve healing or compensatory muscles
that strengthen and substitute the affected ones
[42]. The aspiration of the ganglion cyst under
the guidance of ultrasound or CT, has a high



13 Nerve Entrapments Around Shoulder

161

recurrence rate as 75—100% [43]. The dispute on
the mechanism of symptom relief leads others to
early surgical decompression to prevent irrevers-
ible nerve damage [44].

13.1.4.2 Surgical Treatment

If the conservative management fails and/or an
apparent space occupying lesion leading to the
entrapment is present, surgical treatment is indi-
cated. If an isolated case of nerve entrapment is
adressed, direct nerve decompression is per-
formed either in athroscopic or open surgical
interventions. The nerve is mainly entrapped in
the supracapular or spinoglenoid notch. If there is
a concomminant pathology leading to entrap-
ment such as rotator cuff tears or paralabral cysts
the treatment of the concomitant lesion might be
succesful. The treatment of a concomitant lesion
with or without an addition of nerve decompres-
sion is still a debate [45-50].

13.2 Axillary Neuropathy
and Quadrilateral Space

Syndrome

Quadrilateral space (QS) is an anatomic passage
in which the posterior circumflex artery and axil-
lary nerve are contained. Any pathologic condi-
tion that leads to the entrapment of these two
anatomical structures is called the quadrilateral
space syndrome (QSS). Cahill and Palmer
described the syndrome in 1983 [51]. It is charac-
terized by a dull indistinct pain on the posterolat-
eral aspect of shoulder which generally appears
after overhead or throwing activities [51]. The
diagnosis requires quite attention and awareness
on the indistinct symptoms, with accurate diag-
nostic work-up.

13.2.1 Anatomy

The QS lies posteriorly on the intersection of the
scapula and humerus, forming a gap just inferior
to teres minor and surrounded by long head of
triceps posteriorly, humerus anteriorly, and teres
major and latissimus dorsi muscles inferiorly. It

Deltoid

Fig. 13.4 Quadrilateral space syndrome (QSS) anatomi-
cal considerations as shown in the anatomic drawing

is an anatomic passage for the axillary nerve and
the posterior circumflex humeral artery (PCHA),
branch of the axillary artery, anterior to posterior
aspect of the shoulder [52]. The axillary nerve
innervates the teres minor and deltoid muscle in
this region. The course of the nerve starts from
the posterior cord of the brachial plexus on the
anterior aspect of shoulder, anteriorly to the infe-
rior one-third of subscapularis, then entering to
the axillary pouch and finally to the QS. The
nerve separates into anterior and posterior
branches in the space. The anterior branch has its
course subsided with the posterior circumflex
humeral vessels. There are fibrous bands within
the space described in literature that might be
responsible for the entrapment [52] (Fig. 13.4).

13.2.2 Pathophysiology

Although the ethiopathogenesis of QSS remains
uncertain, any lesion or anatomic structure that
occupies the QS leads to an entrapment of the
contents of QSS. If the affected content is axillary
nerve, it is then called a neurogenic quadrilateral
space syndrome (nQSS) and if posterior circum-
flex humeral artery is the one affected it is then
called a vascular quadrilateral space syndrome
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(vQSS). However there are reported cases of
combined compression being neurogenic and vas-
cular together. The two distinct theories on the
QSS are based on either the repetitive trauma to
the PCHA due to increased frequencies of over-
head activities in athletes and heavy duty workers,
or space occupying lesions due to structural or
traumatic entities [52]. Most accused reasons for
QSS are the dynamic causes of the compression.
In continuous abduction and external rotation
movements, the PCHA is most likely stretched in
its anatomic location causing a turbulent blood
flow further leading to intimal hyperplasia and
thrombotic occlusion which finalizes with an
aneurysm [53]. However, axillary nerve is not that
susceptible to this mechanical stress because of its
excursion and strain responses [54].

The static conditions or extrinsic causes of the
entrapment include most frequently the fibrous
bands, resulting from repetitive microtrauma to
connective tissue around the QS region, by caus-
ing a reduction in the cross-sectional area of QS
[52]. Other causes of static lesions are muscular
hypertrophy [55], anatomical variations [56],
bony formations [57], and any space occupying
lesions including labral cysts [58], osteochondro-
mas, and fracture hematoma [59].

13.2.3 Clinics and Diagnosis

QSS is often a pathology for the second to fourth
decades of life with a male predominance. It usu-
ally affects athletes with overhead activities such
as volleyball, baseball, and swimming [60].
Patients with intermittent, indistinct, paresthetic
pain on the posterolateral aspect of the shoulder
provocated with abduction and external rotation
of shoulder are candidates for an investigation of
QSS [61]. The clinical presentation of the disease
depends on the etiopathogenesis as mentioned
above. nQSS is characterized by nonspecific neu-
rogenic pain, paresthesia, weakness, while vQSS
is characterized by acute ischemic symptoms and
thrombosis or distal embolism. Both conditions
might cause muscle weakness and atrophy by
chronic denervation. Tenderness or tinnel sign
over QS might be apparent and distinguishing in

patients with QSS [53, 62]. Holding the arm on
abduction and external rotation position for 1 or
2 min will exacerbate the pain caused by entrap-
ment [60] (Fig. 13.5).

In a suspected case, MRI is the firstline imag-
ing technique to examine the anatomy and the
focal fatty degeneration and atrophy of the teres
minor muscle [63]. A lidocaine block test, with or
without the guidance of ultrasound just 2-3 cm
inferior to the standard posterior shoulder portal,
might be helpful for the diagnosis of the condi-
tion when a sudden relief of pain is obtained after
injection [64].

Digital subtraction angiography, computed
tomography angiography, and magnetic reso-
nance angiography are the following imaging
modalities for a suspected vQSS, visualizing the
PCHA [65]. A dynamic arteriography in abduc-
tion and external rotation position of shoulder has
also been described to confirm the entrapment of
the PCHA in low specificity [66, 67].

While electrodiagnostic tests are an important
diagnostic tool for neuropathies, EMG for axil-
lary neuropathy has a high false negativity rate.
However it is still helpful on excluding other
causes of neuropathies mimicking QSS such as
brachial plexus pathologies, cervical pathologies,
and thoracic outlet syndrome [68].

13.2.4 Treatment

The management of QSS is still questionable
with insufficient literature support; however, con-
servative measures in the preliminary manage-
ment are favored.

13.2.4.1 Conservative Treatment

Firstline management of QSS is given as at least
6 months of conservative management, in the lit-
erature [66, 68]. The conservative management
includes NSAIDs, activity modification, manual
therapy, and therapeutic exercises. Other benefi-
cial glenohumeral range of motion (ROM) exer-
cises, rotator cuff and periscapular muscle
strengthening, posterior capsule stretching, and
finally transverse friction and active release soft
tissue massages [66].
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Posterolateral Shoulder Pain

Physical examination

Paresthesia,
weakness, atrophy

X-ray, USG, MRI,
EMG

Physical Therapy
NSAIDs

Signs of
ischemia

Fig. 13.5 Quadrilateral space syndrome management algorithm [52]

Even though there is no literature support,
another option for a nonsurgical intervention is
the steroid injection to the QS with the guidance
ultrasound. Briefly it is performed directly on the
QS just 2 cm below to standard posterior
arthroscopic portal of the shoulder. Relief of the
symptoms is either diagnostic or therapeutic [53].

13.2.4.2 Surgical Treatment

Surgical treatment is indicated when symptom
relief is not accomplished in 6 months and a con-
firmed space occupying lesion is present. Open
surgical decompression is the option for the
patients that unachieve the conservative measures
and have space occupying lesions in QS. Before
performing the surgery, other entities that imitate
QSS should be excluded with further investiga-
tion such as arteriography for the PCHA. The
surgery is performed either on lateral decubitus
or prone position, with a 4-5 cm incision over the
Langer’s lines reflecting the posterior fibers of

deltoid muscle, leaving its acromial attachments
intact. Axillary nerve is dissected between the
teres minor and major muscles in the QS, from
the fibrous bands, and both the nerve and PCHA
are palpated and tested if they are compressed in
external rotation and abduction of the shoulder
by the excursion of the nerve and the pulsating
artery, respectively [68]. An arthroscopic debride-
ment might be added to the procedure in the pres-
ence of an intraarticular lesion such as paralabral
cysts and/or labral tears that affect the QS [53].
The authors advise against the application of the
arthroscopic procedure before the open surgical
decompression, in order to prevent the fluid
extravasation that negatively affects the surgical
dissection.

In cases of PCHA aneurysm, surgical resection,
and ligation or endovascular coiling, embolectomy
for distal emboli, catheter-directed thrombolysis,
or thrombectomy for thrombosed PCHA are other
options of surgical interventions [53].
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13.3 LongThoracic Nerve
Neuropathy and Medial
Scapular Winging

13.3.1 Anatomy

Long thoracic nerve originating from the vertical
branch of C5-6-7 cervical nerves innervates m.
serratus anterior. Palsy of the serratus anterior is
the most common etiology of scapular winging
[69]. Musculus serratus anterior is a flat muscle
that originates from the outer surface of the first
nine ribs. Muscle passes posterosuperiorly along
the thoracic wall and inserts onto the costal sur-
face of the medial scapula. Muscle has three
components with different roles. The proximal
component which is generally innervated by C5
and C6 nerve roots is responsible for lateral rota-
tion of inferior scapular angle. After passing bra-
chial plexus posteriorly, long thoracic nerve
receives fibers from C7 nerve root. Intermediate
and distal component of muscle is innervated
with the contribution of C7 nerve root to C5 and
C6. Intermediate component protracts the scap-
ula. Distal portion of muscle acts to protract and
rotate inferior angle of scapula superior and later-
ally [69-71].

As it is mentioned above, the nerve has fibers
from C5 and C6 nerve roots initially, then passes
anteriorly through the scalenus medius. After gain-
ing C7 nerve root based fibers, the nerve courses
inferiorly through clavicle and brachial plexus.
Long thoracic nerve courses superficially on the
lateral thorax wall after passing over first costa
[72]. It has an average of 21.4 cm in length [73].

13.3.2 Pathophysiology

Neurapraxia development is generally as a result
of blunt trauma such as vehicle accidents or
excessive traction (strech) of the nerve that can
be seen in athletes and many sports injuries.
Repetitive microtraumas as a result of activities
with the head tilted opposite site of nerve and the
arm overhead such as javelin throwers and tennis
servers may cause increase in tensile force on
nerve [74-76]. If the nerve has more than 10%

increase in length, the neuropraxia may occur.
The superficial course of nerve along thoracic
wall paves the way for compression injuries and
contusion. Middle scalene muscle, upper parts of
first rib, inferior angle of scapula, and the interval
between clavicle and second rib are most proba-
bly points where the compression of nerve takes
place. In their cadaveric study Hester et al.
described bow-stringing phenomenon across the
fascial band with progressive abduction and
external rotation [72]. Long thoracic nerve neu-
ropraxia has been reported especially in positions
where the arm is held in abduction for a long time
(arm abduction, hand supporting chin, book read-
ing position) [77, 78].

Serratus anterior paralysis can be seen due to
penetrating injuries of the long thoracic nerve
during surgical procedures, especially during
radical mastectomy, first rib resection, axillary
lymph node dissection thoracostomy tube place-
ment, and transaxillary sympathectomy [79].

Guillain-Barré syndrome, Arnold-Chiari mal-
formation, systemic lupus erythematosus, viral
issues, Lyme disease, and C7 radiculopathy are
other non-traumatic conditions that should be
kept in mind in terms of serratus anterior palsy
[80-82].

13.3.3 Diagnosis

Patients typically suffer from pain around the
shoulder which may radiate to arm or to scapula.
Absence of serratus anterior contraction, compen-
satory mechanism of rhomboid, and levator scap-
ula muscles produces spasm and finally pain [69,
83]. In patients with severe pain, neuritis, such as
Parsonage—Turner syndrome should be consid-
ered. Typically, the pain usually resolves sponta-
neously after several weeks, but the patient is left
with a winged scapula [84]. Weakness especially
in athletes is additional complaint to pain.
Physical examination should be done after the
patient adequately exposed, with both arms in the
resting position, and if there is atrophy in the
shoulder, it should be evaluated. The patient’s
scapulothoracic rhythm should be evaluated dur-
ing active elevation of the upper extremities. In
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patients with serratus anterior insufficiency after
long thoracic nerve injury, the scapula takes the
position of superior elevation, medial translation
with medial rotation of the inferior corner. Medial
scapular winging can be accentuated when the
patient is asked to forward flex his arms to the
horizontal plane and/or push on a wall in a push-
up motion. Manually stabilizing the scapula to
the thorax wall may help examiner to detect any
deformity with motion of shoulder. Patients with
serratus anterior muscle palsy have difficulty
with active forward elevation beyond 120°
(Fig. 13.6a). To differentiate serratus anterior
palsy from muscle dysfunction due to posterior
instability, forward elevation and external rota-
tion tests are performed. The dysfunction is due
to posterior instability if winging is corrected by
external rotation. Muscle weakness is confirmed
in 90° shoulder flexion in push-up position.
Medial winging may be immediately obvious, or
it may manifest with muscle fatigue after 5-10
repetition [69, 70, 85, 86].

The initial management starts with conven-
tional X-ray of the shoulder, scapula, chest, and
cervical spine in order to exclude other disorders
such as osteochondromas, malunions, or acces-
sory ribs. CT may help to better characterize
osteochondromas. MRI is reserved for patients

with cervical disc disease, shoulder instability, or
rotator cuff tears. EMG evaluation including the
shoulder girdle muscles should be done and be
repeated every 3 months in order to investigate the
presence of nerve recovery. Clinical recovery may
or may not be related with the results of serial
electromyographic examination [76, 87, 88].

13.3.4 Treatment

13.3.4.1 Conservative Treatment

If there is no evidence about the presence of
direct long thoracic nerve laceration injury, con-
servative treatment should be approved for a
period of 12-24 months. Progressive clinical and
electromyographic recovery should be observed
[69, 76, 89] (Fig. 13.7).

Watson et al. have described the methodology
of conservative approach to serratus anterior
palsy. In the first step, the objective is mainly
pain relief and saving the range of motion. It is
advised to make ROM exercise in supine position
in order to stabilize scapula by body weight.
Another important point is to avoid overhead use
of arm. Second step includes painless period and
nerve recovery is expected to be started in this
phase. It is important to keep up full ROM and

Fig. 13.6 (a) Medial scapular winging, the serratus ante-
rior muscle is not working as the white arrow and the
scapula shifts medially as the blue arrow. (b) Lateral

scapular winging, the trapezius or rhomboid muscle is not
working as the white arrow and the scapula shifts laterally
as the blue arrow
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Fig. 13.7 Scapular winging management algorithm

stretch the rhomboids, levator scapulae, pectora-
lis mindr to prevent contracture related problems.
In the last step, strengthening exercises for all
shoulder girdle muscles are advised [90].
Conservative treatment is more successful in
serratus anterior palsies than trapezius palsies.

13.3.4.2 Surgical Treatment

If scapular winging is associated with either iat-
rogenic injury or penetrating trauma, nerve
exploration, neurolysis, or nerve grafting is indi-
cated. In neuropraxia cases, after failure of 12-24
months of conservative management and absence
of any recovery in EMG, surgery should be con-
sidered. Dynamic muscle transfer is the most
commonly used surgical procedure today.
Although the transfer of many muscles has been
described, it has been reported that successful
results are obtained by separating the sternocos-
tal part of the pectoralis major from the humeral
insertion, strengthening with the fascia lata and
transferring it to the inferior corner of the scap-
ula. After 4 weeks of sling immobilization, pas-
sive shoulder exercises should be performed. In
weightlifters and individuals participating in con-
tact sports, rehabilitation period should be longer.
It has shown that this procedure has good func-

Painful Scapular Winging

_(
= =

tional outcomes and better pain relief and sweep
winging away. Facial sling operations, which are
applied by tethering the fascial grafts between the
medial edge of the scapula and the spinous pro-
cesses of the thoracic vertebra, have lost its popu-
larity due to postoperative recurrence. Successful
results have been reported with fusions between
the scapula and thorax in cases where muscle
transfers and facial sling operations had failed.
As a salvage procedure, scapulothoracic fusions
are performed between the medial edge of the
scapula and the ribs with cerclage wire or plate-
screws with bone graft support. Although resolu-
tion of winging is successful in this procedure,
loss of shoulder elevation and vital capacity,
pseudoarthrosis, and pulmonary complications
are not uncommon [69, 91-98].

13.4 Accessory Nerve Neuropathy
and Lateral Scapular
Winging

13.4.1 Anatomy

Accessory nerve neuropathy may produce trape-
zius palsy. By the way, it is important to have
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detailed knowledge about course of nerve and
function of trapezius muscle. Trapezius muscle
which originates from external occipital protu-
berance, one-third of the nuchal line and the
spines of the 7 cervical and 12 thoracic vertebrae,
elevates, retracts, rotates, and depress the scapula
by three different insertions. Superior 1/3 of the
muscle elevates the scapula and rotates the lateral
angle upwardly, middle 1/3 adducts and retracts
and inferior 1/3 depresses the scapula and rotates
the inferior angle laterally. Superior and inferior
portion of the muscle accommodates scapula
with the mechanism of moving the glenoid
upward during abduction [69, 74, 99, 100].

Accessory nerve is the only cranial nerve that
enters (foramen magnum) and exits (foramen
jugulare) the skull. After leaving the skull, the
spinal accessory nerve penetrates to the deep sur-
face of the sternocleidomastoid muscle, entering
the posterior triangle of the neck with close asso-
ciation associated with a chain of five to ten
lymph nodes. After crossing posterior cervical
triangle superficially gives deep fibers along tra-
pezius [99, 100].

13.4.2 Pathophysiology

Iatrogenic injuries during lymph node biopsy or
cervical mass excision procedures are known as
the most common etiologic factor. After median
nerve injury during carpal tunnel surgery, acces-
sory nerve injury during lymph node biopsy takes
second place in terms of neural iatrogenic inju-
ries. Another etiologic factor is direct trauma to
the posterior cervical region [101].

The superficial course of the nerve makes it
prone to injury. Heavy lifting and penetrating
trauma to posterior cervical triangle are other
mechanisms for accessory nerve injury.
Spontaneous or idiopathic trapezius paralysis has
also been reported [102].

13.4.3 Diagnosis

Patients typically complaint about shoulder or
upper back pain, fatigue, stiffness, or muscle

weakness, especially with overhead activity.
Absence of trapezius contraction, compensatory
mechanism of other muscles produces spasm.
This spasm and strain may be a reason for severe
posterior shoulder pain. In some cases, pain radi-
ates to arm or proximally to paraspinous cervical
region. In chronic cases, pain can be felt in fore-
arm, hand, face, and head, even contralateral
sidearm. Daily life activities such as writing for a
long time, driving, or heavy lifting become
restricted. Scapular rotation deficiency due to tra-
pezius palsy can be connected with the pain of
subacromial impingement of ipsilateral shoulder.
Overhead activity such as throwing may aggra-
vate the symptoms [69, 74, 103, 104].

Physical examination should be done after the
patient is adequately exposed, with both arms in
the resting position, and if there is atrophy in the
shoulder, it should be evaluated. The patient’s
scapulothoracic rhythm should be evaluated dur-
ing active elevation of the upper extremities. As a
result of deficiency in muscle tone of trapezius,
scapula moves inferiorly and inferior angle
rotates laterally. By the way, drooping of ipsilat-
eral neckline should call up trapezius palsy.
Lateral winging is minimal in contrast with ser-
ratus anterior palsy (Fig. 13.6b). With the abduc-
tion of shoulder winging can become more
visible, conversely winging may disappear with
forward flexion. Commonly, limitation of abduc-
tion is present and abduction range may catch up
to 80-90° [104]. An alternative test to identify
accessory nerve neuropathy is proposed by Chan
et al. as glenohumeral external rotation against a
resistance [105]. Any lateral winging of the scap-
ula is indicative of accessory nerve palsy includ-
ing paralysis of the rhomboid and serratus
anterior muscles, herniated nucleus pulposus,
scoliosis, progressive neuromuscular disease,
scapular osteochondroma (Fig. 13.8), fracture
malunion, stroke, herpes zoster infection [106].

The management should start with conven-
tional radiography as usual to eliminate other dis-
orders of shoulder, cervical spine, and scapula
such as accessory ribs, space occupying bone
tumors (e.g. Osteochondroma), and posttrau-
matic changes. CT may help to better character-
ize osteochondromas. MRI is reserved for
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Fig. 13.8 Other causes of scapular winging might be space occupying lesions sraound scapulotoracic area such as an
osteochondroma

patients with cervical disc disease, shoulder
instability, or rotator cuff tears. EMG evaluation
including the shoulder girdle muscles should be
done and be repeated every 3 months in order to
investigate the presence of nerve recovery.
Clinical recovery may or may not be related with
the results of serial electromyographic examina-
tion [76, 87, 88] (Fig. 13.7).

13.4.4 Treatment

13.4.4.1 Conservative Treatment

Conservative treatment options such as physical
therapy, transcutaneous nerve stimulation, exter-
nal support, chiropracty, NSAIDS, and narcotic
analgesics are often unsuccesful in patients with
trapezius palsy. Poor outcome of conservative
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treatment is generally as a result of inability of
physical therapy that aims to improve the strength
and function of the compensatory muscles [74,
106]. Shoulder brace/orthosis may be used to
press the scapula against the thoracic wall espe-
cially in radical neck dissection patients.
Although bracing seems to be successful in pain
relief, range of motion of shoulder joint remains
limited. Nonoperative management is promising
with high success regarding serratus anterior
palsy over trapezius palsies [107].

13.4.4.2 Surgical Treatment

In iatrogenic or penetrating injuries of spinal
accessory nerve, surgical exploration, neurolysis,
and if needed nerve repair, or nerve grafting
should be considered. These procedures have
variable outcomes. In their retrospective study,
Kim et al. reported the outcomes of surgical pro-
cedures that included 58 nerve grafting, 26 end-
to-end repair, and 19 neurolysis. Almost all
injuries were iatrogenic (93%) and neuorolysis
was performed if spinal accessory nerve was
intact and intraoperative electrical evidence of
regeneration was present. Neurolysis resulted in
mostly excellent results, while end-to-end suture
repair was reported as slightly better outcomes
than graft repair [108]. Teboul et al. summarize
that better results from nerve repair can be
expected if the procedure is performed in first 20
months. Regarding the nerve repair site; the
shorter the distance of the repair site to the end
plates of nerve, the better the outcomes should be
expected [102].

Especially in non-traumatic cases, after the
failure of 12-24 months of conservative manage-
ment and absence of any recovery in EMG,
dynamic muscle transfer surgery should be con-
sidered. Eden-Lange muscle transfer procedure
is the most favored for isolated chronic trapezius
palsy. This procedure includes the transfer of the
insertion sites of the levator scapulae and rhom-
boid muscles laterally along the scapula. Hereby,
new vectors of these muscles allow them to stabi-
lize the scapula and support the shoulder girdle,
instead of the denervated trapezius [109].
Outcomes generally range from good to excellent
and success in pain relief is satisfactory. Some

authors recommend the Eden-Lange procedure
only in the case of spontaneous palsy of the tra-
pezius, failed nerve repair, or a duration of
12-20 months have elapsed post-injury [69, 102].

With the presence of serratus anterior palsy or
rhomboid weakness additional to trapezius palsy,
poorer outcomes should be expected. In this situa-
tion, scapulothoracic fusion may be an option
[69]. Patients with muscular distrophy or those
who do not obtain relief with dynamic muscle
transfer are candidates for scapulothoracic stabili-
zation. Giannini et al. reviewed the results in nine
patients with muscular dystrophy treated with wire
fixation to the thoracic ribs without fusion. They
reported that winging had resolved in all patients,
and statistically significant increase in abduction
strength was found at the end of first year. Patient
developed pneumothorax that resolved spontane-
ously within 48 h [110]. Krishnan et al. recently
reported their results of scapulothoracic arthrode-
sis for muscular dystrophy and refractory winging
using plates and wires in 22 patients (24 shoul-
ders). Pulmonary complications developed in
nearly half of shoulders, and 7 shoulders (29%)
developed pseudoarthrosis. They have advocated
for routine thoracostomy tube placement and iliac
crest autograft to minimize complications [95].
Teboul et al. suggested neurolysis, nerve graft, or
repair within 6-12 months in injuries resulting
from surgery or penetrating trauma [102]. In their
meta-analysis, Nath et al. reported that both long
thoracic or spinal accessory nerve decompression
and neurolysis are effective techniques in correct-
ing winging scapula in comparison with muscle
and tendon transfer operations [111].
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14

Suleyman Semih Dedeoglu

14.1 Clavicle Fractures

Clavicular fractures, an important cause of mor-
bidity, constitute approximately 3% of all frac-
tures in adults [1]. The overall incidence of these
fractures has increased, reaching 60 per 100,000
people [2]. Although there is a 70% male domi-
nance in terms of gender, this situation varies
according to age. The most frequently affected
group is young men, especially between the ages
of 15 and 24, but in people over the age of 60, the
effect of gender is eliminated and even female
patient domination may exist [3, 4]. Clavicle
fractures occur most commonly due to the fall on
the shoulders during sport activities or traffic
accidents. Fracture mechanism also varies by
gender and age. Male and young patients are
injured mostly due to traffic accidents while
using bicycles, vehicles, etc., women and elderly
are more likely to develop clavicular fracture
after fall as a frequent etiological factor [3].

14.1.1 Classification

There are multiple classifications for clavicle
fractures. Some of these classifications are more
specific for certain type of fractures, but they
have no obvious superiority over each other [5].
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Clavicle fractures can be categorized into three
groups by anatomic site as described by Allman,
one of the most recognized -classifications:
Midshaft fractures in the middle third of the
clavicle as Group 1; distal clavicle or lateral
fractures in the distal third of the clavicle as
Group 2; and medial clavicle or proximal frac-
tures in the medial third segment as Group 3 [6].
AO/OTA classification is also one of the com-
monly used classifications. In this classification,
the proximal and distal end fractures are subdi-
vided into extra-articular, partial articular, and
full articular, whereas diaphyseal fractures are
categorized as simple, wedge, and multifrag-
mentary [7]. The Neer classification further
evaluates distal clavicle fractures in five sepa-
rate groups, as Type 1-Type 5 (Fig. 14.1) [8].
Midshaft fractures are most common subtype,
constituting 65-80% of all clavicular fractures,
followed by distal (lateral) fractures with
approximately 20-30% and proximal (medial)
fractures with up to 5% [2]. While midshaft
fractures are the most common type in men and
women, distal fractures may reach up to 40—45%
in women and the elderly [3].

14.1.2 Clinical Anatomy
The clavicle, as an S-shaped bone, makes the

sternoclavicular joint with the sternum in the
proximal part, and the acromioclavicular joint
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with the acromion in the distal part. While it
attaches to the sternum with the sternoclavicular
ligaments, and to the scapula with the acromio-
clavicular and coracoclavicular ligaments. Its
distal half attaching to the scapula has a concave
structure, whereas the proximal half is convex,
creating a space for neurovascular structures to
supply the upper limb. The part where concavity
and convexity fuses is the thinnest section of the
clavicle and also lacks ligaments. For this reason,
most of the clavicular fractures occur in this
region, also called midshaft. When the bone
becomes displaced, the proximal part is pulled
upwards with the strength of the sternocleido-
mastoid muscle that is attached to the clavicle.
Conversely, the distal segment is displaced inferi-
orly with the weight of the arm. Shortening is
often seen as fracture fragments pass each other
due to the forceful pulling effect of subscapularis
and pectoral muscles.

14.1.3 Midshaft Fractures

14.1.3.1 Diagnostic Approach

In midshaft fractures, there is pain and edema
localized at the fracture site, and the pain gets
aggravated with arm movement. On physical
examination, hematoma and ecchymosis, bone
angulation, and displaced bone tips can be
detected. In addition, crepitus can be heard and
bone fragments can be felt by palpation to the
affected side. Neurovascular and lung examina-
tion should not be overlooked during the evalu-
ation not to miss other fractures and
complications, especially if high-energy events
are accompanied.

In the radiological evaluation of the midshaft
clavicular fracture, only one-sided plain AP radi-
ography is actually sufficient. Transverse or
oblique fracture and vertical plane displacement
can be seen on AP radiography. If shortness is
suspected, the length between affected and unaf-
fected clavicle should be compared on plain chest
radiography. The scapula and other structures
should also be extensively examined for concom-
itant damage and complications as part of the
complete radiological evaluation.

14.1.3.2 Treatment Approach

The treatment goal is to restore shoulder func-
tions to pre-injury state in midshaft fractures.
Ensuring clavicle healing with minimal defor-
mity also minimizes pain and movement loss as
much as possible. Apart from specific clinical
conservative or surgical indications for midshaft
fractures, ideal treatment strategy is based on
patients’ individual requirements and expecta-
tions [9]. For example, open fractures or fractures
accompanied by neurovascular injury or multiple
trauma are usually treated with surgical interven-
tion, whereas conservative follow-up may be suf-
ficient for non-displaced fractures [10]. As the
long-term results of the surgical and conservative
approach are generally similar for well-
recognized certain indications, the advantages
and possible complications of surgical interven-
tion should be evaluated on a case-by-case basis.

Conservative Treatment

Non-displaced fractures and fractures where cor-
tical alignment is not disrupted can be managed
with conservative approaches. In addition, dis-
placed fractures up to 2 cm or fractures accompa-
nied by a shortening of <2 cm can be treated
without the need for surgery. In cases where the
displacement or shortening exceeds 2 cm, surgi-
cal interventions are mostly considered, since
non-union rates increase against conservative
treatment [11]. However, since the long-term
functional results of both approaches are similar,
in cases where there is no obvious surgical indi-
cation, cosmetic expectations, return to work,
operative risks, etc. should be discussed with the
patient to make a shared decision.

In the conservative approach, the shoulder on
the injured side is immobilized. However, this
immobilization cannot be performed very strictly
due to several factors, including the tension force
of the muscles around the shoulder, positional
changes during the day, and the effects of the
respiratory muscles. Basic sling and FOE ban-
dage to be applied for 2-6 weeks are the most
frequently used methods. Though these two
approaches have similar outcomes overall, sling
immobilization seems to have better tolerability
as it has been reported as less painful during the
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early period [12]. It is generally recommended to
restrict internal rotation for 3-4 weeks. Care
should be taken to remove the sling several times
a day to prevent elbow rigidity. Free movement is
usually allowed after 6 weeks. Isometric physio-
therapy and resistance exercises can be done as
much as pain allows.

Surgical Treatment
Surgical indications for midshaft fractures
include presence of >2 cm displacement, open
fracture, fractures accompanied by neurovascular
complications, shoulder compression, and float-
ing shoulder. The presence of an open fracture
and neurovascular complication is considered a
complicated fracture, requiring an emergent sur-
gical intervention. Neurovascular risks should be
considered before internal fixation of clavicle
fractures is planned. Although rare, there is a risk
of creating axillary and brachial plexus vascular
lesions, especially on the inferior side of the clav-
icle. For this reason, plates should be placed
superior part of the medial segment and anterior
of the middle segment as much as possible [10].
In displaced midshaft fractures, plate osteo-
synthesis is the gold standard treatment
(Fig. 14.2). This procedure can be performed
with minimally invasive techniques with locked
or unlocked anatomic plate or dynamic compres-
sion plate (Fig. 14.3) [10, 13]. Another method is
intramedullary fixation. While this method has
advantages such as less invasive nature, small
scar area, and shorter hospital stay, it has higher
risks such as implant migration due to poor rota-
tional stability [14]. Although the risk of infec-
tionappears slightly higherin plate osteosynthesis,

the functional outcomes and complication rates
of both approaches are generally similar [15, 16].

14.1.4 Distal Clavicular Fractures

14.1.4.1 Diagnostic Approach

The clinical presentation of distal clavicular or
lateral fractures mainly consists of pain and ten-
derness around the acromioclavicular joint;
edema and ecchymoses are often accompanied
by this condition. The clinic of distal segment
fractures might be confused with various pathol-
ogies of the shoulder such as osteoarthritis and
septic arthritis, and especially acromioclavicular
joint dislocation. Acromioclavicular joint dislo-
cation also has similar manifestations; in both
cases the pain is exacerbated in the cross-arm
test. While maximal pain is more medial to the
acromioclavicular joint in fractures, tenderness is
directly on the joint in dislocation. However,
radiological examination is required for defini-
tive differential diagnosis [17].

A plain AP shoulder radiography is usually
sufficient for the radiological diagnosis of distal
clavicle fractures. Conversely, a 15° cephalad
angle AP image and stress radiography may also
be required to assess the integrity of the coraco-
clavicular ligament. The importance of AP radi-
ography in distal clavicle fractures is that it
allows the Neer classification to be used to deter-
mine the prognosis and treatment specific to
these fractures. This classification is based on the
place of the fracture in relation to coracoclavicu-
lar ligament and the integrity of these structure.
In Type 1, the fracture fragment is lateral to the

Fig. 14.2 Open reduction internal fixation of midshaft clavicle fractures: (a) preoperatively, (b) postoperatively



14  Fractures Around Shoulder

179

Fig. 14.3 Minimal invasive plate osteosynthesis of mid-
shaft clavicle fractures

attachment site of the ligament, whereas it is
medial to the attachment site in Type 2. Type 2
fractures further divide into two groups as Type
2A and Type 2B: while the former is character-
ized by attachment of both conoid and trapezoid
ligaments to the distal fragment; Type 2B corre-
sponds to the fractures where conoid ligament is
separated from the proximal fragment. Type 3
fractures extend into the acromioclavicular joint.
Type 4 is seen in children, where avulsion with
coracoclavicular ligament occurs with upwards
displacement of medial segment. Type 5 fracture
features avulsion in addition to the characteristics
observed in Type 2 fracture. These two types of
fractures gain an unstable structure, which com-
pels their treatments. The instability originates
from the pulling of distal fragment to distal and
medial direction and proximal fragment to poste-
rior direction with the effect of surrounding mus-
cle groups [18, 19].

14.1.4.2 Treatment Approach

In distal clavicle fractures, the treatment and its
outcomes are determined by the presence of dis-
placement that may cause the instability of the
fracture and the injury to the coracoclavicular
ligament. In general, stable Type 1 and Type 3
fractures and Type 4 fractures accompanied by
periosteal disintegration in children are treated
with a conservative approach. Instability and dis-
placement in Type 2 and Type 5 fractures mostly
require surgical intervention, but although many
surgical techniques are used in this regard, there
is no agreed gold standard approach.

Conservative Treatment

The majority of distal clavicle fractures, espe-
cially Type 1 and Type 3 fractures, are managed
with a non-operative approach. In these fractures,
immobilization is achieved with sling, and shoul-

der movements are allowed as the pain subsides.
After 6 weeks of follow-up, shoulder radiogra-
phy is repeated and these patients usually recover
completely without developing sequelae. Non-
displaced Type 2 fractures may also be some-
times followed up conservatively, on an individual
basis. In these cases, the weight of the arm should
be supported so that the edge of the proximal
fragment is as close to the coracoid process as
possible, and this can only be achieved with a
sling. FOE bandage should not be used in Type 2
fractures as it gives no support to the weight of
the arm [10, 17].

Surgical Treatment
Surgical treatment is preferred for Type 2 frac-
tures, especially in the presence of displaced
fractures. However, there is no gold standard
technique for surgical treatment. Two main surgi-
cal principles can be followed that eliminate the
forces acting on the bone ends to properly align
them. Alignment of fragments by internal fixa-
tion could be provided with or without involve-
ment of the acromion. The major problem in
stabilizing these fractures is that the distal frag-
ment may be too small to be attached with the
implant. When acromion is stabilized to over-
come such situation, it may create a predisposi-
tion to arthritis in the long-term as the normal
rotation of the acromioclavicular joint is pre-
vented. Therefore, the implant needs to be
removed after a while. The second principle is
the fixation of the displaced proximal fragment
with the coracoid. In this invasive surgical proce-
dure, which includes reconstruction of torn cora-
coclavicular ligaments, attention should be paid
to neurovascular structures adjacent to the cora-
coid. Both surgical principles can be used
together or alone in an intervention [20].
Surgical techniques where rigid fixation is
applied include locked plate osteosynthesis, hook
plate fixation, distal radius locked plate fixation,
coracoclavicular screwing, and Knowles pinning
(Figs. 14.4 and 14.5). Conversely, classical
K-wire fixation, tension band wiring, suture
anchors, coracoclavicular fixation with double
button lift-up, and Dacron artery graft for coraco-
clavicular ligament reconstruction can be listed
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Fig. 14.4 Locking plate osteosynthesis fixation of the in Neer Type 2A distal clavicle fractures: (a) preoperatively, (b)

postoperatively, (¢) union after plate removal

Fig. 14.6 Tightrope application in Neer Type 2B distal clavicle fractures: (a) preoperatively, (b) postoperatively

as flexible fixation techniques (Fig. 14.6).
Overall, there is not much difference between
techniques in terms of time required for union.
Besides the slightly increased risk with K-wire
tension band wiring, the risk of implant failure is
similar in other techniques and all techniques
achieve generally good to excellent functional
outcomes. Complications are more common in
rigid fixation techniques, especially those associ-
ated with the implant (Fig. 14.7). On the contrary,
there are fewer complications in coracoclavicular

screw fixation and flexible coracoclavicular fixa-
tion repairs. The risk of infection is generally
similar and depends on the invasiveness of the
intervention [20-22].

14.1.5 Medial Clavicular Fractures
14.1.5.1 Diagnostic Approach

Medial or proximal fractures, the least common
type of clavicle fractures, are mostly caused by



14  Fractures Around Shoulder

181

Fig. 14.7 Multifragmentary distal clavicle fracture: (a) preoperatively, (b) locking plate osteosynthesis with Tightrope-
supported coracoclavicular screw, (¢) coracoclavicular screw pull-out, (d) union after removal of the screw

high-energy traumas such as accidents and are
included in the clinical picture as part of a multi-
trauma. Another reason comprises the stress frac-
tures secondary to repetitive activity, which
requires the exclusion of other causes of bone
pain, unlike to the diagnostic approach in acute
trauma. In both cases, there is pain in the sterno-
clavicular region exacerbated by shoulder move-
ment. As the pain usually increases in the supine
position, patients feel more comfortable in a sit-
ting position to support their arms. In acute frac-
tures, ecchymoses can be seen, especially if there
is ligament injury or displaced fragment. Anterior
or posterior displacement of the medial clavicle
could imply a sternoclavicular dislocation. In
multi-trauma patients, additional possible inju-
ries of scapula, rib, brachial plexus or ipsilateral
upper limb and hemothorax or pneumothorax
should be carefully investigated [23, 24].

Since medial fractures can be missed due to
overlapping bone shadows on plain AP radiog-
raphy, shoulder radiography should be taken at a
45° angled cephalic plane. The visualization of
both shoulders is more suitable for comparison.
If there is clinical suspicion on plain radiogra-
phy, computed tomography (CT) should be per-
formed. In acute fractures, CT and magnetic

resonance imaging (MRI) should be considered
as an additional test to better assess other
structures.

14.1.5.2 Treatment Approach
Conservative follow-up is deemed to be adequate
in stress fractures and non-displaced acute frac-
tures, whereas proximal fractures that accom-
pany displacement and multi-trauma require a
more comprehensive and well-planned multidis-
ciplinary interventions. Possible head, neck, tho-
rax, and visceral injuries should be evaluated and
surgical interventions should be considered,
especially in the presence of posterior displace-
ment or dislocation [25].

Conservative Treatment

In non-operative treatment, immobilization is
sufficient with ice application, analgesic, and
sling support. In stress fractures, cessation of the
repetitive activity and physiotherapy support
increases the success of the treatment. Recovery
is usually expected within 6—8 weeks. Though
achievement of good functional outcomes may
take up to 3 years, conservative follow-up could
be regarded as overall successful with 5% of non-
union and 10% of delayed union rates [24, 26].
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Fig. 14.8 Medial clavicle fracture

Surgical Treatment

Open reduction plus internal fixation is one of the
most commonly used techniques for the surgical
intervention, which is rather preferred in dis-
placed medial fractures (Fig. 14.8) [27, 28]. This
technique yields successful functional outcomes,
and when performed in the early period, could
also minimize the risk of painful non-union [28].
In periarticular medial fracture associated with
dislocation, T-locked plates also demonstrate
successful results [29-31]. In addition, it is
reported that successful outcomes are achieved
with inverted distal clavicle plate technique in a
small number of patients [32].

14.2 Proximal Humerus Fractures

Proximal humerus fractures account for approxi-
mately 6% of all extremity fractures and the third
most common fractures following hip and distal
radius in elderly [33]. While it occurs in high-
energy traumas such as motor vehicle accidents
in young patients, it is often secondary to low-
energy trauma like simple falls in the elderly
[34]. Osteoporosis, diabetes, epilepsy, and female
gender are important risk factors for these frac-
tures [35]. With an increased life expectancy, the
percentage of elderly population raises in these
fractures. In this century, the incidence of proxi-
mal humerus fractures has also increased with
osteoporotic hip and distal radius fractures. Poor
bone quality causes more complex fracture types
despite low-energy trauma. In last decades, the
fact that more elderly has to live alone and meet
their own demands like personal care increases

the need for fulfillment of patients’ satisfaction
level from the outcomes of treatment. The
patient’s expectations and lifestyle should be
taken into account in the choice of treatment
modality.

14.2.1 Clinical Anatomy

The proximal humerus is divided into four parts.
These are the greater tuberosity, lesser tuberosity,
head (articular surface), and the diaphyseal
regions [36]. The rotator cuff tendons attach to
tubercles and contributes to glenohumeral move-
ment and dynamic stability. The subscapularis
tendon inserts onto the lesser tubercle anteriorly
and the other three tendons (supraspinatus, infra-
spinatus, teres minor) attach to the greater tuber-
osity. The bicipital groove, which contains the
long head of the biceps tendon is located between
two tubercles. The anatomical neck is located in
the part of the old epiphyseal plate between the
tuberosities and humeral head, where the joint
capsule attaches. The surgical neck, the weakest
region, is below the tuberosities and is closely
related to the axillary nerve and posterior circum-
flex humeral artery [34]. The average neck angle
between the shaft and the humeral head is 130°.
Humeral retroversion has been reported in a wide
range from 18 to 30" [37, 38]. The upper border
of the insertion of the pectoralis major tendon is
5.6 cm inferior from the top of the humerus head
and lateral to the bicipital groove [39]. Latissimus
dorsi and teres major tendons (most medial and
posterior) attaches medially to the pectoralis
major tendon insertion. Medial calcar is another
osseous part and consists of medial humeral
metaphyseal region. Intact or surgically sup-
ported medial calcar is important for stability and
prognosis [40]. Although the ascending branch of
the anterior humeral circumflex artery arising
from the axillary artery is known to be the main
vascular structure that provides perfusion of the
humeral head, the incidence of osteonecrosis is
low due to existing anastomoses [41]. Recent
studies have reported that near two-thirds of the
humeral head perfusion was derived from the
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posterior humeral circumflex artery. Currently,
the posterior humeral circumflex artery is the
main blood supply to the humeral head [42]. In
terms of deforming forces, pectoralis major mus-
cle pulls the humeral shaft anterior and medially.
Supraspinatus, infraspinatus and teres minor
muscles pull and externally rotate the greater
tuberosity. Subscapularis muscle rotates the
lesser tuberosity and/or head internally according
to the configuration of the fracture, e.g. pulling
the fragment medially in isolated lesser tuberos-
ity fracture.

14.2.2 Classification

Proximal humerus fracture classifications may
help to decide appropriate treatment modality and
predict the prognosis. Kocher made a classifica-
tion according to fracture localization [43]. In
1934, Codman classified the proximal humerus
fractures into four types as articular surface, shaft,
greater tuberosity, and lesser tuberosity based on
the number of fragments [44]. Neer has made his
classification inspired by the idea of Codman’s
four fragments fracture pattern and based on ana-
tomic relations. He classified the fractures into
four main segments (1 part, 2 parts, 3 parts, 4
parts) and six groups (minimal displacement, ana-
tomic neck, surgical neck, greater tuberosity,
lesser tuberosity, fracture dislocation) [45]
(Fig. 14.9). This classification, which is used most
frequently today, is based on the number of frac-
ture lines and the presence of displacement. The
definition of displacement entitles >45" angulation
and >1 cm separation between the fragments.

The AO Classification has divided the frac-
tures into three main types as Type A, Type B, or
Type C [46]. Type A fractures are unifocal and
extra-articular (involving one of the tuberosities),
Type B fractures are bifocal and extra-articular
(metaphyseal and tuberosity involvement), and
Type C fractures are intra-articular (fracture dis-
locations or head split fractures). Each main
group is subdivided into three subgroups (Al,
A2, A3, B1, B2, B3, C1, C2, C3), which were
determined according to several criteria, includ-

ing displacement level, alignment, metaphyseal
extension of the fracture, accompanying disloca-
tion, or head split injury. Fracture patterns are
separated into 27 subgroups. The risk of develop-
ing osteonecrosis is increased in AO Type C
fractures.

Hertel classified the proximal humerus frac-
tures according to the LEGO blocks model con-
sisting of 12 main segments: 6 possible two-part
fractures, 5 possible three-part fractures, and 1
possible four-part [47]. Less than 8 mm postero-
medial metaphyseal extension of the humeral
head fragment and more than 2 mm disruption in
medial hinge are risk factors for ischemia.
However, ischemia has shown not to cause osteo-
necrosis in cases where osteosynthesis is per-
formed by preserving the humeral head with
adequate reduction [48].

14.2.3 Diagnostic Approach

Severe pain during movements, swelling, and
ecchymosis are common signs and symptoms.
The presence of neurovascular injury, e.g. frac-
ture dislocation, needs to be also investigated.
Sensory and motor tests of the axillary nerve
should be performed as it is the most commonly
injured nerve, with also examination of brachial
plexus and upper extremity pulses [49]. Doppler
ultrasound examination of axillary or brachial
artery may be required in case of suspected vas-
cular injury. Angiography and CT angiography
may also be performed upon consultation with
vascular surgeon in such cases.

Radiological assessment provides information
about fracture morphology and displacement
level, helping with fracture classification and
proper treatment plan. These include true AP
(Grashey), scapularY, and axillary lateral views. If
these do not give sufficient data, apical oblique,
Velpeau, West Point axillary views could be
obtained. Apical oblique view is used for the diag-
nosis of glenohumeral dislocation and posterolat-
eral humeral head compression fractures. Velpeau
view is an alternative to axillary lateral radiogra-
phy and performed with patient’s arm held in
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Fig. 14.9 Neer classification in proximal humerus fractures

internal rotation in a sling. West Point axillary
view is specific to the evaluation of the anteroinfe-
rior rim of the glenoid. Additional CT is recom-
mended in cases where X-ray radiographs fail to
determine the fracture line, evaluation of fracture
morphology in three- or four-part fractures, deter-
mination of tuberosity displacement, detection of
involvement of the humeral head, and suspected
concomitant glenoid fracture. It also helps to clas-
sify fractures and plan the appropriate treatment.
Rarely indicated ultrasonography or MRI may be
useful detection of rotator cuff injuries.

14.2.4 Treatment Approach

The goal of treatment in proximal humerus frac-
tures is to achieve a painless and functional
shoulder joint. Pain should be relieved initially
and the fracture must be immobilized. After
clinical and radiological evaluations, it is decided
whether to apply conservative or surgical treat-
ment. Treatment planning is made according to
the appropriate indication. The determination of
appropriate treatment method is based on consid-
ering age, fracture classification type, displace-
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ment level, bone and soft tissue quality, general
medical status, and additional injuries [50].

14.2.4.1 Conservative Treatment
Minimally displaced one-, two-, or three-part frac-
tures (surgical or anatomic neck fractures), <5 mm
displaced greater tuberosity fractures, and patients
with advanced age or additional comorbidities that
do not allow for surgical treatment can be treated
conservatively [49, 51, 52]. The recommended
conservative method is immobilization in a sling
with shoulder resting position (0" adduction and
internal rotation) for 4-6 weeks [53].

Satisfactory clinical and functional results
have been achieved with the progressive physi-
cal therapy program applied after 2-3 weeks of
sling immobilization [54, 55]. Rehabilitation
protocols include active rehabilitation and
strengthening after early pendulum exercises.
Early rehabilitation has been reported to
improve clinical and functional outcomes, albeit
with conflicting association with iatrogenic dis-
placement [53, 56, 57]. Non-operative treatment
of proximal humeral fractures is reported to
yield 80-85% success rate [34]. Conversely,
forced closed reduction maneuvers can cause
soft tissue and neurovascular injuries, with
reports of axillary nerve injury at a rate 30%
[58]. Whether the injury is traumatic or iatro-
genic during closed reduction is controversial.
Other complications include non-union, delayed
union, and humeral head osteonecrosis [49].

14.2.4.2 Surgical Treatment

Indications for surgical treatment include three- or
four-part fractures, open fractures, accompanying
ipsilateral shoulder girdle fractures, neurovascular
injury, head split fracture, severe displacement
(>5 mm) of greater tuberosity fractures, non-
unions following conservative treatment [50, 51].
The primary goal of surgical treatment should be
preserving the humeral head with osteosynthesis if
possible. In cases where the head cannot be recon-
structed, arthroplasty may be a more appropriate
treatment option. In particular, multifragmentary
complex fractures, fracture dislocation, elderly
patients (>70 years old), poor bone quality, and
head split fractures remain at high risk for devel-
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Fig. 14.10 Humeral head split fracture

opment of osteonecrosis and non-union
(Fig. 14.10) [59, 60]. In such cases, arthroplasty
(reverse or hemiarthroplasty) sets should be avail-
able in the operating room.

Closed reduction and percutaneous pinning,
open reduction and internal fixation, and intra-
medullary nailing are the most commonly
employed fixation methods for proximal humerus
fractures.

Closed reduction and percutaneous pinning
was described by Bohler in 1962 [61]. Surgical
indications include two-part surgical neck frac-
tures, three-part surgical neck fractures with
involvement of the greater or lesser tuberosity, and
valgus-impacted four-part fractures with good
bone quality [51]. There should be a very stable
closed reduction, minimal metaphysical comminu-
tion, and intact medial calcar. It is recommended to
use multiplanar, multiple number, and larger diam-
eter pins to increase stability. Cortically, engaging
is another factor that increases stability. In biome-
chanical aspect, percutaneous pinning has inferior
results when compared with plate osteosynthesis.
Cosmetic results are satisfactory [62]. The tech-
nique has high complication rates compared to
other surgical treatment options. Pin insertion
could pose a risk to several structures such as axil-
lary nerve (lateral pin), musculocutaneous nerve
(anterior pin), radial nerve (lateral pin), long head
of biceps tendon (anterior pin), and cephalic vein
(anterior pin) injury as well as pin track infection.
Other complications include malunion, non-union,
and osteonecrosis of the humeral head [51, 63].
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Open reduction and plate osteosynthesis is
indicated in younger patient with head splitting
fractures, >5 mm displaced greater tuberosity
fractures, and two-, three-, and four-part fractures
[49, 64, 65]. Locking proximal humerus plates
increase the rotational and angular stability in the
fracture line [42]. It can be applied with open and
minimally invasive techniques. The open proce-
dures allow for more successful reduction quality
and fixation stability [49]. Plate was placed into
the lateral aspect of the bicipital groove and
5-8 mm inferior to the greater tuberosity ensur-
ing that it does not cause impingement superiorly
(Fig. 14.11). Locked screws decrease failure rates
in osteosynthesis of osteoporotic bone and/or

3| LONG'HEAD OF
BICEPST.

Fig. 14.11 Placement of locking plate in proximal
humerus fractures. GT greater tuberosity, LT lesser
tuberosity

Fig. 14.12

Calcar support screws

complex fractures. Treatment outcomes are
influenced by age, local bone mineral density,
initial fracture displacement and complexity, ini-
tial varus deformity, quality of reduction, restora-
tion of medial support, and vascularity of head
fragment [49, 66, 67]. Calcar screw placement is
recommended as it prevents varus collapse
(Fig. 14.12). Medial support with fibular strut
graft may be required for posteromedial commi-
nution fractures [68]. Screw perforation is the
most common complication (Fig. 14.13) [69].
Varus malunion, osteonecrosis, subacromial
impingement, infection, and non-union are other
complications [49-51]. Calcium phosphate
cement augmentation has been shown to reduce
complication rates such as displacement develop-
ment and screw penetration [70].

Intramedullary nailing is indicated in two-
part surgical neck fracture, three-part greater
tuberosity fractures in younger patients, patho-
logic fractures, and those with metaphyseal com-
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Fig. 14.13 Intra-articular penetration of the screw

minution or diaphyseal involvement [51, 69]. The
technique is biomechanically inferior in torsional
forces compared to plate fixation. In osteoporotic
patients, early motion has been shown to increase
failure rates [71]. Despite the meta-analysis by
Wang et al. reporting intramedullary nailing a
good treatment option in the treatment of proxi-
mal humeral fractures, several others reported
high complication and reoperation rates [72—74].
Such complications include possible iatrogenic
rotator cuff, biceps tendon, and cartilage injuries
by nail insertion, proximal locking screw joint
penetration due to shoulder pain, iatrogenic radial
or axillary nerve injuries, proximal lateral corti-
cal nail cut-out, and non-union [41, 42, 75].
Primary hemiarthroplasty is a preferred treat-
ment method for the treatment of proximal
humerus fractures with high risk of non-union or
osteonecrosis: three- and four-part fracture dislo-
cations, head splitting fractures, impaction frac-
tures of the humeral head [76-78]. Possible
indications include failure to obtain adequate
reduction and fixation intraoperatively, complex
proximal humerus fractures that can also be

reconstructed in the younger patient (40-65 years
old), head splitting fractures, tuberosities with
high union potential and bone quality, and intact
rotator. Intact rotator cuff and anatomically
healed tuberosities are essential for satisfactory
clinical results in shoulder hemiarthroplasty [51,
79, 80]. Hemiarthroplasty for treatment of com-
plex proximal humerus fracture may have a high
complication rate, including malunion or non-
union of tuberosities, component malpositioning
or loosening, periprosthetic fracture, heterotopic
ossification, iatrogenic fractures, instability,
infection, iatrogenic axillary or radial nerve
injury, superior migration, and restricted range of
motion [49, 81-83]. Glenoid cartilage damage
and arthrosis is the most common complication
affecting approximately 35% of cases [49].

In terms of treatment success, Boileau et al.
reported 42% of patients were unsatisfied in their
study [83]. Therapeutic outcomes could be
improved with preservation of the coracoacro-
mial ligament, anatomic reduction of the tuber-
osities, humeral height adjustment (5.6 cm above
from upper margin of pectoralis major tendon
insertion), proper retroversion of 20", and appro-
priate rehabilitation program. In particular, poor
bone quality usually requires cementation of the
stem. Frankle et al. reported that using circumfer-
ential medial cerclage increases the potential for
healing of tuberosities in the treatment of four-
part fractures with hemiarthroplasty [84]. Bone
grafting harvested from the head and humeral
bone tunnels enhances healing and secures
tuberosities-component fixation.

Reverse shoulder arthroplasty becomes popu-
lar after evidence with higher failure rate of
hemiarthroplasties and secondary to expectation
of increased patient satisfaction. The working
principle is to medialize the center of rotation to
provide greater lever arm of deltoid muscle. This
eliminates the need for a rotator cuff and reduces
shear forces affecting the glenoid (Grammont
principles). Although the initial indication of
reverse shoulder arthroplasty was rotator cuff
arthropathy, its use is increasing in the treatment
of complex proximal humerus fractures [76]. Its
current indications in the treatment of proximal
humerus fractures include >65-year-old non-
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Fig. 14.14 (a) Failed open reduction internal fixation in proximal humerus fracture (b) managed with reverse shoulder

arthroplasty

reconstructible tuberosities and poor bone quality
in three- or four-part fractures, fracture disloca-
tion, sequelae of fractures despite previous non-
operative treatment or osteosynthesis (malunion,
non-union), and failed previous hemiarthroplasty
(Figs. 14.14 and 14.15) [51, 77, 85]. In this tech-
nique, axillary nerve must be intact with a func-
tioning deltoid muscle and adequate glenoid
bone stock. The most common complication is
scapular notching [86, 87], followed by others
including infection, instability, periprostatic
humerus or scapula neck fracture, polyethylene
wear, synovitis, component loosening, acromial
stress fractures or insufficiency, possible brachial
plexus deficits, and other neurovascular injuries
[55, 88, 89].

Reverse arthroplasty has demonstrated more
satisfactory and predictable functional results
compared to hemiarthroplasty [77, 80]. A sys-
tematic review involving 92 studies reported
lower revision rates compared to open reduction
plate fixation [90]. In multiple systematic
reviews, tuberosities repair, restoration of
humeral length, proper tensioning of deltoid and
conjoint tendon, and autologous bone grafting
are shown to be associated with improvements in
clinical and functional outcomes [77, 85, 91]. CT
imaging is recommended for the evaluation of

the glenoid bone stock for implantation of base-
plate in preoperative planning [51]. Prolonged
postoperative immobilization could lead to stift-
ness; therefore, early passive range of motion
exercises and rehabilitation process have an
important role in providing the expected range of
motion [92].

14.3 Scapular Fractures

The scapula fractures, which are responsible for
0.5% of all fractures, constitute only 3-5% of
shoulder fractures. The category mainly consists
of glenoid, acromion, coracoid process, and shaft
fractures. The mean age in scapula fractures is
55 years, and male to female ratio is 3:1. While it
is more common in men <50 years old, 80% of
women are over 65 years old. Scapula fractures,
which typically develop as a result of high-energy
traumas, are almost always unilateral.
Nevertheless, the presence of multiple fractures,
such as other forms of shoulder fractures and rib
fractures is common, particularly in males [93,
94]. In addition, head, neck, and thoracic injuries
can sometimes accompany the condition. The
mechanism of injury in scapula fractures varies
according to the etiological cause. The fracture,
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Fig. 14.15 (a) Failed hemiarthroplasty in proximal humerus fracture managed with (b) reverse shoulder arthroplasty

which may result from a traffic accident, falling
from a height or a heavy object falling on the
scapula, is influenced by variables such as the
shape of the object, and the energy or the force
vector transmitted via the impact. Other rare
causes include compression fracture with severe
muscle contracture, coracoid avulsion fracture
caused by pulling of the coracoclavicular liga-
ment, and fatigue fractures in athletes [95].

14.3.1 Clinical Anatomy

Connecting the clavicle and the humerus, the
scapula has attachment sites for 18 muscles asso-
ciated with the thorax, spine, and upper limb. The
scapula is protected against impacts both with
these surrounding muscle groups and with its

relative mobility on the chest wall. This is also an
important reason for fewer fractures compared to
that of other areas of the shoulder, i.e. the proxi-
mal humerus or clavicle [96]. The factor causing
damage in scapula fractures can be directly the
head of the humerus. The position of the arm at
the moment of injury also affects the type of frac-
ture that the humeral head will create: When the
arm is in abduction, the humeral head is forced
against the inferior glenoid, which separates the
lateral edge of the scapula. If the arm is in adduc-
tion, an impact on the elbow causes proximal dis-
location of the humeral head, which causes
damage to the acromion and the coracoid.
Anterior and posterior dislocations of the humeral
head may also lead to anteroinferior and poste-
rior rupture fractures of the glenoid fossa, respec-
tively [95].
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14.3.2 Classification

There are several classifications for scapula frac-
tures [97]. These are basically determined by
taking into account the anatomical structures of
the scapula: the articular segment including the
glenoid fossa and the articular rim, the body of
the scapula, and the processes [98]. According to
the AO/OTA classification, scapular process
fractures include coracoid fracture, acromion
fracture, and spine fracture. Body fractures are
categorized as the fractures that leave the body
from <2 exits and fractures that leave the body
from the >3 exits. Articular segment fractures
are subdivided into three as (1) simple fractures
of the glenoid fossa such as anterior rim, poste-
rior rim, transverse or short oblique fractures; (2)

i "\\ i "\\
)

glenoid neck fractures; and (3) multifragmentary
fractures such as the glenoid fossa fracture and
the central fracture dislocation [7]. In addition,
these fractures are classified in various sub-
groups among themselves. Ideberg classification
is used for the classification of glenoid fractures:
Type 1 as the anterior rim fracture, Type 2 as the
posterior rim fracture, Type 3 with fracture line
extending into the lateral border of the scapula,
Type 4 as superior fracture, and Type 5 with
medial extension (Fig. 14.16). Coracoid frac-
tures are divided into two as Type 1 or Type 2,
where the fractures are located proximal or distal
to the coracoclavicular ligament, respectively
(Fig. 14.17). For acromion fractures, those non-
displaced or minimally displaced fractures are
classified as Type 1, and those without or with

S S S
)
(f

Fig. 14.16 Ideberg classification in glenoid fractures
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Fig. 14.17 Coracoid process fracture classification

reduction into the subacromial area are defined
as Type 2 and Type 3, respectively.

14.3.3 Diagnostic Approach

The clinical evaluation of people with scapula
fractures depends on the general condition of the
patient. Priority should be given to the assess-
ment of other potential life-threatening condi-
tions in polytrauma patients. In patients with
better condition without multiple trauma, physi-
cal examination of the injured side can be per-
formed better. These patients usually apply with
a position in which the affected upper limb is
immobilized and supported by the contralateral
hand in adduction. If possible, physical examina-
tion should be done in a sitting or standing posi-
tion. On examination, all bone structures in the
shoulder region are palpated and the presence of
crepitus or pathological mobility is checked. The
range of motion is limited during active move-
ment, especially due to pain in abduction [99].
Although diagnostic methods are very impor-
tant for diagnosing scapula fractures and deter-
mining the clinical strategy, these fractures
represent one of the most difficult ones to recog-
nize on radiography. It is reported that these frac-
tures can be skipped in half of the chest X-rays,
especially in trauma patients with scapula frac-
tures [100]. Upright AP, Grashey view, axillary
and scapula Y views should be obtained with
radiography. In the Grashey view, the glenopolar
angle and the medialization of the proximal frag-
ment are calculated. Angulation is measured on

the scapula’Y view. These parameters are used to
determine the indication for surgical interven-
tion. Axillary view is also useful when acromion
and coracoid fractures are suspected and to detect
injuries such as glenohumeral dislocation [96].
45" cephalic angled radiography can also be help-
ful to detect coracoid fractures. Thorax CT pro-

vides more reliable measurements than
radiography, especially in patients with multiple
trauma, and is also useful in revealing intra-
articular glenoid fractures in more detail [101].
Three-dimensional CT scans are considered as
the gold standard in the pathologic conditions of
the scapula, providing the most sensitive mea-
surements in terms of deformity and displace-
ment [96, 100].

14.3.4 Treatment Approach

The treatment goal in scapula fractures is to
regain full and painless range of motion on the
shoulder and prevent late complications. There
exist also other therapeutic goals specific for cer-
tain fracture types: ensuring glenohumeral joint
alignment and stability in the glenoid fractures,
alignment of the scapular body and the glenoid in
shaft fractures, and prevention of painful non-
union in acromion and coracoid process frac-
tures. In general, non-displaced or minimally
displaced scapula fractures are treated conserva-
tively. While conservative treatment is applied in
displaced fractures that do not exceed the thresh-
old of surgical indication (<15-20 mm), regular
control is performed by weekly radiography for 3



192

S.S. Dedeoglu

weeks and surgical intervention is considered in
fractures exceeding this threshold [95, 96]. Pain-
free outcomes and radiological results are better
in patients undergoing surgery, whereas range of
motion is better preserved in conservative treat-
ment modalities [102].

14.3.4.1 Conservative Treatment
Conservative approach in scapula fractures
includes pain relief and sling immobilization.
After 2 weeks of sling application, exercises will
start within 1 month to provide full passive range
of motion. Then, the active range of motion is
improved in the second month and the rotator
cuff and other muscles are strengthened in the
third month.

14.3.4.2 Surgical Treatment

The indication for surgical treatment in scapula
fractures is determined by different criteria
according to the type of fracture. Surgical inter-
vention is indicated in intra-articular fractures, in
glenoid fractures that result in glenohumeral
instability or subluxation, or those causing
>3-10 mm step-off. Anterior and posterior rim
fractures covering more than 25-33% of the gle-
noid surface can be considered as a relative surgi-
cal indication. Extra-articular fractures could be
surgically treated in following conditions: >45
angular deformity; co-occurrence of >35" angu-

0819“0, ‘
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lar deformity and >15 mm medialization;
>20 mm medialization; and <22° glenopolar
angle. Surgical intervention is required for rarely
seen isolated process fractures, if the displace-
ment is more than 10 mm, or if there is ipsilateral
scapula fracture or multiple injuries that lead to
instability in superior shoulder suspension com-
plex [96].

Glenoid fractures are treated with open reduc-
tion and internal fixation, with a posterior approach
in 80% of cases. In line with the increase of inter-
est in arthroscopic fixation in recent decades,
approaches with suture anchor or percutaneous
screw fixation have also come into use (Fig. 14.18)
[103]. In acromion fractures, stabilization can be
achieved with dorsal tension band in the presence
of displacement. Nevertheless, plate with osteo-
synthesis may also be used (Fig. 14.19). If the dis-
placement is accompanied by complete
third-degree acromioclavicular separation in cora-
coid fractures, these are treated with open reduc-
tion and internal fixation. Cannulated screws are
used in surgical fixation (Fig. 14.20). Scapular
body fractures are treated with open fixation only
in the presence of associated complex fractures or
neurovascular disruption; otherwise, operative
fixation is not required (Fig. 14.21). If a displaced
clavicle fracture accompanies glenoid neck frac-
ture, internal fixation of the clavicle also helps the
healing of the glenoid fracture [101].

Humeral
Head

Vi

Fig. 14.18 Arthroscopic fixation of glenoid fracture: (a) preoperative CT image, (b) intraoperative view of fixated

fracture, (¢) postoperative CT image
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Fig. 14.19 Open reduction internal fixation of acromion fracture: (a) with posterior approach, (b) postoperative radio-
graphic image

Fig. 14.20 Open reduction internal fixation of coracoid fixation through K-wire-guided cannulated screw, (d)
process fracture: (a) preoperative CT image, (b) intraop- ~ postoperative radiographic image
erative view of fracture line, (¢) intraoperative view of

Fig.14.21 Posteriorly- approached open reduction inter-  erative radiological image, (¢) assessment of reduction of
nal fixation of complex scapula fracture accompanying  glenoid fracture on CT
glenoid fracture: (a) preoperative CT image, (b) postop-
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Patient position selection in shoulder arthroscopy
is an ongoing debate, which will continue in the
coming years. Because there is no single correct,
the choice is made according to the preference of
the surgery and the patient characteristics. The
anesthesia method to be selected may differ
depending on the patient characteristics and the
need for pain control after surgery. In this section,
positions and anesthesia methods will be discussed
and their advantages will be emphasized.

15.1 Patient Positioning

The importance of proper patient positioning and
operation room setup cannot be underestimated
in shoulder arthroscopy procedures. Although
there are standardized positions, surgeon should
do the position set-up by him/herself and make
the appropriate adjustments. Otherwise, inappro-
priate position will make the surgery difficult and
increase the operating time.

There are two main positions currently used in
shoulder arthroscopy: beach-chair (BC) and lateral
decubitus positions (LD). Both have advantages
and disadvantages against each other (Table 15.1).
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15.2 Beach-Chair Position (BC)

The beach-chair position provides an anatomical
posture for the surgeon. BC position in shoulder
arthroscopy was first described by Skyhar et al. in
1988 [1]. In order to avoid the traction induced
neurological complications in LD position, sur-
geons have developed the BC position.

Essential devices are necessary for the BC posi-
tion. Operating table integrated with a back support
is in the first place. It will give the desired angles of
flexion to obtain the sitting position. Head-holder
should be assembled to the table, and shoulder sup-
port, if present, should be removed to provide a
wider space for the surgeon (Fig. 15.1). Thigh sup-
port, trunk belt, and leg belt should be applied in
order to provide patient stabilization.

Following the interventions of anesthesiologist
and induction of general anesthesia, it is necessary
to dress the patient with compression socks and
carefully pull up the patient to place the head into
the head-holder (Fig. 15.2). The back of the patient
is raised, slight Trendelenburg is applied, and then
legs are lowered. Operating table should be posi-
tioned slowly while paying attention to the
patient’s airway and cervical spine stability. The
back of the patient is raised then, till the thorax is
70-80° perpendicular to the floor, almost sitting
position (Fig. 15.3). In addition, limp positioner
can be used to keep the arm in position and apply
traction when necessary (Fig. 15.4).

Cerebral blood flow is maintained by autoreg-
ulation in a person who goes from a lying position
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Table 15.1 Advantages and disadvantages of beach-chair and lateral decubitus position

Beach-chair

Lateral decubitus

* More anatomic
» Easy setup

Advantages

* Allows for regional anesthesia

¢ Better in the subacromial area

¢ Provide rotational control of shoulder

« Easier for conversion to open surgery

* Preservation of the patient’s cerebral
oxygenation

Better access to the posterior and inferior
glenoid

Accumulation of air bubbles in the
subdeltoid space

Provides better expanding of the joint space
No specific operating table required

Disadvantages  Higher risk of cerebral hypoperfusion

e Accumulation of air bubbles in the operation
area during subacromial decompression
Keeping the arm in abduction can create

fatigue
Need specific operating table

Need traction apparatus

May lead to traction-related neurological
damage

Difficulty in orientation

Airway management is more difficult
Regional anesthesia cannot be easily
tolerated

Fig. 15.1 Operating room set-up

to a sitting position. Due to the vasodilatation
effect of anesthetic drugs, this autoregulation is
not fully achieved in the BC position and there is
adecrease in cerebral blood flow [2]. Neurological
complications due to cerebral desaturation are the
most important disadvantage of this position [3].
Hypotensive anesthesia with the aim of reducing
bleeding during surgery may also negatively
affect the patient’s cerebral oxygenation.
Although BC position provides an anatomic
orientation to the surgeon, which is advantageous

for the procedures in subacromial area, accumula-
tion of air bubbles with the effect of gravity dur-
ing subacromial decompression is a frequent
disadvantage.

Besides the disadvantages, beach-chair posi-
tion provides more anatomical stance, easier
installation, and working in the subacromial area,
and rapid switch to open surgery when necessary.
Easier access to the airway and toleration of
regional anesthesia creates advantages for the
anesthesia team.
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Fig. 15.3 Thorax is 70-80° perpendicular to the floor

15.3 Lateral Decubitus Position However, a traction device that holds the arm in
abduction and distraction is needed.
Shoulder arthroscopy can be performed in lateral Gel pads should be placed on the table to pre-

decubitus position while arm in suspension and ~ vent pressure sores before the patient is taken to
without necessity of an adjustable shoulder table. ~ the table. Following general anesthesia and endo-
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Fig. 15.4 Limp positioner keep the arm in position and apply traction when necessary

tracheal intubation, patient is turned over on the
contralateral side, while pelvis and shoulders are
perpendicular to the operating table, and then it is
necessary to ensure that ASIS, greater trochanter,
fibular head, and lateral malleolus are not under
pressure. Neurovascular structures in the axillary
region should be secured by placing a gel pillow
about 10 cm in diameter proximal to the trunk.
Front and back supports are placed and stabiliza-
tion is provided with chest belt.

The table is tilted 30° posterior to make the
glenoid surface parallel to the floor, then start
draping (Fig. 15.5). The arm is placed on the trac-
tion device with 45° of abduction and 10° of flex-
ion. Traction weight should be 4-6 kg; however,
this may change depending on the patient’s
height and weight (Fig. 15.6).

The biggest advantage of this position com-
pared to the BC position is the preservation of the
patient’s cerebral oxygenation during hypoten-
sive anesthesia. The traction device provides
more joint space and provides accumulation of
air bubbles in the subdeltoid space which facili-
tates surgery. It provides better access to the pos-
terior and inferior glenohumeral joint in
instability surgeries when compared to the BC
position.

The biggest disadvantage is traction-related
neurological complications. Studies have shown
that the most frequently affected nerve is the
musculocutaneous nerve. Transient neuropraxia
incidence has been reported between 10 and
30%, even if the traction weight was kept mini-
mum [4].

Orientation is difficult due to non-anatomical
position. Surgeon has to work on an abducted
arm. If it is necessary to switch to open surgery,
reposition and re-draping will be required. It is
more difficult to access the airway than the BC
position.

15.4 Comparison of Beach-Chair
and Lateral Decubitus
Positions

Many studies have focused on the advantages of
the selected positions, their effects on the anes-
thesia, and postoperative outcomes. These assess-
ments can guide surgeons for choosing the right
position.

Especially the relationship between the posi-
tion and cerebral perfusion was evaluated. In a
sitting awake patient, the mean arterial pressure
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Fig. 15.5 The table is tilted 30° posterior to make the glenoid surface parallel to the floor

and associated cerebral perfusion pressures
decrease. This decrease will advance with the
vasodilatation effect of anesthetic agents [5].

Decrease in cerebral perfusion can lead to
temporary or permanent neurological symptoms
or even death. Various neurological symptoms
have been reported in a review by Salazar et al.,
such as delirium in the early postoperative period,
temporary vision loss, symptoms related to
involvement of cranial nerves, cerebral ischemia,
and stroke [6].

Spectroscopy can be used to evaluate cerebral
perfusion (near infrared spectroscopy, NIRS). In
a randomized controlled study by Cox et al.,
cerebral oxygenation was evaluated with NIRS in
the BC position, and it was shown that cerebral
desaturation was directly related to systolic arte-
rial pressure [7]. The prospective study of
Kocaoglu et al. also supports this theory. In their
study evaluating the correlation of NIRS, mean
arterial pressure (MAP), heart rate, and periph-

eral oxygen saturation, cerebral desaturation was
directly correlated with MAP, and in the absence
of NIRS, monitoring the cerebral oxygenation by
MAP was found to be reliable [8].

Cerebral desaturation has been shown to be
associated with the sitting angle of the operating
table. In the review of nine articles examining BC
position and cerebral desaturation, it has been
demonstrated that cerebral desaturation is more
commonly observed at increased angles and as a
recommendation, 30-45° angle is safe in terms of
desaturation [9].

Studies that compare the effect of patient posi-
tion on surgical outcomes, especially glenohu-
meral instability surgeries, found the recurrence
rates to be lower in the LD position than the BC
position [5]. In the systematic review of 25 studies
on postero-inferior instability, patient satisfaction
was shown to be 85-87.5% in the BC position,
whereas 93—100% in the LD position, but the fail-
ure rates were higher in the LD position [10].
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Fig. 15.6 The arm is placed on the traction device with 45° of abduction and 10° of flexion

In a review, which included 30 studies with
arthroscopic capsular release due to adhesive
capsulitis, it was reported that excellent clinical
outcomes were obtained in both positions; how-
ever, BC position allowed advanced manipula-
tion [11].

As aresult, LD position is superior in instabil-
ity procedures, particularly to visualize the poste-
rior and inferior glenohumeral joint space. BC
position provides better surgeon orientation in
subacromial space pathologies. However, compli-
cations related to each position are not rare, should
be kept in mind, and precautions should be taken.

15.5 Anesthesia

Many anesthetic methods can be used in shoulder
arthroscopy. General and regional anesthesia and
their combinations are methods that can be

selected. Controlled hypotension for reducing
intra-articular bleeding can be achieved more
easily with general anesthesia. If general anesthe-
sia is going to be choice, intubation should be
preferred instead of laryngeal mask for airway
safety.

Airway safety and cervical vertebra stability
should be secured, especially in BC position. The
head should be fixed to the head-holder and any
motion that may occur during surgery should be
prevented. Non-invasive spectroscopy (NIRS—
near infrared spectroscopy) is recommended to
observe cerebral oxygenation.

The nerve block procedure can be performed
in two different ways: one is the shoulder block
that contains the blockage of the suprascapular
and axillary nerve and the other is the intersca-
lene block. Advantages and disadvantages of
these two nerve blocks are summarized in
Table 15.2.
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Table 15.2 Advantages and disadvantages of shoulder block and interscalene block

Shoulder block Interscalene block
Advantages * Does not cause phrenic nerve blockage | e Preservation of the patient’s cerebral
* Preferred in patients with respiratory oxygenation
system problems * Suitable for catheter use
* Most proximally applied brachial plexus
block
e Preferred in patients who require
postoperative pain control
Disadvantages * Need blockage of two nerve: « If phrenic nerve is effected, unilateral

Not suitable for catheter use

pneumothorax

suprascapular and axillary nerve

* Most important complication is

diaphragmatic paralysis may develop
Contraindicated in patients with low lung
capacity or diaphragmatic dysfunction on
the other side

Horner syndrome may develop due to
stellate ganglion involvement

15.6 Shoulder Block (Fig. 15.7)

It is performed by blockage of the suprascapular
nerve and axillary nerve. Suprascapular nerve
innervates approximately 60% of the shoulder
joint capsule [12]. The articular branch of the
axillary nerve provides the innervation of the
shoulder joint and the superior lateral cutaneous
nerve that is originating from the posterior branch
provides the innervation of the deltoid region.

The biggest advantage of the shoulder block is
that it does not cause phrenic nerve blockage, so
it can be preferred in patients with respiratory
system problems.

It is not suitable for catheter use because block
is applied to two nerves from different points.
Therefore, it is not an effective method in provid-
ing long-term postoperative analgesia.

Although rarely seen (less than 1%), its most
important complication is pneumothorax. Other
complications include intravascular injection,
local anesthetic toxicity, and nerve damage.

Interscalene Plexus Block
(Fig. 15.8)

15.7

Interscalene block is performed at the level of the
cricoid cartilage, between the anterior and middle
scalene muscles. It is the most proximally applied

brachial plexus blockage and basically blocks the
C5-C7 roots.

It is suitable for catheter usage due to its loca-
tion and application from a single point.
Therefore, it is preferred in patients who require
postoperative pain control.

Because the phrenic nerve is close to the
blockage area, unilateral diaphragmatic paralysis
may develop [13]. Therefore, this method is con-
traindicated in patients with low lung capacity or
diaphragmatic dysfunction in the contralateral
side. Another important complication is Horner
syndrome which develops due to stellate gan-
glion involvement. Ptosis, decreased sweating,
myosis, and hyperemia in the conjunctiva can be
seen in these patients.

15.8 Postoperative Analgesia

It is important to regulate postoperative analgesia
in cases requiring early physical therapy after
surgery. Instead of using a single analgesic, mul-
timodal analgesics are more effective.
Paracetamol should be the first agent to be
selected in oral and parenteral treatment. Non-
steroidal anti-inflammatory drugs (NSAIDs) are
more effective than paracetamol in pain control
and reduce opioid use. Non-selective NSAIDs
should not be used in the first 24 h as they can
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Fig. 15.7 Anatomical illustration of suprascapular nerve and axillary nerve. Nerve blockage applied on suprascapular
notch area and quadrangular space area, respectively

affect coagulation and impair bleeding control. Single dose interscalene blockage or shoulder
Selective Cox2 inhibitors should not be pre- block applied before surgery will provide an
scribed in the early postoperative period as they effective analgesia in the first 24 hours.
negatively affect bone and ligament healing. Performing catheterization in addition to the
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Fig. 15.8 Anatomical illustration of the brachial plexus roots that pass between anterior and middle scalene muscle.

Nerve blockage applied on interscalene groove

nerve block facilitates longer-term pain control.
Effective pain control is provided by a patient-
controlled analgesia (PCA) device or applying
local anesthetics from the catheter prior to exer-
cise. In this way, the patient’s opioid need and
side effects related to opioid use are reduced.

If the patient does not have a catheter and the
pain is severe, pain control should be achieved
intravenously by morphine derivatives that can
be placed in a PCA device.

15.9 Discussion of the Anesthesia
15.9.1 Controlled Hypotension

Hypotensive anesthesia can be applied to reduce
bleeding and increase vision during shoulder
arthroscopy. This may cause a risk for cerebral
desaturation, especially in the BC position [14].
The general consideration is that systolic blood
pressure should not be reduced below 90 mmHg,
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and the mean arterial pressure should not be
reduced by more than 20% of the basal value in
the BC position.

In a prospective study of 52 patients who were
evaluated for cerebral desaturation by EEG, con-
trolled hypotension was applied in the beach-
chair position. On average, 36% decrease in
systolic pressure and 42% decrease in mean arte-
rial pressure were achieved. Ischemic changes
were seen in three patients with EEG, and these
changes were restored by increasing the blood
pressure. No neurological sequels were observed
in the postoperative period [15]. This study has
shown that patients can tolerate lower blood pres-
sure values, and that intraoperative cerebral mon-
itoring will play an important role in preventing
possible neurological damage.

15.9.2 Which Block Technique

Nerve block applications play an important role
in ensuring postoperative pain control. However,
debates continue in terms of complications and
benefits. Comparison of shoulder block and inter-
scalene block in a randomized controlled study
has been shown that interscalene block signifi-
cantly caused diaphragmatic dysfunction. In the
evaluation of pain scores, it was shown that the
interscalene block was more effective at the 2nd
postoperative hour, and the pain scores were
lower in the group with the shoulder block at the
24th hour. The more severe pain in the 24th hour
of interscalane block group was thought to be
related to the rebound effect [16].

The rebound pain shown in this study can be
prevented by catheterization and PCA device.
However, the potential of interscalene block to
cause diaphragmatic dysfunction should be taken
into consideration and application to patients in
the risk group should be avoided.

15.10 Summary

Although there are many options, the preferred
position and anesthesia method should be deter-
mined by the surgeon and the anesthesia team.
Studies have shown BC position provides better

surgeon orientation in subacromial space pathol-
ogies. LD position is superior in instability pro-
cedures, particularly to visualize the posterior
and inferior glenohumeral joint space. Cerebral
oxygenation should be closely followed by NIRS
or MAP in BC position, and the development of
cerebral desaturation should be prevented. It
should be kept in mind that the neurological com-
plications will be catastrophic. In the LD posi-
tion, the weight of the traction should be kept
minimum; otherwise, transient neuropraxia may
develop. Single dose interscalene blockage or
shoulder block applied before surgery will pro-
vide an effective analgesia in the first 24 h.
Especially in patients requiring long-term anal-
gesia because it allows the use of catheter, inter-
scalene block is superior. However, the potential
of interscalene block to cause diaphragmatic dys-
function should be taken into consideration and
application to patients in the risk group should be
avoided. Instead of using a single analgesic, mul-
timodal analgesics are more effective to regulate
postoperative analgesia. The patient’s opioid
need is reduced with catheterization and PCA
use. If the patient does not have a catheter and the
pain is severe, pain control should be achieved
intravenously by morphine derivatives that can
be placed in a PCA device.
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16.1 Introduction

The number of patients with degenerative or trau-
matic problems of the shoulder is increasing day
by day due to the aging population. Despite the
current advances in arthroscopic surgery of the
shoulder, arthroplasty or fracture fixation proce-
dures necessitate mostly open surgery. However,
the surgical approach might be demanding due to
the surrounding structures of the shoulder. Deltoid
muscle covers the shoulder almost circumferen-
tially except the medial side, and it is needed to be
whether splitted or detached to reach the joint. The
rotator cuff is the other key muscular structure sur-
rounding the shoulder which should be splitted or
divided to reach the joint. The cuff should be
repaired meticulously at the end of the procedure
to not to compromise the functional outcome.
Another important structure around the shoulder
that should be given attention during open shoul-
der surgery is the axillary nerve. The axillary nerve
lies inferior to the glenoid and around the proximal
humerus. The damage to the nerve causes deltoid
denervation and significant shoulder dysfunction
[1]. Neurovascular structures at risk during an
open shoulder approach include the cephalic vein,
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brachial plexus, axillary artery, musculocutaneous
nerve, suprascapular nerve, and posterior circum-
flex artery. All these restrictions led to the investi-
gation of different and less invasive exposure
methods for open shoulder surgery.

The approaches can be roughly grouped into
deltopectoral, deltoid-splitting, and posterior
approaches (Table 16.1). Numerous variations end
extensions are also described to increase the expo-
sure when needed. Every approach has its advan-
tages and disadvantages. The deltopectoral approach
provides excellent exposure to joint and anterior
structures, and it is the most widely used approach
for both traumatic and degenerative diseases of the
shoulder. The deltoid-splitting approach is more
efficient in the management of some particular
proximal humerus fractures and also gives chance
to perform arthroplasty of the shoulder. The poste-
rior approach is rarely needed, which is mostly used
in the treatment of recurrent posterior dislocations
and scapular neck fracture. The surgeons should
have a grasp of all approaches to be able to manage
all kinds of shoulder pathologies.

16.2 Deltopectoral (Anterior)
Approach

16.2.1 Indications

The deltopectoral interval is the most commonly
used plane for the open surgery of the shoulder. It
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Table 16.1 Indications, internervous planes, and dangers of main surgical approaches of the shoulder

Approach Indications

Internervous plane

Structures at risk

Deltopectoral |+ Proximal humerus

Axillary nerve (deltoid) and medial

¢ Cephalic vein

fracture and lateral pectoral nerves (pectoralis | Axillary artery
¢ Shoulder arthroplasty major) * Branches of brachial
* Reconstruction of plexus
recurrent dislocations * Musculocutaneous nerve
* Biceps pathologies » Axillary nerve
Deltoid- * Greater tubercle fracture | No true internervous plane * Axillary nerve
Splitting ¢ Proximal humerus
fracture
¢ Shoulder arthroplasty

Calcific tendinitis
Intramedullary nailing of
humerus

Posterior ¢ Glenoid neck fracture

Scapular body fracture

¢ Osseous augmentation of
posterior glenoid

Suprascapular nerve (infraspinatus) » Axillary nerve
and axillary nerve (teres minor) ¢ Posterior circumflex

humeral artery
* Suprascapular nerve

is an intermuscular and atraumatic interval pro-
tecting deltoid origin and insertion. It provides
wide exposure of the anterior structures and an
excellent view for both fracture fixation and
arthroplasty procedures. It also allows the repair
of anterior, inferior, and superior structures when
appropriate extensions are utilized. The general
indications include the fixation of proximal
humerus fracture, shoulder arthroplasty, recon-
struction of recurrent dislocations, and manage-
ment of biceps pathologies (Table 16.1).

16.2.2 Incision and Dissection

The patient is placed in supine or beach-chair
position. The deltopectoral interval might be felt
by palpation in non-obese cases. The skin inci-
sion is generally around 10-14 cm, starting from
the coracoid process and extending to deltoid
insertion on humerus [2]. The length of the inci-
sion is dependent on the patient’s arm length and
the type of surgery. After the incision of skin and
subcutaneous tissue, deltopectoral fascia is
exposed. A fatty tissue can be present proximally
around the cephalic vein. The layers can be dis-
sected by a finger or a sponge to reveal the delto-
pectoral interval and cephalic vein (Fig 16.1).
The bleeding can be significant in superficial dis-
section, thus should be taken under control before
advancing to deeper layers. The internervous

plane is between the axillary nerve (deltoid) and
medial and lateral pectoral nerves (pectoralis
major). The cephalic vein can be retracted either
side according to the surgeon’s preference but
usually lateral retraction is preferred since the
medial branches of the cephalic vein are fewer
compared to lateral [3].

The deltopectoral interval is developed by
blunt dissection. The small branches of the
cephalic vein interfering with the exposure can
be ligated. The cephalic vein should be protected
when possible, to decrease postoperative swell-
ing of the extremity. The protection of the
cephalic vein can guide the surgeon during a revi-
sion approach by creating an anatomic landmark.
However, it can also be divided into selected
cases to ease the approach and should also be
ligated when traumatized, to prevent thromboem-
bolism risk. The correct definition of the interval
is essential to prevent denervation of a part of the
deltoid muscle which can limit the strength of
flexion in the postoperative period. The trans-
verse branches of the thoracoacromial arch pass
deep to the cephalic vein in the upper part of the
deltopectoral interval and can be ligated to pre-
vent bleeding which might create difficulty in the
exposure.

Subacromial and subdeltoid interval is devel-
oped by blunt dissection and bursal tissue is
excised. Subdeltoid adhesions should be released
when the arm is abducted to loosen the deltoid
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Fig 16.1 The skin incision for the deltopectoral approach (a) and the location of cephalic vein (b)

and decrease the risk of axillary nerve or rotator
cuff injury [4]. Conjoined tendon is exposed and
clavipectoral fascia is incised lateral to con-
joined tendon. If more exposure of the medial
side is needed (locked anterior dislocation, bra-
chial plexus exploration), retracting the con-
joined tendon might not be sufficient and the
muscle can be detached by coracoid osteotomy
(Fig 16.2). The fixation of the coracoid must be
done during the closure, with the help of a screw
or sutures. The screw fixation needs predrilling
of coracoid before the osteotomy to prevent any
malreduction.

The abduction of the arm puts tension on axil-
lary artery and surrounding branches of brachial
plexus which lie deep and medial to the con-
joined tendon, under pectoralis minor muscle.
Besides, these structures come closer to the sur-
gical area with the abduction of the arm, increas-
ing the risk of injury. Therefore, the arm should
be kept adducted when possible, during the dis-
section around the coracoid process [5]. Excessive
retraction of conjoined tendon can cause paraly-
sis of elbow flexors by neuropraxia of the muscu-
locutaneous  nerve  which  enters  the
coracobrachialis muscle from the medial side and
5-8 cm distal to the coracoid process. The dissec-

Fig 16.2 Subscapularis tenotomy after predrilling and
osteotomy of coracoid process

tion around the coracobrachialis muscle should
stay lateral.

Afterward, the long head of biceps and sub-
scapularis tendon is identified. The long head of
biceps can be followed through rotator interval
and can be tenotomized or tenodesed if required
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(arthroplasty procedures, tendon degeneration,
etc.). The functional role of the biceps tendon
long head is controversial and there is no consen-
sus on whether it is an important structure pre-
venting the superior migration of the humeral
head or a dysfunctional structure with a very lim-
ited role in the stability of the shoulder [6].
Besides, it has been also reported that the long
biceps head is a source of ongoing pain after
shoulder arthroplasty performed after proximal
humerus fractures [7]. Regardless of the condi-
tion of the tendon, it has been reported that teno-
desis or tenotomy application improves functional
results and active range of motion does not make
a significant difference in complications and
reduces radiolucency around the glenoid compo-
nent [8, 9]. Therefore, during shoulder arthro-
plasty, it is preferred to resect the intraarticular
part of the biceps tendon rather than preserving
it. Tenotomy or tenodesis should be chosen con-
sidering the age of the patient and cosmetic con-
cerns due to the increased risk of popeye sign
after tenotomy [10]. Both techniques have been
shown to yield similar results in terms of postop-
erative function or pain control [10].

Subscapularis muscle is the last structure cov-
ering the joint capsule anteriorly. External rota-
tion of the arm can help better find the borders of
subscapularis muscle and increase the distance
between axillary nerve and subscapularis. The
upper border of subscapularis is continuous with
the fibers of the supraspinatus muscle and might
not be defined easily. Rotator interval can be pal-
pated superior to subscapularis and it is the first
arthrotomy location during arthroplasty proce-
dures. Anterior circumflex humeral artery and
accompanying two veins are located at the lower
border of subscapularis muscle and usually need
to be ligated or cauterized. Stay sutures are placed
to the subscapularis muscle 2 cm away from its
insertion. The axillary nerve passes distal and
medial to subscapularis tendon and is at risk dur-
ing subscapularis release.

The management of subscapularis depends on
the procedure planned. The internal fixation of
proximal humerus requires the protection of all
muscle attachments; however, the arthroplasty
requires the incision of subscapularis to expose

the joint. It is an important structure for anterior
stability and the fail of the repair might lead to
inferior clinical outcomes and instability [11,
12]. The subscapularis can be managed in differ-
ent ways when it is needed to be divided. These
options include tenotomy, lesser tubercle osteot-
omy, tendon peeling from tuberosity, and the split
of subscapularis. The healing environment
changes depending on the preference. Tenotomy
can be made 1 cm distal to the insertion
(Fig. 16.2). It can be reattached with previously
placed sutures during closure and requires ten-
don—tendon healing. The osteotomy of lesser
tuberosity includes elevating the bony insertion
and should be fixed after the completion of the
procedure by sutures passed through bone tun-
nels and the plate [13]. It requires bone—bone
healing and can be followed by direct radiogra-
phy but requires a more demanding technique.
Subscapularis can also be elevated by peeling
and then repaired through bone tunnels but it
requires tendon-bone healing, which is less
favorable compared to homogenous interfaces
like tendon—tendon and bone-bone [14]. Some
reports claim that the risk subscapularis tear is
diminished with lesser tubercle osteotomy com-
pared to subscapularis tenotomy or peel methods,
leading to increased dislocation rate [15, 16].
However, successful results were reported with
each technique and the optimal method is contro-
versial [17, 18]. Different techniques are also
described to preserve the strength of subscapu-
laris muscle, including a split in line with the sub-
scapularis fibers or partial elevation from its
insertion for later repair (Fig. 16.3) [19]. Although
these methods provide similar exposure of gle-
noid with tenotomy, proximal humerus exposure
is limited [20]. The capsule is visualized behind
the subscapularis muscle and incised longitudi-
nally (Fig. 16.4). If fracture fixation is being
planned, the capsular incision should be placed in
line with the fracture site.

16.2.3 Variations

The deltopectoral approach can be modified
according to the surgeon’s needs. The starting
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Fig 16.3 Subscapularis partial elevation from its inser-
tion for later repair

Fig 16.4 Longitudinal capsule incision exposing the gle-
nohumeral joint. Deltoid origin can be detached from the
clavicle to provide better proximal exposure

point of skin incision at coracoid process can be
lateralized 2 cm and the cephalic vein can be
retracted medially. This has several advantages. It
can ease the exposure of glenoid and aid the cen-
tralization of the glenoid component during an
arthroplasty. It also provides better exposure of

anterolateral humerus and eases the plate place-
ment for proximal humerus fractures. The lateral-
ized incision is more distant to the axillar region
compared to classical incision and this can help
to decrease the bacterial contamination risk.

Inferior deltopectoral approach, which is
also known as low-axillar approach, provides the
exposure of anteroinferior glenoid rim. It uses
the inferior part of the classical deltopectoral
approach and can be used in the management of
anterior instability or anterior glenoid fractures.
The skin incision is placed more medial and
inferior (Fig. 16.5). Inferior deltopectoral
approach is cosmetically more favorable com-
pared to the conventional approach since it is
shorter and leaves most of the skin scar in the
axillary fold. However, the exposure is more
limited and sufficient exposure might not be
obtained in muscled patients. It can also increase
the risk of bacterial contamination since it is
closer to axillary region. The incision starts from
the apex of axillary fold and extends to axillary
region vertically around 6-10 cm [5].
Deltopectoral interval is identified with the help
of cephalic vein superiorly and the skin is
retracted superiorly to bring incision in line with
the deltopectoral interval.

Revision surgeries and internal fixation of
complex fractures might require an extended
deltopectoral approach compared to simple
fractures and primary arthroplasty procedures.
Deltopectoral incision can be extended to clavi-
cle proximally or humerus shaft distally. The
proximal extension can be made with a skin
incision following the inferior border of the
clavicle with a lateral curve. The distal exten-
sion follows the lateral border of biceps muscle
which can be felt by palpation and provides bet-
ter exposure of anterolateral humerus. After the
retraction of biceps medially, brachialis muscle
fibers can be splitted to reach humerus. These
proximal and distal extensions might require the
partial release of deltoid origin or insertion for
better exposure, which should be repaired at the
end of the procedure. The partial release of
superior part of pectoralis tendon can provide
better exposure in muscled patients, which does
not require a repair usually.
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Fig 16.5 The skin incision for inferior deltopectoral (low-axillar) approach

Deltopectoral approach can also be extended
more by anteromedial approach. It is used for
shoulder arthrodesis and complex reconstructive
shoulder surgeries in the presence of advanced
deformity or stiffness which might lead to an
uncontrolled tear of deltoid. It includes the pro-
gressive and controlled detachment of deltoid
from clavicle, acromion, and scapular spine,
which will require a strong repair at the end of the
procedure and 4-6 weeks of immobilization [21].

16.3 Deltoid-Splitting Approach
16.3.1 Indications

Historically, the lateral deltoid-splitting approach
was used for open rotator cuff repair but cur-
rently, it is largely replaced with arthroscopy. The
current indications for deltoid-splitting exposure
are greater tubercle or proximal humerus frac-
tures and shoulder arthroplasty procedures
(Table 16.1). The calcific tendinitis of subacro-
mial bursae can also be managed through deltoid-
splitting approach. The entry point of humerus
nail is also exposed by this approach.

The deltoid-splitting approach protects ante-
rior deltoid and allows direct lateral plate appli-
cation but does not follow anatomic planes and
might cause scarring between deltoid and
humerus. A direct exposure facing glenoid can
be obtained for glenosphere positioning with-
out disrupting subscapularis but provides lim-
ited exposure to inferior glenoid which might
prevent proper placement of glenosphere [22].
The humeral head and neck exposure is also
limited making it difficult to obtain an anatomi-
cal neck cut and appropriate component sizes.
The limited exposure can also lead to intraar-
ticular penetration of screws during internal
fixation [23]. The distal extension of the expo-
sure is limited with axillary nerve passing over
the deep surface of deltoid and a separate del-
toid-split incision is required when more distal
exposure is needed.

16.3.2 Incision and Dissection

The patient can be placed in beach-chair or lateral
decubitus positions. An incision starting from the
anterolateral corner of the acromion, extending
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5 cm distally parallel to deltoid fibers is planned.
The direction of the incision can be modified
according to the type of pathology going to be
addressed. Both trapezius and deltoid muscles are
passed through by splitting in line with the fibers.
The raphe between anterior and middle deltoid is
defined and developed bluntly, which can be more
prominent with distal traction of the arm. The
subacromial bursae should be excised completely
and supraspinatus tendon insertion on the greater
tubercle is revealed (Fig. 16.6). The axillary nerve
can be felt distally through the interval by finger.
A stay suture can be placed to not to pass across
this point and damage the axillary nerve. The axil-
lary nerve lies 5-7 cm distal to the lateral edge of
acromion but the distance can be less depending
on the length and position of the arm [24, 25]. The
abduction of the arm can decrease the distance

between the acromion and axillary nerve and this
distance is also shorter on the posterior plane
compared to anterior [25].

In patients undergoing internal fixation of a
proximal humerus fracture, a separate distal inci-
sion can be made distal to the axillary nerve and
in line with proximal split (Fig. 16.7). An epiper-
iostal plane from proximal incision to distal win-
dow is developed on lateral surface of the
humerus and the windows are united (Fig. 16.8).
The placement of shaft screws can be applied
from the distal incision. The location of the distal
split can be chosen according to the extension of
fracture and implant length. Aggressive retrac-
tion of the deltoid should be avoided to prevent
neuropraxia of the axillary nerve. Rotator inter-
val can be used to enter the joint in case of an
arthroplasty procedure.

Fig 16.6 The split of deltoid (a) and exposure of supraspinatus insertion on greater tuberosity after subacromial bursae

excision (b)
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Fig 16.7 Splitted deltoid fibers exposing the periosteum
of lateral aspect of humerus. Two separate incisions
should be used and the level of axillary nerve should be
spared

Fig 16.8 The inner section of the two-window deltoid-
splitting approach. Pay attention to the location of axillary
nerve. An epi-periosteal window is developed to connect
the two incisions

16.3.3 Variations

The incision can be extended to superior and
medial towards acromion and parallel to the
superior border of the scapular spine [26].
Acromioplasty or coracoacromial ligament
release can be used to increase proximal expo-
sure [27]. Acromion can also be osteotomized in
line with skin incision and supraspinatus can be
exposed completely. The osteotomized acromion
should be reconstructed carefully during the clo-
sure. Deltoid-splitting approach cannot be
directly extended distally but can be combined
with deltopectoral approach if needed. But it
should be kept in mind that the raphe between

anterior and middle deltoid is a watershed area
since anterior portion of deltoid is supplied by
thoracoacromial arch or anterior circumflex arter-
ies, while the middle and posterior portions are
supplied by posterior circumflex artery. The dis-
sections anterior or posterior to the raphe can dis-
rupt the blood supply of a part of deltoid [28].
Distal window of the incision can also be
extended to expose middle third of humerus by
peeling a part of deltoid insertion on lateral sur-
face of the humerus.

Subscapularis sparing approach is a trending
approach in total or reverse shoulder arthroplasty
with reported excellent outcomes. It can be uti-
lized via anterosuperior approach, which is a
variation of the deltoid-splitting approach [29].
After 6-8 cm length of longitudinal incision orig-
inating from posterior part of anterolateral acro-
mion, anterior deltoid and the coracoacromial
ligament are detached together and splitting of
deltoid through the anterolateral raphe is utilized
(Fig. 16.9) [30]. The subscapularis tendon is
exposed and its insertion is protected. The arm is
rotated externally to bring rotator interval to the
surgical field at the superior border of subscapu-
laris. Afterward, the rotator interval is incised
until reaching the glenoid. Biceps tendon can be
tenotomized or tenodised. In case of reverse
shoulder arthroplasty due to supraspinatus dys-
function, the approach is easier since supraspina-
tus can be excised but infraspinatus should be
protected if it is intact, to maintain postoperative
external rotation strength. Deltoid reattachment
is crucial during the closure. Deltoid with cora-
coacromial ligament shoud be repaired as a sin-
gle layer with nonabsorbable sutures through
bone tunnels on acromion [29]. Although rare, if
deltoid origin repair is not healed, functional loss
might be devastating [1].

Anterosuperior approach provides excellent
glenoid view facilitating appropriate reaming and
proper glenoid component position without dis-
ruption of subscapularis (Fig. 16.10). The protec-
tion of anterior soft tissue structures can decrease
dislocation rates and yield better clinical out-
comes [16]. However, resection of humeral neck
osteophytes and anatomic humeral neck cut are
might be challenging due to limited humerus
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Fig 16.9 The skin incision and superficial dissection of
anterosuperior approach showing the fat stripe identifying
the raphe between anterior and middle portions of deltoid
muscle

exposure. And despite excellent glenoid expo-
sure, the neutral placement of glenosphere guide
pin is complicated by the position of the humerus
and the baseplate of the glenoid might be placed
with a superior tilt which might cause scapular
notching in the future [30].

Literature Review
on Deltopectoral vs. Deltoid-
Splitting Approaches
Both deltopectoral or deltoid-splitting approaches
can be used in some particular indications such as
proximal humerus fracture and shoulder arthro-
plasty. The research on possible advantages and
superiorities of these techniques is going on.
Deltopectoral incision obliquely passes the
skin cleavage lines, while deltoid-splitting is
orthogonal, thus both are capable of leaving a
cosmetically unpleasant scar [26]. In a prospec-

16.3.3.1

Fig 16.10 The glenoid exposure in anterosuperior
approach

tive non-randomized study, it is reported that
deltopectoral approach provides better func-
tional outcome at first-year follow-up in the
management of proximal humerus fractures
compared to deltoid-splitting [31]. The func-
tional outcome was especially increased by bet-
ter active elevation and abduction values after
deltopectoral approach. The reason behind this
difference might be the use of anatomic planes
in deltopectoral approach causing less scarring
of the shoulder structures. Deltoid-splitting
approach protects anterior deltoid and theoreti-
cally, it can diminish the risk of osteonecrosis,
but comparative studies could not show any sig-
nificant difference [23]. Although deltopectoral
approach provides excellent exposure, it might
be challenging to place the plate laterally
enough requiring the release of deltoid and it is
also hard to control greater tubercle adequately
through deltopectoral incision. These problems
can be overcome by deltoid-splitting approach
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[26]. Deltoid-splitting approach is also reported
as a valuable alternative to deltopectoral
approach in the management of complex proxi-
mal humerus fractures with hemiarthroplasty,
providing better exposure of posterior fracture
fragments and rotator cuff tissue [32]. However,
the anatomical reduction of complex fractures
might be challenging through the deltoid-split-
ting approach [33].

Successful clinical outcomes of anatomical
and reverse shoulder arthroplasties were reported
with both deltopectoral and deltoid-splitting
anterosuperior  approaches [22]. Although
extended deltopectoral approach is more fre-
quently used for total shoulder replacement, gle-
noid exposure might be challenging in muscled
patients and may cause anterior or anteverted gle-
noid baseplate insertion. Excessive retraction can
cause deltoid injury and partial detachment of
deltoid origin might be needed. Anterosuperior
approach can avoid these problems. It is also
reported that anterosuperior approach causes less
postoperative instability and less acromial frac-
ture compared to deltopectoral approach since it
does not compromise subscapularis and provides
a more appropriate implant position [29]. Nerve
injury is also reported at higher rates in deltopec-
toral approach compared to anterosuperior
approach in anatomic shoulder arthroplasty [34].
However, in reverse shoulder arthroplasty, some
studies reported higher incidence of scapular
notching with anterosuperior approach due to the
difficulty in inferior placement and tilting of gle-
noid guide and implant [22, 35]. Additionally,
anterosuperior approach requires the detachment
and repair of anterior deltoid, thus might lead to
the risk of deltoid dehiscence or weakening lead-
ing to postoperative pain and dysfunction [4, 30].
The revision of deltoid-splitting anterosuperior
approach with a deltopectoral approach can also
lead to anterior deltoid dysfunction.

16.4 Posterior Approach
16.4.1 Indications

The posterior shoulder approach provides suffi-
cient exposure for the posterior and inferior of

glenohumeral joint including posterior glenoid,
scapular neck, and body. The main indications
are glenoid neck and scapular body fractures and
osseous augmentation of posterior glenoid in the
treatment of posterior instability (Table 16.1).
Since it is rarely used, the surgeons are more
unfamiliar with the anatomy compared to other
approaches.

16.4.2 Incision and Dissection

The patient can be placed either in a prone or lat-
eral decubitus position. The posterior approach
can include both horizontal and vertical inci-
sions. The vertical incision alone, which is cen-
tered over the glenohumeral joint, can be
preferred in posterior glenoid augmentation, in
which the limited exposure is sufficient. The inci-
sion starts slightly inferomedial to the posterior
corner of acromion and extends vertically [36].
When more extensile exposure is needed (e.g.
scapular body fracture), a curvilinear horizontal
incision can be used, providing the widest expo-
sure. The incision extends from medial to lateral
in line with the scapular spine and curves inferi-
orly towards axilla at the posterior corner of acro-
mion [4]. After subcutaneous dissection and
incision of the fascia, the posteroinferior edge of
deltoid is identified and the internervous plane
between deltoid (axillary nerve) and underlying
infraspinatus (suprascapular nerve) is developed
bluntly. This plane can be more easily identified
in lateral region of the incision. Afterwards, del-
toid is retracted superiorly. If superior retraction
is not sufficient (e.g. bulky deltoid), a longitudi-
nal split of deltoid can also be added to increase
the exposure. Although this can cause a posterior
deltoid injury, it is functionally less prominent
than anterior deltoid injury since its function can
be covered by the long head of triceps, teres
minor, and infraspinatus muscles [2]. If extended
exposure is being used, the origin of deltoid on
scapular spine is elevated osteoperiostally, allow-
ing better superior and lateral retraction of del-
toid. The abduction of the arm also loosens the
deltoid fibers.

After the retraction of deltoid, the interner-
vous interval between infraspinatus (suprascapu-
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lar nerve) and teres minor (axillary nerve) is
identified (Fig. 16.11). The interval can be identi-
fied more easily at medial region since there
might be a fat stripe between the muscle bellies at
medial, while the tendon fibers are mixed at lat-
eral region. After developing the interval bluntly,
infraspinatus is retracted to superior and teres
minor is retracted to inferior, exposing the joint
capsule over the inferior part of glenoid and scap-
ular body (Fig. 16.12). The dissection inferior to
teres minor can damage axillary nerve and poste-
rior circumflex humeral artery, which pass
through the quadrangular space at inferior border
of teres minor. The injury of posterior circumflex
humeral artery can cause uncontrolled bleeding
and can be prevented by staying in the intermus-
cular plane.

16.4.3 Variations

The axillary nerve and posterior circumflex artery
prevent the extension of this approach distally.
Dissection can be lengthened to lateral towards
the glenohumeral joint. The partial release of
infraspinatus  from greater tubercle or
infraspinatus-split can be added to provide more
superior access to the glenoid. Medial retraction

of infraspinatus can be made but attention must
be given to not harming the suprascapular nerve
by forceful retraction which can cause neuro-
praxia of the nerve which innervates both supra-
spinatus and infraspinatus muscles. The medial
retraction of infraspinatus exposes the glenoid
neck. The dissection should not go beyond 1 cm
medial to glenoid rim to prevent suprascapular

Fig 16.12 The capsular incision and the exposure of gle-
nohumeral joint from posterior approach

Fig 16.11 The skin incision and superficial dissection from posterior plane revealing the interval between infraspina-

tus and teres minor muscles
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nerve injury. If more proximal exposure is
needed, infraspinatus tenotomy and later repair
can be utilized but it is rarely needed. The deltoid
detachments made to increase exposure should
be reattached by bone tunnels.
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Efficient use of portals in shoulder arthroscopy
based on opening portals with the right direction
from the right point. However, the location of
each of these portals must be known to avoid pos-
sible neurovascular or musculotendinous damage
and to minimize risk.

Shoulder arthroscopy begins with the opening
of the posterior portal. Since it is starting portal,
we utilize anatomic landmarks on skin without
any visualization aid. After intra-articular visual-
ization is done with this portal, it is determined
the other portals we needed according to surgical
procedure to be performed. Some rules should be
considered while opening the portals. Joint space
should be used effectively and unnecessary
devices should be withdrawn from the joint. The
devices should not interfere with each other. The
surgeon should be able to reach the area that he
wanted. In addition, it should be given impor-
tance to protect soft tissue [1]. Matthew et al. [2]
have set some criteria for the placement of the
portals. According to these criteria: (a) portal
should pass through the most avascular area as
possible as (b) portal should not endanger the
surrounding neurovascular structures, (c) portal
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should enable comfortable use of arthroscopic
instruments, (d) landmarks of portal sites should
be remarkably definable. Thus, the same point
should be achieved in patients of different
weights and heights. If these issues are taken into
consideration, complications from portal can be
minimized.

Portals can be created with two different tech-
niques: Outside-in and Inside-out. While some-
times both techniques can be used, some portals
are suitable for opening with only a technique.
For example, while the antero-inferior portal can
be opened with both of these techniques, the
Neviaser portal can only be opened with outside-
in technique. In the inside-out technique, the
scope, which is in the joint space, is pushed for-
ward to the required area at anterior and is fixed
here. Then the scope is withdrawn and anterior
capsule is passed through the same point by using
Wissinger rod. Rod is palpated through the skin
and small incision is made with the help of a scal-
pel. Rod is passed out of the skin, thus portal is
opened. Sometimes anatomical structures in the
joint can restrain to reach the correct point on the
skin in this technique. Today, outside-in tech-
nique is standard and up-to-date technique [3]. In
this technique, portal’s location is determined on
the skin. The spinal needle is inserted into the
joint from determined location, and needle is dis-
played inside the joint with scope. After display-
ing the correct position and angle with the needle,
skin and subcutaneous of the entrance point is
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incised with a scalpel. Wissinger rod is entered
into the joint in the same direction as the spinal
needle. Rod is withdrawn and the instrument to
be used is passed into the joint through the same
point. After the position of the device is checked
inside the joint, the spinal needle is withdrawn.
Regardless of the technique, adrenaline saline or
long-acting local anesthetic can be injected under
the skin before the portal is opened [4]. This will
decrease both bleeding and pain from portals.

Shoulder arthroscopy is not a procedure that
remains stable at the same portal. During the
operation, a continuous active working is required
within the same portal or between the portals.
Cannulas help us at this point. Cannulas, which
can be of different sizes according to their diam-
eters, are used to facilitate repetitive entry—exit of
the instruments, to manipulate the ropes more
easily, and to push and tie the knot easily. If the
cannula is to be used, an incision appropriate to
the width of the cannula is made. Then, the can-
nula is inserted into the joint according to its
application technique. In narrow areas such as
the subacromial region, no cannula is required
[5]. The surgeon can maneuver more comfort-
ably without a cannula. Additionally the cannulae
restrict the movement of the instruments in such
regions. While cannulae are generally used in the
portals passing through the muscle, they should
not be used in portals passing through the tendon
unless if it is not required [1].

17.1 Glenohumeral Arthroscopy

Portals
17.1.1 Posterior Portal

It is the beginning portal for shoulder arthros-
copy and used for visualization. By its location,
posterior portal has less risk of damage to neuro-
vascular structures. Since it is a starting portal, it
is very important to open it accurately. It is rec-
ommended that the posterior portal be shown as
the last step in the shoulder arthroscopy training
process [5]. When determining the entry point of
this portal, the posterolateral corner of the acro-
mion is used as guide. The classic posterior por-

tal is 2 cm distal and 1 c¢cm medial to the
posterolateral corner of the acromion [1, 4-6]
(Fig. 17.1). This point is also called “soft spot”
point. Theoretically, it corresponds to interval
between teres minor and infraspinatus [6]. Wolf
et al. [7] described a portal, which they called
“central posterior portal,” which is 2—3 cm distal
and 1-2 cm medial to posterolateral corner of
acromion. In this way, they imported that IGLLC
(inferior glenohumeral ligament labral complex)
and inferior glenoid can be displayed much
better.

The surgical procedure also changes the
region that is important to reach within the joint.
Therefore, the location of the posterior portal
should not be the same for every patient, for each
surgery, and for both positions (beach-chair, lat-
eral decubitus). If posterior instability surgery
will be performed, the surgeon must be able to
place anchor at an appropriate angle to posterior
glenoid. In this case, the posterior portal should

Fig. 17.1 Posterior view of shoulder portals. P posterior
portal, PI posteroinferior portal (7 o’clock), Ax axillary
pouch portal, W Wilmington portal, L lateral portal, N
Neviaser portal, Ac acromion, ACJ acromioclavicular
joint
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be more laterally in line with the posterolateral
corner of the acromion and more inferior [1, 4]. If
rotator cuff surgery is to be performed, the sur-
geon must be able to reach the anterolateral of the
cuff at the subacromial region. In this case, poste-
rior portal should be more medial and more infe-
rior than the classical posterior portal. The entry
point in the lateral decubitus position should be
more inferior and lateral than the point in the
beach-chair position [4].

While opening the posterior portal in the
beach-chair position, an assistant puts one hand
on the medial proximal humerus and applies lat-
eralization force with one hand, at the same time
applies medialization force from the distal lat-
eral of the humerus with the other hand. The
joint space widens and passing into the joint of
the arthroscopy trocar that is blunt becomes eas-
ier due to the stretching of the posterior capsule.
1 cm long skin and subcutaneous incision is
made at the point marked on the skin for poste-
rior portal. The blunt trocar is inserted through
the skin. Sharp trocars do not need to be used,
they can damage the humeral head and glenoid
[7]. At this stage, direction is very important.
Andrew et al. [6] adjusted direction by directing
the tip of the trocar towards the coracoid in their
technique. Conversely, “romeo 3-finger shuck”
technique can be used to determine this [1]. For
this technique, the surgeon uses the same hand
as the shoulder side operated. He/She places the
third finger on the coracoid and the second fin-
ger on the supraclavicular notch. Then he/she
feels soft spot between teres minor and infraspi-
natus and puts thumb there. In this way, the
direction of the glenohumeral joint in the sagit-
tal plane is determined. In the axial plane, it
should be at the equatorial level of the glenoid.
After the trocar has passed the skin and subcuta-
neous tissue, it kept going between infraspina-
tus and teres minor muscles and the joint capsule
is reached. The glenoid and the humerus head
are palpated by tip of blunt trocar at this stage,
The soft tissue in between is a capsule and it is
entered into the joint. Care should be taken to be
attentive. Sudden, rapid, and uncontrolled
access into the joint can cause damage to the
cartilage in the head of the glenoid and humerus.

If entrance is difficult to capsule, the glenoid
and humerus head should be palpated and exam-
ined again and the capsule should be re-deter-
mined too. If necessary, this process should be
repeated and harm should be avoided. After
entrance into the joint, blunt tip in the trocar is
withdrawn and the scope is placed and it is
ensured that it is in the joint.

The posterior portal is the safest portal that
adequately displays the joint. However, it is
important to open the portal correctly in order to
prevent axillary nerve and suprascapular nerve
(SSN) damage [8]. The posterior portal is on
average 49 mm from the axillary nerve and
29 mm from the SSN, but the axillary nerve can
be located close to 30 mm [9]. To avoid damage
SSN, portal should not be placed medially.

17.1.2 Anterior Portal

This is the main anterior working portal in shoul-
der arthroscopy. Its location is 1 cm lateral to the
coracoid process on the skin [2, 7]. In the tech-
nique described by Matthew et al. [2], joint is
displayed through the posterior portal, firstly.
The triangle formed by the humerus head, gle-
noid, and biceps long head is revealed. The mid-
dle glenohumeral ligament can be seen crossed
at the bottom of this triangle (Fig. 17.2). Then,
the scope passed through this triangle and moved
forward to end as possible as. The light from tip
of optic is detected on the skin from anterior
side. This point is determined by the finger. Then
the optic is withdrawn and the triangle is re-
revealed again. The most appropriate point and
angle are determined by pressing on the skin
with the finger by getting help from intra-articu-
lar visualization. The spinal needle is moved for-
ward into the joint. The spinal needle must enter
this triangle above the middle glenohumeral lig-
ament and the inferior of the biceps tendon.
Arthroscopic direct imaging is used to confirm
this. To achieve this direction, the spinal needle
is moved forward to the caudal at an angle of
about 45°. Once the appropriate angle has been
found with the needle, this portal is opened with
the outside-in technique.
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Particular attention should be paid to staying
lateral to the coracoid to protect the brachial
plexus and axillary vascular bundle located in the
inferomedial [8]. In a cadaver study [2], six
branches of the brachial plexus and axillary
artery and vein were shown to be at risk in the
medial and inferior of coracoid process. The
structures at risk in the inferior and lateral of the
coracoid process are the musculocutaneous and
axillary nerve, the subscapular artery. Therefore,
the lateral of the coracoid process and this level
or superior have been shown to be the safest
place. The musculocutaneous nerve courses an
average of 33 + 6.2 mm inferior of the coracoid
process, and the cephalic vein is also close to this
portal [10]. Therefore, if the portal is placed too
inferior, the risk of damage to these structures
will increase.

If there is SLAP lesion, anterior portal should
be close to superior part of triangle. So the gle-
noid superior will be reached more easier. On the
other hand, if anterior instability surgery will be
performed, anterior portal should close to infe-
rior part of triangle to just above the subscapu-
laris [1]. The distance between coracoid and
portal changes depending on the procedure to be
performed. Portal can slide more laterally to

place anchor at an appropriate angle in instabil-
ity surgery, while it can be opened a little more
medially in capsular release surgeries. This por-
tal is suitable for bone surface preparation in
SLAP repair and anchor placement in instability
surgery.

17.1.3 Antero-Inferior Portal
(5 o’clock Portal)

It was defined by Davidson and Tibone [11]. It is
also called “5 o’clock portal.” Its localization on
the skin is 2 cm inferior and slightly lateral to the
anterior portal (Fig. 17.3). It passes through the
subscapularis tendon [1, 5]. Both inside-out and
outside-in techniques can be used for this portal.
In the inside-out technique, the scope placed
through the posterior portal is brought to the gle-
noid antero-inferior (at 5 o’clock) by moving
from the edge of the inferior glenohumeral liga-
ment [8]. The optic is withdrawn and Wissinger
rod is placed into the trocar. The arm is posi-
tioned to the maximum adduction, the rod is
moved forwarded and passed out from capsule.
With the help of the scalpel, the portal is opened

Fig. 17.2 Visualization of the joint inside the posterior
portal on the right shoulder. LHB long head of biceps, HH
humeral head, Ssc subscapularis, MGHL middle glenohu-
meral ligament, L labrum

Fig. 17.3 Anterior view of shoulder portals. C coracoid,

A anterior portal, Al antero-inferior portal (5 o’clock),
ASL anterosuperolateral portal
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laterally to the conjoint tendon and below the
lower fibers of the subscapularis.

In their cadaver study [11], Davidson and
Tibone showed that when opening this portal
with inside-out technique, only humerus posi-
tion that led to reach to lateral of the conjoined
tendon is maximum adduction. The mean dis-
tance of the axillary nerve from the portal was
24.4 and 22.9 mm for the musculocutaneous
nerve [11]. They studied these distances in nine
different positions, including abduction, flexion,
and rotational movements of the shoulder, and
showed that any position of the arm did not
make any significant difference to protect these
nerves. Even, 90° abduction of the arm has been
shown to be the position in which the nerves are
closest to this portal. Some authors [9, 12] ques-
tion the security of the location of the portal due
to the risk of damage to the axillary nerve, mus-
culocutaneous nerve, cephalic vein, and
humerus head cartilage. Pearsall et al. [12]
showed that when this portal is opened using the
inside-out technique, the tough force applied to
the humerus causes damage to the articular car-
tilage. When using the outside-in technique, the
portal can be located 2 mm (medial or lateral) of
the cephalic vein. For this reason, they did not
recommend the use of this portal in the beach-
chair position. In another cadaver study [9],
similar results were found. They did not recom-
mend this portal since the placement of the
antero-inferior portal was approximately 13 mm
from the axillary artery, 15 mm from the axil-
lary nerve, and 17 mm from the cephalic vein.
Cephalic vein and anterior circumflex artery
also show immediate proximity (<10 mm) with
this portal [11]. The placement of the portal can
be in the medial or lateral of the cephalic vein in
different cases; it can also be proximal or distal
to the anterior circumflex artery. Additionally
no damage was shown to these two structures in
their series. They mentioned that the blunt obtu-
rator pushed these structures aside. In another
series evaluating this portal using the outside-in
technique [3], it was imported that cephalic vein
is at risk. However, they said that there was no
clinically significant morbidity even if it was

injured. For this reason, they recommended that
this portal should be used when necessary. In
studies showing that this portal is not safe, the
inside-out technique was used, and in this tech-
nique, the humerus head prevented the Wissinger
rod from coming out far enough laterally of the
joint, although it was positioned in the maxi-
mum adduction. Proximity to neurovascular
structures can also be explained by this situa-
tion. Additionally, this maneuver caused carti-
lage damage at the head of the humerus.
Furthermore, Lo et al. who advocated safety of
this portal operated their patients in a lateral
decubitus position, and the outside-in technique
allowed lateralization of the portal placement.
The surgeon should be careful to the proximity
of the neurovascular structures above men-
tioned, and all these risks should consider when
this portal is used.

With this portal, anchor can be placed at
5 o’clock of the glenoid. It is especially useful for
placing an anchor in the glenoid inferior level in
Bankart repair [11]. This portal is used for anchor
placement and suturing tools. Because of it
passes through the subscapularis tendon, it is not
used the knot that requires cannula [1].

17.1.4 Antero-superior Portal

This portal has been described by Wolf et al. [7].
According to the outside-in technique, its loca-
tion on the skin is the midpoint of the distance
between the coracoid and acromion. This portal
is at the level of the joint line and enters the joint
just anterior to the biceps tendon [7]. This allows
a better control of the anterior of the joint.

In procedures involving the anterior capsule,
antero-inferior and antero-superior portals are the
best for visualization. The combined use of these
portals allows surgical triangulation of the ante-
rior glenohumeral joint [7, 9].

Although there is a risk of injury to the axil-
lary nerve and cephalic vein; this risk is not as
high as the antero-inferior portal. It provides a
good angle for anchor placement on the glenoid
antero-superior during SLAP repair [8].



232

M. Agir et al.

17.1.5 Anterosuperolateral Portal

Some authors have advocated the necessity of an
anterior portal that allows direct visualization of
the anterior glenoid neck. This portal has been
defined by Laurencin et al. [13] to be used for
this purpose. Because of the sufficient distance
between the classic anterior portal, instruments
can be used comfortably and easily in the joint
when combined used with anterior portal. It is
1 cm lateral to the anterolateral corner of the
acromion. Its location in the joint is just anterior
to the supraspinatus tendon and behind the
biceps tendon. Cannula can be used in this por-
tal. If visualization is performed or an instru-
ment is used, the cannula is taken under the
biceps tendon. If the cannula remains passive, it
is taken above the tendon.

This portal is very useful in the treatment of
pathologies involving superior labrum, such as
SLAP lesion [13]. It is useful for operations in
the subacromial space, such as suprascapular
nerve release, as well as allow to work at anterior
of the glenohumeral joint [13, 14]. A panoramic
view of the glenoid can be obtained if it is used as
a visualization portal in the lateral decubitus
position. During the subscapularis repair, it can
be used as a working portal, it can be used for
suture manipulation and anchor placement to the
anterior of the tuberculum majus during supra-
spinatus repair.

17.1.6 Portal of Wilmington

It was first identified during SLAP repair due to
the need for additional portal [15]. It is 1 cm lat-
eral and anterior to the posterolateral corner of
the acromion. This portal is opened to the glenoid
superior at an angle of 45° while imaging from
the posterior portal. This portal passes through
the infraspinatus muscle. There are discussions
about to use cannula. Stephenson et al. [16]
showed rotator cuff rupture after SLAP repair in
a series of six patients published. Since this prob-
lem is caused by portal, they recommended to
open this portal more medially. In another study
[1], they did not recommend to use cannulae as it
passes through the tendon. Lo IK et al. [3] mini-

mized the risk of damage by making a controlled
incision along the rotator cuff and capsule longi-
tudinal fibers with the number 11 scalpel during
the opening of this portal.

It is very useful for the evaluation of glenoid
posterior-superior. It is used in SLAP repair
which has a large posterior component, espe-
cially for placing anchors on the posterior [3].

17.1.7 Posterior-Inferior Portal
(7 o'clock Portal)

As an alternative to the relatively less risky antero-
inferior portal, it has been defined in order to
reach inferior glenohumeral joint. This portal can
be opened using either the outside-in or inside-out
technique [17]. Also known as the 7 o’clock por-
tal, the portal’s entry point on the skin is 2-3 cm
inferior of the posterior portal [1, 5, 17]. After
entering the joint from this point, moved forward
to glenoid’s 7 o’clock position by visualization. In
the inside-out technique, the blunt-tipped obtura-
tor is forwarded to the glenoid’s 7 o’clock from an
anterior portal. Then the surgeon passes through
the capsule, and incision is made on the skin [8].
Since the portal passes through teres minor, it is
generally not necessary to use cannulae [1].

Structures at risk are the suprascapular nerve
and artery, axillary nerve, and the posterior cir-
cumflex humeral artery. As theorotically, the risk
of damage to the humeral head cartilage is high
in the inside-out technique; in the outside-in
technique, suprascapular nerve-artery damage is
more likely. In the cadaver study [17], the portal
was found to be 39 + 4 mm from the axillary
nerve and circumflex artery and 29 + 3 mm from
the SSN. There was no significant difference
between different positions of the shoulder and
its distance to neurovascular structures.
Additionally, when the inside-out and outside-in
techniques are compared, there is no significant
difference between the average distance to the
neurovascular structures. If sharp trocars are not
used and the portal is opened in proper location,
the surgeon will easily keep these structures safe.

This portal is used for repair of posteroinferior
labral tears, removal of loose bodies, capsular
shrinkage, and capsulotomy [17].
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17.1.8 Axillary Pouch Portal

Inferior glenohumeral recess, where pathologies
such as loose body, broken anchors, pathologi-
cal synovial tissues are common, is a difficult
region to reach and work with the classical
described posterior portals. For this reason,
axillary pouch portal has been defined by Bhatia
et al. [18]. Its location on the skin is 2-3 cm
inferior to the posterolateral corner of the acro-
mion and 2 cm lateral to the standard posterior
portal. While forwarding from this point, it is
directed towards the medial in the axial plane.
In the sagittal plan, it can be directed towards
20° superior or 20° inferior by intra-articular
visualization. This portal has been shown to
pass either between the muscular fibers of infra-
spinatus or the interval between teres minor and
infraspinatus.

This portal can be used for removal of loose
bodies, synovectomy, capsulotomy, anchor place-
ment to posteroinferior glenoid rim, and evalua-
tion and repair of HAGL lesions [18]. The most
important advantage of this portal is that thanks
to its superior and lateral location, the risk of neu-
rovascular damage is lower compared to portals
like the 7 o’clock portal [17].

17.2 Subacromial Portal
17.2.1 Posterior Portal

The entry point on the skin is the same as the pos-
terior portal of the glenohumeral joint. The trocar
with blunt obturator is withdrawn from the joint
and got off from the capsule. The posterior corner
of the acromion is palpated with the tip of the
obturator, and the lower edge of the acromion is
felt and forwarded towards the anterior acromion.
At this stage, the bursa should be punctured. The
main free space in the subacromial region is in
the anterior acromion. Even, pushing the trocar
laterally will increase the probability of reaching
this gap. Sometimes the bursa cannot be punc-
tured or the gap cannot be reached due to bursal
hypertrophy and synovitis.

17.2.2 Lateral Portal

It is the main working portal in subacromial
region. Its location on the skin is at the level of
the posterior border of the acromioclavicular
joint, 3—4 cm lateral to the lateral edge of the
acromion [5] (Fig. 17.4).

This portal provides to attain to the coraco-
acromial ligament and the origin fibers of this
ligament at the anteromedial acromion [19].
When rotator cuff is torn, this portal allows it to
be seen directly across the tear.

17.2.3 Anterior Portal

The same point as anterior glenohumeral portal is
used. It is entered through the same incision and
directed towards the subacromial region.

Fig. 17.4 Lateral view of shoulder portals. P posterior
portal, PI posteroinferior portal, Ax axillary pouch portal,
W Wilmington portal, L lateral portal, ASL anterosupero-
lateral portal, A antero-inferior portal, A anterior portal, N
Neviaser portal, C coracoid, Ac acromion, ACJ acromio-
clavicular joint, CI clavicle
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It is generally used for suturing tendon during
cuff repair. This portal also allows working at a
very suitable angle during distal clavicle
resection.

17.2.4 Anterolateral Portal

Its location on the skin is 2-3 cm distal to the
anterolateral border of the acromion [9, 20]. The
blunt trocar is directed to lower edge of the
acromion.

The axillary nerve may course up to 3.1 cm
distal to the anterolateral edge of the acromion
[21], so care should be taken not to open this por-
tal inferiorly to prevent nerve damage. In addi-
tion, if the portal is superior to where it should be,
the acromion blocks access to the acromiocla-
vicular joint and medial of acromion [8].

This portal is typically used to identify acro-
mioclavicular joint pathologies and subacromial
impingement.

17.2.5 Posterolateral Portal

It was defined by Ellman [20]. The entry point on
the skin is 2—-3 cm distal to the posterolateral cor-
ner of the acromion [9, 20].

It is basically a portal used for subacromial
decompression and imaging in acromioplasty
[20]. It can also be used for visualization both in
rotator cuff repairs and in labral repairs in the lat-
eral decubitus position. The presence of two por-
tals lateral to the acromion allows the surgeon to
both view and work as the suture is passed
through the cuff [8]. Opening the portal more
inferiorly puts the axillary nerve at risk.

17.2.6 Neviaser Portal

It was defined by Neviaser in 1987 [22]. It is also
called as supraclavicular fossa portal or superior
medial portal. It is opened on soft point that is
bounded scapular spine at posterior, acromiocla-
vicular joint at anterior, and medial edge of acro-
mion at lateral in supraclavicular notch. This

point is 1 cm medial from the medial edge of the
acromion. While viewing from the lateral sub-
acromial portal, the spinal needle is forwarded
through the soft tissue to 15-20° lateral and 15°
anterior, and the portal is opened after the posi-
tion of the needle is checked at the subacromial
region.

While opening the portal in the lateral decubi-
tus position, Nord and Mauck [23] modified this
technique by making a 45° abduction to the
shoulder and directing to a 20° lateral and 45°
anterior. The skin entry point of the modified
Neviaser portal is again similar. It is designed to
allow suture passage through the rotator cuff.
Therefore, while opening this portal, the shoulder
is abducted more than 45° for facilitate to reach-
ing the subacromial space.

Meyer et al. [9] did not encounter supraspi-
natus tendon injury during the opening of this
portal in their cadaver study. Likewise, in the
study of Souryal and Baker [24], this portal was
found reliable. They mentioned that the arm
should not be more than 45° of abduction and
no forward flexion during the entry of the tro-
car. In another study [19], the suprascapular
nerve and artery were noted to be 3 cm from the
supraglenoid tubercle and at risk when using
this portal [8].

This portal is particularly suitable for suture
fixation during posterior SLAP repair and pro-
vides excellent visualization of the anterior gle-
noid [22]. It can also be used to suture through
the middle of the tear during rotator cuff repair.

17.2.7 Subclavian Portal

It was described by Nord and Macuk [23]. Its
location on the skin is 1-2 cm medial of the acro-
mioclavicular joint and just under the clavicle.
After the skin is passed through the inferior of the
clavicle, it is directed towards the antero-inferior
and the acromioclavicular joint is reached with-
out encountering the subacromial bursa.

The purpose of this portal is to suture the ante-
rior tendon during rotator cuff repair. After the
portal is opened, the scope moves to the subacro-
mial area, while the spurs in the lateral clavicle
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and acromion prevent comfortable use of the
instruments. Therefore, it is recommended to
open it after subacromial decompression [23].
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Koray Sahin and Ali Ersen

18.1 Prevention of Bleeding

in Shoulder Surgery

It would be more appropriate to examine this sec-
tion in two different titles as preventing excessive
bleeding that may occur during anatomical/
reverse shoulder arthroplasty and preventing
bleeding that impairs image quality during
arthroscopic shoulder procedures.

18.2 Preventing Excessive
Bleeding During Anatomic/
Reverse Shoulder
Arthroplasty

Although shoulder arthroplasty procedures are
not as bleeding as lower extremity arthroplasty
procedures, it has been shown in the literature
that there is an average of 354-361 mL of blood
loss during shoulder arthroplasty and this loss
causes a need for transfusion in 2.4-9.5% of the
procedures [5, 23].

It should be noted that, as in all open surgical
procedures, the main method of reducing bleed-
ing in shoulder arthroplasty is careful surgical
dissection with minimal damage to soft tissues.
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Recently, the most researched product to
reduce bleeding during shoulder arthroplasty is
tranexamic acid. Tranexamic acid is an anti-
fibrinolytic agent which provides effective clot
formation by inhibiting the activation of plasmin-
ogen [9].

There are several studies in the literature
showing the effectiveness of tranexamic acid dur-
ing shoulder arthroplasty. In their Neer Award
winning study, Gillespie et al. showed that the
topical administration of 2 g. tranexamic acid in
100 mL saline solution provides less postopera-
tive blood loss and less decrease in hemoglobin
level [11]. In another randomized controlled level
1 study, intravenous 1 g tranexamic acid showed
superior results during shoulder arthroplasty in
terms of postoperative blood loss and hemoglo-
bin level decrease compared to placebo [7].

There are also meta-analyses to evaluate the
efficacy of tranexamic acid during primary shoul-
der arthroplasty and they found it effective to
reduce the blood loss [14, 16].

18.3 Preventing Bleeding During
Shoulder Arthroscopy

Avoiding excessive bleeding during arthroscopy
is more important than arthroplasty because even
small amount of blood can impair the clarity of
the visual field and compromise the process.
Therefore more researchers have worked to find
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solutions for bleeding during shoulder Avery et al. showed that the addition of epi-
arthroscopy. nephrine to arthroscopic solution significantly

e Since there is no use of tourniquet during
shoulder arthroscopy, the amount of bleeding
is highly affected by the patient’s blood pres-
sure. Controlled hypotension, a mean arterial
pressure of slightly under 100 mmHG, is rec-
ommended to avoid excessive bleeding
without compromising the cerebral perfusion
in beach-chair position [6, 17]. The surgical
team must be aware that a mean arterial pres-
sure less than 83 mmHG may compromise
cerebral perfusion [17].

e Selection of regional anesthesia combined
with sedation has an advantage over general
anesthesia in terms of induced hypotension
and cerebral perfusion, which allows to reduce
bleeding. Therefore regional anesthesia is rec-
ommended for suitable patients for shoulder
arthroscopy in beach-chair position [15].

e Technological advancements enabled the use
of thermal electrocautery device and pressur-
ized irrigation system which played a major
role in controlling bleeding during arthroscopic
shoulder surgery [21].

e High velocity fluid stream during arthroscopy
creates a negative pressure in the joint which
is explained with Bernoulli’s principle [4].
This negative pressure sucks the blood from
vessels into the stream which decreases the
visual clarity. To avoid this phenomenon, the
fluid exit from portals should be minimized in
order to decrease the fluid velocity. This could
be achieved by using cannulas for all portals
or plugging the portal with a finger (Dutch
technique) [4].

* Adding vasoconstrictor agents like epineph-
rine to arthroscopy fluid is another possible
solution for decreasing bleeding. Although it
has been used for bleeding control in
arthroscopic procedures for a long time, due
to reported cardiac side effects there are con-
tradictions for routine use [13]. Recently, in
their randomized controlled trial consisting of
101 patients, van Montfoort et al. reported a
significant improvement in visual clarity with
decreased operation time especially in
arthroscopic Bankart and SLAP repair groups
[20]. In another randomized controlled study,

improves surgeon rated visual clarity in shoul-
der arthroscopy without a significant differ-
ence in operation time [3].

» Finally, after its use in prosthetic surgery, uti-
lization of tranexamic acid during shoulder
arthroscopy was also investigated. There is
two randomized controlled study available in
the literature, where Liu et al. reported that the
intravenous administration of 1000 mg
tranexamic acid 10 min before surgery signifi-
cantly improves clarity of the visual field
without significant side effects [18]. Recently,
we conducted a randomized controlled study
to investigate the effect of tranexamic acid to
visual clarity during double row rotator cuff
repair and concluded that administration of IV
tranexamic acid may be effective to improve
visual clarity during rotator cuff repair. It can
also be useful to reduce the need for high fluid
pressure and therefore reduce the amount of
irrigation fluid [10].

18.4 Thromboembolic Events
After Shoulder Surgery

Every surgical procedure poses a risk for throm-
boembolic event. Although this risk is signifi-
cantly lower for shoulder surgery than lower
extremity interventions, intimal injury as a result
of surgical incision combined with inherent
hypercoagulabilty and decreased mobility of the
patient creates a risk for thromboembolism after
surgical procedures (Virchow Triad).

This topic will be discussed in three separate
titles: thromboembolic events after shoulder
arthroplasty, shoulder arthroscopy, and shoulder
trauma (treatment of the fractures of proximal
humerus).

18.5 General Risk Factors
for Thromboembolic Events
(TEE) After Shoulder Surgery

Systematic disorders like diabetes mellitus, rheu-
matoid arthritis, and heart disease are considered
risk factors for TEE not only after shoulder sur-
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Table 18.1 General risk factors for TEE

Older age

Active cancer

Estrogen therapy

Pregnancy

Obesity

Personal or family history of TEE

Autoimmune diseases

gery but after all surgical procedures. Other gen-
eral risk factors are listed in Table 18.1 [1].
Position of the patient during shoulder surgery
is controversial. Application of traction during
lateral decubitus position is considered as a risk
factor for TEE in upper extremity veins, whereas
the immobilization in beach-chair position pre-
disposes a risk for lower extremity TEE.

18.6 Thromboembolic Events
After Shoulder Arthroplasty

Thromboembolic events after shoulder surgery
are very rare according to the National Registry
Database of United Kingdom [12]. Between
2005 and 2008, there were 4061 total shoulder
replacements and 6168 hemiarthroplasties
recorded to this database. The deep venous
thrombosis, pulmonary embolus, and mortality
rates were 0%, 0.2%, and 0.22% for total shoul-
der arthroplasty, respectively. Same rates for
hemiarthroplasty were 0.10%, 0.06%, and 0.47%,
respectively.

According to the study of Lung et al. with a
larger patient series of over 13,000 patients,
venous thromboembolism developed in 83
patients (0.62%) [19]. In the same study, the
authors also investigated risk factors for VTE
after shoulder arthroplasty and concluded that
hypoalbuminemia (<3.5 g/dL) increased length
of hospital stay and African American ethnicity
are independent risk factors [19]. With the larg-
est cohort for this topic available in the litera-
ture, Young et al. found 0.25% (1058 patients)
pulmonary embolism in 422,372 patients [25].
Arthroplasty for fracture, anemia, congestive
heart failure, and chronic lung disease are the top
four independent risk factors according to their

study [25]. As well as national registries pro-
spective studies also investigated the VTE after
shoulder arthroplasty and noticed higher inci-
dences. Willis et al. reported an incidence of
13% [24]. Although the incidence is high, all of
their patients were asymptomatic and diagnosed
with prospective serial 4 limb-surveillance
Doppler ultrasound. The limb of VTE also dif-
fered significantly with more than 50% in lower
extremities [24].

18.7 Thromboembolic Events
After Shoulder Arthroscopy

Thromboembolic events (TEE) after shoulder
arthroscopy are even more rare than arthroplasty.
In a systematic review, Ojike et al. reported
0.08% TEE after 23,791 arthroscopic procedures
[22]. Of those TEE, 58% occurred in upper
extremity. Another systematic review with a
larger cohort reported 0.038% TEE and 0.017%
pulmonary embolism after 92,440 shoulder
arthroscopic procedures [8]. Seventy percent of
these cases occurred in upper extremity veins.

Regardless of symptom status when the pres-
ence of TEE is investigated specifically with 4
limb Doppler ultrasound Takashi et al. found
5.7% TEE after 175 shoulder arthroscopies. In
the vast majority of those cases (90%), TEE was
found in lower extremity.

18.8 Thromboembolic Events
After Treatment of Proximal
Humerus Fractures

Although less researched than the other two
titles, the highest rate of thromboembolic events
(TEE) is found after the surgical treatment of
proximal humerus fractures. In the systematic
review including only three studies, the rate of
TEE is 0.82% (81 TEE) in 9877 patients treated
surgically for a proximal humerus fracture. When
open reduction plate fixation (ORIF) and hemiar-
throplasty are evaluated separately, TEE rate is
significantly lower after ORIF than hemiarthro-
plasty (0.13% vs. 0.69%).
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Fig. 18.1 Beach-chair position for shoulder arthroscopy patient with anti-embolic stockings

18.9 Prophylaxis

For patients without an underlying risk factor,
mechanical prophylaxis with anti-embolic stock-
ings or pneumatic compression devices is recom-
mended for all patients planned for shoulder
surgery especially in beach-chair position
(Fig. 18.1). Early patient mobilization after sur-
gery should be encouraged. Chemical prophy-
laxis with aspirin does not have evidence in the
literature for decreasing the TEE after shoulder
surgery for patients without risk factors [1].

For patients with a risk factor in Table 18.1,
chemical prophylaxis with one of the available
forms is recommended. Although there is not
enough evidence, LMWH (low molecule
weighted heparin) is the most preferred form for
chemo-prophylaxis. The duration of chemical
prophylaxis is limited with hospital stay and does
not need to be extended [2].

18.10 Summary

The risk for TEE is low after shoulder surgery
with the highest risk after hemiarthroplasty for
fracture treatment. Although not fully accurate
in the literature most of the TEE occur in the

lower extremity. Mechanical prophylaxis is rec-
ommended for all cases, whereas chemical prof-
hylaxis is reserved for patients with underlying
risk factors.
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19.1 Introduction
Periprosthetic shoulder infection (PSI) is a rare
yet crucial complication of shoulder arthroplasty.
Incidence varies between 1.1 and 10% according
to arthroplasty type performed [1, 2]. PSI is the
major cause of revision surgery which is needed
after complaints of pain, restricted movement,
and loosening [3]. PSI is a devastating complica-
tion resulting in clinical and socioeconomic con-
sequences. Therefore, until proven otherwise, any
postoperative problems of shoulder prosthesis
such as pain, joint stiffness, or loosening should
warn us of possible periprosthetic infection.
There are some risk factors for periprosthetic
shoulder infections: recurrent steroid injections,
systemic steroid use, prior surgeries, posttrau-
matic arthrosis, coagulopathies, renal failure,
rheumatoid arthritis, diabetes, immunosuppres-
sive treatments [4]. Richards et al. reported that
males were 2.5-times higher at risk for infection
than females and that reverse shoulder arthro-
plasty was associated with a 6-times higher risk
[3]. Arthroplasties following traumas were asso-
ciated with a 3-times greater risk of infection. It
should be noted that reverse shoulder arthroplasty
is usually the preferred technique in revision sur-
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geries which is why it is expected that the infec-
tion rates are higher.

Bacteria associated with PSI are usually the
skin pathogens: Staphylococcus sp. and
Cutibacterium acnes (Propionibacterium acnes).
It is reported in many studies that C. acnes is
responsible for most of the periprosthetic shoul-
der infections [3, 4] [5]. This is most probably
because of the proximity of the surgical site to the
axillary region.

These infections are classified as acute and
chronic. Some authors agreed on 4 weeks after
surgery as the threshold between the two yet
some agreed on 3 months [6, 7]. However, infec-
tions occurring after long and problem-free years
should also be regarded as acute hematogenous
infections. Treatments for acute hematogenous
infections are like those of acute early postopera-
tive infections [6].

PSI is less common compared to infections
seen after knee and hip arthroplasty surgeries.
Eradicated microorganisms are also different.
There have not been any precise and standardized
methods to diagnose and to treat. In this section,
diagnostic and treatment methods are defined,
benefits and shortfalls are discussed.
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19.2 Pathogens

Staphylococcus sp. and C. acnes are the most
common microorganisms isolated from peripros-
thetic shoulder infections [8]. C. acnes is an
anaerobic gram-positive bacterium and it is part
of the skin flora in the axillary region. It is respon-
sible for acne and it is colonized in the dermis
especially in males. It is even argued to have a
role in pathogenesis of glenohumeral arthrosis
[9]. Hudek et al. reported two times as many pos-
itive cultures for the anterolateral approach as for
the deltopectoral approach [10]. It usually causes
low-grade infections with mild clinical
symptoms. That’s why we do not see common
infection signs and symptoms. The time for incu-
bation of culture is around 7-21 days since it is a
slow-growing bacteria.

19.3 Precautions

Antibiotics treatment for shoulder arthropathies
is no different than that of other joint arthroplas-
ties. It is enough to administer first generation
cephalosporin and gentamicin intravenously
30 min before skin incision. It is also important to
swab surgical sites as well as antibiotics use.
Chlorhexidine and alcohol mixtures are found to
be more effective at eliminating bacteria than
povidone-iodine [11]. Shaving the hair on surgi-
cal sites is also routinely done before orthopedic
procedures. However, electric shavers are pre-
ferred over razors as they are less likely to dam-
age the skin.

19.4 Diagnosis

For every possible case of periprosthetic infec-
tions, diagnostic tests should be considered.
Preoperative diagnostics is effective at determin-
ing treatment options as it can prevent bad sur-
prises which might happen during revision
surgery.

Tools used to diagnose periprosthetic infec-
tions of the shoulder are indifferent than those

of knee and hip. However, they are less common
than the infections of knee and hip arthroplas-
ties. Local and systemic inflammation signs are
seen in early stage and acute hematogenous
infections. Local signs are pain, redness, warmer
skin, and purulent drainage. Local changes may
not always show due to thick soft tissue around
the shoulder joint or because of low virulence of
the pathogen. Systemic signs are fever, high
erythrocyte sedimentation rate (ESR), high
C-reactive protein (CRP), high white blood
count (WBC > 3000/mm? and neutrophil granu-
locytes (PMN) >80%), and high interleukin 6
(IL-6) levels. There is usually no purulent drain-
age, so synovial fluid aspiration is performed in
order to isolate pathogens. Aerobic and anaero-
bic cultures of the synovial fluid should be
ordered and those cultures need time to grow.
Labs should be informed to wait for up to
3 weeks for the cultures to isolate C. acnes
which is a slow-growing bacteria.

Sometimes it might be difficult to make a
diagnosis when local or systemic signs are absent.
In 2011, Musculoskeletal Infection Society
(MSIS) proposed some criteria to be used in
diagnosis of periprosthetic infections. In 2014, it
was suggested that the presence of one major and
at least three minor criteria is enough to make a
diagnosis of infection.

Major criteria: fistula associated with prosthe-
ses, at least two positive cultures of synovial
fluid.

Minor criteria: elevated ESR and CRP, ele-
vated leukocyte count in synovial fluid or posi-
tive leukocyte esterase test, high PMN count in
synovial fluid, one positive culture of peripros-
thetic tissue or fluid, positive histological find-
ings in periprosthetic tissues.

Every suspected case of periprosthetic infec-
tion should be exactly proved or excluded prior
to revision surgery. This decision should be fol-
lowed by a plan of treatment and systemic and
local antibiotics treatment should be started dur-
ing revision surgery. Tests and cultures which
are to be done during surgery should be studied
in order to support the preoperative diagnosis.
Most common causes of periprosthetic shoulder
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infections are Staphylococcus sp. and C. acnes.
Broad-spectrum antibiotics are usually enough
to eradicate these bacteria. For that reason, some
surgeons start isolating pathogens during revi-
sion surgery [2]. However, these antibiotics
treatments are insufficient for resistant strains of
Staphylococcus and other gram-negative micro-
organisms. In those cases, initiating effective
antibiotic treatment is delayed until the pathogen
is isolated in cultures. In turn, this allows a new
biofilm layer to form around the implants placed
in patients. This also causes empirical antibiotics
which is placed into the spacer in the joint to be
ineffective in two-stage revision surgery.
Isolating pathogens before revision surgery
ensures effective local and systemic antibiotic
treatment to be started without delay. It also pre-
vents unnecessary use of broad-spectrum antibi-
otics and may also prevent drug resistance [12].
When all is considered, specific tests like aspira-
tion and biopsy are essential in diagnosis and
especially in treatment and should definitely be
done before revision surgery.

There are some imaging techniques as well to
be used when diagnosing periprosthetic infec-
tions. Osteolysis and loosening seen in direct
imaging may be significant. There has to be at
least 1 year after the first surgery for scintigraphy
to be significant due to physiological adaptations.
Leukocyte-tagged scintigraphy has also similar
sensitivity and specificity. CT or MRI has no ben-
efit when diagnosing infection yet they are help-
ful at identifying possible abscess [13].

In recent years, alpha-defensin test is recom-
mended as a non-specific diagnostic method
which is studied in synovial fluid. Its sensitivity
and specificity are reported to be 97% and 100%,
respectively [14]. Alpha-defensin is an antimi-
crobial agent released by leukocytes after contact
with bacteria. Contrary to CRP or ESR, it is not
affected by systemic inflammatory diseases or
antibiotic use [15].

Another test studied in synovial fluid in order
to isolate pathogens is PCR. It has the advantages
of giving results in a couple of hours and identi-
fying some drug resistances. However, it has high
false-positive rates [16].

19.5 Treatment

Superficial wound infections are usually seen in
early postoperative period and they may be han-
dled by wound care and appropriate antibiotic
treatment. However, deep tissue infections must
always be suspected. Success of treatment
depends on early diagnosis, early isolation of
pathogen(s), appropriate surgical procedures, and
effective antibiotic treatment. There are many
surgical methods for PSI: debridement, resection
arthroplasty, cement spacer method, single-stage
revision, two-stage revision, arthrodesis, chronic
antibiotic administration, and amputation.

19.5.1 Debridement

It is the first line method aiming at preserving
existing prosthesis during surgical treatment of
acute postoperative and acute hematogenous
infections. During this intervention, radical
debridement and synovectomy of periprosthetic
tissues should be performed. Following that, there
needs to be irrigation and cleaning with plenty of
saline. Open surgery should include changing
parts like the head, liner, and glenosphere. That’s
why open surgery is rather recommended even
though arthroscopic debridement is also an
option. Systemic antibiotic treatment should be
ordered until inflammation parameters get to nor-
mal levels after surgery, at least 4 weeks [17].

19.5.2 Cement Spacer

Antibiotic-loaded cement spacers can be used
either permanently after the removal of infected
prosthesis or as the first step of a two-stage revi-
sion surgery. Either way, this method works as a
repository for antibiotics. Therefore, it can
deliver much bigger doses than what systemic
antibiotics treatment can deliver. Also, specific
antibiotics mixtures can be added according to
the culture results. After removing the infected
prosthesis, this method can result in a more func-
tional joint by preserving soft tissue tension and
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arm length [18]. There have been, however, some
complications such as broken spacer, glenoid
erosion, and dislocation.

19.5.3 One-Stage Revision
Arthroplasty

Based on what we know about knee and hip pros-
thesis infections, one-stage revision surgery is
the right choice if the pathogen is isolated before
surgery. This method is cost-effective and has
advantages such as shorter hospital stays and
shorter period of antibiotic therapy. Spacer-
associated complications can be avoided as well.
Antibiotics specific to the pathogens can be
added to the cement during the removal of
permanent prosthesis. Thus, the efficacy of local
antibiotics can be improved. Many studies
reported better clinical outcomes [2, 19-21].
Based on these studies, one-stage revision proce-
dure is the better option if the pathogen is iso-
lated before the surgery.

19.5.4 Two-Stage Revision
Arthroplasty

This is the most preferred method among infected
prosthesis surgery. Two-stage revision procedure
is still the preferred method if the patient is stable
(Fig. 19.1). Biggest advantage is that debride-
ment can be done twice. Another reason for this
method to be preferred is difficulties isolating
pathogens before surgery. Extensive soft tissue
debridement is done after removing the infected
prosthesis during surgery. At the same time,
enough tissue samples can be obtained for histo-
logic analysis or to run cultures. Soft tissue bal-
ance can also be preserved by placing
antibiotic-loaded cement spacer following irriga-

tion with saline. Two-stage revision procedure is
eased by reducing possible contractures. Since
rotator cuff failure usually occurs after extensive
debridement, reverse shoulder prosthesis is rec-
ommended for reimplantation [22].

Specific antibiotic treatment should be contin-
ued until postoperative CRP and IL-6 levels go
back to normal. IL-6 levels normalize quicker
than CRP levels and it is a sign of eradication of
infection [23]. Therefore, two-stage revision sur-
gery is not waited for any longer.

19.5.5 Resection Arthroplasty

This technique is a salvage procedure for frail
patients with resistant infections. It can provide
eradication with a single session. Functional
results are bad yet it is enough for pain relief
[24]. Antero-superior subluxation of the
humerus can be avoided by preservation of
tuberosities and better functional results can be
expected [25].

19.6 Conclusion

PSIs are rare yet devastating complications with
bad functional results. Acute infections can be
managed with irrigation, changing prosthesis
parts, and soft tissue debridement as soon as pos-
sible. However, low-grade infections are seen in
many cases and diagnosis may be delayed.
Therefore, infections should be suspected in
cases with unexpected clinical signs such as pain
and stiffness. One-stage revision is recom-
mended if the pathogen is isolated before sur-
gery; otherwise, two-stage revision is
recommended. Resection arthroplasty should be
kept in mind as a salvage procedure for cases
with low expectancies.
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Fig. 19.1 Two-stage revision arthroplasty of an infected reverse shoulder prosthesis. Preop and postoperative graphics
and intraoperative photo (Dr. KeremBilsel’s archive)
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20.1 History

The first suture anchor was patented by Goble
and Somers in 1985 by the name as Statak
(Zimmer, Warsaw, USA). Statak was composed
of titanium and designed for use in shoulder
Bankart repair [5]. Another anchor design was
developed by Mitek (Mitek Inc. USA). Over
time, its design evolved and Mitek G2 was subse-
quently introduced to the market as a successor.
And the last of this group of “first generation”
(Fig. 20.1) anchor design was the Acufex TAG rod
and wedge (Acufex Inc., USA) which were poly-
actal (plastic) devices that generate traction in
bone using an interference fit [6].

In the early 1990s, several biomechanical
studies with first generation suture anchors were
published [5]. Failure of a suture anchor con-
struct was described based on the concept of
suture anchor chain suggested by Barber et al. in
1993 [6]. The components of this chain were the
tendon to suture, the suture itself, the suture to
eyelet, and the anchor to bone. Several studies
have been reported that these anchors do not have
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a significant advantage over the traditional tech-
nique. Goble et al. demonstrated that their origi-
nal anchor design has an equivalent reattaching
effect with transosseous tunnels or staples in a
sheep model [7]. Hecker et al. showed that in
models of Bankart lesions and rotator cuff repairs
suture anchors were not significantly different to
sutures alone [8]. Subsequent testing with first
generation anchors and new reinforced anchor
designs demonstrated that suture anchors could
be stronger than transosseous tunnels in rotator
cuff repair [9, 10]. These suture anchors were
metallic and nonabsorbable. Although the initial
results of metallic anchors were good, later stud-
ies reported many complications including loos-
ening, chondral damage, displacement, and
interference with MRI [11, 12]. Because of the
reported complications of metallic anchors, bio-
absorbable anchors have been introduced as an
alternative and have recently been used more
often than metallics [13].

20.2 Anchor Design

A suture anchor consists of three parts, namely
the anchor which is inserted into the bone with
interference fitting or a screw mechanism; the
eyelet which is a hole that provides the coupling
of suture on the anchor, and the suture that is
composed of absorbable or nonabsorbable
material.
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Fig. 20.1 First generation suture anchors (left to right) Acufex ROD TAG, Acufex TAG, Mitek GII, Mitek GI and
Statak. (With permission from [5])

Anchors can be divided into different groups
based on their composition and morphology that
contributes to each anchor’s particular features
affecting its usability. Screw type anchors have
both large (threads) and small (core) diameters
with threads that advance the anchor into the
bone. Impaction type anchors are threadless and
the ultimate strength depends on its geometry,
resistance of the anchor material, and bone qual-
ity. Impaction anchors can be categorized by the
mechanism of fit such as wedging, press-fit, or
tilting types.

Owing to its threads, screw type anchors have
improved contact area with the bone compared to
the impaction type. Contrarily, impaction type
anchors are threadless but can be composed of
various plastics that expand after impaction.
Some anchors, such as tacs, have a passage for
the suture material through tissue for fixation.
The top of the tack holds the tendon and advances
it into the bone. The advantages of such anchors
are their ease of application and that they do not
require an arthroscopic knot.

20.3 Anchor Materials

The material, shape, and the basic design of an
anchor are the principal features to be considered
during implant selection. Anchor materials can
be classified as biodegradable and non-
biodegradable. Non-biodegradable anchors are
metallic in terms of material and often composed
of stainless steel or titanium alloys. Each material
type has its inherent advantages and
disadvantages.

The first suture anchors used in shoulder sur-
gery were made of metal since it is the predomi-
nant constituent in most of the other orthopedic
implants. Thus, stainless steel and titanium
anchors were widely used in glenohumeral sur-
gery. However, it is reported that these metals
have minimal osseous integration and that stain-
less steel becomes encapsulated by a fibrous
layer in time [14]. Metals have been used in both
screw and impaction type anchors providing
them a self-drilling and self-tapping ability.
Longer metallic screws with wider threads pro-
vide improved resistance to pull-out forces in
osteoporotic bones [15, 16]. Despite the fore-
mentioned advantages of metallic anchors, these
implants become an obstacle for subsequent
anchor placement in revision scenarios. Despite
the fact that metallic anchors allow the easy
tracking of positional changes on X-rays during
follow-up, they can also interfere with MRI
imaging in revision cases [17]. In the first genera-
tion metallic suture anchors, the rigid structure
and the sharp edges of the connection point lead
to abrasion and rupture of the suture in the eyelet;
hence, the failure occurred usually at this point.
However, this weak junction was addressed later
with the introduction of the anchors with a design
including an internal crossbar providing a low
friction suture attachment. This technical amelio-
ration brought the looping of the sutures into the
internal area of the metallic anchors. Anchor
loosening and fatigue failure leading to chondral
damage have also been associated with metallic
implants [18]. These drawbacks have led many
authors to investigate bioabsorbable materials as
the main constituent of the anchors allowing for
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the complete absorption of the foreign material
following soft tissue integration.

Bioabsorbable anchors developed rapidly and
became more commonly used in glenohumeral
surgery than metal anchors. These anchors are
radiolucent and hence minimize distortion on
MRI imaging. But not all bioabsorbable materi-
als could be used. These implants must be able to
meet a number of criteria: (1) They must have
adequate initial fixation strength of soft tissues to
bone, (2) the bioabsorption profile must enable
implants to retain adequate strength while tissues
regain mechanical integrity, (3) implants must be
absorbed at an adequate rate to avoid the break-
age and migration associated with metal implants,
(4) they must be made of materials that are com-
pletely safe, with no toxicity, antigenicity, pyro-
genicity, or carcinogenicity [3, 19].

Most biodegradable anchors are polymer based
implants, degradation of these implant is depen-
dent on their composition, molecular weight, and
crystallinity [3]. Early bioabsorbable implants
were made of polylactic acid (PLA) and polygly-
colic acid (PGA) polymers. Afterwards, it was
observed that PGA implants were rapidly degraded
and result in a clinically significant inflammation
and drainage. Degradation speed is important.
PGA breaks down much more quickly than
PLLA. The rapid absorption of PGA causes early
loss of fixation power. Demirhan et al. in compre-
hensive study shows wedge shaped PGA anchor
loses 75% of its pull-out strength within 3 weeks,
84% in 6 weeks, and 85% in 12 weeks [20].
However, PLA and its poly-L-lactic-acid (PLLA)
form had long degradation rates [21-24]. These
implants show comparable pullout strength to
metallic implants. Kilicoglu et al. have been
reported that effects of in vivo degradation of
PLLA screws for 12 weeks did not cause decrease
in fixation strength and excessive inflammation
was not observed in first 12 weeks [25]. To
decrease this degradation rate PLA and PGA com-
binations were developed but these stereoisomers
and copolymers were rapidly degraded too [26].

Considering the complications (e.g. early fixa-
tion loss) associated with the rapid absorption of
some bioabsorbable anchoring materials, alterna-
tive materials have been sought and biostable or

inert materials have been described. The structure
that resist chemical, thermal, or radiation induced
degradation [27]. Polyetheretherketone (PEEK)
is the most commonly used of them. It has been
shown that PEEK implants are associated with
minimal inflammatory response and do not pro-
duce artifacts like metal materials on imaging.
PEEK is also plastic, nonabsorbable, can be
drilled during revisions.

The most recent advancement in biodegrad-
able implant technology is the introduction of
biocomposite materials. These compounds are a
combination of a standard biodegradable poly-
mer such as lactic acid with a bioceramic mate-
rial. Biocomposite anchors were suggested to
provide initial fixation allowing final bone forma-
tion at the anchor insertion site without inducing
major osteolysis or synovitis [28, 29]. Resorption
of the anchor followed by bone formation would
be an ideal scenario for an adequate bioabsorb-
able anchor. Bioabsorbable material and bone
formation promote ceramic material such as
p-tricalcium phosphate (B-TCP). Other bioc-
eramics include hydroxyapatite, calcium sulfate,
and calcium carbonate. Poly lactide-co-glycolic
acid/B-tricalcium phosphate (PLGA/ f-TCP) is a
biocomposite implant material developed to pro-
mote absorption at a controlled rate [25]. f-TCP
is known to have the highest reported osteocon-
ductivity rates in the literature, exhibiting grade
3—4 osteoconductivity in 50% implants [28-30],
while other biocomposites could not provide a
rate greater than 33% [29, 30]. Barber et al. [26]
investigated the degradation and performance
outcomes of PLGA/B-TCP as a systematic
review. It demonstrated that PLGA/B-TCP bio-
composite implants lost 88% of their original
volume at a median 30-month follow-up and pro-
moted osteoconductivity at 63% to 27 months of
follow-up with low complication rates (tunnel
widening 3%, effusion 5%, cyst formation 4%,
synovitis was not report).

While the arthroscopic surgical technique
evolves, knot tying has been considered as a rate
limiting step and research is focused on this draw-
back. In 2001, Thal et al. described the first knot-
less suture anchors used in arthroscopic bankart
repair (Mitek Knotless anchor) [31]. This was
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called the “suture first” design anchor where the
suture is first passed through the tissue and
engaged in the distal groove and then inserted into
a predrilled hole [4]. These anchors were sug-
gested to decrease the surgical time by resolving
technical difficulties in tying knots and also reduce
complications related to knots, such as impinge-
ment. Recent studies reported similar clinical and
biomechanical results for the knotless systems in
both instability and rotator cuff repair surgery
[32-38].

In order to minimize the anchor induced chon-
dral damage and related arthritic changes, the
"suture only" or "all-suture" anchors were devel-
oped. These anchors are composed of one or
more UHMWPE containing sutures. Anchor por-
tion of the implant consists of a sleeve which is
made of suture material. Following the insertion
of the anchor into the bone, the main suture
pulled and the sleeve becomes a "ball" larger than
the drill hole, which serves as the anchor. All-
suture anchors are attributed to have a bone pre-
serving ability due to smaller cortical defects.
However, the pull-out force of these anchors
depends on the thickness of the bone cortex.
Therefore, intraoperative decortication may
increase the risk of anchor pull-out [39]. Recent
clinical and biomechanical studies report promis-
ing outcomes of all-suture anchors as well as
similar results with conventional suture anchors
[39-44].

There are many kinds of anchor companies
in the market, such as Arthrex®, Depuy-Mitek®
Sport Medicine, Smith and Nephew®, Tornier®-
Wright Medical Group, Zimmer-Biomet Sport

Medicine. Their designs, materials, and place-
ment mechanisms are different from each
other. A firm is briefly mentioned below as an
example.

20.3.1 Arthrex’

Has a several different anchor types loaded with
FiberWire. Anchors can be made of PEEK,
B-TCP-PLLA (biocomposite), PLLA (bioan-
chor), or titanium. Corkscrew® (Fig. 20.2a—c),
Swivelock® (Fig. 20.3), and Suturetak® are three
basic anchor group of this company. Corkscrew®
anchors are mostly used for medial row repairs,
Swivelock® anchors for lateral row repairs, and
Suturetak® used in instability surgery for the gle-
noid. Different sizes of diameter anchors are
available according to the repair configuration
and size. (© Arthrex GmbH)

20.4 Suture Materials

Suture—tendon interface is an important point
for a reliable repair. Therefore, choosing a high
quality suture material is as important as the
anchor in shoulder surgery. Demirhan et al.
reported in comparative biomechanical study on
nonfrozen cadaveric sheep shoulders that pull-
out of simple sutures from tendon was the main
failure mode in anchor repairs [45]. An
arthroscopic suture should have good strength,
adequate knot security, and biocompatibility.
These sutures can be monofilament braided or

-—"a ™ ™

Fig. 20.2 (a) BioComposite Corkscrew® FT. (© Arthrex GmbH). (b) PEEK Corkscrew® FT. (© Arthrex GmbH). (c)

Titanium Corkscrew® FT. (© Arthrex GmbH)
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Fig.20.3 Swivelock® C biocomposite, PEEK. (© Arthrex GmbH)

blended, as well as absorbable or nonabsorb-
able. While polydioxanone (PDS) was the most
preferred bioabsorbable suture, many years
braided polyester suture such as Ethibond has
been used in anchors as nonabsorbable fashion.
Recently, with the improvements in the suture
material technology, stronger options composed
of ultrahigh molecular weight polyethylene
(UHMWPE) are now frequently utilized (first of
this group was Arthrex®-FiberWire). FiberWire®
has a braided polyester coat around a central
core of multistrand long chain of UHMWPE. In
addition of having clear advantages, it has a
number of problems like mechanical irritation
and impingement.

20.5 Anchor Placement

Angle of insertion: There have been many studies
evaluating the anchor’s angle of insertion and its
relation to the pull-out force. The most popular
theory is based on the “deadman concept” that is
introduced by Burkhart in 1995 [46]. Burkhart
has noticed that farmers in Texas were using a
rock (the deadman) to hold the fence line tight
against the pulling force. If the deadman is too
close to the fence post, the post may lean away
from the deadman until the horizontal component
of the force through the safety wire and the force

exerted on the fence wire reach an equilibrium
(Fig. 20.4). At this point the deadman wire is
inclined approximately 45° to the ground based
on this observation. Burkhart applied the
Deadman angle to suture anchor fixation tech-
nique and termed as the “deadman theory”
(Figs. 20.5 and 20.6).

According to the deadman theory, an anchor
inserted at a less than 45° of pullout angle shows
the greatest pull-out strength. However, more
recent studies have revisited the ideal insertion
angle in rotator cuff repair as reported by Burkhart.
The biomechanical studies have shown that the
anchors inserted at 90° [47], 135° [48], or between
105° and 135° [49] show the greatest pullout
strength. Liporace et al. have reported in their
cadaveric study that the pull-out strength was sim-
ilar for all anchor orientations between 30° and
90° [50]. The authors inserted Mitek SuperAnchors
(Mitek) at angles of 90°, 75°, 45°, and 30° relative
to the cortical border at the junction of the greater
tuberosity and the articular surface there was no
statistically significant difference detected in the
comparison of failure strength of the anchors at
varying degrees of insertion angle. Of the 4
groups, anchors inserted at 75° showed the high-
est load to failure (219 N) and anchors inserted at
45° showed the lowest load to failure (169 N).
Strauss et al. have found that previously reported
value of deadman angle may not provide the ideal
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Fig. 20.4 Representation of the anchoring effect of a
corner fence post by a deadman. The deadman is a large
rock buried under the ground (7 tension in deadman wire,
W pull of fence wire A, and A, ground reaction forces, M,
ground reaction moment, 7, component of tension in x
direction 7, component of tension in y direction, W, pull
of fence wire x direction). (With permission from [46])

Fig. 20.5 Analogy of the deadman system to the suture
anchor rotator cuff. The deadman wire is analogous to the
suture; the pull of the fence wire on the corner post is
analogous to the pull of the rotator cuff and the fence post
is analogous to the compressed rotator cuff tissue between
the suture and the bone. (With permission from [46])

soft tissue fixation in their cadaver study [47].
They found that (using screw type anchors,
Depuy-Mitek Spiralock) the mean number of
cycles to failure, defined as the occurrence of a
3mm gap formation in tendon repair site, was 380
cycles for anchors inserted at 90° which was sig-
nificantly higher than the 297 cycles at 45°. Also
cycles to complete failure were higher in the 90°

Fig. 20.6 Representation of 8, and 6,, the pullout angle
fort the angle 6,, the tension reduction angle. Ideally, 6,
and 6, should both be less than or equal to 45°. (With per-
mission from [46])

group than 45°. Ttoi et al. have tested three differ-
ent insertion angles (45°, 90°, and 135°) and two
different anchors (threaded and threadless) with
one fixed pulling direction. They have found
insertion angle of 45° is the strongest for a thread-
less anchor, but 90° is the strongest for a threaded
anchor [51]. The authors concluded that the pull-
out strength depends on the inclination of the
anchor, friction of the anchor—bone interface, and
quality of the bone.

Consequently, placement pattern will differ with
the evolution of anchor designs and materials.

20.6 Summary

Over the past several years, there has been a
major shift in the types of anchors. In the
course of time metallic implants are replaced
by bioabsorbable, PEEK, biocomposite, and
new all-suture anchors. Anchor materials,
properties, types of repair (knotless concept),
and suture materials (high strength, UHMWPE)
affect ultimate repair success, besides innova-
tions in anchor designs and suture materials
may make arthroscopic shoulder surgery less
technically demanding. Therefore, clinical and
biomechanical studies should continue with
the innovations.
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21.1 Introduction

Tissue engineering and regenerative medicine are
the most common terms that are used to describe
the approach to generate tissues and organs. Both
approaches are multidisciplinary and emerging in
biotechnology and medicine, which are expected
to treat patients with generating and regenerating
tissues instead of repair [1]. Tissue engineering,
is first defined in 1993 by Langer and Vacanti, is
regarded as a more technical concept of tissue
reconstruction by the use of scaffolds which is
defined as an artificial structure used to support
three-dimensional tissue formation and biomole-
cules [2]. The term regenerative medicine is com-
monly more focused on the support of self-healing
capabilities and the use of stem cells. The goal of
musculoskeletal tissue engineering is to produce
tissue that initially provides the mechanical
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strength to restore function while promoting fur-
ther tissue growth and remodeling over time [3].
The typical approach to tissue engineering uti-
lizes a scaffold to promote tissue formation [4].
Tissue engineering investigations in shoulder
were commonly performed for rotator cuff (RC)
surgery [5-9]. The products are utilized in aug-
mentation or interposition of the RC repair.
Besides, a limited number of studies also evalu-
ated the use of tissue engineering products in
capsular reconstruction and glenohumeral arthri-
tis treatment [10-13]. The objective of the pres-
ent chapter is to review the use of tissue
engineering and grafts in shoulder surgery.

21.2 Extracellular Matrix
and Scaffolds

Extracellular matrix (ECM) has important func-
tions such as providing structural support, creat-
ing a physiological environment for human cells
[14, 15]. Besides, ECM consists of growth fac-
tors and offers bioactive signals to the cells for
cellular activities. Extracellular stimuli is inter-
preted by cells using the particular signals such
as cytokines, growth factors, or hormones.
Interleukins and interferons are among the cyto-
kines and maintain the cell homeostasis. Growth
factors such as transforming growth factor-beta
(TGF-p) and insulin-like growth factor (IGF)
interact with cells for regulation of cell growth
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and proliferation. Specific receptors called integ-
rins present important role for both outside-in
and inside-out signaling [15]. Tissue engineering
therefore aims at optimizing the interaction
among cells, constructing an extracellular matrix
scaffold for tissue regeneration.

Scaffolds in shoulder surgery may be derived
from ECM or synthetic materials [6]. ECM-
derived scaffolds can be xenogeneic or alloge-
neic. Dermal tissues of human, porcine or bovine,
human fascia lata, equine pericardium, porcine
small intestinal submucosa (SIS) are defined
sources for ECM-derived scaffolds [1, 6, 8].
Besides more biological, the presence of ECM
has several disadvantages such as generating an
immune response, possible contamination, and
ease of degradation [12].

Synthetic scaffolds are produced using syn-
thetic materials such as polypropylene, polyaryl-
amid, dacron, silicone, and nylon [16]. Synthetic
scaffolds present superior biomechanical features
than ECM-derived scaffolds [6]. Nevertheless,
complications such as infection, synovitis, and
foreign body reactions are raising issues although
synthetic scaffolds provide strong biomechanical
features [16]. Recently, combinations of ECM
and synthetic scaffolds have been initiated to uti-
lize. In those, ECM molecules are incorporated
into artificial biomaterials to create additional
functionality. In addition to strong biomechanical
features, biocompatibility and flexible designs
are the main characteristics of these implants.
Poly-L-lactic acid (PLLA), poly-lactic-co-
polydioxanone, polycaprolactone, and polydiox-
anone are among new generation scaffolds [17].

21.3 Host Response and Scaffold
Remodeling

The products of tissue engineering are foreign
structures for human body and an immediate host
response occurs following the implantation [18].
The severity of the response depends on the con-
tents of the scaffolds and the anatomical location.
Once the product is implanted, proteins related to
coagulation and plasma derived proteins cover
the surface of the material and particular factors

are released for the migration of the inflamma-
tory cells [19, 20]. Inflammatory cells, particu-
larly neutrophils start to release chemoattractant
factors. Phagocytosis by macrophages and neu-
trophils may lead to a destruction of implanted
material in a short term [20, 21]. In addition to
acute response, a chronic inflammation occurs by
activated macrophages. In further, foreign body
giant cells and angiogenesis remain at the fore-
front of the inflammation [20]. Conversely, par-
ticular foreign molecules in xenogeneic scaffolds
may lead to hypersensitivity immune response in
humans. Porcine small intestine submucosa
grafts were reported to encounter hypersensitiv-
ity immune response in 20-30% of patients due
to presence of galactose-a (1,3)-galactose (a-Gal)
terminal disaccharide [7, 22]. Cellular compo-
nents are not the single reason for the host
response. Chemical structure of the scaffold, pro-
cessing methods, methods of terminal steriliza-
tion, surgical exposure, and mechanical loading
also influence the severity of the host response
[6].

Therefore, the ECM scaffolds are usually pre-
pared by decellularization of the tissue and
removal of the immunogenic antigens [23].
Decellularization may be performed using
gamma irradiation, physical, chemical, and enzy-
matic methods. Freezing procedures and mechan-
ical disruption of the harvested tissues are among
the physical methods. Chemical wash-out using
detergents or hypotonic solutions aim to remove
the cellular remnants. Some particular enzymes
such as trypsin are also used to lyse the cellular
components [24, 25]. It has been shown that
extensive decellularization of the native tissues
leads to disruption of the ECM and poor mechan-
ical properties of the graft [12, 26]. In addition,
preservation of the native ECM architecture such
as tissue morphology, alignment of the collagen
fibers, and thermal stability is critical in facilitat-
ing recellularization of the scaffolds [26].

During the remodeling process, ECM-derived
scaffolds have been shown to induce a large mac-
rophage response via an M1 (proinflammatory)
or M2 (proremodeling) response [27, 28]. It
seems that M2 macrophage component of the
response is the major determinant in the remodel-
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ing and integration of an ECM scaffold device.
The scaffolds are expected to resolve in time,
while a new synthesized ECM, cells, and tissues
are replaced on the degraded scaffold without
any biological reaction by immune system.
Scaffold degradation and remodeling are influ-
enced by several factors including material of
scaffold, mechanical loading, and physical reha-
bilitation. In a study that evaluated the host
response and remodeling of several ECM-derived
scaffolds, non-cross-linked SIS were rapidly
degraded and replaced with host tissues, whereas
scaffolds derived from dermis presented slower
remodeling. ECM scaffolds that were cross-
linked were minimally degraded and were associ-
ated with the presence of foreign body giant cells,
chronic inflammation, or poorly organized
fibrous tissue [28]. Valentin et al. reported that
the Restore-patch was completely degraded in
between 3 and 4 months and the other ECM scaf-
folds either partially degrade (GraftJacket, Cuff
Patch, and Tissue Mend) or do not degrade at all
(Zimmer Patch) [28].

Synthetic scaffolds have different immune
responses than ECM scaffolds. Commonly a
chronic inflammation with a granulation tissue
and fibrous capsule is encountered [29]. The
duration and intensity of the host response to a
synthetic scaffold are influenced by its composi-
tion and morphology (size, shape, porosity, and
roughness) and likely biologic and mechanical
factors at the implantation site. Polymer products
such as lactic and glycolic acid have been shown
to inhibit matrix mineralization and were found
to decrease cellular proliferation [30]. Polymers
are cleared away from the body via either chemi-
cal reactions on polymer chain or enzymatic
reactions by cells [31].

Derwin et al. investigated poly-L-lactide used
for RC repair in a canine model and reported the
presence of macrophages and foreign body giant
cells without neutrophils and lymphocytes obser-
vation [32]. Synthetic scaffolds have been
reported that the presence of those still might
continue in knee joints after 15 years with poor
host tissue integration [33]. However synthetic
scaffolds made from aliphatic polyesters were
reported to be degraded [8].

21.4 Mechanical Features

The aim of the use of scaffolds is to provide suf-
ficient mechanical support during the healing
process. Besides the longevity of the degradation,
time zero characteristics are also important for
the mechanical features. In general, ECM scaf-
folds are approved to be more biologic rather
than strength [8].

Smith et al. compared the macro and nano-
micro mechanical properties of seven different
scaffolds to those of the human supraspinatus ten-
dons [34]. The products were subjected to scanning
electron microscopy, tensile testing, rheometer
testing, and scanning probe microscopy. All scaf-
folds failed to approximate the mechanical proper-
ties of human supraspinatus tendons. The authors
concluded that synthetic scaffolds better approxi-
mated the macro mechanical properties of supra-
spinatus tendon and ECM scaffolds approximated
the micro mechanical properties; however, none of
the scaffolds fully approximated the properties of
native tissue [34]. Beitzel et al. [35] evaluated the
strength of rotator cuff augmentation using colla-
gen or dermis based scaffolds and reported an
increased ultimate load to failure for both scaffolds
compared to non-augmented group.

It has to be considered that several possible
factors may influence the biomechanical perfor-
mance of the scaffolds. The method of the fixa-
tion, location of the graft, suture retension
properties, pre-tensioning at the time of the fixa-
tion, number and type of the sutures are impor-
tant for mechanical stability of the scaffold.
Tissue engineering products may have poor
suture retension properties despite having a
strong structure [32]. The studies that evaluated
the mechanics of various ECM and synthetic
scaffolds demonstrated that fascia lata ECM and
poly-L-lactide have similar material properties in
uniaxial mechanical tests [6, 32, 36]. However,
fascia lata ECM had poor suture retention proper-
ties [37]. Sahoo et al. [38] reported that acellular
human dermal grafts presented unrecoverable
elongation at low physiologic loads. In order to
reduce compliance of construct the authors uti-
lized cyclical stretching, reverse-cutting needles
and applied 20 N of pretension.
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In an in vitro study, human dermis-derived
scaffolds (GraftJacket, Permacol, TissueMend)
were reported to have greater load to failure
than SIS-derived scaffolds (CuffPatch, Restore).
The reason for the failure was mostly reported
to be suture pull-out [39]. In another cadaveric
study, GraftJacket Extreme was reported to be
more strong to control group. Failures were seen
at the tendon—suture interface in six of ten mod-
els, while suture breakage was observed in four
cases [40]. In similar, Omae et al. [41] reported
higher load to failure compared to control group
and the most common reason for the failure was
tendon cut-out (70%). McCarron et al. [42]
evaluated a woven poly-L-lactic acid device and
showed that the scaffold increased the yield load
and ultimate load but did not affect initial repair
stiffness.

21.5 Clinical Applications
of Tissue Engineering
in Rotator Cuff Surgery

21.5.1 Extracellular Matrix- Derived
Scaffolds

ECM-derived scaffolds contain organic substi-
tutes such as collagen, lipid, or carbohydrate
depending on the type of product used [43, 44].
Proteins may be brought together by a different
binding structure in order to provide diversity.
ECM-derived scaffolds will be discussed in
two main headings as xenografts and allografts.

21.5.1.1 Xenografts

These animal-derived products are usually pro-
duced from porcine intestine [22, 28, 44-47],
porcine dermis [48-52], bovine pericardium
[53], bovine dermis [54], and equine pericardium
[55] (Table 21.1).

Porcine Intestine Submucosa Derived
Scaffolds

Porcine small intestine submucosa contains type-
I collagen, fibronectin, chondroitin sulfate, hepa-
rin, heparin sulfate, hyaluronan, and growth
factors [45]. These scaffolds have also been used

in vascular grafting, bladder, and dural recon-
struction  surgeries [46, 47]. CuffPatch
Bioengineered Tissue Reinforcement (Arthrotek)
and Restore Orthobiologic Implant (DePuy
Orthopaedics) are the most frequently used prod-
ucts of this group and available as hydrated or dry
packaged. Although good functional results have
been reported in the studies, graft failures and
retears are frequent [22, 45-47]. While Iannotti,
Walton, and Sclamberg reported a high rate of
failure in their studies with a limited number of
patients, Metcalf reported that early clinical
results were successful after 2 years of follow-up
[45]. The major problem in these scaffolds is that
strength, which is high in time zero, loses in the
following period.

Porcine Dermis-Derived Scaffolds

Zimmer Collagen Repair Patch (Zimmer),
Conexa Reconstructive Tissue Matrix (Tornier),
Arthrex DX Reinforcement Matrix (Arthrex) are
the most frequently used products of this group in
the market. There are studies reporting the failure
of all grafts used on the patients despite the prog-
ress of clinical results during the early period
after rotator cuff surgery in the literature [48].
Cho and Badhe reported low failure rates and
advanced functional scores at least 8 months of
follow-up [49, 50]. None of these studies reported
intraoperative complications during surgery. In a
study by Gupta et al. [51], patients monitored
using USG in the follow-up and good clinical
results were obtained. Similarly, in this study,
over 70% intact construct was obtained. However,
in a study comparing transosseous-equivalent
repair with additional xenograft patch, porcine
dermal xenograft augmentation was shown to
have no additional benefit to the patients in terms
of reducing the risk of a recurrent tendon defect
or improving shoulder function up to 24 months
after surgical repair [52].

Bovine Pericardium Derived Scaffolds

TUTOPATCH (Tutogen Medical GmbH) is a
fenestrated natural collagen matrix which is first
used for hernia repair [53]. In a comparative clin-
ical study Ciampi et al. [53] retrospectively com-
pared clinical results of the patients with chronic
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Table 21.1 Xenografts

Source/Tissue | Company Product Comments
Porcine DePuy Restore Orthobiologic Low healing rates, severe inflammatory
intestine Orthopaedics Implant reaction
Porcine Arthrotek CuffPatch
intestine
Porcine dermis | Zimmer Zimmer Collagen Repair | Relatively improved functional outcomes,
Porcine dermis | Tornier Connexa ineffective in massive tears
Porcine dermis | Arthrex Arthrex DX
Reinforcement Matrix
Bovine Tutogen Medical | TUTOPATCH Improved results
pericardium GmbH Higher retear when comparing open repair only
or synthetic augmentation
Bovine dermis | Stryker TissueMend No clinical study
Orthopaedics
Equine Pegasus Biologics | OrthADAPT No clinical study
Pericardium Bioimplants
Table 21.2 Allografts
Source/Tissue Company Product Comment
Human dermis Wright Medical Technology GrafJacket Safe for revision cuff surgery
Human dermis Arthrex ArthroFlex Low inflammatory reaction
Human dermis Musculoskeletal Tissue Foundation AlloPatch Higher satisfaction rates
Lower retear rates

rotator cuff tear treated with TUTOPATCH or
synthetic scaffolds augmentation. In this study, in
which the functional scores of 152 patients were
compared, the result of the 36-month follow-up
was found to be superior to the results of the syn-
thetic graft. Retears have been observed in 25 of
49 cases with TUTOPATCH.

Bovine Dermis-Derived Scaffolds

TissueMend (TEI Biosciences, Boston, MA) is a
single layer graft derived from fetal bovine skin
[54]. To date, no clinic study has been available
in reference to this product.

Equine Pericardium Derived Scaffolds

The OrthADAPT bioimplant is a versatile colla-
gen scaffold that is used to be modified in a vari-
ety of ways to provide augmentation and strength.
Although there are no clinical studies on rotator
cuff surgery related to this product, its use in
other ligament repairs has been reported [55].

21.5.1.2 Allografts
After the production of the human derived extra-
cellular matrix scaffolds, new treatment strate-

gies have evolved to address the biological
healing difficulty associated with primary repair
of massive rotator cuff tears (Table 21.2) [56-61].
Although allografts are recommended for an aug-
mentation of rotator cuff repair, many shoulder
surgeons use it as a gap filling tool (interposi-
tional bridging) in rotator cuff surgery.

Human Dermis-Derived Scaffolds

GraftJacket Regenerative Tissue Matrix (Wright
Medical Technology), ArthroFlex (Arthrex), and
AlloPatch HD  (Musculoskeletal — Tissue
Foundation) are products available in the market.
GraftJacket is the most studied scaffold in this
group [56-59]. Although the results cannot be
evaluated homogeneously since there are differ-
ent methods such as single row, double row, and
partial repair methods, lower implant failure and
graft rejection rates are reported with improved
functional outcomes. In a study of Gupta et al.
[51], one case of infection was reported among
45 patients. In the study of Wong et al. [59]
including 24 patients, retear was reported in one
case, while no infection and graft rejection were
reported.
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21.5.2 Synthetic Scaffolds

Synthetic grafts are produced as an alternative to
biological scaffolds. A synthetic scaffold applied
onto the repaired tendon has the potential to both
support the suture and protect the repair, provid-
ing healing process [62—70]. Current materials
used for rotator cuff augmentation after repair
include poly-L-lactic acid, polyethylene tere-
phthalate, polycarbonate polyurethane-urea,
poly-4-hydroxybutyrate, expanded polytetrafluo-
roethylene, and polyurethane-urea (Table 21.3).
LARS Ligament is the best known and lead-
ing product of this group. Petrie et al. [66] dem-
onstrated significantly increased acromiohumeral
interval distance in the patients with Goutallier
grade 3-4 supraspinatus muscle atrophy after
augmentation and reconstruction procedure in 31
shoulders. Only 2 patients required revision
among this cohort. Nada et al. augmented the
polyester ligament (5 x 1 cm) to rotator cuff in 21
cases and 2 complications (1 failure and 1 infec-
tion) were reported. At the final follow-up of the
remaining cases the MR scans confirmed intact
and thickened repair in 15 of 17 patients [67].

21.5.3 New Generation Scaffolds

Today, with the development of nanotechnology,
many unique properties of nano-sized materials
have been revealed. With their superior proper-
ties, nanofibers find a wide range of uses and/or
applications in many industrial, medical, and mil-

Table 21.3 Synthetic scaffolds

itary products. The electrospinning technique for
the production of this material is the most widely
known and easily applicable method. With this
method, ultra-thin (10-100 nm) nanofiber mem-
branes are produced from various polymers in lig-
uid form (PVA, PU, PA, etc.) [71]. If bioactive
growth factors are added to these nanofibers or
embedding the stem cells into the scaffold devices,
very powerful hybrid products can be obtained. In
the literature, studies on these products are at an
in vivo or in vitro experimental level.

Zhao et al. [72] in his study compared local
application of bFGF-PLGA fibrous membranes
with repair alone. The bone tendon junction after
rotator cuff repair in the experiment model was
found to strengthen the healing enthesis and
improve collagen organization and healing vol-
ume compared with control group. Another
hybrid scaffold is doxycycline-incorporated
nanofibrous membranes. Administration of doxy-
cycline orally has been demonstrated to improve
collagen fibril organization through inhibition of
local matrix metalloproteinase activity [73]. In
the experimental study of Weng et al. [73] nano-
fibers loaded with doxycycline demonstrated
great potential for the repair of rat Achilles ten-
don rupture and gives promising results. In simi-
lar, experimental RC tear models have been
studied with xenograft patch impregnated with
poly-glycolic acid (PGA) sheets and autologous
cultured mesenchymal stem cell and human PRP
[74, 75]. Although these studies are encouraging,
they are still insufficient in daily clinical practice
for surgeons to perform these on patients.

Material Company Product Comment
Poly-L-lactic acid Synthasome X-Repair Improved clinical outcomes
Polyethylene terephthalate Xiros Ltd., Poly-Tape Decreased acromiohumeral distance
Neoligaments Lower retear rates
Polyethylene terephthalate LARS LARS Ligament | Biomechanically strong material
Polycarbonate Biomerix Biomerix RCR Neefled further comparative clinical
polyurethane-urea Patch studies
Poly-4-hydroxybutyrate Tornier BioFiber
Expanded Gore Medical Gore-Tex Patch
polytetraflouroethylene
Polyurethane-urea Biomet Sports SportMesh
Medicine
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21.6 Clinical Applications
of Tissue Engineering
in Different Shoulder Issues

21.6.1 Superior Capsular
Reconstruction

Superior capsular reconstruction was developed
for treatment of irreparable RC tears and initial
studies reported good early results with the use of
autografts (fascia lata) [76]. However, because of
concerns about donor site morbidity, additional
time, and effort associated with graft harvest, an
SCR procedure using dermal allografts has been
developed recently [10, 77]. Although dermal
allografts do not have any donor site morbidity
and their use can shorten the operation time, there
are concerns about low viability, graft rejection,
infections, and high cost [78].

Denard et al. [77] reported the results of 59
patients underwent an SRC procedure using an
acellular dermal graft. The VAS score decreased
from 5.8 to 1.7, the ASES score improved from
43.6 to 77.5, and the Subjective Shoulder Value
(SSV) improved from 35.0 to 76.3 at a mini-
mum I-year follow-up. Postoperative MRI
scans showed healing of the graft in 45% of
patients, thinner grafts (I-mm) had approxi-
mately 60% failure rate. Eleven patients (18.6%)
required a revision procedure including seven
reverse shoulder replacement. Pennington et al.
[10] used 3-mm-thick dermal allograft in 86
patients. The patients showed improvements in
the VAS score from 4.0 to 1.5 and the ASES
score from 52 to 82 at Il-year follow-up.
Complication rate was reported as 4.5%. Three
graft tears were revealed by MRI scans, and a
revision surgery was required in 1 patient.
Alternatively, Polacek [12] reported the results
of the patients underwent an arthroscopic SCR
with an acellular porcine dermal xenograft. A
successful outcome in 60% of cases reported at
1 year follow-up. The procedure showed a quite
high complication rate and the most severe cases
were related to acute immunologic rejection of
the xenograft.

A recent systematic review compared the use of
auto and allografts in SCR surgery. For autografts

and allografts, respectively, the mean gain in for-
ward elevation (FE) was 48.7 and 33.3, the ASES
score increased by 47.3 and 31.9, and the acromio-
humeral distance increased by 1.2 and 1.8 mm.
The rate of graft tears was 10.0% and 12.9%, the
rate of other complications was 7.5% and 3.9%,
and the rate of reoperations was 3.1% and 8.2%
for autografts and allografts, respectively [78].
Despite short term outcome reports, SCR using a
tissue engineering product has promising results
and it has been expected that different type of
materials will be utilized for this procedure.

21.6.2 Glenoid Resurfacing

Glenoid biologic resurfacing has been reported
for the young patients who had severe glenohu-
meral arthritis. In addition to fascia lata autograft,
meniscal allografts, Achilles tendon allografts, or
shoulder joint capsule tissues, acellular human
dermal grafts are also used for resurfacing. Lo
et al. [13] evaluated 55 patients underwent hemi-
arthroplasty and human acellular dermal allograft
(GraftJlacket ~MaxForce Extreme; Wright
Medical, Arlington, TN, USA) with an average of
60 months follow-up. Eighty-one percent of the
patients were satisfied (10/47) or highly satisfied
(28/47) with their result and a total of 5 cases
(9.1%) were revised to anatomic total shoulder
arthroplasty with implantation of a glenoid com-
ponent. However, despite the evaluation of a
small size of patients, other studies used acellular
human dermal grafts with humeral head arthro-
plasty, did not favor this technique because of the
limited improvement in patient outcomes and the
relatively high revision rate [79-81]. The proce-
dure has been recommended for well indicated
situations with caution and appropriate counsel-
ing to the patient [82].

21.6.3 Capsular Reconstruction
for Shoulder Instability

The use of acellular dermal allografts has been
described in technical reports for anterior or poste-
rior capsular reconstruction. Especially for the
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patients with soft tissue pathologies for which pri-
mary repair of the capsulolabral complex is not
possible because of absent capsular tissue, severe
subscapularis tendon deficiency or the patients
with collagen disorders can be a candidate for the
capsular reconstruction using an allograft. Open or
arthroscopic dermal graft applications were
reported for anterior instability [83, 84]. Posterior
capsule reconstruction was also performed using a
GraftJacket allograft in case of persistent posterior
instability despite a previous plication surgery [11,
85]. Despite promising results, cohort studies are
needed to evaluate the efficiency of the usage of
tissue engineering products for instability
surgeries.

21.7 Summary

Different ECM-derived and synthetic scaffolds
have been used in shoulder surgery for augmenta-
tion or interposition of the structures. Besides RC
surgery, use of the scaffolds for capsular recon-
structions has become popular. Human dermal
allograft is the most common scaffold and associ-
ated with good functional outcomes. Xenografts
were reported with increased retear rates and less
improvement in patient-reported outcomes, rather
than synthetic grafts and allografts. The synthetic
grafts have the lowest retear rates and did not
exhibit any tissue reactions or osteolysis. In order
to establish clear recommendations, prospective,
randomized controlled trials comparing the various
scaffolds are required. In future, gene therapy and
nanotechnology are expected to improve the
mechanical properties and biocompatibility of the
scaffolds.
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22.1 Introduction

3D printing technology is one of the major inno-
vations that is affecting the world. It is an additive
manufacturing technique based on the principle
of accumulation of material layers in a successive
manner [1, 2]. Although 3D printing was mostly
used for industrial applications in prototype pro-
duction in the past, it is increasingly more fre-
quently used as a delicate production method for
many other products today. 3D printing technol-
ogy is also revolutionizing the medical treatment
options. It has recently been used for the produc-
tion of functional tissues and organs, as well as in
the cancer diagnosis and treatment and in the
pharmaceutical field that allowed the develop-
ment of new biomedical applications [3, 4]. In
addition, 3D printers are used in the production
of surgical guides and pre-surgical models. The
models that are produced by 3D printing are
becoming increasingly more common as surgical
planning tools for tumor removal operations [5,
6] and in arthroplasty. Development of patient-
specific implants is also possible with 3D print-
ing technology [3, 7, 8].
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Here, we will examine four major classes of
3D printing techniques and their importance and
use in orthopedics, in particular in shoulder
surgery.

22.1.1 Stereolithography (SLA)

SLA 3D printers are based on the principle of
photopolymerization of a photosensitive resin
material that polymerize layer-by-layer to create
a 3D structure. Photocuring technology in 3D
printing is attractive since it enables production
of high-resolution structures, smooth part sur-
faces, and fast builds. Another advantage is that
this technology does not require finishing pro-
cesses. Briefly in SLA 3D printing, a liquid resin
(photopolymer) is cured by light that solidifies in
certain areas on the surface of the liquid through
a chain reaction initiated by reactive species pro-
duced by exposure to light. After polymerization
of the first layer, the platform is lowered by a dis-
tance determined in the z direction, allowing lig-
uid resin to set to a new layer on top of the
previously solidified part. This process continues
layer-by-layer until the 3D model is build up.
Final 3D model is post-cured to improve polym-
erization between layers and to reduce surface
irregularities. Although SLA 3D printing has
many advantages such as enhanced resolution
and improved surface smoothness and regularity,
its general limitation in medical applications is
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the scarcity of biocompatible and biodegradable
photo-polymerizable liquid resins for use in the
development of implants and tissues/organs. A
summary of some major applications of SLA
technology in the medical field is given in
Table 22.1 [1, 3, 4, 15].

22.1.2 Selective Laser Sintering (SLS)

Selective laser sintering (SLS) is a technology
based on selective sintering of a metal, ceramic, or
polymer powder bed using a high intensity laser
beam in accordance with a 3D model. As in the
SLA, the new powder bed is mechanically spread
with a roller above the previous one to form the
layer-by-layer 3D model followed by the sintering
of the powder in each layer. This process continues
layer-by-layer until the 3D model is build up. The
mechanical and structural properties of the 3D
product are influenced by the process parameters
and material properties such as the size of the pow-
der particles, laser intensity, and bed temperature.
A particle size of 10-150 pm is preferred for high-
resolution 3D models. The advantage of SLS tech-
nology is the ability of use with a wide range of
materials that can be used in powdered form.
Besides metals, ceramics, and polymer materials,
this technology can be used with composite mate-
rials such as glass reinforced polymers, metal/
polymer composites, and metal/metal composites.
Another advantage of SLS 3D printing technology
is that it does not require the use of organic sol-
vents during production. Therefore, it provides an
advantage in medical applications, some examples
of which can be seen in Table 22.1 [1, 3, 4, 16].

22.1.3 Extrusion-Based Techniques
(Fused-Deposition
Modeling—FDM)

Extrusion-based 3D printers (or FDM 3D print-
ers) are the most widely used and most afford-

able 3D printers available today. This technology
relies on layer-by-layer deposition of the mate-
rial in the form of fibers that are produced via a
micro-nozzle and positioning of the fibers with a
computer-controlled three-axis (x—y—z) motion
platform either of the printing heads or the col-
lecting stage. The material loaded in metallic or
plastic syringes is deposited either by pneumatic
or by mechanical means (piston and screw). The
extrusion-based 3D printers have the potential to
provide a variety of innovative applications.
Therefore, it provides an advantage in the medi-
cal applications. The resolution of extrusion-
based 3D printers is in the order of 200 pm which
is much cruder than laser and inkjet-based 3D
printing. However, the production speed is sig-
nificantly higher and anatomically shaped struc-
tures can be easily produced. A list of some
major applications is provided in Table 22.1 [1,
3,4, 17].

22.1.4 Droplet-Based Techniques

Droplet-based 3D printing technology relies on
deposition of the liquid material in a droplet form
instead of a continuous flow. This approach uses
a non-contact strategy where the material itself or
cells encapsulated in droplets are printed and pat-
terned layer-by-layer on a substrate. Solidification
of the material can occur via cooling, chemical
cross-linking, or solvent evaporation. Droplet-
based 3D printing technology has a high resolu-
tion as compared to laser-based systems.
Conversely, printing material for droplet-based
3D printing is limited and with high cost. The
physical properties of printing materials such as
the viscosity, surface tension, and inertia are
affecting the print quality to a great extent.
Droplet-based 3D printing systems can be cate-
gorized based on the mechanism to produce
droplets, as thermal and piezoelectric. Some
orthopedic applications of the technique are
listed in Table 22.1 [1, 3, 4, 18].
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22.2 3D Printing for Shoulder
Arthroplasty

3D printing technology has greatly improved the
arthroplasty procedures since implants can be
produced with personalized size, structure, and
features. This personalization in the implants is
expected to become a golden-standard applica-
tion since it reduces the risk of incompatibilities
with the anatomic structures as well as reducing
the operation time. Some examples of the use of
3D printed personalized implants for shoulder
arthroplasty cases are discussed below.

In a study, researchers aimed to investigate the
practicality of the use of 3D printed prosthesis for
benign fibrous histiocytoma (BFH) of scapula
[19]. A patient who has magnetic resonance
imaging (MRI) results that indicate abnormal
signals in the left shoulder was treated with 3D

printing technology due to the fact that total scap-
ula resection may lead to poor postoperative
function and difficulties in exact reconstruction.
CT images were used to obtain 3D CAD model
and porous, polyetheretherketone (PEEK) scap-
ula prosthesis generated (Fig. 22.1). Satisfactory
results were obtained after implantation and
observation of the implantation site with X-ray
scans. CT examination indicated lack of autoge-
nous scapula and denser shadow in scapula
region with a shoulder activity of 120°. Therefore,
3D printed PEEK scapula was concluded to be an
easy-to-prepare, cheap, and biocompatible alter-
native in shoulder arthroplasty.

A case report focused on 3D printed patient-
specific glenoid implants for two reverse shoul-
der arthroplasty cases [20]. The first case
presented rotator cuff tear arthropathy of the
shoulder caused by deformed glenoid. The sec-

Fig. 22.1 Preoperative data and 3D printed PEEK scapula: (a) X-ray thin slice of left shoulder joint, (b) 3D recon-
structed shoulder joints, (¢) 3D printed PEEK prosthesis of scapula [19]
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ond case is a patient with deformed glenoid after
hemiarthroplasty of the shoulder. Instead of using
standard prosthesis which promised unsatisfac-
tory results, 3D printed custom-made titanium
porous glenoid components were used to exactly
fit into deformed area. Both patients were treated
successfully with custom-made implants com-
bined with non-custom glenosphere and humeral
stem. However, the authors stated that there were
some risks which did not occur in these cases
such as changing deformity in glenoid from the
time CT was performed to time of surgery and
metal artifacts in implantation sites. Also they
suggested that cost efficiency should be studied.

In another study emphasized on reverse shoul-
der arthroplasty, 3D printed glenoid prosthesis
and humerus prosthesis were preferred due to
high complication rate [21]. Seven patients who
had proximal humerus tumors were treated with
3D printed baseplate assisted 3D printed glenoid
prosthesis implantation. CT and MRI data were
utilized to construct 3D models and Nylon pow-
der was used to print the baseplate, where the
prosthesis was produced from titanium alloy with
60% porosity. Surgical procedure included (1)
removal of the tumor, (2) exposure of glenoid and
fixation of the baseplate, (3) removal of baseplate
after glenoid prosthesis location and position
confirmation, (4) implantation of 3D printed gle-
noid prosthesis and humerus prosthesis, and (5)
examination of shoulder joint. 1.5 years follow-
up revealed loss of one of the patients due to pul-
monary metastasis. Rest of the patients survived
without disease. Three of the patients had lower
range of motion, the mean Musculoskeletal
Tumor Society functional score determined as
85.7%, the mean Toronto Extremity Salvage
Score was 90.0%.

3D printed customized titanium alloy
(Ti6Al4V) was used for total shoulder arthro-
plasty [22]. The CT scan data of the patient was
imported to MIMICS software and a 3D recon-
structed model was created (Fig. 22.2). The
model was then rendered in STL format and
printed with an Electron Beam 3D printer. The
pore size was preferred as 70 pm, with a porosity
of 60%. According to American Shoulder and
Elbow Surgeons (ASES) scoring, the initial score

was 36. After surgery, this score was increased to
71.4 after 1 month, to 85.8 after 24 months. This
“superior” improvement has proved that 3D
printed prosthesis has satisfactory short-term
effects. However, long-term study must be sup-
ported to learn details about durability of custom-
ized prosthesis under longtime compression and
stress and for validation of mechanical proper-
ties. It is also stated that, although porous struc-
ture has the importance for ingrowth of soft
tissue, metal remnants in these pores may cause
loosening of the prosthesis. Thus, pre-steps of
implantation such as mechanical cleaning and
disinfection techniques must be studied in detail.

22.3 3D Printing for Surgical
Planning of the Shoulder

The benefit of using 3D printed models for pre-
surgical planning of shoulder arthroplasty was
demonstrated in a study where 11 3D printed gle-
noid models of nine patients were produced [23].
Accuracy of the models were compared with the
CT images. Different 3D printing techniques and
different material types were used for each
patient, accordingly. 3D printers such as EOS-P,
SLA 7000, Form2, ProJet 7000 HD, and ProJet
660 were preferred. The utilized materials consist
of nylon powder, translucent resin, white resin,
clean resin, and plaster. Clarity for CT image,
humerus-subtracted volume rendering, and
printed model was compared and scored ranging
from 1 (not preferred) to 5 (highly preferred).
Scoring was made also for the complexity and
usefulness of the printed model. The results
showed that CT based 3D printing can be utilized
when complexity increases. It was also stated
that clarity values were higher for humerus-
subtracted-volume rendered evaluation compared
to CT image review and better with 3D printed
models for higher morphological complexity.
Conversely, it was noted that the surgical plan-
ning can be made directly through the software.
As a result, 3D printed glenoid models were
found to be useful when higher clarity is desired
and other surgical planning tools are impractical
due to high complexity.
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Fig. 22.2 Preoperative data and design and manufacture of prosthesis: (a) bone defect observation, (b) prosthesis
design, (c) the shoulder parts manufactured with EBM technique [22]

Another study focused on comparison between
using 3D printing technology and typical thin-
layer CT scan for the treatment of humeral frac-
tures [24]. This study was one of the studies with
the highest number of cases: 34 patients in the
test group and 32 patients in the control group.

The test group was established to observe the
benefits of 3D printed technology in diagnosis
and surgical planning. To build the humerus frac-
ture model acquired CT and 3D processing soft-
ware (MIMICS) were used. Model creating
process can be summarized as: (1) positioning




22 3D Printing in Shoulder Surgery

279

Fig. 22.3 Humerus model creating process. (a, b) Segmentation and 3D reconstruction of proximal humerus (ante-
rior), (¢) printed humerus model (anterior) [24]

and thresholding to define proximal humerus
area, (2) region growing to separate hard and soft
tissues, (3) post-processing (noise reduction,
fracture smoothing), (4) segmentation of humerus
fracture which will be printed. In the control
group, only CT scan was utilized for the opera-
tional planning (Fig. 22.3). Results according to
comparison parameters were not unexpected.
First of all, 3D printed models provided omnidi-
rectional display unlike thin slice CT scan. Lower
surgery length, less blood loss, and fluoroscopy
have been observed. Using 3D printing
technology for the treatment of proximal humerus
fracture was proved to be a better choice than the
traditional methods despite the fact that there was
no significant change in the healing time of the
groups. The authors also stated that these models
may be used as medical practice and teaching.

22.4 3D Printed Anatomical
and Surgical Models,
Training Material, Pre-

and Post-Surgical Models

3D printing techniques, which have been increas-
ingly used in engineering and health sciences in
recent years, have made it possible to create fast
and cheap prototypes with the aid of computer-
aided design (CAD) [25]. In addition to the
increasing use of 3D printing technology in non-

medical fields, it has widely used in orthopedics,
spinal surgery, craniofacial surgery, neurosur-
gery, and cardiac surgery in medicine [26].

Medical professionals frequently use two-
dimensional X-ray images, computed tomogra-
phy (CT), and magnetic resonance (MR) scans to
investigate about pathologies. Although three-
dimensional CT and MR technologies have
developed in recent years, 3D printed objects are
much more useful for studying complex cases
and teaching students [27]. Furthermore, some
complex surgical procedures require guidance
avert from damage important parts of the body
and achieve an esthetic result. In some cases, ana-
tomical defects may also require individual pros-
theses to better repair the damage [28].

The need for improved imaging and surgical
results has increased the interest in 3D printed
anatomical and surgical models. Additionally,
this technology has opened the way to produce
the prototype models needed in medical educa-
tion quickly and inexpensively [29].

22.4.1 3D Printed Anatomical Models

In cases that require maneuver around sensitive
nerves, cerebral structures, bones, and vessels, 2D
radiographic images may be insufficient. 3D print-
ing technology makes it easier for surgeons to think
about the path to follow before the operation, ana-
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Fig. 22.4 Producing patient-specific abdominal cavity with 3D printer. (a) 3D printed mold parts. (b) Silicone was
injected into the mold with a syringe. (¢, d) The finished silicone model [31]

lyze the patient’s anatomy, and predict the techni-
cal difficulties they may encounter. This may
reduce the operation time and trauma to the patient
[30]. In one of the case studies, Condino et al.
printed a patient-specific abdominal cavity molds
from data obtained through computerized imaging.
In this way, the researchers succeeded in planning
the operation with great accuracy [31] (Fig. 22.4).
3D printed anatomical models are also used in
the surgical planning of complex congenital heart

malformations, percutaneous valve implantation,
aortic, and cranial aneurysm repairs. These stud-
ies have reported that these models are beneficial
in selecting patients to undergo endovascular
procedures compared to standard medical imag-
ing [26, 32, 33] (Fig. 22.5).

Complex hip replacement studies, mentioned
the benefits of making a preoperative plan on 3D
printed models, showed that planning using 3D
models before the operation prevents the aberra-
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Fig. 22.5 An example of the CAD aided Marfan aortic
root. (a, b) Aortic root and ascending aorta models of some
patients receiving personalized external aortic root support.

tion of the joint placement and reduces the opera-
tion time [34, 35].

3D anatomical models printed for cranial frac-
tures are used to shape the implant before the
operation and to plan a better fit in the defect
region [36]. 3D printed structures are also used in
maxillofacial surgery. Digitally mirroring the
healthy mandible to the defect side helps guide
printing the patient-specific geometry [37]. In a
study investigating the potential of 3D printing
technology instead of the thin-layer CT scan,
which is frequently used in the treatment of prox-
imal humerus fractures in older people, there was
no significant difference in the results compared
to the control group that only CT scan was per-
formed. Conversely, less surgery time and sig-
nificantly less blood loss were observed [24].

It is also common to use 3D printed models
for medical education and to express patients
about their condition. In a study to examine and

(c) Personalized external support mesh which is produced
from a medical-grade polymer fabric. (d, e) The stage of
placing the support around the aorta by surgeons [33]

understand the deformation closely, clubfoot was
printed in 3D, four times larger than its normal
size [38].

3D printed models are also used to improve the
learning experience in medical education. Usually,
medical students observe a tumor in environments
that are difficult to visualize, just like a textbook
or a CT slice. The kidney [39], lung, liver [40],
and bone tumors [41] that are printed in 3D
increase the learning experience with the vessels
and cavities around them. There may also be soft
tissue and tumor components printed using differ-
ent materials for situations that require more tac-
tile experience. For example, soft breast with rigid
mass tissue was printed by Jones et al. to teach
palpation methods [40, 42].

Advances in 3D printing technology are avail-
able to produce a realistic cerebral artery aneu-
rysm model. In a study by Ryan et al., when the
skull, brain, and vasculature model were used
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together, the true aneurysm clipping procedure
was successfully mimicked. In this way, it is
aimed to improve the surgical experience through
this model [43].

22.4.2 3D Printed Surgical Models

Besides the advantages of using 3D printed ana-
tomical models for preoperative planning and
training, this technology can also assist in per-
forming surgical procedures through drill guides
and templates. Unlike anatomical models, these
are tools that facilitate the operation technically
but are removed after the operation [32]. These
tools are frequently used in the operations of hard
tissues such as bones. In a study, it was success-
fully applied in the form of intraoperative jig in a
specified area in maxillofacial surgery. Planned
osteotomies and bone movements were adapted
to patient anatomy [37].

Birnbaum et al. have reported that they used
polycarbonate templates to place pedicle screws
at a point determined by 3D images taken before
the operation for use in spinal surgery [44]. In
another study, the model created by researchers
using 3D CT reconstruction images was used to
guide where to collect cartilage plugs for knee
mosaic arthroplasty. Then, the precision tools
that fit the knee contour were printed in 3D,
inspired by this model. This method has been
reported to facilitate surgical planning and mini-
mize inadequate defect closure [29, 45].

In a recent study conducted by Zhou et al., 3D
printing patient-specific instrumentation model
was used to increase the operative accuracy and
safety of artificial knee arthroplasty. In this study,
patients’ total blood loss, latent blood loss, and
hemoglobin (Hb) values were compared with the
control group after the operation. They were con-
cluded that all values decreased statistically sig-
nificant. Furthermore, the researchers reported
that 3D printing patient-specific instrumentation
model can effectively simulate the lower limb
coronal force line. Random interviews with the
patients after the operation revealed that the
knees recovery of patients had well [46]
(Fig. 22.6).

In another study, using reverse engineering
and 3D printing technology, a special surgical
template was designed for the placement of tho-
racic pedicle screws. The researchers have cre-
ated a 3D model by defining the optimum
insertion direction, length, and diameter of the
screws on a patient-specific CAD model during
the pre-planning stage (Fig. 22.1). After that, this
model produced with 3D printing and used as a
template to prevent misplacement between the
thoracic vertebrae. According to the research, the
duration for one screw placement was 18.75 min
per vertebrae in the traditional operation (without
using the template); however, this time decreased
to 6.25 min in the innovative operation (using the
template). In parallel with these findings, it was
reported that the number of X-ray shots was
decreased from 20.17 to 3.67 per vertebraec when
the templates were used [47].

22.5 Bioprinting of Tissues

Tissue engineering is an interdisciplinary field of
study that develops biological systems designed
to fulfill or support the functions of tissues and
organs, using the principles of engineering, med-
icine, and life sciences. In tissue engineering
approach, tissue pieces are obtained from the
patient by biopsy or surgery [1], cells are isolated
and multiplied in vitro [2], cells are encapsulated
or seeded on scaffolds [3], tissue is generated and
functionalized with the use of bioreactors and
bioactive molecules [4, 5], the tissue produced is
transferred to the defect area of the patient [6]
(Fig. 22.7). In tissue engineering applications,
the selection of cell source is very important and
ideal approach is using primary cells that are iso-
lated from the healthy area of the target tissue.
However, isolation and proliferation of primary
cells have same limitations. The use of stem cells
as a source of cells provides various advantages.
Stem cells have the potential to regenerate them-
selves and differentiate into different cell types.
Scaffolds are required to keep the cells localized
and to provide target tissue formation in an orga-
nized manner. The scaffold materials should be
biocompatible and biodegradable in proportion
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Fig. 22.6 Ad hoc surgical template design using CAD model. (a) Coupled with the thoracic vertebra model; (b) 3D
printed model using the fused filament fabrication (FFF) technique [47]

to the rate at which the target tissue heals.
Additionally, the mechanical properties of scaf-
folds should be suitable to the target region and
able to mimic the extracellular matrix (ECM) of
the target tissue structurally. Scaffolds that can
mimic the 3D porous ECM can be produced by
various methods. 3D printing technology
provides significant advantages in the production
of scaffold with an anatomic structure that can be
designed and controlled compared to other meth-
ods. Therefore, it is possible to successfully
mimic the ECM with 3D printers [49-51].

3D printing technology enables new develop-
ments in the production of surgical guides and

patient-specific implants, as well as generation of
complex tissues with 3D bioprinting. 3D bio-
printing technology enables the production of
complex biological structures with the additive
manufacturing of cells, biomaterials, and biomol-
ecules. Nowadays, although the restrictions on
the functionality of 3D printed scaffold have not
yet been overcome, 3D printed scaffolds in the
future have the potential to prevent deaths from
organ failure worldwide [3, 4, 8]. One of the
examples where the target tissue is mimicked
with bioprinting includes the 3D ear model devel-
oped by Kang et al. [52]. 3D printing of the ear
model was fabricated by the integrated tissue-



284

S. Gokyer et al.

growth factors

functional muscle
construct

stimulation in bioreactor

Fig. 22.7 General overview of the tissue engineering approach to produce viable and functional tissues and organs in

the laboratory [48]

organ printer (ITOP) device developed at the
Wake Forest University. Researchers used PCL
for the structural stability and integrity of the 3D
model, while the bioink made up of a natural
polymer was used for the 3D bioprinting of two
different cell lines [52]. Widespread studies are

the production of functional scaffold with 3D
printing in musculoskeletal tissue engineering
applications. Osteoplug™ and Osteomesh™ are
used for covering bone holes or repair various
type of bone fractures in clinical applications. A
13 year-old patient was implanted with a PCL-
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Fig. 22.8 (a) The Osteomesh implantation in cranioplasty surgery [53], (b) the Osteomesh implantation in orbital
fracture repair [54]. (¢) 3D printed muscle construct [55], (d) polyester composite scaffold [56]

based 3D printed implant, which was developed
by Osteopore Int. (Singapore) for the cranio-
plasty surgery [53] (Fig. 22.8a). In another clini-
cal application, A total of 20 patients were
implanted with the same implant (Osteomesh™)
prepared for orbital fracture repair. The CT scans
performed 1.5 years after the surgery revealed
neo-bone formation at the implant site [54]

(Fig. 22.8b). There are also in vivo studies with
successful results in literature. 3D printed muscle
construct was fabricated by mimicking the 3D
fiber structure with ITOP by Kim et al. [55]. The
3D muscle constructs were recovery in a rat
model of tibialis anterior (TA) muscle defect at
8 weeks of post-implantation [55] (Fig. 22.8c). In
another study, they investigated effect of polyes-
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ters and ceramics scaffold and polyester compos-
ite scaffold containing bioactive materials on new
bone formation [56] (Fig. 22.8d).

Bioprinters are also used for different pur-
poses in the medical field, including 3D cancer
models and treatment methods developed on
them [3, 4, 8]. Unger et al. developed carcinomas
3D in vitro model, then they investigated human
tumor—stroma interactions and drug responses
(Fig. 22.9a) [57]. In an application for the drug
delivery systems, a 3D printed tablet was pre-
pared to contain five seperate compartments with
independently controlled, well-defined release
profiles (Fig. 22.9b) [58].

22.6 Conclusion

The interest in using 3D printing technologies for
the purpose of both clinical applications and
training medical students and patients is gradu-

ally increasing, and this method offers potential
promise for future surgical applications. Thanks
to the advances in 3D imaging techniques, differ-
ent 3D printing technologies, and printable mate-
rial technology, it has now become possible to
create 3D anatomical models and various instru-
ments for patient-specific surgical use.

The use of imaging techniques, such as CT
and MRI, used to visualize anatomy and pathol-
ogy, has revolutionized surgical procedures over
the past decades. 3D printing provides a 3D rep-
resentation that surgical teams can contact physi-
cally before surgery and examine without time
pressure. The literature we reviewed reports that
this technology simplifies the planning and
decision-making process of surgeons, as well as
the reduced duration of operation and exposure
X-rays. Many studies state that innovative opera-
tions using 3D models result in less blood loss
than traditional ones. In cases where joint place-
ment or screw placement is required, the 3D
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printed templates and guides used have enabled
more accurate and minimally invasive surgical
operations.

Although 3D printing technology is still in its

early stages, it is already in use in surgical opera-
tions. Conversely, the combination of tissue engi-

neering and 3D printing technologies

has

contributed to the development of bioprinting
technology in recent years. In the future, based on
3D CAD design, anatomical models that will be
printed with cells may enable the printing of indi-
vidual-specific organs that can be transplanted.
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to Patient-Specific Guides
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23.1 Introduction
Humeral head replacement first started with Neer
in 1955 for degenerative joint disease and complex
fractures [1]. Reverse shoulder arthroplasty (RSA),
introduced by Paul Grammont in 1987, has
emerged as an alternative to total shoulder arthro-
plasty for patients with cuff tear arthropathy,
osteoarthritis, and massive irreparable cuff tear
[2]. Although the results of anatomic total shoul-
der arthroplasty (aTSA) and reverse total shoulder
arthroplasty (rTSA) are generally satisfactory, an
important point that still needs to improve is pre-
operative planning. It provides an advantage in
terms of implant positioning and potentially
improving clinical outcomes [3]. The use of this
technology allows surgeons to better understand
variations in glenoid morphology and to also bet-
ter achieve preoperatively planned targets [4].
Since the beginning of this century, the num-
ber of shoulder arthroplasties has been steadily
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increasing [5-7]. The correct glenoid version,
joint line restoration, and appropriate soft tissue
tension in total anatomic and reverse shoulder
arthroplasty provide long-term and satisfactory
results in implant survival. Glenoid loosening is
among the main causes of implant failure [8].
Unlike the hip, the smaller size of the glenoid
only allows a narrow margin of error. In aTSA,
malposition of the glenoid component has been
reported to be associated with poor function,
early loosening, and instability and is the leading
cause of long-term clinical failure [9]. Baseplate
malpositioning can cause some catastrophic fail-
ures like instability, early implant loosening,
scapular notching, and scapular fractures [10].
Complications of the glenoid component gener-
ally comprise 30-50% of both aTSA (loosening
and wear) and rTSA (notching) [11]. In many
studies, aseptic glenoid loosening is responsible
for 30—100% of prosthesis revisions [12, 13]. The
same precision should be demonstrated on the
humeral side, but today we continue to follow the
rules such as 20° retroversion instead of consid-
ering the patient-specific functional position of
the prosthesis [8].

Due to difficult joint exposure and the com-
plex geometry of the scapula, it is technically dif-
ficult to insert implants by conventional methods
[14]. In traditional methods, the surgeon decides
according to his own experience and experience
by using conventional guides that are not specific
to the patient or by investigating the patient’s
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preop X-ray and CT scan [15]. Glenoid version
and inclination are estimated based on preopera-
tive measurements. Computer-assisted surgical
techniques have recently become popular for hip
and knee arthroplasty, but are not widely applied
to the shoulder [16, 17].

23.2 3D Visualization
and Preoperative Planning

Plain radiographs, computed tomography (CT),
3D CT reconstruction, and magnetic resonance
imaging (MRI) are valuable preoperative imag-
ing methods to understand the patient’s specific
pathology [18]. Preoperative planning for shoul-
der arthroplasty begins with a detailed assess-
ment of standard two-dimensional radiographs.
AP X-ray view can be used to evaluate coronal
glenoid bone loss and inclination, while axillary
imaging can be used to evaluate glenoid bone
loss, glenoid version, and humeral subluxation as
well [19].

The CT scan provides an accurate imaging
assessment of the glenoid version, inclination,
bone loss pattern, and bone quality. Imaging of
the glenoid bone loss pattern is first performed
using two-dimensional (2D) CT images. 3D
reconstructive CT images are more useful in
understanding the patient-specific glenoid anat-
omy and bone loss site and also in increasing the
sensitivity of the glenoid component positioning
(Fig. 23.1). 3D imaging provides a better assess-
ment of glenoid bone loss, deformity, and predic-
tion of optimal prosthesis implantation [20].
Werner et al. in determining the glenoid version

Transverse Scapula Plane

Vv

Scapula Plane —

/ Glenoid Plane

and tilt measurements stated that 3D reconstruc-
tion measurements were more sensitive than 2D
CT scans, and when they re-evaluated images
through 3D reconstructive imaging, surgical
planning, and implant selection changed in 7 out
of 50 shoulders [21].

MRI is used to show pathologies such as artic-
ular cartilage, labrum, muscle and tendon rup-
tures, fatty infiltration and atrophy of muscle,
bursae, acromion type, acromioclavicular hyper-
trophy, and coracoacromial ligament thickening.
MRI evaluates the glenoid version better than
plain axillary radiographs, but in patients with
severe glenoid deformity, CT is better than MRI
to determine retroversion [22, 23].

23.3 New Concepts in Shoulder
Arthroplasty

Three systems improve the accuracy of the com-
ponent placement in the shoulder arthroplasty:
single-use patient-specific instrumentation (PSI),
reusable PSI, CT guided intraoperative naviga-
tion, and virtual reality (VR) assisted surgery
[18]. Trying to achieve the placement of the gle-
noid component with maximum sensitivity and
accuracy at a lower cost, PSI has been introduced
as an attractive alternative to computerized navi-
gation [19].

PSI uses high-resolution CT scans to preop-
erative templating and positioning of glenoid
component. This patient-specific guide deter-
mines the version and tilt of a central guide pin
placed in the glenoid. There are single-use or
reusable systems. In single-use systems, a special
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Fig. 23.1 3D visualization of the glenohumeral joint and the glenoid surface
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guide should be created for each anatomy. The
reusable system has an adjustable feature that can
vary from case to case based on the patient’s indi-
vidual anatomy using preoperative measurements.
Therefore, the costs of the reusable system are
lower. All of these systems usually come with a
3D printed scapula/glenoid model that allows
preoperative and intraoperative visualization for
the surgeon [18]. Studies demonstrated that PSI
correctly identified the preoperative 3D virtual
plan. Levy et al. showed that 3D preoperative
planning for the central pin location with PSI
guides was accurate in reverse shoulder arthro-
plasty performed on 14 cadaver shoulders. In this
study, the accuracy of the pin entry point was
measured as 1.2 mm, inferior inclination 1.2°,
and version 2.6° [24]. Walch et al. evaluated the
accuracy of 3D planning and PSI in total shoul-
der arthroplasty in scapulae of 18 cadaver. In this
cadaveric study, the accuracy of the guide pin
placement after implantation with CT was mea-
sured and showed a 1.5 mm entry point error,
1.64° version error, and 1.42° inclination error
[25]. Gauci et al. in 17 patients, it was concluded
that the use of 3D preoperative planning and PSI
provides more accuracy and reproducibility in
aTSA. The mean standard deviation in the guide-
wire entry point position was <I mm in both ver-
tical and horizontal planes, while the mean errors
in inclination and version were 1.8° and 3.4°,
respectively [26]. Hendel et al. in a randomized
clinical study compared 15 aTSA using PSI and
16 aTSA performing standard surgery. The
authors reported improvement with a mean incli-
nation and statistically significant decreases in
medial-lateral offset deviation compared to the
standard surgical group of the PSI group [27].
Today, 3D glenoid component planning and
patient-specific instrumentation options in the
market are: DePuy TRUMATCH Personalized
Solutions System (Warsaw, IN, USA), DJO
Match Point System (Lewisville, TX, USA), the
Zimmer Biomet PSI Shoulder for Trabecular
Metal Reverse Glenoid System (Warsaw, IN,
USA), the Stryker TrueSight Personalized.
Planning System (Kalamazoo, MI, USA), the
Wright Tornier BLUEPRINT planning software

and PSI (Memphis, TN, USA), and the Arthrex
Virtual Implant Positioning System (Naples, FL,
USA). All systems mentioned above use a single-
use 3D printed guide for central guide pin place-
ment, except Arthrex. The Arthrex VIP system
uses a reusable calibrator device that transfers the
desired location and trajectory of the guide pin
from a 3D printed glenoid model to the patient’s
glenoid.

Praxim (Praxim Inc., Palo Alto, CA) and
Kinamed (Kinamed Incorporated, Camarillo,
CA) presented the first navigation in shoulder
arthroplasty in the mid-2000s. This technology
has evolved and has now become a commercially
available system that allows real-time, intraoper-
ative CT navigation [26]. The system allows the
surgeon to transform 2D axial, coronal, and sagit-
tal CT images into 3D reconstruction to better
understand the anatomy and location between the
glenoid and the humeral head. It measures the
scapular axis and the glenoid version using the
Freidman’s axis as a reference line for the scapu-
lar axis from the scapular trigonum to the center
of the glenoid joint (fossa) [28]. This advanced
preoperative planning optimizes implant place-
ment, minimizes bone resection, and optimizes
version and inclination. A tracker is placed on the
coracoid intraoperatively. Then, some specific
anatomical points determined by preop CT are
marked with a tracker and recorded in the system.
After this has been achieved, highly sensitive
intraoperative CT guidance is possible [18].
Kircher et al. in a prospective, randomized clini-
cal study comparing patients undergoing conven-
tional TSA (10 patients) and TSA with navigation
(10 patients), in terms of retroversion angle the
range was from 15.4 + 5.8 to 3.7 + 6.3 in naviga-
tion TSA, from 14.4 + 6.1° to 10.9 + 6.8° in tra-
ditional TSA. Although both groups improved
retroversion significantly, TSA with navigation
provided a significantly better improvement than
the other [29]. Sadoghi et al. in a meta-analysis
compared conventional TSA and TSA with navi-
gation patients; in conventional and navigational
groups, there was an error in correcting 10.6 and
4.4 glenoid retroversion, respectively [30]. The
TSA with navigation was found significantly bet-
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ter than the other. The advantage of intraopera-
tive CT guided navigation over the PSI system
and conventional shoulder arthroplasty is that it
allows real-time adjustments and feedback with
sterile instrumentation and display [18]. The dis-
advantages are the cost, the possibility of the
coracoid fracture during the placement of the
tracker pin, and the long operation time. Kircher
et al. revealed that navigation-assisted TSA takes
an average of 169.5 min and conventional arthro-
plasty takes an average of 138 min of operating
time [29].

Virtual reality (VR) assisted surgery publica-
tions in orthopedics have increased steadily since
its introduction in the early 1990s [31]. VR, first
invented by Jaron Lanier in 1986, has expanded
from the entertainment industry to clinical medi-
cine in previous decades [32]. It is used for pre-
operative planning areas and intraoperative
surgical simulation for educational purposes in
orthopedics. The focus of these studies is on sur-
gical training especially arthroscopy, as well as
the complexity of the skill and difficult learning
[31, 33, 34]. VR provides students with the abil-
ity to critically analyze technical and surgical
decision-making with minimal error, without
harming the patient in the cognitive assessment
process. VR currently available on the market
uses a combination of equipment such as a 3D
rendering capable computer, head-mounted dis-
play (HMD), and controllers with position track-
ers. VR, augmented reality (AR), and mixed
reality (MR) devices are used in a number of
clinical and surgical fields, including orthope-
dics, as well as neurosurgery, plastic surgery, and
urological surgery [35]. There are more than 60
available VR products cited in the literature [33].
Six of these products are related to shoulder
arthroscopy, namely, ArthroMentor/Insight
Arthro (Simbionix, Airport City, Israel), Alex
Shoulder Professor (Sawbones Europe, Malmo,
Sweden), Procedicus arthroscopy (Mentice Corp,
Gothenburg, Sweden), ArthroS (VirtaMed,
Zurich, Switzerland), and insight MIST (3D

Systems, Rock Hill, SC, USA). Two products
were seen to involve general arthroscopy skill
training, namely Swemac/Augmented Reality
Systems (Swemac, Linkoping, Sweden) and
Virtual Reality Tetris Game Using Arthroscopy
(VirtaMed) [35]. VR is currently used for surgi-
cal training and simulation, especially in
arthroscopic shoulder surgery. Although showing
promising developments for the future, there is
still not enough evidence for use in the real oper-
ating room environment.

23.4 3D Printing

In the digital world, the surgeon can use software
to observe the shoulder joint and can plan the
operation [32]. By using a 3D printer, the parts of
the shoulder joint can be printed and assembled
to represent the actual joint. With the help of 3D
printing even the visualization can be made more
physical [36]. The data set is turned into a virtual
model to be printed by 3D printers. The 3D
printed model is used to explain and observe the
current situation of the shoulder joint [37]. The
materials used in the 3D printing can be as hard
as bones or can be as soft as soft tissue of the
joint [38, 39]. Printing different parts of the joint
allows the surgeon to show the working of the
joint and the existing damages of the current
patient (Fig. 23.2).

However, since the bone density and 3D
printer material density are different, the weight
of the actual bone and the 3D printed bone would
be different (Fig. 23.3). With some engineering
calculations, the weight of the 3D printed bone
can be made equal to the original by using the
infill concept where the inner section of the part
density can be changed but the current slicer soft-
ware does not have a pattern similar to the inside
of a bone. Material density, infill structure, and
shell thickness differences of the 3D printed part
to an actual bone cause errors if the surgeon
needs to operate on the bone.
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23.5 Conclusion

The success of aTSA and rTSA depends on a
detailed understanding of the patient’s pathology.
A better understanding of patient-specific pathol-
ogy has been achieved through software that uses
2D CT and then 3D CT reconstruction. A 3D
reconstructed CT scan provides an additional
detailed assessment of glenoid morphology and is
used for computer-assisted surgical planning.
Implant application with CT navigation, which
occurs in PSI and later, is gradually increasing.
Although the application of computer navigation
techniques to shoulder arthroplasty is still in its
early stages, it shows that early clinical applica-
tions can be used safely. Combined with patient-
specific  instrumentation, 3D  preoperative
computer planning allows the surgeon to better
understand deformities, select the optimal implant
position and fixation. Studies using these systems
have shown that there is a higher level of accuracy
and repeatability. Further studies are needed to
investigate the effect of prostheses on long-term
survival to improve the anatomical location of
implants with these methods. More studies and
clinical results are needed to determine which
patients will benefit from these methods.
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