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ABSTRACT (IT)
Introduzione: La protesi inversa rappresenta una opzione valida per il trattamento dell’artrosi di spalla
con severa deformita ossea glenoidea, ma richiede un alesaggio correttivo esteso per il ripristino della
versione ed inclinazione glenoidea nativa, con relativi rischi di medializzazione della glenoide e
fallimento della fissazione. L’utilizzo di un innesto osseo, prelevato dalla testa omerale e fissato sul
“baseplate” all’ interfaccia della glenoide nativa, ¢ stato proposto per minimizzare [’alesaggio
glenoideo e ripristinare il bone stock glenoideo (“Bony-Increased Offset, BIO- RSA”). 1l “baseplate”
aumentato metallico ("Metallic-Increased Offset — MIO-RSA”), rappresenta un’alternativa alla BIO-
RSA per ripristinare la interlinea articolare. Ad oggi, persistono ancora delle controversie sulla scelta
del “bone graft” o dell” “augment” metallico nella protesi inversa di spalla lateralizzata.
Obiettivi: Abbiamo testato due ipotesi: 1) la MIO-RSA previene la medializzazione della linea
articolare e garantisce risultati clinici e un tasso di “scapular notching” simile alla BIO-RSA; ii)la
integrazione del graft osseo nella BIO-RSA ¢ compromessa nel tempo, aumentando il rischio
fallimento della fissazione a lungo termine.
Materiali e Metodi: Abbiamo arruolato in modo retrospettivo 81 pazienti (83 spalle) sottoposti a
BIO-RSA (44) o MIO-RSA (39). La deformita glenoidea primaria (Al, A2, B1, B2, B3, C, D) e
secondaria a rottura di cuffia (E1, E2, E3, E4), ¢ stata classificata secondo specifici criteri, utilizzando
la tomografia computerizzata. La mobilita attiva e il “Western Ontario Osteoarthritis of the Shoulder
(WOOS) Index” sono stati usati per la misura dell’ ”outcome” clinico.
Tutte le alterazioni radiografiche postoperatorie dell’impianto sono state valutate all’ultimo follow-up.
Presenza e dimensione delle linee di radiolucenza glenoidea sono state utilizzate per valutare la
integrazione del “bone graft” (gruppo BIO-RSA) e il “baseplate seating” (gruppo MIO-RSA) (assenza

1 radiolucenza: “perfect seating”; linee di radiolucenza mm: “incomplete seating”; linee di
di radiol “perfect ting”; 1 di radiol <2 « let ting”; 1 d



radiolucenza > 2 mm: mobilizzazione). Abbiamo valutato lo spessore del “bone graft” (mm), la
posizione della glenosfera sulla glenoide (alta, centrata, bassa, molto bassa), la versione (metodo di
Friedman) e la inclinazione (angolo “B”) glenoidea preoperatoria e postoperatoria.

Risultati: Al follow-up medio di 36.5 mesi gli “scores” preoperatori e postoperatori sono aumentati in
modo significativo in entrambi i gruppi (p < 0.001). Il punteggio delta della elevazione anteriore attiva
¢ risultato piu alto nel gruppo MIO-RSA (p = 0.027). Non sono state riscontrate differenze significative
negli altri piani di movimento e nei punteggi del WOOS index tra i due gruppi. La retroversione
glenoidea preoperatoria ¢ stata maggiore nei pazienti del gruppo BIO-RSA, mentre la inclinazione
glenoidea ¢ stata simile nei due gruppi. Le glenoidi di tipo B2 e B3 avevano una erosione postero-
centrale (91%) e postero-superiore (90%) con una rispettiva sublussazione posteriore della testa
omerale in media del 76% e 78%. La direzione della erosione riscontrata nelle glenoidi tipo E2 e E3 ¢
stata di tipo postero-superiore, con una media di sublussazione posteriore della testa omerale del 74%.
Il tasso di posizione alta della glenosfera ¢ stato maggiore nel gruppo BIO-RSA (p =0.022),

Il gruppo BIO-RSA ha mostrato linee di radiolucenza intorno al graft osseo in 16 pazienti (36.4%) e
riduzione dello spessore in 15 (34.1%). Un “seating” incompleto del baseplate ¢ stato riscontrato in 3
pazienti del gruppo MIO-RSA (7%). Abbiamo trovato un piu alto tasso di linee di condensazione
omerale nel gruppo MIO-RSA e un piu alto tasso di assottigliamento corticale (p=0.01) e
riassorbimento tuberositario nel gruppo BIO-RSA (rispettivamente, p= 0.027 e p = 0.004).
Conclusioni: I risultati clinici simili, ottenuti con i modelli BIO-RSA ¢ MIO-RSA, confermano la
prima ipotesi dello studio. Il “baseplate seating” completo riscontrato in > 90% dei pazienti con MIO-
RSA esprime la eccellente stabilita e capacita di fissazione del metallo. Il tasso di riassorbimento del
“bone graft” conferma la seconda ipotesi dello studio sui potenziali rischi di fallimento del “baseplate”
a lungo termine.

Parole chiave: spalla, artroplastica inversa, glenoide, graft osseo, baseplate aumentato



ABSTRACT (EN)
Background : Reverse shoulder arthroplasty (RSA) is a valid option to address shoulder osteoarthritis
with severe glenoid deformity, but requires an extensive reaming to restore the native version with high
risk of baseplate failure. The use of autologous bone graft harvested from the humeral head and fixed
on the baseplate at the interface of the native glenoid, was proposed to minimize glenoid reaming and
restore glenoid bone stock (Bony-Increased Offset, BIO- RSA).
Metallic-augmented glenoid components (Metallic-Increased Offset — MIO-RSA) have been proposed
as viable alternative to BIO-RSA, preserving more native bone stock and restoring the joint line, with a
final goal of increasing the baseplate support.
Thus, controversies still exist about the choice of bone grafting or metal augments in RSA.
Objectives: In this study we tested two hypotheses: 1) metal augmented baseplate give similar clinical
outcomes and rate of scapular notching, and prevents the medialization of the joint line similarly to
BIO-RSA; ii) bone graft viability and healing in BIO-RSA patients are impaired over time, thus
making concern about baseplate fixation and stability in the long-term.
Materials and methods: Eighty-one patients (83 shoulders) underwent glenoid lateralization with
bone (BIO-RSA group, 44) or metal augmented baseplate (MIO-RSA group, 39). The orientation and
direction of glenoid erosion was identified and recorded using computerized 3D planning. Active range
of motion, and the Western Ontario Osteoarthritis of the Shoulder (WOOS) index were assessed before
arthroplasty and at the last follow-up visits.
Radiographic changes around the glenoid and humeral components were assessed. Healing and
thickness of bone graft were evaluated by predefined criteria. Postoperative global glenoid inclination

(B angle) and retroversion were also measured.



Results: At a mean of 36.5 months preoperative and postoperative clinical scores improved
significantly in both groups (p <0.01). Delta scores of active anterior elevation were higher in the
MIO-RSA group (p= 0.027). The differences in the other planes of shoulder motion and in WOOS
index scores between the groups were not significant. Preoperative glenoid retroversion was higher in
BIO-RSA patients, glenoid inclination was similar in both groups.

Type B2 and B3 glenoids had a posterior-central (91%) and posterior-superior (90%) erosion with a
mean posterior humeral head subluxation of 76% and 78%, respectively. The direction of erosion in
Type E2 and E3 glenoids was posterior-superior, with a mean posterior humeral head subluxation of
74%.

The rate of high position of the glenosphere was higher in the BIO-RSA group (p = 0.022), while the
values of B angle and postoperative retroversion were similar in the two groups. BIO-RSA group
showed radiolucent lines < 2mm around the bone graft in 16 patients (36.4%) and decreased thickness
in 15 (34.1%). Incomplete baseplate seating was found in 3 MIO-RSA patients (7%).

We found higher rate of humerus condensation lines in MIO-RSA patients (p= 0.01) and higher rate of
cortical thinning and tuberosity resorption in the BIO-RSA group (p= 0.027 and p = 0.004,
respectively).

Conclusion: Metal augmented glenoid is a suitable alternative to BIO-RSA to preserve bone and
prevent the medialization of the joint line in arthritic glenoid with multiplanar glenoid deformity. Bone
and metal augmentation provided both satisfactory clinical outcomes. Bone graft resorption in BIO-
RSA patient raise concern about the risk of baseplate loosening and requires further long term studies.

Key words: shoulder, reverse arthroplasty, glenoid, bone grafting, augmented baseplate



CHAPTER 1

Introduction
1.1 Clinical anatomy of the shoulder
1.1.1 The shoulder complex
The shoulder is a joint responsible for articulation of the upper extremities with the trunk or axial
skeleton. It plays a key role in the function of the arms and hands, the dexterity of which sets human
beings apart from many other mammals. With the demands of strength, endurance, and flexibility that
are placed on the shoulder through everyday life, it often becomes a source of musculoskeletal
complaints and pathology. Therefore, it is a structure that health care providers should be comfortable
evaluating.
1.1.2 Skeletal
The shoulder complex comprises several bony structures that play an important role in normal shoulder
function!. The clavicle is the only bony attachment that connects the glenohumeral joint to the axial
skeleton. Its articulation with the sternum and acromion process allows the clavicle to function as a
strut, suspending the glenohumeral joint from the axial skeleton??. The broad, flat acromion is the most
lateral part of the scapula and articulates with the clavicle through the diarthrodial acromiolavicular
joint and also serve as attachment site for several muscles and ligaments. The coracoid process is an
excellent landmark for many shoulder procedures. It lies medial and anterior to the glenohumeral joint
and is the attachment site for the conjoined tendon of the coracobrachialis muscle and short head of the
biceps muscles. The coracoacromial ligament connects the coracoid and anterolateral acromion,
thereby forming the coracoacromial arch*. The proximal humerus consists of the head, the surgical and
anatomic neck, and the greater (lateral) and lesser (anteromedial) tuberosities. The tuberosities form an
attachment sites for the rotator cuff muscles, and the bicipital groove lies between them. The

glenohumeral articulation is a ball-and-socket joint formed by the shallow glenoid and the large



humeral head® (Figure 1 A-B and Figure 2). This lack of bony containment is unique to the
glenohumeral joint and provides a wide range of motion; however, it also makes the joint prone to

instability. The surrounding ligaments and muscles substantially contribute to gleno-humeral stability.



A

Figure 1. A, scapula and B, proximal humerus. Ac: acromion, C: coracoid, GN: glenoid neck, SB:
scapular body, GT: greater tuberosity, BG: bicipiteal groove, LT: lesser tuberosity. The dotted line

represents the anatomical neck and the red surface the glenoid cavity.
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Figure 2. Humeral cut along the surgical neck.
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1.1.3 Soft tissue structures and ligaments

The labrum surrounds the glenoid and functions to deepen the glenohumeral socket and provides an
attachment site for the glenohumeral ligaments®. The superior glenohumeral ligament originates at the
superior glenoid tubercle and blends with the anterior rotator cuff musculature and coracohumeral
ligament to form the biceps pulley near the bicipital groove’8. The middle glenohumeral ligament runs
from the anterior labrum to the lesser tuberosity, and the inferior glenohumeral ligament connects the
inferior glenoid to the inferior humerus®!? (Figure 3). Each glenohumeral ligament is believed to

contribute to glenohumeral stability in various position of glenohumeral motion®.
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Figure 3: Main ligaments of the gleno-humeral joint and long head of the biceps (LHB). CAL: coraco-
acromial ligament; SGHL: superior gleno-humeral ligament; MGHL: middle gleno-humeral ligament;

IGHL: inferior gleno-humeral ligament.
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1.1.4 Shoulder muscles

Glenohumeral motion and function are directly linked to the surrounding musculature. The deltoid
consists of anterior, lateral and posterior components separated by fibrous raphes. Its proximal
attachment is to the lateral third of the clavicle anteriorly, the lateral acromion, and the scapular spine
posteriorly®. The deltoid muscle is innervated by branches of the axillary nerve and inserts at the
deltoid tuberosity of the lateral humerus. Its primary function is abduction, flexion and extension of the
shoulder. The coracobrachialis muscle and the pectoralis major lie medial to the deltoid. The two heads
of the pectoralis major originate from the clavicle and sternum and insert lateral to the bicipital groove

of the humerus'!-'4

. The pectoralis major is innervated by the medial and lateral pectoral nerves and
functions primarily as a humeral adductor. The coracobrachialis and the short head of the biceps lies
deep to the pectoralis major and deltoid!!. They originate from the coracoid process and are innervated
by the musculocutaneous nerve. The coracobrachialis and the short head of the biceps serve as an
important landmark for shoulder surgery because the brachial plexus and vascular structures lie just
medial and deep to them. Th rotator cuff musculature exists deep to the deltoid muscle and surrounds
the glenohumerla joint!>. It is composed of four muscles that play an important role in glenohumeral
motion and dynamic shoulder stability!>!7 (Figure 4 A-C). The subscapularis originates from the
undersurface of the scapula and inserts at the lesser tuberosity. It is innervated by the upper and lower
subscapular nerves and functions to internally rotate the humerus!s. In collaboration with the
infraspinatus, ths subscapularis inferiorly depresses the humerus, thereby preventing acromial
impingement when the deltoid is activated!'®. The infraspinatus and teres minor originate from the

posterior scapula and insert at the greater tuberosity!'>!”

. They primarily function by providing an
external rotation moment at different degrees of glenohumeral abduction and are innervated by the

suprascapular and axillary nerve, respectively. The supraspinatus is also innervated by the supracapular
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nerve and inserts at the greater humeral tuberosity!>-17. Tt is responsible for initiating glenohumeral

abduction, which allows the deltoid to function more efficiently'.
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Figure 4. Rotator cuff muscles of the shoulder. A, subscapularis; B, supraspinatus; C, infraspinatus (1)

and teres minor (2).
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1.1.5 Neural and vascular structures

The axillary nerve innervates the deltoid and teres minor muscles. It originates from the posterior cord
of the brachial plexus and runs along the anterior aspect of the subscapularis muscle before passing
under the inferior border of the subscapularis medial to the coracoid process. The axillary nerve form
two major branches as it passes under the inferior glenohumeral capsule and exits through the
quadrangular space. One branch innervates the teres minor and posterior deltoid, and the other branch
winds around the proximal humerus to innervates the lateral and anterior deltoid. In this lateral
position, the average distance from the acromion to the axillary nerve is approximately 5 to 7 cm!®-20,
The musculocutaneous nerve originates from the lateral cord of the brachial plexus and enters the
muscle belly of the coracobrachialis an average of 4 to 8 cm distal to the tip of the coracoid process®!.
From this location the nerve exits the coracobrachialis and traverses the interval between the biceps and
brachialis muscles. Although the musculocutaneous nerve is not frequently encountered during surgical
approaches to the glenohumeral joint, it can be injured by indiscriminate retraction of the conjoined
tendon. The suprascapular nerve originates from the upper trunk of the brachial plexus and passes
beneath the trapezius muscle before it passes through the suprascapular notch along the superior edge
of the scapula??. It is likely most vulnerable to injury along the superior margin of the glenoid before
entering the infraspinatus fossa'.

The blood supply of the shoulder girdle is derived primarily from branches of the subclavian and
axillary arteries?>. The suprascapular artery accompanies the suprascapular nerve and vein over the
superior edge of the scapula. In contrast to the suprascapular nerve, the suprascapular artery passes
over the transverse scapular ligament and must be protected during suprascapular nerve release. The
thoraco-acromial branch of the axillary artery follows the course of the coracoacromial ligament and

can be injured near this location. The anterior and posterior circumflex humeral arteries encircle the

humerus deep to the deltoid. The posterior circumflex artery accompanies the axillary nerve and
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posterior circumflex vein, whereas the anterior circumflex artery arises deep to the coracobrachialis and
runs along the inferior border of the subscapularis?’. This vessel is frequently encountered with a delto-
pectoral approach and is ligated before subscapularis mobilization.

1.1.6 Concept of surgical anatomic layers

Surgical anatomy of the shoulder has been described as consisting of four Layers?*. Layer 1 consists of
the deltoid and pectoralis major muscle bellies. Layer 2 is formed by the clavipectoral fascia, the
conjoined tendon, and the coracoacromial ligament anteriorly and is posteriorly continuous with the
clavipectoral fascia, with the posterior scapular fascia overlying the infraspinatus and teres minor
muscles. The third layer is composed of the deep layer of the subdeltoid bursa and underlying rotator

cuff, Layer 4 is formed by the capsule of the glenohumeral joint.

18



1.2 Epidemiology, pathomechanics and classification of shoulder osteoarthritis

Degenerative changes of the glenohumeral joint are found in up to 17% of patients with shoulder pain,
a patient group that has tripled in the last 40 years®>?°. Although symptomatic glenohumeral
osteoarthritis (GHOA) is not as common as osteoarthritis of the hip and knee joints, it can be just as
debilitating due to the functional importance of the upper limbs.

A recent Korean study using the Kellgren-Lawrence classification identified GHOA (K-L > 2) in 5.2%
of the population age 65 and above?’. Two imaging studies using the Samilson-Prieto classification
showed GHOA prevalence rates in the middle-aged and elderly (age above 40 and 65 years
respectively) to be as high as 17%—-19%, while bilateral disease was identified in 3.1%—7.7% of the
population®® 2°. Prevalence rates of GHOA due to a specific identifiable cause (secondary OA) was
reported at only 1.3%—1.7%, making age-related non-specific GHOA 10 times more common?® 2°
(primary osteoarthritis). However, GHOA, due to a specific identifiable cause, has been shown to be
significantly more common in patients age less than 50°°. GHOA is diagnosable when anatomical
changes of joint damage are identifiable as radiological features and when clinical symptoms led by
joint pain occur in a patient. The pathogenesis of GHOA is a complex and still incompletely
understood process with various factors affecting joint damage and joint pain. A commonly held view
is that joint damage is caused by either abnormal mechanical stress on normal cartilage or normal stress
on structurally weakened cartilage. These opposites represent the ends of a spectrum, with patient
factors influencing the proportional effect of mechanical stress and cartilage health on the patient’s risk
of developing OA. Joint damage irrespective of cause, leads to a common biochemical cascade
resulting in ongoing joint wear and synovitis. In the glenohumeral joint, focal or global cartilage loss
and subsequent subchondral bony sclerosis are most pronounced in the upper two-thirds of the humeral
head. This area is in contact with the glenoid between 60 and 100 degrees of abduction®'. The most

frequent bony change in GHOA is the formation of osteophytes, due to chondrocyte stimulation and
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enchondral ossification in the transition area of the hyaline cartilage and synovial membrane.
Osteophytes are predominant in the anterior-inferior aspects of the humeral head and inferior aspects of
the glenoid and are thought to result from mechanical capsular traction’? (Figure 5). Humeral
osteophytes are often accompanied by enthesopathic changes at ligament attachment sites, typically
involving the anatomical neck and tuberosities as well as the bicipital groove, which can be narrowed
by bony proliferation®*. Although periarticular osteophytes have been regarded as pain generators, it is
possible that they instead attempt to provide pain relief. Osteophytes and joint capsule thickening may
serve as natural splints immobilizing a painful joint and potentially even leading to spontaneous

arthrodesis.
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Figure 5. Standard anterior-posterior radiograph of a primary glenohumeral osteoarthritis. Obliteration
of the joint space and osteophytes in the antero-inferior aspects of the humeral head and inferior

aspects of the glenoid are clearly visible.
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Our understanding of the etiology of GHOA is derived from advancements made in understanding OA
in general. Theories have evolved from age-related cartilage wear and tear to a disorder that affects the
entire joint and its sur- rounding tissues. Some consider OA a common endpoint of a heterogeneous
group of disorders that lead to degenerative joint damage**.

Traditionally OA has been classified into primary (no known cause) and secondary (resulting from an
identifiable cause) forms, but this dualistic division has been criticized. The pathogenesis of joint
damage, seen as part of a common pathological process, is influenced by multiple factors .

These can be divided into non-specific and specific factors as well as into systemic and local factors.
Joint damage develops from the interplay between these factors, where local or systemic factors, or
non-specific or specific factors, may dominate**3¢, Disease progression is, however, typically affected
by a combination of genetic, behavioral, and environmental factors.

Non-specific systemic risk factors for glenohumeral joint damage include: advancing age?, genetics®”
39 and obesity*042,

Excessive mechanical loading, heavy construction work and overhead sports are identified as non-
specific local risk factors for glenohumeral joint damage**47.

Other athletes at risk of developing GHOA include weight lifters and throwing athletes such as baseball
players*,

1.2.1 Specific Local Risk Factors for Glenohumeral Joint Damage

1.2.2 Scapular morphology. Several factors of scapular morphology have been associated with GHOA
development. These include the lateral extension of the acromion as well as glenoid inclination. These

two measurements have recently been combined to give the critical shoulder angle (CSA). Both a

shorter acromion and a greater inferior glenoid inclination (leading to a lower CSA) result in
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compressive forces by the deltoid muscle. This medially directed compressive force across the
glenohumeral joint may lead to excess load- ing and subsequent OA%.

Glenoid dysplasia, caused by abnormal development of the two ossification centers in the glenoid, is a
further risk factor for GHOA. It is more com- mon in men and is characterized by hypoplasia of the
infe- rior glenoid, often associated with glenoid retroversion, posterior joint wear, and humeral

50,51

subluxation . Once thought to be a rare condition, recent studies suggest glenoid dysplasia can be

seen in 14% to 40% of shoulders®®. Causes of dysplasia include idiopathic, familial or syndrome
related. In addition dysplasia has been described in children with obstetric brachial plexus palsy>*4.
Neuromuscular imbalance between internal and external rotators has in the past been suggested to be
the primary cause of glenoid dysplasia®; however, direct damage to the ossification centers and
internal rotation contracture may play a role. More recently, focus has shifted to neural denervation
induced cellular alterations that lead to impaired bone growth, which has been shown to be a major
factor in animal models™®.

1.2.3 Glenohumeral instability and instability repair. Prevalence of radiological GHOA changes—
following both dislocations and instability surgery—have been reported as high as 56%— 68%, but
symptoms are typically infrequent or mild®>’-*°. Direct joint damage as well as altered biomechanics can
be responsible for these radiological changes, but the degree to which these changes are caused by
dislocation versus subsequent surgery is unclear. Although it is uncertain if laxity or joint instability per
se is a risk factor for GHOA development, the association with shoulder dislocations (to which
instability is a predisposing factor) has been established in numerous studies®’->%%, Patients with a
single shoulder dislocation have a 10- to 20-fold increased risk of developing radiological GHOA 47

compared to persons without acute shoulder injuries®'. Recurrent dislocations, older age at primary

dislocation, and greater trauma energy further increase the risk of GHOA development®’->°,
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1.2.4 Cuff tear arthritis. GHOA, due to traumatic or degenerative rotator cuff tears, displays three
characteristic changes. These are rotator cuff insufficiency, cranial migration of the humeral head, and
subsequent radiographic degenerative changes. Radiographs typically show bony erosion of the supe-
rior glenoid, resulting in acetabularization of the coracoacromial arch, and rounding off of the humeral
greater tuberosity®?. Cuff tear arthritis (CTA) is seen more commonly in women and mostly affects the
shoulder of the dominant arm?!. Hamada et al classified five evolutional grades of GHOA by analyzing
radiographic findings of massive rotator cuff tears, in which the grades were presumed to reflect the
temporal evolution of rotator cuff tears®3. Briefly, the acromio-humeral interval (AHI) is maintained in
Grade 1 and narrows in Grade 2. Acetabularization (concave deformity of the acromion undersurface)
in addition to the Grade 2 narrowing is classified as Grade 3. In Grade 4, narrowing of the
glenohumeral joint is added to the Grade 3 features, and Grade 5 comprises instances of humeral head
collapse®®. Subsequently, Walch et 1 divided Grade 4 of Hamada et al. into two subtypes: Grade 4A,
glenohumeral arthritis without subacromial arthritis (acetabularization); and Grade 4B, glenohumeral
arthritis with subacromial arthritis (Grade 4 of Hamada et al.)%.

1.2.5 Milwaukee shoulder. Milwaukee shoulder is a rare joint- destroying disease seen typically in
older women that is associated with intra- and periarticular hydroxyapatite crystal deposition.
Identification of these crystals by Alizarin Red staining is a hallmark of this rapidly progressive disease
often showing marked erosion of the humeral head and surrounding soft tissues®.

Additional specific local risk factors for GHOA are fractures®! and humeral chondrolysis®.

1.2.6 Specific systemic risk factors for glenohumeral joint damage

1.2.7Inflammatory arthritis. Autoimmune mediated inflammatory causes include rheumatoid,
psoriatic, and juvenile idiopathic arthritis, as well as spondyloarthropathies and systemic lupus
erythematosus (SLE). Of these, rheumatoid arthritis (RA) is the most common, with more than half of

patients showing involvement of the GH joint®’. The worst affected patients typically have bilateral
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disease and central glenoid wear patterns, but the associated pain may be more related to the
inflammatory syno- vitis than the joint destruction itself. Crystalline arthropathies, including gout and
pseudogout, caused by sodium urate and calcium pyrophosphate crystals in the synovial fluid,
respectively, also lead to inflammatory joint destruction’!.

1.2.8 Avascular osteonecrosis. Avascular osteonecrosis (AVN) of the humeral head leads to bony
collapse and loss of joint congruity and has been estimated to account for 5% of all GHOA®. 1t is the
second most common site of AVN following the hip®. Common etiological factors include trauma,
corticosteroid use, and alcoholism, while rare causes include Gaucher disease, sickle cell anemia,
Caisson disease, and certain pharmaceuticals®.

1.2.9 Endocrine disease sand neuropathic arthropathy

Neuropathic arthropathy, also known as Charcot arthropathy, is another rare degenerative disorder
characterized by rapid destruction of the joint with extensive involvement of the bone and soft tissue.
Cervical syringomyelia accounts for 75% of neuropathic shoulder arthropathy, while other causes of
insensitivity, such as diabetes mellitus, chronic alcoholism, or end-stage renal disease, are less
common’®. The underlying pathophysiology is not well understood, but neurovascular and
neurotraumatic theories have been developed, with the loss of nociception and proprioception playing

important roles.
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1.3: Computed tomography evaluation of multiplanar glenoid deformity in osteoarthritis

The classical computed tomography (CT) parameters describing the bony anatomy of the humerus and
glenoid are two-dimensional (2D). They include the inclination and the version of the humerus and
glenoid in the coronal and axial planes, respectively’!’>. These values have a wide distribution, and
therefore their use in the surgical setting is criticized. This broad distribution is related to both
anatomical factors and positional errors’>"

One of the anatomical factors is the torsion of the glenoid from cranial to caudal. The positional factor
means that the version of the glenoid can vary greatly with the position of the scapula on the CT-scan.
A three-dimensional (3D) CT-scan reconstruction and evaluation can overcome this shortcoming.
When the measurements are performed between two bony structures, like in the glenohumeral joint, the
positional influence of the scapula can be minimalized by standardizing the patients positioning in the
CT-scan gantry. This position mimics the operative conditions and keeps the glenohumeral joint in a
neutral position. So these two factors (3D reconstruction images and the standardized position of the
patient in the CT-scan gantry) can reduce the variability of the anatomical measurement’. 3D anatomy
of the glenohumeral joint enables improved geometrical fitting. A cut through the “humeral sphere” at
the level of the collum anatomicum defines a circular plane unavailable via 2D imaging. The
introduction of the “native” retroversion and inclination, guided by the anatomical neck of the humerus,
improved the 3D restoration of the center of rotation (CoR)’®78, On the glenoid side, the classical
parameters (angles between lines like retroversion and inclination), are still used because there is no
consensus on which plane to restore. The fact that there is no consensus about which plane to use can
be explained by the variability of the morphology of the glenoid. The glenoid has been described as
comma, pear or teardrop, round, and ovoid-shaped’®. Despite no reference plane having been described
so far on the glenoid side, it is recognized that the inferior part of the glenoid constantly has the shape

of a true circle®®8!, The orthopedic surgeon tends to use the midpoint of the glenoid described as the
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crossing line between the most superior and inferior point of the glenoid and the largest antero-
posterior distance.

Research studies about the variability of the shape of the glenoid cavity, described that only the
peripheral rim of the inferior quadrants of the articular surface of the glenoid was found to be located
on a circle®®. Furthermore, the definition of the center of this circle appeared to be more reliable than
determining the center of the glenoid as the cross point of the cranio- caudal and antero-posterior axis
of the glenoid. Finding the 3D mathematical center of the glenoid on 3D CT-scan reconstruction
images seems to overcome this issue. The inferior glenoid plane (created with the most anterior,
posterior and inferior glenoid point at the bony rim of the inferior glenoid) would provide the least
variability in vivo and would be the most suitable for prosthetic surgery of the glenoid’>*°,

Walch et al previously developed a classification system to describe glenoid morphology in cases of
primary glenohumeral osteoarthritis®?. Since that classification system was first presented, several
authors have commented on the interobserver and intraobserver reliability of the classification, with
varying results®3-83,

The main limitation of the original Walch classification was the use of a traditional 2D CT scans,
which have since been found to portray glenoid version less reliably than 3D reconstructions that
analyze the scapula as a free body, as reported above®6-%,

The original classification includes 5 categories of glenoid patterns: (1) Al- centered humeral head,
minor erosion; (2) A2——centered humeral head, major central glenoid erosion; (3) Bl—posterior
subluxated head, no bony erosion; (4) B2—posterior subluxated head, posterior erosion with
biconcavity of the glenoid; and (5) C—dysplastic glenoid with at least 25° of retroversion regardless
of erosion®?. Bercik et al®® proposed several modifications to this original classification system,

suggesting the addition of the “B3” and “D” glenoids and a more precise definition of the A2 glenoid.

They defined the B3 glenoid as monoconcave and posteriorly worn, with at least 15° of retroversion or
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at least 70% posterior humeral head subluxation, or both. The B3 glenoid with posterior subluxation
without significant retroversion differs from the B1 by the presence of posterior wear. They defined the
D glenoid as one with any level of glenoid anteversion or with humeral head subluxation of less than
40% (ie, anterior subluxation). The definition of the A2 glenoid “cupula” was also updated to describe
glenoids in which a line drawn from the anterior to posterior rims of the native glenoid transects the
humeral head. This was in contrast to the Al glenoid, in which a line drawn from the anterior to
posterior rim of the native glenoid does not transect the humeral head. Lastly they clarified the C

glenoid to be a dysplastic glenoid with at least 25° of retroversion “not caused by erosion” (Figure 6).
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Figure 6. Representation of glenoid morphology in osteoarthritis according to Walch et al as modified

by Bercik et al®.
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Recent studies have aimed to quantify the direction and amount of glenoid erosion using 3D
reconstructions of CT scans. The transformations into 3 dimension is crucial for planning the correction
of posterior glenoid bone loss and pathologic retroversion in order to restore the native joint line °1%2.
The use of 3D CT reconstruction allowed to identify the multiplanar glenoid deformity, and
consequently the position of the implant components that prevent overmedialization of the joint line.
3D CT imaging can assist shoulder surgeons to choose between asymmetric reaming, glenoid bone
grafting, and augmented glenoid components, to address excessive retroversion and glenoid bone
loss”-%.

Otto et al described three different patterns of multiplanar glenoid wear in type B2 biconcave glenoid®®.

They found that the most common pattern of erosion was in the posterior-central direction, with the

remaining cohort falling into either the posterior-inferior or posterior-superior direction (Figure 7).
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Figure 7. 3D CT representation of the erosion orientation in type B2 biconcave glenoids. A, posterior-

superior, B, posterior-central, and C, posterior-inferior wear patterns®®.
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Across all deformities, Knowles et al reported that the line of glenoid erosion in B2 glenoids was
directed toward the posterior-inferior quadrant with the orientation of bone loss directed toward the 8-
o’clock position; in addition, the radius of curvature for the neoglenoid was flatter than the
paleoglenoid®?. Otto et al found that the direction deviated in many cases from 8’oclock position®.
Overall, this informations may assist surgeons in addressing technical factors associated with glenoid
resurfacing of the B2 erosion pattern and manufacturers in the fabrication of implants that can better
address commonly seen glenoid deformities.

The incidence of pathologic bone remodeling in the context of CTA is near 40%°7%%. Superior glenoid
wear is common in patients with CTA and results from progressive erosion of the glenoid by the
superiorly migrated humeral head”” *°.

About 37.5% of patients with rotator cuff-deficient shoulders had some degree of glenoid wear, and
more advanced CTA has been associated with superior glenoid wear®’. Favard classified glenoid
wear with rotator cuff tear arthritis based on the location and extent of erosion at the superior and
inferior aspects of the glenoid!?. Favard superior glenoid wear classification system includes types EO
(no glenoid wear), E1 (concentric erosion of glenoid), E2 (erosion limited to upper part of glenoid), E3
(erosion extending to inferior part of glenoid), and E4 (erosion predominantly located at inferior part of

glenoid) (Figure 8).
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Figure 8. Representation of glenoid wear in cuff tear arthritis according to Favard et al'®.
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Recently, Walch et al analyzed the CT 2D and 3D characteristic of E4 type glenoid deformity and they
found anterior erosion and anteversion associated with anterior subluxation of the humeral head'®!.

In order to the effects of GHOA on the surround musculature, recent research findings demonstrated
that, contrary to what was thought, GHOA is not associated with deltoid atrophy and that increasing
posterior deltoid areas was associated with glenoid retroversion in the Walch B-type glenoid
deformity!%2.

Overall, accurate and consistent positioning of the baseplate of a reverse shoulder arthroplasty(RSA)

within acceptable limits of version and inclination should be achieved to ensure functional tension on

the deltoid muscle and other soft tissues!?3:104,

34



1.4 Brief history of shoulder arthroplasty in osteoarthritis

The first prosthetic shoulder arthroplasty performed has been ascribed to the French surgeon Jules
Emile Péan in 1893 who implanted a platinum and rubber replacement in a a 37-year- old baker. The
patient reportedly had increased strength and ROM, but unfortunately, the infection recurred, requiring
removal of the prosthesis 2 years later'®. The development of the procedure came in the 1950s when
Neer described the results using a vitallium prosthesis to treat comminuted fractures of the head of the
humerus!®. Although pain relief was reliably obtained with hemiarthroplasty, Neer reported variable
strength and function in patients with irreparable rotator cuff tears!. About 20 years later, and with the
addition of a glenoid component, he described a total shoulder replacement (TSR) for the treatment of
GHOA?. Since then, there has been a progressive improvement, culminating in the concept of
anatomical reconstruction of the proximal humerus in the early 1990s, when the size and design of the
humeral component were reconsidered’®!97-1° Unconstrained prosthesis of the shoulder is now used
widely to treat GHOA with good and reproducible results. The outcome after the use of unconstrained
prostheses in complex fractures of the proximal humerus and in CTA has been less predictable.
Although good relief from pain has usually been obtained, most patients had a limited range of
movement, leading to difficulties with the activities of daily living. These poor results led to the
development of specific implants for these difficult problems, a low-profile prothesis for fractures and
a semiconstrained reversed-geometry design for arthritis resulting from a tear of the cuff!!%-!13,

t'14 and Neer remained

Dislocation and scapular fixation remained a concern with this implan
convinced rotator cuff repair, not constraint, was essential for improved shoulder function. His Mark
IIT prosthesis was therefore abandoned, although others continued to explore the reverse shoulder
concept. Similar negative biomechanical effects were reported with several reverse implant systems

112

developed beginning in the 1970s with variable designs for scapular fixation ''“. The system created by

Paul Grammont in 1985 differed from previous reverse shoulder arthroplasty (RSA) concepts in that
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Grammont’s system focused on four keys features'!!: (1) the prosthesis must be inherently stable; (2)
the weightbearing part must be convex, and the supported part must be concave; (3) the center of the
sphere must be at or within the glenoid neck; and (4) the center of rotation must be medialized (Figure

9).
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Figure 9. Grammont reverse design of shoulder arthroplasty. The humeral component included: A) a
distal stem with a metaphysis and an optional humeral spacer; B) a centered (standard), and retentive
constrained humeral insert, with variable height (+ 6 mm, + 9 mm, and + 12 mm). The glenoid
component included: C) a hydroxyapatite-coated baseplate (25 and 29 mm) with a central post and 4
self-tapping screws (2 compression screws and 2 multidirectional locking screws); and D) centered and

eccentric (+ 2 mm and + 4 mm) glenospheres.
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Grammont noted the deltoid function could be increased by moving the CoR distally and medially in
comparison to the native glenohumeral articulation. The system created by Paul Grammont opened the

way for the modern and functional RSA.
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1.5 Design of shoulder arthroplasty

1.5.1 Anatomic implants

Anatomical total shoulder arthroplasty (TSA) make use of unconstrained monoblock (Fugure 10) or
modular humeral components (Figure 11 A-B). Recent stemless modern implant fixed in the humeral
metaphysis are market available.The last generation of humeral component are the short stem, provided
of a prevalent methaphysal grip (Figure 12). Head prostheses are available in several size, standard or

with eccentric offset!!’.

.

NS

Figure 10. Monoblock humeral component with offset head prosthesis of total shoulder arthroplasty.
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Figure 11. Moduar system of total shoulder arthroplasty. A, standard stem; B, humeral body; C,

polyethylene liner; D, metal backed glenoid component.
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Aequalis
Ascend™ PTC

Aequalis Ascend™

Figure 12. Curved short stem humeral components (standard press fit and titanium coating) with offset

head prosthesis.

41



Glenoid prostheses include:

1. polyethylene components with keel or pegs, fixed in the cancellous bone with cement!!®; the
pegged glenoid are also available with a flanged uncemented central peg to promote
osseointegration'!7!1!® (Figure 13 A)

2. standard metal-backed glenoid fixed with screw and covered with a polyethylene liner!!”
(Figure 11 C-D)

3. trabecular tantalium-backed glenoid (TM®) fixed in the bone under pressure!'?® (Figure 13 B).
As for the glenoid, a TM® humeral component enabling the healing of the humeral fractures is

available!?!,
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Figure 13. Glenoid components of total shoulder arthroplasty. A, pegged and keeled polyethylene

component; B, trabecular tantalum backed (TM®) component.

43



1.5.2 Reverse implants

Reverse prostheses is a semiconstrained totally modular device (Figure 9). The glenoid component
consist of a baseplate (metaglene), provided with a large central peg and secured to the native glenoid
by cortical screws (2 or 4), which may be straight or angled, on which is fit the glenosphere (a rounded
metal ball approximately two third of sphere) that is attached to the baseplate with a screw. The
glenosphere can be completely medialized or slightly lateralized, to prevent scapular neck erosion. The
humeral component consists of a proximal cup-shaped portion and a metal stem to be press-fitted or
cemented in the medullary canal. A radiolucent polyethylene insert sits in this cup portion and
articulates with the glenosphere. As for the anatomical implants, also for reverse prostheses are

available short stem having a predominantly metaphyseal grip (Figure 14).
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Figure 14. Short stem lateralized humeral component of reverse shoulder arthroplasty. A) a
hydroxyapatite-coated curved short stem 132.5° inclination; B) an eccentric (+ 1.5 mm and + 3.5 mm)
reverse tray; and C) an asymmetric polyethylene insert (thickness + 6 mm and + 9 mm) with 12.5°

inclination.
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1.5.3 Biomechanics

1.5.4 Anatomic arthroplasty

Satisfactory results of shoulder replacement require: a) prosthetic reproduction of a normal bone
morphology 2) restoration of capsular tension 3) restoration of the stabilizing and motor function of
the muscle. Geometric parameters that we have to consider when we perform a shoulder arthroplasty
include: 1) neck inclination, ii) humeral head diameter and height, iii)humeral head retroversion, iv)
head offsets, v)acromion-humeral distance.

The cervico-diaphyseal angle measures between 135° and 145°'22. Prostheses are usually designed
with a fixed angle of 130°-135° and the instrumentations perform head osteotomy at that angle. The
diameter of the humeral head!> varies widely from 38 to 58 mm (median 46 mm). Degenerative
diseases altering the spherical shape so the prosthetic head diameter often cannot be determined. The
component’s diameter is thus chosen at the time of trial reduction based on the height of the
hemisphere that has a broad linear relationship with the diameter of the head. In all humeri the superior
edge of the head protrudes above the superior edge of the greater tuberosity by 2-5 mm'?3, When the
head component is positioned under the edge of the greater tuberosity, the joint’s instantaneous centre
of rotations descends, resulting on reduced lowering of the humeral head and increased tension in
adduction, and signally, in early, painful subacromial impingement. On the other hand, a head
protruding excessively above the greater tuberosity induces increased tension on the cuff
(“overstuffing”). The humeral head is retroverted with respect to the coronal plane. The angle of
retroversion is the subtended between the epicondylar axis and the central axis of the humeral head. Its
median values is 20° and it is proportional to the angle of retroversion of the scapula which instead is
widely variable (0°-60°). Small errors in head retroversion do not significantly influence the tension of
the caspulo-ligamentous system nor the instantaneous CoR; an excessive retroversion may induce

posterior head subluxation in case of a posterior cuff tear, whereas an insufficient retroversion may
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cause subscapularis impingement. The center of the head does not lies on the diaphyseal humeral axis,
but is displaced both in the coronal and the transverse planes. In the coronal axis the offset ranges from
2 mm to 12 mm (median 7 mm) (medial and lateral offset); lower values results in a looser
capsuloligamentous complex, while excessive values produce overstuffing and possible joint stiffness.
The center of the head lies 0-10 mm (median 4 mm) posterior to the diaphyseal axis (posterior humeral
head offset)’®. When this features, and the instantaneous CoR, move anteriorly induce an abnormal
contact with the glenoid and abnormal pressure on the subscapularis. The space between humeral head
and acromion is about 2 cm. A wider space reduce muscle tension and produce loss of strenght in

elevation while a narrower spacer result in a stiffer joint and possibly subacromial impingement.
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1.5.5 Reverse arthroplasty

The principles of the Grammont’ reverse design, as previously described, were inherent prosthetic
stability, convexity of the glenoid component, glenosphere center at or within the glenoid neck, and a
medialized and CoR !?4 In presence of rotator cuff insufficiency, reverse arthroplasty prevent humeral
proximal migration because with its congruent articulating surface achieve concentric motion. In fact,
unlike total anatomic arthroplasty, that has a shallow glenoid component which cannot resist proximal
migration and dislocation if the deltoid force vector is greater than 30° from the centerline, Grammont
reverse arthroplasty has a non-anatomic neck-shaft angle (NSA) of 155° and the resultant deltoid force
vector can subtend an angle of at least 45° from the centerline without risk of dislocation'?>12%, The
medialization of the CoR at or medial to the prostheses-bone-interface, contributed to avoid the
problem of early loosening of the first reverse implants, because it reduced the shear forces and
increase compressive forces, but the consequence was that humeral adduction caused inferior
impingement, fostering the scapular neck erosion (“scapular notching”)!%°. The location of the CoR
affects the shoulder range of motion (ROM) and the lever arm of the deltoid!?’.

With the inferior baseplate positioning and the CoR medialized the lever arm lenght is doubled and as a
consequence the efficacy of the deltoid for abduction is approximately doubled, but at the same time
deltoid excursion produces a lesser arc of motion!?”128, For these reasons most of the surgeons using
Grammont design of RSA tend to position the glenosphere inferiorly and slight laterally, because it has
been shown that maximize the free-impingement arc of motion and increase the ROM in abduction!%.
The main modification of the Grammont design directed to reduce the risk of scapular notching was
the lateralization of the CoR. This change can be performed at the level of the baseplate, with bone or
metallic increased offset implants (bony-increased offset RSA [BIO-RSA] and metallic-increased
offset. RSA [MIO-RSA])!, or at the level of the glenosphere, changing its design!3!. Lateralization of

the CoR away from the glenosphere/glenoid interface increases the risk of mechanical loosening.
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Changes of NSA, from 155° to 135°, and the new position of the reverse tray in onlay configuration,
have produced a novel stem geometry that preserve the tuberosities, and the insertion of the rotator

cuff (RC) (if present), with potential effects on external rotation recovery'3? (Figure 10).
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1.5.6 Criteria for anatomic and reverse arthroplasty

Conventional TSA is indicated in patients with concentric shoulder osteoarthritis'!'®. In cases of arthritis
with instability derived from humeral head deficiency, the prosthetic humeral component can restore
the full articular surface. Glenoid prostheses can restore the contour of arthritic glenoid provided that
the bone beneath ensure adequate support'?>!26, When shoulder osteoarthritis is associated with
instability from rotator cuff tears, conventional arthroplasty and rotator cuff repair may guarantee joint
stability. Arthritis following instability with excessive capsular laxity can be treated with anatomical
arthroplasty with larger humeral head and capsular tightening!?>-12”. Even in cases with cuff deficiency
and upward migration of the humeral head stabilized by an intact coracoacromial arch, with an efficient

deltoid, humeral hemiarthroplasty may a sufficient shoulder function'?>-126

, especially in young
patients with high functional demand where reverse arthroplasty is at risk of failure. Conventional
arthroplasty is contraindicated to treat instability with unreconstructable soft-tissue or osseous
deficiencies, such as severe posterior glenoid bone deficiency. Even in case where the posterior capsule
and rotator cuff have been lost after trauma or previous surgery, conventional arthroplasty cannot
restore posterior stability!?>!27. Mechanical criteria for RSA include having a functional deltoid and
being able to achieve stable glenoid baseplate fixation. Traditionally, RSA was performed for
glenohumeral arthritis in elderly patients with rotator cuff insufficiency, massive cuff tear with arthritis
and massive irreparable cuff tear'?”!33, However, the poor results observed in some indications with
unconstrained total shoulder arthroplasty (TSA) persuaded most surgeons to extend the use of RSA
also to inflammatory arthritis, static humeral instability, sequelae or post-traumatic arthritis in cases of
nonunion or severe malunion of the greater tuberosity, revision of failed anatomical
arthroplasty!?7-128:134135 The semi-constrained nature of RSA confers inherent stability to the construct,

while screw fixation of the glenoid baseplate allows easier incorporation of bone graft in cases of bone

loss. The role of RSA in cases of severe glenoid bone loss has been limited to elderly, low-demand
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patients. The semi-constrained nature of RSA components, while offering beneficial stability, also
raises questions about implant longevity. With limited follow-up available, several studies have

focused on the incidence and implications of scapular notching to evaluate early implant performance.
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1.5.7 Published evidence of glenoid lateralization with bone or metal augmented baseplate in
RSA

Management of severe glenoid erosion with RSA requires extensive reaming to restore the native
retroversion and inclination, which increases the risk of glenoid medialization and subsequent failure of

baseplate ﬁxati0n136 137,138, 139, 140-143

The use of autologous bone graft harvested from the humeral
head and fixed on the baseplate at the interface of the native glenoid, was proposed to minimize glenoid
reaming and restore glenoid bone stock (Bony-Increased Offset, BIO- RSA)!4*. The authors described
the humeral head autograft as symmetrical (BIO-RSA) or asymmetrical (angled BIO-RSA), in
relationship to the orientation of glenoid deficiency.

Boileau et al demonstrated satisfactory early and long-term outcomes of BIO-RSA in shoulder
osteoarthritis, with radiographic evidence of good graft incorporation®. However, other studies
highlighted a higher rate of graft resorption, scapular notching and baseplate loosening, thus creating
concern about the effectiveness of this procedure!®’. Metal augmented glenoid components (Metal-
Increased Offset — MIO-RSA) have been proposed as viable alternative to BIO-RSA, preserving more
native bone stock and restoring the joint line, with a final goal of increasing the baseplate support!*3.
Researchers supporting the BIO-RSA have criticized metal augmented glenoid components, because
they would not allow a multiplanar correction and reconstruction of glenoid bone stock®. However,
recent clinical investigations have encouraged the use of MIO-RSA, reporting satisfactory clinical
outcomes , and have also demonstrated their ability to correct the glenoid deformity!4%-14%147  The
choice of bone or metallic augmentation is particularly important in type E2/E3 and B2/B3 glenoid
deformities, where the patho-anatomic feature and erosion orientation require higher volume of bone

removal using standard baseplate design!**'#¥,  Radiographic features of a globally lateralized

RSA30:149 are described in the figure 15. A recent randomized clinical trial, comparing BIO-RSA and
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metal augments in RSA with curved onlay-humeral component, demonstrated that both systems

provide stable initial fixation and similar clinical outcomes!#’.

A B LoD F

Figure 15. Radiographic references to measure humeral and glenoid offset in lateralized RSA (global
lateral offset), as reported by Merolla et al'*” in line with the criteria described by Werthel et al'>°. Line
A is the vertical line passing through the middle of the diaphysis of the humeral stem. Line B is the
horizontal line passing through the middle of the surface of the humeral implant at the level of the
humeral cut. Line C is the vertical line passing through the “pivot point” defined as the deepest point of
the articular surface of the humeral insert measured perpendicular to the surface of the humeral insert.
Line D is the vertical line passing through the centre of rotation of the joint. Line E is the vertical line
passing through the bone-glenoid baseplate interface. Humeral lateral offset (distance AC) was defined

as the sum of the humeral stem offset (distance AB) and of the humeral insert offset (distance BC).
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Glenoid lateral offset (distance CE) was defined as the sum of the “perceived radius of the

glenosphere” (distance CD) and of the centre of rotation offset (distance DE).
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CHAPTER 2
Objectives
Objectives of this study were to compare clinical and radiographic outcomes of BIO-RSA and MIO-
RSA in a large cohort of patients. We tested two hypotheses: 1) metal augmented baseplate give similar
clinical outcomes and rate of scapular notching, and prevents the medialization of the joint line
similarly to BIO-RSA; ii) bone graft viability and healing in BIO-RSA patients are impaired over time,

thus making concern about baseplate fixation and stability in the long-term.
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CHAPTER 3
Materials and Methods
This was a retrospective analysis of data collected from Januray 2016 to December 2018. It involved
84 consecutive patients who underwent RSA with glenoid lateralization using bone (BIO-RSA group)
or metal augmented baseplate (MIO-RSA group). Two different glenoid implant models were used:
Aequalis Ascend™ Flex Reverse II in BIO-RSA group and Aequalis Ascend™ Flex Perform® in
MIO-RSA group (Wright Medical, Memphis, Tennessee, USA). Both groups had the same curved-
stem with onlay-humeral component. The study was performed in two orthopedic units (Shoulder and
Elbow Unit of “Cervesi” Hospital, Cattolica — Italy -, and the Orthopaedic and Trauma Unit, University
Hospital, Modena - Italy) and was approved by the institutional review board of coordinator center as
part of a larger Shoulder Arthroplasty investigation (prot. n. 6478/2019 1.5/117). Patients with a
preoperative diagnosis of primary osteoarthritis (OA) or cuff tear arthropathy (CTA) and a minimum
follow-up of 24 months were included. There were no specific exclusion criteria. A power analysis was
performed considering a 1.7 point difference in the Western Ontario Osteoarthritis of the Shoulder
(WOOS) Index between the groups, a standard deviation of the score of 1.8 points, and a minimal
clinically important difference (MCID) of 0.4 points. Using these parameters and a power of 0.8, a
sample size of at least 44 subjects (22 per group) was required. Of the 84 patients who were invited, 1
declined to participate because of logistic problems and 2 had incomplete clinical and radiographic
data, leaving 81 patients (83 shoulders) in the study with complete clinical and radiographic data. The

demographics and perioperative data of both the study groups are reported in Table 1.
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Variable BIO-RSA MIO-RSA P value

Shoulders (n°) 44 39 0.391
Gender, F/M (n°) (%) 31/13 (70/30) 18/21 (47/53) .02
BMI 27.6 (23-38) 24.0(17-31) .0002
Age (years) 71.6 (50-86) 67.0 (37-82) .0485
Preoperative diagnosis .370
Primary OA 25 (56) 22 (57) 0.370
CTA 19 (44) 17 (43) 0.167
Glenoid morphology in primary OA* .335
B1 2(7) 2(7)

B2 17 (72). 16 (73)

B3 5(18) 4(20)

C 1(3) 0

Superior glenoid erosion in CTA** 0.370
E1 1(3) 1(5)

E2 10 (50) 9 (55)

E3 8 (47) 7 (40)

Table 1. Demographics and perioperative data of the 2 groups of patients.

BIO-RSA: bony-increased offset reverse shoulder arthroplasty.

MIO-RSA: metallic-increased offset reverse shoulder arthroplasty.

*Glenoid arthritis was classified according to the criteria of Walch et al as modified by Bercik et al for
primary osteoarthritis®.

**Superior Glenoid erosion was graded according to Favard et al*

Significant value is in italic.
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3.1 Preoperative imaging and computerized 3D planning

Plain radiographs in anterior-posterior (AP) Grashey, outlet and axillary views were performed in all
the cases. Glenoid morphology and wear were assessed by CT scans and classified according to
established criteria for primary OA®® and CTA!S!. Rotator cuff fatty infiltration was assessed according
to Goutallier et al'>2. Preoperative computerized 3D planning was performed in all cases by using the
Blueprint software (Wright Medical, Edina, MN, USA) by two operating surgeons. All files were
exported in an automated software program (Glenosys) for 3D assessment. It allows an automated
segmentation of the humerus and scapula, definition of scapular planes, determination of glenoid
version and humeral head subluxation'’’. The version angle is automatically computed as the
angulation between the scapular plane and the glenoid best-fit sphere centerline projected on the

transverse scapular plane (Figure 16).
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Figure 16. Preoperative 3D software planning used in this study. The system automatically 3D

segments CT scan series. A) an orthogonal coordinate system is created after a previous identification
of scapular and transverse axes, B) the software then extrapolates a best-fit sphere from the articulating
data points, where a radius is drawn from the center of the best fit sphere to the center of the glenoid,
C) glenoid version is identified in the axial view as the angle between the transverse axis and the radius
of the best fit sphere in the anterior-posterior direction, D) glenoid inclination is identified in the
coronal view as the angle between the transverse axis and the radius of the best fit sphere in the

superior-inferior direction.
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The direction of glenoid erosion was recorded as posterior-superior, posterior-central and posterior-
inferior.

The orientation was reported as the angle between the glenoid centerline and the transverse axis.
Humeral head subluxation was described as the percentage of the part of the humeral head posterior to
the scapular plane. The parameters selected by surgeons during the planning helped to find an implant
configuration and position that would maximize joint motion and minimizes scapular notching of the
humeral component. Preoperative templating was carried out for each implant, but the final size and

placement of the prosthesis was evaluated intraoperatively.
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3.2 Implant design and configuration

We used different glenoid components in the two study groups. The BIO-RSA group had a standard
29-mm baseplate with a conical central post (standard 15 mm or extralong 25 mm) and 4 peripheral
screws. The MIO-RSA group had a porous titanium augmented baseplate in different diameters (25
mm and 29 mm) and configurations (half wedge [35°] and full wedge [15°]) (Figure 17). The
glenosphere had 2 diameters (36 or 42 mm) and included a standard centered and lowered eccentric

type (+2 mm) with both implants.
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Figure 17. Augmented baseplate used in this study. A, half wedge baseplate (35°, 29 and 25 mm); B,

full wedge baseplate (15°, 29 and 25 mm).
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The humeral component of both implants had a short, curved, monoblock stem and 2 types of
eccentric reverse tray (low offset, 1.5 mm; and high offset, 3.3 mm) of variable thickness (+ 0 mm, + 6
mm, + 12 mm). Polyethylene (PE) inserts of different thickness (+6 mm and +9 mm) could be used
with this implant. The position of the offset tray influences the position of the humerus relative to the
scapula. The surgeon’s choice of tray eccentricity affects humerus lateralization and the
acromiohumeral interval (arm lengthening). A 145° NSA, as systematically used in this study, is

obtained using a stem inclination of 132.5° combined with an asymmetric 12.5° PE insert (Figure 14).
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3.3 Clinical evaluation and outcome measures

Clinical status, active range of motion (ROM), and the Italian version of Western Ontario Osteoarthritis
of the Shoulder (WOOS) index (score expressed as decimal from 0 [worse] to 1 [best])!>* were
assessed pre-operatively and at the last follow-up visits. Active ROM was assessed in terms of forward
elevation (AFE), lateral elevation (ALE), external rotation (ER; with the patient standing) using a
goniometer, and internal rotation (IR; the ability to reach different levels of the spine with the thumb).
The ROM and clinical scores were calculated by an examiner who did not participate in the surgical

procedures.

64



3.4 Operative technique

Surgical procedures were carried out under general anesthesia along with an interscalene block, with
the patient in beach chair position using a standard deltopectoral approach. If present, the long head
of the biceps tendon underwent tenodesis. The subscapularis was detached by means of lesser
tuberosity osteotomy or tenotomy.

Humeral preparation was identical in both the groups. Humeral head was resected at the level of the
anatomic neck. The humeral canal was first sized , then the metaphyseal bone was compacted and
preserved by the use of the compactors, progressively reaching the adapted size with rotational stability
of the trials. Finally, the surface planer ensured adequate contact between the tray and the humeral cut.
A cemented stem was required in 3 shoulders (4.3%) because of poor bone stock or insufficient
rotational stability. The eccentric humeral tray was positioned so as not to exceed the level of the
greater tuberosity. The thickness of the PE liner was 6 mm in all the cases. We consistently used an
angle B of 132.5° with a 12.5° PE insert to reach the final 145° neck-shaft inclination.

Glenoid component in the BIO-RSA group was implanted using the technique described by Boileau et
al'*, A 29-mm circular glenoid guide was placed flush with the inferior border of the glenoid, and a
2.5-mm threaded wire was inserted into the glenoid vault with a 0° or a 10° inferior tilt (in shoulders in
which the native glenoid had a superior orientation). The glenoid was reamed to abrade and flatten the
surface as far as the subchondral bone (approximately 5 mm). An 8-mm central hole was drilled and
the baseplate was impacted. A bone graft with a thickness of 7-10 mm was harvested from the humeral
head and shaped on the baseplate to match the glenoid defect (posterior or superior). The baseplate
with the graft was finally fixed using a long 25 mm central post (25 mm) implant, two compression,

and two locking screws (Figure 18).
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Figure 18. Intraoperative findings of BIO-RSA showing the baseplate with the autologous bone graft

fixed with a long central post and peripheral screws.
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The glenoid preparation in the MIO-RSA group followed manufacturer’s recommendations.
Anatomical pin guides of different sizes (small, medium, large and extra-large) and inferior inclination
(0° or 10°) were used to fix the pin followed by reaming of the glenoid to obtain a flat surface.

After the paleo surface of the glenoid was adequately prepared, we reamed the
defected/augmented/grafted bone or the neo portion of the glenoid with an augment reamer. An
augmented trial of appropriate size, was used to evaluate if proper neo reaming was achieved. We
drilled the hole for the baseplate post and the central screw and we chose the final baseplate according
to the reamed glenoid surface (25 or 29 mm, full wedge augment 15°). The final central screw (6.5 or
9 mm diameter) was chosen according to the measured length using the central screw depth gauge
followed by insertion of the the assembled baseplate which was fixed with four peripheral screws as
previously described. The glenosphere was fixed to the base- plate using a Morse taper and a
countersunk set screw.

The glenosphere diameter (36, 39 or 42 mm) was selected according to the humeral size and on the
surgeon’s decision. An eccentric glenosphere (+2 mm) was implanted in 12 shoulders of the BIO-RSA
group and in 4 of the MIO-RSA group. Size of the baseplate, size and eccentricity of the glenosphere,
length of the screws and size of the humeral component matched with that of measured in preoperative
software planning in 95% of the shoulders.

The humerus was prepared with bone compactors, beginning with tools that were 3 or 4 sizes smaller
than the sounders. The “twist test” was used to assess fixation, and stem size was selected on the basis
of the size of the last compactor. The appropriate offset reversed tray (+0, +6, or +12 mm) was then
chosen and assembled with the definitive stem. Finally, we placed the reversed PE insert on top of the
reversed tray, carefully aligning the notch on the inserter with the lateral notch of the stem. The joint

was reduced using a reducer, and prosthesis stability was checked.
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3.5 Postoperative rehabilitation

After surgery, the arm was immobilized in a simple sling for 3 weeks. Our protocol includes initiation
of passive motion in the scapular plane after 1 day postoperative. Active mobilization was allowed after
4 weeks, also including external rotation mobility. Active mobilization in internal rotation initiated

after 5 weeks and strength exercises begun at 6 weeks.
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3.6 Postoperative imaging

Standard radiographs were obtained in the immediate postoperative period and at the last follow-up
evaluation. Radiologic changes around the reverse implants were assessed using previously reported
criteria for the curved short stem humeral component (radiolucency, condensation lines, cortical
thinning, spot weld, subsidence and resorption of the tuberosities, loosening) and the glenoid
component (radiolucent lines in 5 zones, scapular notching, formation of bone scapular spurs,
heterotopic ossifications[HO], and loosening)'32.

Healing of bone graft was assessed by recording any radiolucent lines and their size (mm). Thickness
of the bone graft was evaluated in axillary or AP views according to the orientation of glenoid bone
loss and the position of the asymmetrical graft. Any changes in bone graft thickness (expressed in mm
+ standard deviation [SD]) were recorded comparing early and last postoperative radiographs.

Glenoid radiolucent lines assessed at the interface “glenoid bone-metal” of MIO-RSA explained the
baseplate seating (no radiolucent lines: perfect seating; radiolucent lines < 2 mm: incomplete seating;
radiolucent lines > 2 mm: loosening) in line with a previous study '*.

AP view were used to determine the vertical position and inclination of the glenosphere (global glenoid
inclination) as measured by the B angle®®!5°. Vertical position of the glenosphere was assessed as
described by Boileau et al'>’.

Postoperative glenoid version was measured on axillary view according to Ho et al'*8, modified for
reverse shoulder arthroplasty

A blinded observer, who did not take part in the surgical procedures, reviewed the radiographs and also

assessed any scapular fractures according to Crosby et al'*.
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3.7 Statistical analysis

Descriptive statistics (absolute and percentage frequency, mean, median, SD, and range) for each group
were calculated for all variables. Delta scores were calculated for clinical scores as the difference
between postoperative and preoperative values. The preoperative scores and delta scores of the 2
groups were compared using the Mann-Whitney test. The possible association between each group and
the qualitative variables, either baseline or postoperative, were analyzed with 2 Pearson y test. The
level of significance was set at 0.05. All analyses were performed with Stata Intercooled 9.2 software

for Windows (StataCorp LP, College Station, TX, USA).
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CHAPTER 4
Results

There were no differences in sample size, grade of preoperative glenoid arthritis (Walch and Favard
classification), and rotator cuff fatty infiltration between the groups. BIO-RSA patients were slightly
older (p = 0.048), had higher body mass index (BMI) (p = 0.0002) and higher percentage of females
(p=0.02). Mean follow-up duration was 33.4 months (SD: 9.1) in the BIO-RSA group and 35.9 months
(SD: 5.8) in the MIO-RSA group (Table 1).
4.1 Preoperative CT planning and measurements
Distribution of preoperative pattern of glenoid erosion is described in Table 1. Software planning found
a median preoperative glenoid retroversion of 20° (range 17.5°-22°) in the BIO-RSA group and 16°
(range 11°-18°) in MIO-RSA group (p <0.001). Glenoid inclination was similar in the two group, with
a median of 11° (range 4.5°-13.5°) and 9° (range 4°-12°) in the BIO-RSA and MIO-RSA group,
respectively. The rate of posterior humeral head subluxation was 76% (SD:5) in B2 glenoids and 78%
(SD: 6) in B3. The direction of erosion was posterior-central and posterior-superior in 91% of B2 and
90% of B3 glenoids. The mean orientation was 21° and 22° in B2 and B3 glenoids, respectively. The
direction of erosion in Type E2 and E3 glenoids was posterior-superior, with a rate of posterior
humeral head subluxation of 74% (SD: 4%) .
4.2 Clinical outcomes
The preoperative and postoperative delta scores of AAE, ALE, ER, and IR values were significantly
different in both groups (p <.0001). WOOS index score changed significantly, increasing by a median
of .0.47 and 0.51 points in the BIO-RSA and MIO-RSA group, respectively (all p < 0.001) (Table 2).
No significant correlation was found between fatty infiltration of the teres minor and ER gain. Delta
scores of AAE were higher in the MIO-RSA group (p= 0.027). The differences in the other planes of

shoulder motion and in WOOS index scores between the groups were not significant. Glenosphere
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eccentricity and size (36, 39 and 42 mm) affected neither the clinical scores nor shoulder mobility in

both the groups.
BIO-RSA MIO-RSA P value
(Mann-Whitney test)
Variable Median (IQR) Mean (SD) Median (IQR) Mean (SD)
AAE delta score 70 (50-80) 66 (27.7) 87.5 (55-105) 82 (31.3) 0.027
ALE delta score 60 (50-80) 61 (26.4) 72 (45-100) 72 (38.5) 0.206
ER delta score 30 (20-50) 34.5(21.8) 35 (25-65) 41.7 (22.4) 0.291
IR delta score 4 (2-4) 3.1(3) 2 (2-4) 2.7 (2) 0.590
WOOS index delta score  0.47 (0.04-0.55) 0.46(0.13)  0.51(0.36-0.59)  0.48(0.14) 0.055

Table 2. Active shoulder mobility and clinical scores in BIO-RSA and MIO-RSA group

IQR interquartile range (25th—75th percentile), SD standard deviation, AAE active anterior elevation,
ALE active lateral elevation ER external rotation, IR internal rotation, WOOS Western Ontario
Osteoarthritis of the Shoulder Index.

AAE, and ER are reported in degrees.

IR is reported as points: 0 = dorsum of hand to lateral thigh to 10 = dorsum of hand to interscapular
region. Subscripts 1 and 2 indicate preoperative and postoperative values, respectively

Delta scores: difference between preoperative and postoperative values. The delta scores of the two
groups were analyzed with the Mann-Whitney test

Significant values are in italic.
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4.3 Postoperative radiographic outcomes

The two groups had a similar rate of glenoid radiolucency, scapular spurs, HO and humerus spot weld.
The rate of high position of the glenosphere was higher in the BIO-RSA group (p = 0.022). The value
of B angle was similar in the two groups, with a median of 87.7 degree in the BIO-RSA and 87.5 in the
MIO-RSA group. We recorded a similar rate of postoperative glenoid retroversion in the two groups
(median: 8 degree).

The correction of B2 type glenoid deformity using a metallic full wedge (15°) baseplate is described in

Figure 19 (A-D).
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Figure 19. Primary shoulder osteoarthritis with severe glenoid bone loss (B2 glenoid), A) Advanced
measures of 3D CT planning representing the orientation (22°) and direction (posterior or posterior-
central) of the glenoid wear, and the amount of posterior humeral head subluxation (79%, posterior-

superior), B) 2D CT scan with the calculated values of glenoid retroversion and inclination, C)

75



Postoperative axillary view radiograph after RSA with full-wedge augmented baseplate (15°, 25 mm
size) shows improvement of glenoid retroversion with posterior glenoid bone preserving, D)
Postoperative true AP view radiograph of the RSA described in the figure 2C with the value of B angle

explaining the appropriate baseplate inclination.

An eccentric posterior-superior type E3 glenoid wear corrected with angled BIO-RSA is represented in

Figure 20 (A-D).
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Figure 20. Cuff tear arthropathy with severe eccentric glenoid wear (E3 glenoid), A) orientation (28°)
and direction (posterior-superior) of the glenoid wear, and the amount of posterior-superior humeral
head subluxation (75%). B) 2D CT scan with the calculated values of glenoid retroversion and
inclination, C) Postoperative axillary view radiograph after BIO-RSA with improvement of glenoid

retroversion and good bone graft healing, D) Postoeprative true AP radiograph of the BIO-RSA

described in the figure 3C with the value of the B angle explaining the appropriate correction of

superior glenoid inclination.
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Scapular notching was found in 6 patients of BIO-RSA group (grade 1 in four patients and grade 2 in
two) and in 1 patient of MIO-RSA group (grade 1), but the difference was not significant. Radiolucent
lines < 2mm around bone graft were recorded in the 16 BIO-RSA shoulders (36.4%) and decreased

thickness in 15 (34.1%) (Fig. 21)

Figure 21. Angled BIO-RSA showing grade II scapular notching and partial resorption of glenoid bone

grafting (black arrows).
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The overall rate of bone graft healing was 64%. Incomplete baseplate seating (radiolucent lines < 2
mm) were found in 4 MIO-RSA patients (10%). A subgroup analysis showed no effects of preoperative
glenoid retroversion and inclination on shoulder mobility and WOOS index. The postoperative X-rays
showed a significantly higher rate of humerus condensation lines in MIO-RSA group (p= 0.01) and
higher rate of cortical tinning and tuberosity resorption in the BIO-RSA group (p= 0.027 and p =
0.004). A subgroup analysis showed no effects of preoperative glenoid retroversion and inclination on
shoulder mobility and WOOS index. Similarly, age, gender and BMI did not affect clinical scores and

radiographic outcomes. Radiographic outcomes in the two groups are reported in Table 3.
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Variable (n°) (%) BIO-RSA MIO-RSA Pvalue

Humeral radiolucent lines .332
No 38 (86) 34 (87)

<2mm 6 (14) 5(12)

Humeral condensation lines 4(9) 16 (40) .001
Humeral cortical thinning 20 (45) 8(20) .027
Humeral spot weld 0 3(7) .062
Humeral osteolysis 3(7) 5(13) .248
Tuberosity resorption .004
No 27 (61) 37(95)

Greater tuberosity 8(18) 2 (5)

Lesser tuberosity 7 (16) 0

Both 2 (5) 0

Glenoid radiolucent lines

No 30 (70) 35 (90)

<2mm 14 (30) 4(10)

>2mm 0 0

Glenoid scapular notching 371
Grade 0 38(86) 38(97)

Grade 1 4(9) 1(3)

Grade 2 2 (4) 0

Scapular spur 6 (14) 0 .049
Heterotopic Ossifications 2 (5) 0 .889
Glenoid bone graft healing (radiolucent NA

lines)

No 28 (64)

<2mm 16 (36)

Bone graft viability 15 (34) NA

(osteolysis/decreased thickness)
Glenosphere position

High 5(11) 1(3)
Flush 12 (27) 16 (40)
Low 26 (59) 15 (39)
Very low 1(2) 7 (17)

Table 3. Radiographic findings in BIO-RSA and MIO-RSA patients
BIO-RSA: bony-increased offset reverse shoulder arthroplasty
MIO-RSA: metallic-increased offset reverse shoulder arthroplasty

Significant values are in italic.
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CHAPTER 5
Discussion

Popularity of glenoid augments has increased despite the BIO-RSA being a viable solution to address
severe glenoid bone loss”*!%°. Our study compared metal augmented baseplate with BIO-RSA using the
same onaly curved-stem and glenosphere, and found that, despite the BIO-RSA cohort having greater
preoperative glenoid retroversion, both group achieved significantly higher postoperative shoulder
function scores.
The rate of scapular notching was higher in the BIO-RSA group, but the difference was not significant
compared with MIO-RSA patients.
Our findings are consistent with Van de Kleut et al who reported only three cases of notching (2 in
MIO-RSA patients and one in BIO-RSA) using the same design of lateralized RSA!'¥’. Colasanti et al,
instead, reported higher rate of notching in glenoid bone graft group compared with augmented
baseplate, using a different design of glenoid component'®!.
Boileau et al®® observed 25% rate of scapular notching (grade 1 to 3) in their series of BIO-RSA with
Grammont style humeral component, and they emphasized that all cases of notching were found with
smaller glenosphere (36 mm) and large baseplate (29 mm). The same authors suggested that a
minimum of 5 mm of inferior overhang, as well as the use of 25 mm baseplate, would be helpful to
reduce the risk of notching. In our series of BIO-RSA we used the same large baseplate as described by
Boileau, with an eccentric glenosphere in less than 50% of patients. We believe that our choice of a
humeral component with a 145° NSA (132.5° stem inclination combined with and asymmetric 12.5
polyethylene insert) and onlay humeral tray, have substantially contributed to reduce the risk of
notching. These findings are in line with our previous research study!32.
High position of the glenosphere was found to be more common in the BIO-RSA patients, that may

theoretically explain the higher values of AAE recorded in the MIO-RSA patients. Overall, the value
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of postoperative B angle found in the two groups demonstrated the reasonable correction of glenoid
inclination obtained with bone and metal augmentation, as reported by other authors®>!62,

Boileau et al showed showed a satisfactory correction of posterior and superior glenoid deficiencies
using angled BIO-RSA technique, with a mean change of 16° of inclination and 12.8° of retroversion®.
Kirsch et al reported a mean improvement of 10° of global glenoid inclination as measured by the beta
angle in a cohort of patients with B2, B3, E2 and E3 glenoids!¢.

Recent studies assessing glenoid erosion in type B2 glenoid found that the majority of glenoid wear had
a posterior-inferior®! or posterior-central®® direction.

Despite the differences described in the direction of glenoid wear, observations of these studies
outlined that the wear in B2 glenoids involve most of the joint surface in posterior, superior and inferior
direction.

Abdic et al'*®, showed that the orientation of Favard type E2 glenoid erosion was towards the 10:30
clock-face position in the posterior-superior glenoid quadrant. Our preoperative CT measurements are
in line with the observations of Otto et al*® and Abdic et al'*.

The radiographic difference of our study, between the postoperative values of retroversion were not
compared with preoperative CT software measurements of glenoid version to avoid bias in quantitative
data analysis.

However, the improved values of postoperative glenoid inclination and version, recorded with
postoperative standard radiographs, support the need of bony or metallic augmentation to address
glenoid deformity and restore reasonable values of glenoid retroversion, close enough to the premorbid
glenoid version (range: -7° + 10°)!63,

The excellent seating of the metal augmented baseplate found in axillary radiograph, satisfied both the
goals, to fill the bone defect, and to prevent the medialization of the joint line, as demonstrated by Zhou

et allo4,
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Interestingly, the use of large full-wedge augmented baseplate (29 mm) did not affect final clinical
scores, nor produced significant radiological changes around the glenoid component. Metal augmented
baseplate corrected the retroversion, restoring a joint line close enough to the values recorded with the
simulation of preoperative software planning. Even the length of the screws, size of the glenosphere
and humeral components were similar.

Our study showed union between the cancellous bone graft and the surface of the native glenoid in less
than 70% of BIO-RSA patients. Two recent research articles described a rate of 23% and 25% of
humeral head bone graft resorption in primary RSA, at a mean of 2.8 and 2.6 years, respectively!4>-14%-
Radiographic signs of graft resorption were associated with radiographic baseplate failures!4>. These

findings are not in accordance with those of Boileau et al®?

, who reported complete graft incorporation
in 94% of patients assessed by CT scan. Although, using standard radiographs to assess bone graft
healing and incorporation may represent a limitation of our study, the effectiveness of CT for the
detection of bone graft resorption in RSA is controversial'®®. Ferreira et al demonstrated that the
sensitivity of CT is inconsistent at visualizing the presence or absence of bone graft resorption adjacent
to a RSA glenoid baseplate!®>. Additional studies described 94% to 100% humeral head autograft

incorporation in primary RSA using conventional radiographs'®® !67

. We may suppose that the
difference in age, BMI and percentage of females found in patients of the BIO-RSA group, may have
affected the quality of bone graft and related radiographic outcomes. However, data arised from this
study seems not to support these speculations. Bone graft healing and viability in BIO-RSA still
remains debatable.

We found higher rate of radiological bone adaptations (cortical thinning and tuberosity resorption)
around the humeral component of BIO-RSA patients that cannot be explained with the available data of

the current study. Several variables could affect these radiographic findings, such as the quality of

trabecular bone, the cortical thickness, and intra-operative reaming. The stem-related stress shielding
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effect was irrelevant, as the size was similar in the two groups. Despite these radiographic changes,
humeral components were stable in both the groups, without significant radiolucent lines or subsidence.
Studies comparing clinical and radiographic outcomes of BIO-RSA and metal augmented baseplate
RSA are lacking. Two studies performed a comparative analysis of the same implant design assessed in
our study. A randomized clinical trial by Van de Kleut et al'*’ compared glenoid implant migration
between BIO-RSA and metal augmented baseplate, using model-based radiostereometric analysis. At
two year follow-up their results indicated both implants provided stable fixation without substantial
difference in clinical outcomes. Despite the high level of evidence, this study include a smaller sample
size than that required with a power of 0.8 at two year follow-up (35 patients), also stated by the
authors in the limitations of their study. They also found a limited improvement in external rotation in
the metal augment cohort, that was ascribed to the single geometry (15°) of the metal augment,
compared to the bone graft of BIO-RSA cohort that was shaped to address specific glenoid defects.
These findings are not in line with our study, as the values of external rotation were similar in both the
groups. We think that the large cohort of patients included in our study has provided more reliable data
that explain the differences on the values of external rotation.

Nabergoj et al'#®, retrospectively compared clinical and radiographic outcomes of RSA with combined
bony and metallic augment (BMA), and bony augmentation (BA) alone in 16 patients (8 per group).
The BMA group had significantly different glenoid morphology and greater bone loss thickness than
the BA group. They found higher improvement of forward flexion and Constant score in BMA group
and higher external rotation in BA group. Even for this study the same consideration of sample size
apply in order to be reliable.

A retrospective study of Colasanti et al'¢!

compared BIO-RSA (39 patients) with augmented glenoid
baseplate RSA (442 patients), using a reverse design different from that used in our study. At a mean

2 years follow-up, the augmented baseplate group showed better clinical scores and lower rate of
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scapular notching and adverse radiographic findings. The marked difference of the sample size in the
two groups raise doubt in the analysis of their data. The augmented glenoid patients showed higher
improvement of forward flexion and similar external rotation values, in line with the results of our
study. Furthermore, the baseplate described by Colasanti et al, as outlined above, has three different
design of the metallic augment (posterior, superior and combined), and of variable degree (8° to 10°).
As such, the similarities with clinical metrics of our study should be interpreted with caution and not
overstated. The present study has four major limitations: 1) the retrospective design, ii) the medium-
term follow-up, which prevents drawing definitive conclusions on the risk of bone graft resorption and
implant survival in BIO-RSA patients; iii) the use of conventional radiographs to assess postoperative
glenoid version and inclination that preclude a comparison with preoperative CT data; iv) higher BMI,
age and percentage of females in BIO-RSA patients may have affected the quality of glenoid bone graft

and related radiological changes over time.
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5.1 Conclusion

Metal augment is a viable alternative to BIO-RSA to preserve bone and prevent the medialization of
joint line in arthritic glenoids with multiplanar deformity. The mid-term outcomes of the two implants
show that the bone graft and metallic glenoid augmentation, both provide good clinical outcomes. The
not negligible rate of bone graft resorption in BIO-RSA patient raise concern about the risk of

scapular notching and baseplate loosening in the long-term.
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